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Dear Colleagues, 

We are very pleased to introduce the proceedings of the I. International Informatics and Software Engineering 

Conference here in Ankara, Turkey. The conference was organized in connection with the 36th National 

Informatics Congress of Turkish Informatics Association (TBD). Both events are hosted by BTK (Information 

and Communication Technologies Authority) in Ankara. 

 

The main theme of this year’s meetings was “Innovative Technologies for Digital 

Transformation”. International Informatics and Software Engineering Conference brought together 

researchers, scientists, and industry partners, from 13 different countries, including Azerbaijan, Egypt, 

Germany, Iraq, Jordan, Malaysia, Morocco, Nigeria, Norway, Pakistan, Qatar, and United Kingdom to meet 

and share ideas and stimulate discussions in Informatics and Software Engineering. 

 

We all witnessed that Cloud Technologies, Big Data, Machine Learning, Artificial Intelligence and Software 

Engineering have evolved at an impressive pace over the last decade. Therefore, having these type of 

conferences is vital to keep up with the updates in the area.  

 

The conference attracted around 135 papers, and each paper was reviewed by three members of the Scientific 

Committee. At the end 110 papers were accepted for oral presentation, with an acceptance rate about %80.  

 

This conference was previously organized at the national level between the years 1983 and 2018. TBD 

management has taken a critical decision by promoting this Conference to the International level. Therefore, 

although this is the first time we have the “International Conference” acronym in the event name, its 

foundation has dated back to 36 years ago. So, with the experience gathered over those previous insightful 

events, we are certain that such a gathering with top researchers and industry leaders will help the academia 

and industry move forward. 

 

This 1st event’s technical program is organized into different tracks such as Big Data/Internet of Things, 

Network/Communication, Security/Privacy, Machine Learning, Systematic Surveys, Software Engineering, 

Software/Education, Artificial Intelligence, Hardware/Communication, Blockchain, Image Processing, 

Computer Science, Information Technology, Data Mining, and Medical Informatics.   

One Keynote Speaker, Prof. Dr. Abdullah Uz Tansel, from Baruch College, New York, was invited to our 

Conference. He gave an excellent speech on Blockchain and Cryptocurrencies and its relation to DBMS.   

We would like to extend our appreciation to Rahmi Aktepe, who is the General Chair of the Informatics 

Association of Turkey, and the administrative staff of TBD for their invaluable support to the event.  

 

Our thanks are also for the Organizing Committee (Dr. Cihan Varol, from SHSU in USA, Dr. Ziya Karakaya, 

from Atılım University, Mr. Mehmet Ali Yazıcı, from ASELSAN, and Mr. Lütfi Özbilen, from Turkish 

Informatics Association), Scientific Committee Members for their helps during the paper review process. 

Without their on-time feedback and effort we would not be able to move forward. 

 

Second, we would like to express our sincere gratitude and appreciation to The Information and 

Communication Technologies Authority (BTK) for providing their halls to our event.   



VIII 
 

Third, I would like to extend our heartfelt gratitude to Program Chairs, Registration and Arrangement 

Community, and Publications Committee Members for all their efforts within the past several months to 

organize this event.  

 

Conference Co-Chairs 

 

Prof. Dr. Asaf Varol & Prof. Dr. Ali Yazıcı 
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Abstract—In a Technological financial world where 
everything is progressing very fast and the amount of financial 
transactions through the automatic teller machines (ATM) on a 
daily basis is increasing. In parallel to these developments, 
fraudulent attacks and identity theft targeting to access the 
ATM and steal money or use bank accounts. Those attacks are 
always possible through the weak security points in the ATMs. 
The main aim of this study is to investigate and categorize the 
different approaches taken to overcome those weak security 
points by using biometric data along with some traditional 
methods. Accordingly, a systematical mapping was conducted 
by focusing on research studies published in the years 2004 to 
2019 and addressing to the ATMs and biometric security 
technologies. After an intense investigation, 23 different systems 
were investigated using different single and multi-biometric 
models which make use of 8 different biometric technologies and 
5 different traditional technologies as key components. As a 
conclusion from this research that researchers are leaning 
towards using biometric data in enhancing the security of the 
ATMs especially in the past 4 years more than they did before. 

Keywords—ATM (Automatic Teller Machine), biometrics, 
PIN (personal Identification number), OTP (One-Time 
Password), CIN (Customer Identification number), fingerprint, 
iris, finger vein, palm vein, QR code, voice, palm print. 

I. INTRODUCTION  

The idea of making financial transitions without going to 
the bank branch or interacting with the bank employee in a 
simple way just by using a plastic card with a magnetic strip 
that holds the customer data and a PIN to prove our identity 
which is accessible 24/7 and available in many places where 
the bank employees don’t need to exist in an automated, 
convenient and secure way this is the automatic teller machine 
(ATM). The identity theft and the ways that hackers or thieves 
have developed in the past years is becoming a matter of 
concern for the customers which raises the question whether 
our traditional ATMs can keep up with those developments. 
The fraud operations come in many shapes for example 
“attached fake keypads or card readers to existing ATM 
machines” [1] which is called man in the middle attack. “Once 
user's bank card is lost and the password is stolen, the criminal 
will draw all cash in the shortest time, which will bring 
enormous financial losses to the customer” [1]. 

The stress that the customer is facing in keeping his/her 
cards secure from being damaged if it is exposed to a strong 
magnetic field or stolen. A New approach was taken to further 
improve the security of our ATMs by using our biometric data 
solely or combined with other traditional technologies like 
PIN, OTP and QR Code. 

II. BIOMETRICS 

Biometrics is the automated measurement of 
Physiological and/or behavioral characteristics to determine 
or authenticate identity, it depends on extracting features from 
different parts of the human body and it can be used in 
different contexts. It can be used alone (single model) or 
combined with other methods (multi-model). 

III. RESEARCH METHODOLOGY 

 To fully categorize and investigate the different biometric 
approaches, technologies, and systems used in improving the 
ATM security measures. The search strategy followed in this 
paper is systematical mapping considering only papers from 
2012 to 2019 with the title, abstract and the keywords sections 
being the main center of focus. Papers were only collected 
from journals and conferences. 

The main digital library used was Scopus and other 
libraries (ACM, IEEE, Research gate and NCBI) were 
searched as well to ensure the accuracy of this investigation. 
All papers from nonacademic resources or not directly related 
to the research subject or using biometric behaviors or before 
2012 or duplicated were excluded. 

The major search term used was Biometrics and ATMs. 
142 papers were collected 68 papers were excluded papers [1-
37] were directly related as shown in Fig. 1. 

Fig. 2 shows the distribution of the 37 investigated papers 
by the digital library (18 were found using Scopus, 8 were 
found using IEEE, 8 were found using Research gate, 2 were 
found using ACM and only one was found using NCBI).  

Fig. 1.  No. of papers at each stage 

Fig. 2.  Distribution of papers by digital library 
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15 of the investigated papers are from journals & 22 papers 
are from conferences as shown in Fig. 3.  

 

 

 

 

 

 

 

 

 

  

 

 

Table I shows the name of each journal along with date 
and number of published papers and by how much this journal 
contributes to the whole study. 

TABLE I.  LIST OF JOURNALS 

No. of 
papers 

Journals  

Name Date % 

2 
International Journal of Applied 
Engineering Research 

2012, 
2014 

5.4 

2 
International Journal of Control 
Theory and Applications 

2016 5.4 

1 
ARPN Journal of Engineering 
and Applied Sciences 

2015 2.7 

1 
International Journal of 
Advanced Computer Science 
and Applications 

2019 2.7 

1 
International Journal of 
Biometrics 

2016 2.7 

1 
International Journal of 
Engineering and Technology 

2013 2.7 

1 
International Journal of 
Mechanical Engineering and 
Technology 

2017 2.7 

1 
International Journal of 
Technology and Human 
Interaction 

2013 2.7 

1 
Journal of Advanced Research in 
Dynamical and Control Systems 

2018 2.7 

1 
Journal of Theoretical and 
Applied Information Technology 

2012 2.7 

1 PLoS ONE 2018 2.7 

1 
Research Journal of Applied 
Sciences, Engineering and 
Technology 

2012 2.7 

1 
Research Journal of 
Pharmaceutical, Biological and 
Chemical Sciences 

2015 2.7 

 

Table 2 shows the name of each conference along with the 
date and number of published papers and by how much this 
conference contributes to the whole study. 

 

 

 

TABLE II.  LIST OF CONFERENCES 

No. of 
papers 

Conferences 

Name Date % 

2 
Advances in Intelligent Systems 
and Computing 

2017 5.4 

1 ISESD 2019 2.7 

1 ICISC 2018 2.7 

1 
International Conference on Big 
Data, IoT and Data Science 

2018 2.7 

1 HNICEM 2017 2.7 

1 ACM International Conference 2017 2.7 

1 ICACDOT 2017 2.7 

1 ICCSP 2016 2.7 

1 MATEC Web of Conferences 2016 2.7 

1 CoCoNet 2016 2.7 

1 
IEEE International Conference 
ICCPCT 

2015 2.7 

1 
Applied Mechanics and 
Materials 

2013 2.7 

1 ICoAC 2012 2.7 

1 ICCCT 2011 2.7 

1 ICECT 2011 2.7 

1 IFITA 2010 2.7 

1 UKSim 2010 2.7 

1 
International Conference on 
Computational Intelligence and 
Security 

2009 2.7 

1 ICCCE 2008 2.7 

1 
International Conference on 
Biometrics 

2006 2.7 

1 
International Conference on 
Pattern Recognition 

2004 2.7 

 

Fig. 4 shows the distribution of the number of papers 
according to the year of publication from 2004 to 2019. 

 

 

   

Fig. 3.  Distribution of papers by source  

Fig. 4.  Distribution of papers by year of publish 
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IV. RESULTS 

After an intense investigation it was found that in the past 
15 years during the researched period that 23 different systems 
as shown in Fig. 5 were used to improve the security of the 
ATM by using 8 different biometric technologies (Finger 
Print, Face, Voice, Iris, Palm Print, Palm Vein, Finger Vein 
and Tongue) and 5 traditional technologies (PIN, OTP, QR 
Code, CIN and Smartcard) as key components to form those 
23 different systems. 

24 of the 37 studies used Multi-Model biometric system, 
and only 13 researches used a single model biometric system 
as shown in Fig. 6. The fingerprint is the most used technology 
with 23 contributions followed by the face technology by 13 
contributions. Biometric technologies are the most widely 
used by 42 contributions. The traditional technologies only 
contributed to 16 studies along with biometric technologies 
and were never used solely. 

 

 

 

 

 

 

 

 

 

As shown in Fig. 7 that the researchers are starting to 
follow the use of the biometric data trend in 2004 researchers, 
we just using traditional techniques along with biometric 
technology. In 2013 researchers started relying solely on 
biometric technologies and after that, the trend kept growing 
and the use of traditional technologies has become very 
limited. 

V. DISCUSSION 

This research will help other researchers understand and 
get some knowledge about what other researchers have 
thought of in terms of using biometric technologies combined 
with other traditional technologies, exploring the different 
concepts and systems investigated and what is the trend in 
taking the next step of making the ATMs more secure and 
convenient. 

There are some drawbacks to this research, because of the 
use of systematical mapping papers were not reviewed in 
depth and although a lot of effort was put in collecting the 
investigated papers, the papers were no evaluated based on the 
quality but relevance. Another drawback that there were some 
papers that were not accessible by the means available at the 
time that this research was conducted and because of the 
limited time available. 

VI. CONCLUSION  

From this research, it was concluded that the researchers 
are following the trend of using the biometric data to ensure 
that the ATMs are secure from the different security attacks. 
The fingerprint is still the most widely used although it is the 
oldest known biometric technology. Multi-Model Biometric 
systems are the most widely researched. Traditional 

Fig. 5.  Tech. categorization by no. of papers 

Fig. 6.  No. of papers according to the used model 

Fig. 7.  Distribution of Tech. used in papers by year 
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technologies are getting less relied on and researchers are 
solely starting to rely on the biometric data as a security 
measure in ATMs. 
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Abstract—There are many association rules mining studies 

that focus on datasets consisting of only discrete or binary 

valued attributes. However, the data in many real-world 

applications are generally composed of quantitative or numeric 

values and classical association rule mining methods do not 

automatically work without preprocessing that disrupt the real 

data. It becomes a very hard problem to automatically mine 

high-quality rules in terms of many metrics. Recently, some 

researchers have considered numeric association rule mining as 

a multi-objective problem that best meets different criteria at 

the same time. In this paper, the parameter analysis of 

differential evolution based MODENAR, which is one of the few 

methods using multi-objective evolutionary algorithms for 

numeric association rules and aims to maximize support, 

confidence, comprehensibility, and amplitude of the ranges of 

attributes. For this purpose, the effects of the parameters of 

MODENAR such as population size, crossover rate, threshold 

solutions, and weight for support and confidence to the number 

of rules obtained, average support, confidence, lift, conviction, 

certainty factor, netconf, yulesQ, and the coverage percentage 

in five real-world data whose attributes consist of numeric 

values are carried out for the first time in this study. 

Keywords— numeric association rule mining, MODENAR, 

multi-objective optimization 

I. INTRODUCTION  

Data mining can be defined as the automatic and semi-
automatic use of rules to extract accurate, comprehensible and 
interesting knowledge that has not been discovered before 
from databases. The discovery of association rules is one of 
the most common data mining methods used to reveal 
interesting knowledge in large data sets. In the literature, the 
success of association rule mining methods in databases 
containing different types of data and especially containing 
numerical or quantitative data is low. Because, for numeric 
data, the association rule mining is often discrete and is thus 
transformed into algorithms that work on categorical data. 
However, such an approach does not suitable for the automatic 
rule discovery of association rule mining. In the literature, the 
algorithms used for association rule mining operate in two 
stages. In the first stage, frequent itemsets are found and in the 
second stage, rules are discovered from these frequent 
itemsets. Reducing these two stages into a single stage and to 
mine a small number of quality and comprehensible rules 
without discovering unnecessary too many rules is important 
for the success of rule mining methods. 

In recent years, evolutionary algorithms have been used by 
a number of researchers to conduct association rule mining 
from data sets with numeric values. Recently, some 
researchers have put forward some of the boundaries of 
existing approaches and put forward the rules of the 
association rules mining as a multi-objective problem rather 
than a single-objective. In the process of establishing 
association rules, various objectives are considered to achieve 

a range of more interesting and accurate rules. In this way, 
according to the data set used and the type of information that 
can be obtained from it, support, confidence, and many other 
metrics can be optimized together. 

Heraguemi et al. [1] considered numeric association rule 
mining as a multi-objective optimization problem and adapted 
the bat algorithm as a solution to this problem. In this method, 
called MOB-ARM; support, confidence, comprehensibility, 
and interestingness features were added to the multi-objective 
optimization approach to indicate the effectiveness of the 
algorithm. They concluded that the results obtained compete 
with other methods by mining useful and understandable 
rules. 

Kuo et al. [2] proposed multi-objective particle swarm 
optimization (PSO) for numerical association rules using an 
adaptive archive grid based on Pareto optimality. The 
proposed method aims to optimize confidence, 
comprehensibility, and interestingness for rule discovery 
without minimum support and confidence prerequisites. They 
also applied the algorithm to a real case data set from a weight-
loss application to discover the association rules in terms of 
customer page usage behavior. 

Tahyudin and Nambo [3] proposed PSO with the Cauchy 
distribution for solving numerical association rule mining 
problem. Their algorithm Multi-objective of PSO for 
Numerical Association Rule Mining Problem with Cauchy 
Distribution (PARCD) is accomplished the numerical 
association rule mining problem for some objective functions 
such as confidence, interestingness, and comprehensibility. 

Beiranvand et al. [4] proposed a multi-objective Pareto-
based PSO algorithm for the discovery of numerical 
association rules mining. In order to demonstrate the 
effectiveness of this algorithm; reliability, intelligibility, and 
interesting features were added to the multi-objective 
optimization approach. Martin et al. [5] proposed a high-
performance, multi-objective evolutionary model for 
discovery of understandable and interesting numerical 
association rules. The performance comparison of 
evolutionary algorithms for single objective and multi-
objective numeric association rule mining is presented in [6] 
and [7], respectively.  

MODENAR is one of the few methods using multi-
objective evolutionary algorithms for numeric association 
rules in the related literature [8]. It is based on a differential 
evolution algorithm [9]. This method is based on Pareto 
optimality and high confidence and support values, 
comprehensibility, interestingness, narrower intervals for 
numeric attributes were aimed for a successive rule mining 
process. In this article, for numeric association rule mining 
problem; the parameter analysis of MODENAR method is 
analyzed for the first time. The effects of MODENAR's 
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parameters such as population size, crossover rate, threshold 
solutions, weight for support and confidence for the purposes 
of multi-objective numeric association rule mining on real 
Basketball, Bodyfat, Pollution, Quake, and Stock Price 
datasets are investigated. 

The organization of this article is as follows. In the first 
section, a general introduction is made and the definition of 
the problem is analyzed. The literature study was also studied 
in this section. In the second section, numeric association rules 
are discussed and the metric used in the study are introduced. 
In the third section, MODENAR is explained. The fourth 
section presents the experimental results. The fifth section 
concludes the article with further research directions. 

II. NUMERIC ASSOCIATION RULES 

Association rule mining is an approach that supports future 
studies by analyzing past data and identifying association 
behaviors in these data [10]. The association rule is used to 
show and define dependencies between itemset in the dataset. 

Association rules are expressed as X → Y, where X and Y are 

itemsets and X∩ Y=∅. Although there have been many 

association rules mining studies focusing on data sets with 
discrete or binary values, most of the data in real-world 
applications have usually numerical values. An example of a 
numeric association rule can be as follows: 

Age ∈  [35-55] →  Salary ∈  [6000-8200] ∧ 

MonthlyCardDebt ∈  [3000-4200] (Support = 27%, 

Confidence = 75%) 

In this numerical association rule, “Age ∈ [35-55]” is 

the antecedent part of the rule and “Salary ∈ [6000-8200] 

∧ MonthlyCardDebt ∈ [3000-4200]” have constituted the 

consequent part of the rule. This rule states that “27% (support 
value) of people in the data set are between 35 and 55 years 
old and receive a salary between 6000 TL and 8200 TL and 
monthly card debts are between 3000 TL and 4200 TL” and 
“75% of people between 35 and 55 years old (confidence 
value) receive a salary between 6000 TL and 8200 TL and 
monthly card debts are between 3000 TL and 42000 TL”. 

It is a difficult problem to determine which attributes will 
be included in the discovered rules; automatically adjust the 
ranges of the attributes in the most appropriate way; rapidly 
discover the reduced high-quality rules directly without 
generating the frequent itemsets ensuring the rules to be 
comprehensible, surprising, interesting, accurate, 
confidential, and etc. Furthermore, adjusting all these 
processes without the need for metrics to be determined a 
priori for each database is of great importance in terms of 
automating this problem. Recently, numeric association rules 
mining has been dealt with as a multi-objective problem that 
best meets different criteria at the same time. In this study, 
MODENAR algorithm which considers numeric association 
rules mining as a multi-objective optimization problem is 
examined and the sensitivity analysis of this algorithm is 
performed for the first time to the best of our knowledge. The 
most commonly used metrics in numeric association rules are 

support and confidence values. These metrics for the X → Y 

rule are defined in Equation 1 and Equation 2. 

𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝑋 → 𝑌) =
𝑆𝑈𝑃(𝑋𝑌)

|𝐷|
            (1) 

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋 → 𝑌) =
𝑆𝑈𝑃(𝑋𝑌)

𝑆𝑈𝑃(𝑋)
                       (2) 

where SUP(XY) is the number of patterns of the dataset 
covered by the antecedent and consequent of the rule, |D| is 
the number of patterns in the dataset and SUP(X) is the number 
of patterns of the dataset covered by the antecedent of the rule. 

Lift metric represents the ratio between the confidence and 
the expected confidence of the rule [11]. In this metric, which 
can take values in the range [0, ∞), values less than 1 mean 
negative dependence, values higher than 1 mean positive 
dependence, and 1 mean independence. This metric for the X 
→ Y rule is defined in Equation 3. 

𝐿𝑖𝑓𝑡(𝑋 → 𝑌) =
𝑆𝑈𝑃(𝑋𝑌)

𝑆𝑈𝑃(𝑋)𝑆𝑈𝑃(𝑌)
          (3) 

The certainty factor (CF) [12], which can take values in 
the range [-1, 1], is interpreted variation of the probability that 
Y is in an example considering only those where X is present. 
This metric prevents the discovery of misleading rules that are 
not perceived by the criterion of trust. Values below than 0 
represent negative dependence, 0 represents independence, 
and values higher than 0 represent positive dependence. This 

metric for the X → Y rule is calculated according to Equation 

4. 

{
 

 
𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋→𝑌)−𝑆𝑈𝑃(𝑌)

1−𝑆𝑈𝑃(𝑌)
, 𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋 → 𝑌) > 𝑆𝑈𝑃(𝑌)

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋→𝑌)−𝑆𝑈𝑃(𝑌)

𝑆𝑈𝑃(𝑌)
, 𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒(𝑋 → 𝑌) < 𝑆𝑈𝑃(𝑌)

0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

     (4) 

The Netconf [13] metric evaluates the interestingness of 
association rules depending on the support of the rule and the 
support of the left and right parts of the rule. This metric 
consists of values in the range [-1, 1], where negative values 
represent negative dependence, positive values represent 
positive dependence, and 0 represents independence. This 

metric for the X → Y rule is defined in Equation 5. 

𝑁𝑒𝑡𝑐𝑜𝑛𝑓 (𝑋 → 𝑌) =
𝑆𝑈𝑃(𝑋𝑌)−𝑆𝑈𝑃(𝑋)𝑆𝑈𝑃(𝑌)

𝑆𝑈𝑃𝑋(1−𝑆𝑈𝑃(𝑋))
       (5) 

The yulesq metric, which can take values in the range [-1, 
1], represents the correlation between two possibly related 
dichotomous events. Values higher than 0 represent positive 
dependence, 0 represents independence, and values below 0 

represent negative dependence. This metric for the X → Y rule 

is computed as shown in Equation 6. 

𝑦𝑢𝑙𝑒𝑠𝑞( (𝑋 → 𝑌) =
𝑆𝑈𝑃(𝑋𝑌)𝑆𝑈𝑃(¬𝑋¬𝑌)−𝑆𝑈𝑃(𝑋¬𝑌)𝑆𝑈𝑃(¬𝑋𝑌)

𝑆𝑈𝑃(𝑋𝑌)𝑆𝑈𝑃(¬𝑋¬𝑌)+𝑆𝑈𝑃(𝑋¬𝑌)𝑆𝑈𝑃(¬𝑋𝑌)
 (6) 

III. MODENAR 

MODENAR is a Pareto-based multi-objective differential 

evolution algorithm proposed for numerical association rules 

mining [8]. It mines accurate and comprehensible association 

rules directly without generating frequent itemsets. The 

algorithm uses an efficient encoding scheme for rules. The 

individuals represent the rules with three components for 

each attribute. The first component indicates whether the 

related attribute will be involved in the rule or not and if so, 

whether it will in the antecedent or consequent of the 

candidate rule. The other two components represent the lower 

and upper value of the related attribute, respectively. 

Differential mutation operator plays the main role in 

MODENAR. Repairing operator is used for individual 

attributes of which fall outside the range. 

MODENAR aims to discover association rules by 

maximizing confidence, support, comprehensibility and 
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minimizing amplitude of the intervals that compose the rule. 

It follows a multi-objective framework to find the Pareto 

front. The main steps of MODENAR are listed in Fig. 1. 

 
Initialize population 

Apply rounding operator 
Evaluate the population 

While the stopping criteria are not satisfied Do 

   Remove all dominated solutions 
      If the number of non-dominated solutions>some threshold 

          Then apply filtrating operator 

      While the new population is not generated Do 
      Apply mutation 

      Apply rounding operator 

      Apply repairing operator 
      Apply crossover  

         If the trial solution dominates the first parent solution 

            Then select a trial solution 
          If neither dominates the other  

             Then select the solution calculated the weighted sum 

            fitness of which is bigger 

       End While 

End While 

Adjust intervals for individuals 
Return the set of non-dominated solutions 

Fig. 1. The main steps of MODENAR [8] 

IV. EXPERIMENTAL RESULTS 

Parameter analysis of MODENAR, which is one of the 
multi-objective evolutionary algorithms, was performed in 
order to learn which parameter performs better. For 
experimental results, five real data were used to perform 
performance analysis. These datasets were obtained from 
Bilkent University Function Approximation Repository [14]. 
The characteristics of the datasets are shown in Table 1 and 
the default parameters of the algorithm are shown in Table 2. 
The algorithm is run ten times for all experiments. 

Sensitivity analysis of algorithm in terms of the number 
of rules (#R), average support (Avsup), average confidence 
(Avconf), average lift (Avlift), average conviction (Avconv), 
average certainty factor (Avcf), average netconf (Avnetconf), 
average yulesQ (AvyulesQ), and coverage percentage (%Tran) 
metrics in the real-world data consisting of numerical 
attributes is performed. 

TABLE I.  FEATURES OF THE DATASET 

Dataset #Record #Attribute 

Basketball 96 5 

Bodyfat 252 18 

Pollution 60 16 

Quake 2178 4 

Stock price 950 10 

TABLE II.  DEFAULT PARAMETERS OF THE ALGORITHM 

Algorithm Parameter 

MODENAR Number of generations: 1000, Pop. size: 100, 

Crossover rate (CR): 0.3, Threshold: 60, Amplitude: 

2, Weight for Support: 0.8, Weight for Confidence: 
0.2, Weight for Comprehensibility: 0.1, Weight for 

Amplitude of the Intervals: 0.4 

 
In the first experiment, the number of evaluations, CR, 

threshold and amplitude values are the default values given 
in the related study [9], as shown in Table 2. The number of 
the population can be between 2 and 1000. In this experiment, 
the number of evaluations was selected as 10, 100, and 1000.  
The values related to the increase in the number of 
populations are shown in Table 3. When the population 
number is selected as 100, the average support value is 
highest in all datasets except Quake. When the population 
number is taken as 100, the average confidence value is 
highest in all datasets except Basketball. In the Basketball and 
Quake datasets, where the number of attributes is low, it is 
seen that the average support value and average confidence 
decrease as the number of population increases. In the 
Bodyfat and Pollution datasets, where the number of 
attributes is high, it is seen that the average support and 
average confidence values increase as the number of 
population increases. When the population number is 
selected as 10, the average lift value is the highest in all 
datasets except the Quake. This is due to the high number of 
records in the Quake dataset. In general, the average number 
of lift decreases as the number of population increases.

TABLE III.  ANALYSIS BASED ON THE SIZE OF THE POPULATION 

Number of 

Population 

#R 𝑨𝒗𝒔𝒖𝒑 𝑨𝒗𝒄𝒐𝒏𝒇 𝑨𝒗𝒍𝒊𝒇𝒕 𝑨𝒗𝒄𝒐𝒏𝒗 𝑨𝒗𝑪𝑭 𝑨𝒗𝒏𝒆𝒕𝒄𝒐𝒏𝒇 𝑨𝒗𝒚𝒖𝒍𝒆𝒔𝑸 %Tran 

Basketball 

10 8.3 0.25 0.825 27.857 ∞ 0.444 0.387 0.377 57.607 

100 59.3 0.359 0.749 2.035 ∞ 0.23 0.094 0.142 97.504 

1000 74 0.216 0.742 1.402 ∞ 0.352 0.125 0.35 100 

Bodyfat 

10 8.5 0.269 0.801 40.913 ∞ 0.522 0.344 0.676 65.402 

100 49.1 0.544 0.957 7.314 ∞ 0.743 0.3 0.86 86.791 

1000 64.8 0.351 0.864 7.489 ∞ 0.686 0.435 0.844 97.782 

Pollution 

10 6.5 0.029 0.589 22.852 ∞ 0.422 0.528 0.639 14.004 

100 36.2 0.314 0.902 3.141 ∞ 0.797 0.535 0.917 55.669 

1000 37.9 0.159 0.771 3.935 ∞ 0.61 0.408 0.752 84.337 

Quake 

10 8.7 0.576 0.793 16.893 ∞ 0.091 0.029 0.039 92.154 

100 61.3 0.352 0.8 110.602 ∞ 0.301 0.117 0.24 94.024 

1000 60.8 0.112 0.609 1.514 ∞ 0.265 0.1 0.223 94.983 

Stock Price 

10 8.8 0.24 0.726 11.904 ∞ 0.502 0.317 0.687 47.331 

100 67.3 0.462 0.89 4.921 ∞ 0.517 0.236 0.522 87.194 

1000 60.1 0.095 0.729 3.119 ∞ 0.579 0.364 0.646 94.446 
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The results obtained according to the CR, which can vary 
between 0 and 1, are shown in Table 4. According to this 
analysis, it is seen that the average support value increases as 
the CR increases in the datasets consist of a high number of 
attributes. When the CR has a value of 0.5, the average 
confidence value takes the best value in all other datasets 
except the Basketball. When the CR is 0.5, it is seen that 
average CF and average yulesq have the best value. In 
datasets with a high number of records (Quake, Stock Price), 
it is seen that the average CF value has the best value when 
the CR value is 0. It is seen that average netconf value 

decreases as CR increases in datasets with a high number of 
attributes. It is seen that average netconf and average yulesq 
values increase as CR increases in datasets with relatively 
low numbers of attributes. In general, as the CR increases in 
all datasets, it is seen that the number of records covered 
increases. In general, better results are obtained when the CR 
takes the value 0.5 in Bodyfat and Pollution datasets, where 
the number of attributes is high. However, in Basketball and 
Quake datasets, where the number of attributes is low, better 
results were obtained when the CR value was 1. 

TABLE IV.  ANALYSIS BASED ON CROSSOVER RATE 

CR 

value 

#R 𝑨𝒗𝒔𝒖𝒑 𝑨𝒗𝒄𝒐𝒏𝒇 𝑨𝒗𝒍𝒊𝒇𝒕 𝑨𝒗𝒄𝒐𝒏𝒗 𝑨𝒗𝑪𝑭 𝑨𝒗𝒏𝒆𝒕𝒄𝒐𝒏𝒇 𝑨𝒗𝒚𝒖𝒍𝒆𝒔𝑸 %Tran 

Basketball 

0 66.5 0.421 0.832 1.301 ∞ 0.249 0.061 0.13 95.733 

0.5 57.1 0.329 0.71 3.794 ∞ 0.271 0.139 0.286 96.567 

1 57.5 0.327 0.723 3.041 ∞ 0.31 0.178 0.36 97.088 

Bodyfat 

0 65 0.35 0.894 3.149 ∞ 0.743 0.362 0.846 70.323 

0.5 43.1 0.519 0.955 8.808 ∞ 0.762 0.299 0.853 90.561 

1 41.5 0.566 0.944 3.852 ∞ 0.633 0.206 0.742 94.768 

Pollution 

0 42.6 0.207 0.77 6.988 ∞ 0.619 0.462 0.779 49.171 

0.5 33 0.334 0.923 1.915 ∞ 0.785 0.423 0.874 59.836 

1 34.5 0.414 0.897 1.487 ∞ 0.686 0.357 0.826 73.336 

Quake 

0 71.4 0.254 0.813 8.394 ∞ 0.264 0.091 0.21 62.052 

0.5 59 0.468 0.842 61.732 ∞ 0.221 0.081 0.159 96.883 

1 59 0.388 0.76 103.423 ∞ 0.25 0.122 0.257 92.888 

Stock Price 

0 72.1 0.317 0.876 2.911 ∞ 0.649 0.337 0.678 66.511 

0.5 63.1 0.509 0.922 4.963 ∞ 0.516 0.173 0.424 93.836 

1 63.4 0.557 0.903 1.932 ∞ 0.379 0.117 0.26 97.909 

The change in the values of the metrics obtained 
according to the number of threshold solutions in five 
datasets is shown in Table 5. As the threshold solutions 
increase in all five datasets, the number of rules, the average 
number of supports, and the number of records covered 
generally increase. However, as the threshold number 
increases, average CF, average netconf, and average yulesq 

values decrease. In the Quake and Stock Price datasets, where 
the number of records is high, the average confidence value 
increases as the threshold solutions value increases. In the 
Pollution dataset, where the number of records is low, the 
average confidence value decreases as the threshold value 
increases.

TABLE V.  ANALYSIS BASED ON THE NUMBER OF THRESHOLD SOLUTIONS 

 #R 𝑨𝒗𝒔𝒖𝒑 𝑨𝒗𝒄𝒐𝒏𝒇 𝑨𝒗𝒍𝒊𝒇𝒕 𝑨𝒗𝒄𝒐𝒏𝒗 𝑨𝒗𝑪𝑭 𝑨𝒗𝒏𝒆𝒕𝒄𝒐𝒏𝒇 𝑨𝒗𝒚𝒖𝒍𝒆𝒔𝑸 %Tran 

Basketball 

10 38.5 0.222 0.721 4.994 ∞ 0.35 0.211 0.416 79.275 

60 59.3 0.359 0.749 2.035 ∞ 0.23 0.094 0.142 97.504 

100 61.3 0.373 0.738 2.707 ∞ 0.227 0.09 0.174 95.837 

Bodyfat 

10 26 0.103 0.883 4.076 ∞ 0.778 0.52 0.839 23.974 

60 49.1 0.544 0.957 7.314 ∞ 0.743 0.3 0.86 86.791 

100 53.1 0.56 0.951 6.528 ∞ 0.718 0.284 0.855 88.1 

Pollution 

10 8.8 0.095 0.937 9.526 ∞ 0.892 0.657 0.939 18.836 

60 36.2 0.314 0.902 3.141 ∞ 0.797 0.535 0.917 55.669 

100 36.2 0.314 0.902 3.141 ∞ 0.797 0.535 0.917 55.669 

Quake 

10 42.1 0.352 0.741 128.673 ∞ 0.322 0.166 0.389 80.628 

60 61.3 0.352 0.8 110.602 ∞ 0.301 0.117 0.24 94.024 

100 65.4 0.422 0.836 83.703 ∞ 0.295 0.112 0.24 96.577 

Stock Price 

10 42.7 0.111 0.901 2.867 ∞ 0.853 0.619 0.922 27.985 

60 67.3 0.462 0.89 4.921 ∞ 0.517 0.236 0.522 87.194 

100 68.9 0.585 0.928 8.764 ∞ 0.405 0.172 0.307 92.256 
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 The changes in the values obtained by weight for support 
and confidence in five datasets are shown in Table 6. As the 
weight for support value increases, it is seen that average 
support and average confidence values increase. The average 
lift value decreases as the weight for support value increases 

in all other datasets except the Quake. However, it is seen that 
the average lift value increases as the weight for support value 
increases in the Quake dataset which has the highest number 
of records.

TABLE VI.  ANALYSIS BASED ON WEIGHTS 

 #R Avsup Avconf Avlift Avconv Avcf Avnetconf AvyulesQ %Tran 

Basketball 

Sup=0.2 

Conf=0.8 

47.4 0.137 0.742 17.658 ∞ 0.47 0.379 0.533 97.086 

Sup=0.5  

conf=0.5 

44.9 0.128 0.738 14.515 ∞ 0.473 0.368 0.545 96.149 

Sup=0.8 

Conf=0.2 

59.3 0.359 0.749 2.035 ∞ 0.23 0.094 0.142 97.504 

Bodyfat 

Sup=0.2 

Conf=0.8 

44.2 0.183 0.735 53.997 ∞ 0.501 0.444 0.698 92.624 

Sup=0.5  

conf=0.5 

44.2 0.185 0.739 53.256 ∞ 0.519 0.434 0.705 93.258 

Sup=0.8 

Conf=0.2 

49.1 0.544 0.957 7.314 ∞ 0.743 0.3 0.86 86.791 

Pollution 

Sup=0.2 

Conf=0.8 

24.8 0.051 0.587 18.041 ∞ 0.338 0.457 0.619 51.671 

Sup=0.5  

conf=0.5 

23.9 0.052 0.568 16.403 ∞ 0.315 0.434 0.593 52.172 

Sup=0.8 

Conf=0.2 

36.2 0.314 0.902 3.141 ∞ 0.797 0.535 0.917 55.669 

Quake 

Sup=0.2 

Conf=0.8 

47.6 0.313 0.717 95.781 ∞ 0.244 0.099 0.225 94.752 

Sup=0.5 

 

conf=0.5 

49.6 0.321 0.727 105.747 ∞ 0.25 0.096 0.219 97.866 

Sup=0.8 

Conf=0.2 

61.3 0.352 0.8 110.602 ∞ 0.301 0.117 0.24 94.024 

Stock Price 

Sup=0.2 

Conf=0.8 

24.3 0.058 0.566 5.204 ∞ 0.391 0.235 0.512 66.605 

Sup=0.5  

conf=0.5 

24.3 0.058 0.566 5.204 ∞ 0.391 0.235 0.512 66.605 

Sup=0.8 

Conf=0.2 

67.3 0.462 0.89 4.921 ∞ 0.517 0.236 0.522 87.194 

V. CONCLUSIONS 

Although there are many effective algorithms run on binary or 
discrete-valued data for the problem of the association rules 
mining problem, these algorithms cannot run efficiently on 
data that have numeric-valued attributes. However, in many 
real-world applications, the data usually consist of numerical 
values. Recently, numerical association rules mining has been 
dealt with as a multi-objective problem that best meets 
different criteria at the same time. MODENAR is one of the 
few methods using multi-objective evolutionary algorithms 
for numeric association rules and aims to maximize support, 
confidence, comprehensibility, and amplitude of the ranges of 
attributes. 

 In this study, the effects of the parameters of MODENAR 
such as population size, crossover rate, threshold solutions, 
and weight for support and confidence to the number of rules 
obtained, average support, confidence, lift, conviction, 
certainty factor, netconf, yulesQ, and the coverage percentage 
in five real-world data whose attributes consist of numeric 
values are carried out for the first time in this study. Interesting 
and important findings obtained from this study will be very 
beneficial for data analysis within numerical valued datasets. 

Proposing efficient parallel algorithms based on the 
MapReduce framework with evolutionary algorithms and 
their sensitivity analysis for numeric association rules mining 
is a potential research direction within this area. 
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Abstract—In last decades’ web application security has 

become one of the most important case study of information 

security studies. Business processes are transferred to web 

platforms. So web application usage is increased very fast. 

Web-based attacks have also increased due to the increased use 

of web applications. In order to ensure the security of web 

applications, intrusion detection and prevention systems and 

web application firewalls are used against web based attacks. 

Blockchain technology, which has become popular in recent 

years, enables reliable and transparent sharing of data with all 

stakeholders. In this study, in order to detect web-based 

attacks, a blockchain based web attack detection model that 

uses the signature based detection method is proposed. The 

signature based detection refers to the detection of attacks by 

looking for specific patterns against known web based attack 

types, such as Structured Query Language (SQL) Injection, 

Cross Site Scripting (XSS), Command Injection. Three web 

servers were used for the experimental study. A blockchain 

node has been installed with the MultiChain application for 

each server. Attacks on web applications are detected using the 

signature list found in the web application as well as detected 

using the signature list updated on the blockchain. According to 

the experimental results, the attacks signature detected and 

defined by a web application are updated in the blockchain lists 

and used by all web applications. 

Keywords—web attack detection, blockchain, signature based 

detection 

I. INTRODUCTION 

One of the most important structures make use of the Internet 

more widespread is web applications. Web applications are a 

structure consisting of hyper-text documents related to each 

other published on the Internet. Web applications are sharing 
information on the Internet quick, easy and accessible to 

everyone. This facilitates the use of web applications, but 

also makes web applications the target of cyber attacks. 

Many studies are done to secure web applications and 

prevent cyber attacks. The detection of web-based attacks are 

classified as signature-based detection and anomaly-based 

web attack detection. In the signature-based detection, which 

are known attack types are defined as signatures and only the 

types of attacks identified as the signature. In case of 

anomaly-based detection, web requests that do not comply 

with the web application request structure are detected. 
Because machine learning methods are used for anomaly 

detection. They work slower than the signature-based 

detection, but it is effective against zero day attacks. The 

signature-based detection is not effective against zero day 

attacks. One of the most commonly used methods to ensure 

web application security is the signature-based detection 

method. The signature-based detection is effective only 

against attack signatures defined in the signature list. 

Therefore, it is necessary to update signature list 

continuously so that the system can conduct an effective 

attack detection. To update the signature list, system 

administrators must continually monitor new types of 

attacks. In this study, blockchain technology is used to update 

signature list. The use of blockchain technology has been 

considered suitable due to its distributed and transparent 

structure. The blockchain technology, first expressed by 

Nakatomo in 2008 [1], has become rapidly popular in recent 

years. The blockchain allows transparent and secure sharing 

of data in a distributed chain structure. While the studies on 

blockchain which is rapidly increasing in the information 

technologies market and literature are examined, it can be 
said that this technology is still developing and can be 

utilized in various fields. Blockchain allows automatic data 

sharing without the need for third-party companies. In this 

study, it has been proposed to use blockchain technology to 

update the signature lists in web-based intrusion detection or 

prevention systems. 
This manuscript is organized as follows. In section two 

literature review is presented. In section three materials and 
methods have been used in this study. In section four 
proposed web attack detection application presented. In 
section five conclusions of the study is presented. 

II. RELATED WORKS 

Some of studies related to this proposed model are 
summarized in this section. Tekerek et al. [2] developed a 
hybrid web application firewall to prevent web based attacks. 
They used anomaly based detection and signature based 
detection models together to increase detection rates. For 
anomaly based detection they used HTTP request length, 
request frequency and request count features, and for 
signature base detection they added SQL injection and XSS 
signatures to detect. Seredynski et al. [3] used Gene 
Expression Programming (GEP) to classify web based 
attacks. In their model structure of each SQL query is unique 
in itself and each query is tokenized. Even though this 
approach is faster in implementation but is limited to 36 
tokens only. All defined 36 tokens can be a potential risk or 
weakness to the system. Kruegel, et al. [4] obtained anomaly 
score from the parameters of request type, request length and 
load distribution. According to their approach, if the request 
length is longer than the average length of the request, then the 
probability of being an attack of that request is high. They 
developed a prototype in order to detect DNS attacks by 
analyzing HTTP and DNS traffic. 

Kruegel, et al. [5]  proposed a new way of detecting 
attacks which is based on the model that analyze users' 
behaviors. This model is inspired by the malicious behavior 
detection for online rating. divide common attacks into two 
types by users' behaviors: initiative attack and passive one. 
Initiative attacks are the attacks that attackers use scan scripts 
to test some newly published vulnerability. Sadeghian et al. 
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[6] proposed a study which detects SQL injection delimiter in 
input data. Depending on the number of spaces in the guery, 
double dash and single quote the count value of the input field 
get increased by respectively. The fixed count value and the 
dynamically generated count value of the input parameters are 
then compared and attack is detected based on the value. 
Kumar et al. [7] developed an application security which 
begins with the design of first level of security authentication. 
Application deals with securing the web application in which 
it provides security by concentrating on the web application 
authentication. The main focus of this applicaiton is dealing 
with Broken Authentication vulnerabilities. Razale  et al. [8] 
developed a web application design which includes HTML 
files, images and objects as their interface. The main 
advantage of using an interface is that it will crawl to another 
page if one click on those interfaces. This paper serves as a 
guide to improve the ways to design these interfaces and also 
deals with improving performance and effective utilization of 
resources. 

The studies proposed in the literature have been carried 
out by the applications based on signature-based detection, 
anomaly-based detection or specifically the type of web based 
attacks. In this study, unlike previous studies, blockchain 
technology is used. Blockchain technology eliminates the 
ineffectiveness of signature-based detection against zero day 
attacks, which is one of the major disadvantages of 
signature-based detection. 

III. MATERIAL AND METHODS 

In this section material and methods are described. 
Blockchain and MultiChain technologies are used as material. 
Signature-based detection is used as a method. 

A. Blockchain 

Blockchain technology has recently received great interest 
from various international organizations, industry and 
institutions, and has even been expressed by some researchers 
as a more powerful technology than the Internet [9]. In the 
report published by Allied Market Research, it was stated that 
the blockchain market was $228 million in 2016 and could 
reach $5.4 billion by 2023 [10]. With blockchain, people no 
longer need a third-party agent to provide security and 
verification in their product or service transfer operations. The 
“trust protocol” created by blockchain provides a reliable, 
transparent and accountable environment [11]. Thanks to the 
Internet communication developed very easy worldwide. The 
world has become an increasingly interconnected society and 
technologies such as smart phones, IoT (Internet of Things), 
smart contracts have started to spread rapidly. In future, these 
technologies will be included blockchain will be an important 
key tool to increase the power of the network between people, 
applications and IoT. According to Nakamoto, the blockchain 
is a distributed data structure in which each transaction 
information is recorded and shared by the participants in the 
network [1]. According to Reyna et al., the blockchain is a 
distributed, transparent, unchangeable and secure data 
structure where the reliability of transactions is verified by the 
stakeholders in the network [12]. Glaser defined the 
blockchain as a database where the records of valuable assets 
are registered with public and nicknames without central 
authority [13]. There are many similar definitions of 
blockchain, from a technical point of view, it would be correct 
to define blockchain as a combination of a distributed 
database, decentralization mechanism and cryptographic 

algorithms. The transaction data on the blockchain is stored in 
a cryptographically interconnected and potentially infinite 
array of data blocks. The creation of these blocks is ensured 
by the validity of the operations performed by the participant 
nodes. [14]. As the most important feature of the blockchain 
by Zhao et al., it has shown the support of reliable and 
transparent operations through network-based calculations 
instead of people monitoring or control [15]. The advantages 
of the blockchain can be listed as follows [16]. 

 A copy of the data is recorded by all stakeholders, and 
everyone can access the data transactions. Data loss and 
destruction are prevented by this way. 

 Thanks to digital signatures and verifications, it is ensured 
that the stakeholders can trust each other without needing 
third party agents. 

 Everyone can see the status of their transaction as well as 
the details of all transactions in the blockchain, this 
ensures transparency. 

 The data on the blockchain cannot be changed or deleted. 

 It can work without a central authority, it cannot be 
controlled, canceled or closed by its distributed structure. 

 Specific activities can be automated through smart 
contracts. 

The development of the blockchain can be defined in three 
phases as in Fig. 1 [15], [18–20]; 

The Blockchain 1.0, also known as digital money phase 
and refers to crypto coins that have applications such as 
money transfer and digital payment. In crypto coins, 
blockchain technologies such as mining, encryption and block 
structure are used. Bitcoin, which was the first crypto money, 
has preceded the theory as a practice [21]. Bitcoin requires 
very small transaction fees when compared to traditional 
methods of money transfer and electronic shopping. 

asasBlockchain 1.0
Exchange/Payment

Blockchain 2.0
Smart Contact

Blockchain 3.0
Non-financial industry 

application

2009 ~ 2013 ~ 2020 ~
 

Fig. 1. Evolution of blockchain [17] 

The Blockchain 2.0, also referred to as the digital 
economy, includes a wide range of economic and financial 
applications beyond simple payments and money transfer. 
These applications include traditional banking instruments 
such as loans and mortgages, stocks, bonds, futures and 
contracts. Smart contracts can be expressed as computer 
programs with specific rules on the blockchain network. 
Smart contracts are a blockchain technology that has been 
rapidly spreading in recent times. 

The Blockchain 3.0, also known as digital society. 
Blockchain 3.0 covers the fields of science, art, health, 
education, communication, management and auditing in 
addition to money, contract and financial applications [18]. 
One of the most prominent applications of blockchain 
technology is intelligent cities, including intelligent 
management, intelligent transportation, intelligent living, 
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intelligent use of natural resources and intelligent economy 
[22]. It is possible to benefit from blockchain technology in 
the areas of IoT [23]. The use of blockchain technologies in 
digital identity, banking, cyber security and electronic 
medical record systems can be evaluated within Blockchain 
3.0 [24], [25]. 

The existing blockchain systems are classified into three 
categories as Public, Private and Consortium blockchain [26], 
[27]. Public blockchain offers an open platform that allows 
everyone to participate, write and mining. These blockchains 
do not have any restrictions and also referred to as an 
unauthorized blockchain. A private blockchain which is 
managed by a person or a group, which provides the sharing 
and data exchange between one or several organizations. 
Consortium blockchain can be defined as a partially private 
and permissible blockchain where a predetermined set of 
nodes takes the place of a single organization in verification 
and consensus processes. These nodes decide who can join the 
network and who can mine. 

There are important studies in the literature about 
blockchain made in different sectors. Some of these studies 
offer an architecture or a solution. In a series of publications, 
real-life applications have been implemented by utilizing the 
existing blockchain applications. In a study conducted by 
Abadi et al. in 2018, the most commonly used blockchain 
applications in the literature were listed in Fig. 2 [28]. 

 
Fig. 2. Blockchain applications used in literature [28] 

According to Abadi's study, the most commonly used 
blockchain application by researchers was the Public 
Ethereum. In these studies, the researchers used the Public 
Ethereum application, which was already open to the public, 
without establishing and managing a separate blockchain 
network. In addition to this, there are also researchers who 
create a Private Ethereum blockchain for their work. In 
addition to Ethereum, MultiChain, IBM Bluemix, 
Hyperledger and Bitcoin applications have been used. In our 
study, MultiChain has been preferred as a blockchain 
application. 

B. MultiChain 

Because of the advantages of such as API support for 
many programming languages, ease of use, performance and 
documentation have been influential in our choice of 
MultiChain as a blockchain application. MultiChain is a 
private blockchain protocol that manages the access to data 
using a list of registered participants [29]. Only registered 
participants have access to read and write blocks in chain. The 
consensus method used by MultiChain is the Round Robin 
(RR) scheduling algorithm. The RR algorithm states that each 
block must have a signature from the participant who intends 

to create it. Adding multiple assets issuance and data streams 
(key-value databases) provided by Multichain. Data streams 
can be considered as a database in the style of NoSQL with 
separate permissions isolated from the entire blockchain. A 
small piece of text or 64 MB binary data can be stored in the 
data stream. 

C. Dataset 

In this study HTTP dataset CSIC 2010, which was 
developed in 2010, is one of the most famous datasets and is 
widely used in the field of network security is used. The 
dataset contains thousands of web requests automatically 
generated. It can be used for the testing of web attack 
protection systems. It was developed at the “Information 
Security Institute” of CSIC (Spanish Research National 
Council). This dataset contains 36,000 normal requests and 
more than 25,000 anomalous requests [30]. 

IV. BLOCKCHAIN BASED DISTRIBUTED WEB ATTACK 

DETECTION APPLICATION 

In this section information about the proposed application 
is provided. Three web servers, S1, S2 and S3 were used for 
the experimental environment. Each server with Windows 10 
operating system has Intel Xeon 2.40 GHz processor and 32 
GB memory. The multichain application has installed on each 
server. As shown in Fig. 3, a chain named project1 was 
created and published on the S1 server. In the structure of 
MultiChain, it is necessary to authorize other nodes to 
connect, read and write to the chain. After the necessary 
permissions are granted in MultiChain and the firewall 
definitions are set for the IP addresses and port numbers are 
defined, nodes can connect to the chain. 

 
Fig. 3. Creating a chain with MultiChain 

Fig. 4 shows the connection of the S2 server with the 
10.0.0.35 ip address to the MultiChain created in the S1 server 
with 10.0.0.12:2879 ip address and port. After the node in the 
S2 machine is connected to the chain, data synchronization is 
provided and now one of the owners of project1 is the S2 
node. For example, if the S1 node exits the system, the other 
participant nodes can continue to use chain named project1. 

 
Fig. 4. Connection the node to chain 

The MultiChain Explorer application, which enables 
web-based browsing of blockchain activities, was presented 
to the developers by MultiChain. MultiChain Explorer has 
been installed for all servers and the necessary steps have been 
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applied. Thus, the blockchain activity in nodes can be 
monitored. Fig. 5 shows a screenshot of the MultiChain 
Explorer web page, which indicates that the three nodes are 
participating in the chain named project1. As seen in the 
figure, the chain named project1 was started by the server 
with the IP address 10.0.0.12 and port 2879. Then the nodes 
with the IP addresses 10.0.0.35 and 10.0.0.52 are connected to 
this chain. 

 
Fig. 5. Screenshot of the MultiChain Explorer application 

Web applications developed by using PHP and Apache 
web server are used as server. The web applications on the 
servers have access to data of pre-installed MultiChain nodes 
via PHP API of MultiChain. Block diagram of the developed 
application is presented in Fig. 6. 

 
Fig. 6. Block diagram of the developed application 

In this study, the role of blockchain is used as public and 
transparent signature pool. The data stream feature of the 
MultiChain is suitable for this purpose in terms of 
performance and data storage structure. A data stream called 
BAWD_Signature_List has created as a public signature pool 
on blockchain and all nodes have become members of this 
data stream. In this study, we considered the blockchain black 
list as null and we have ensured that this pool is filled with 
attack signatures detected by web applications in the system. 

Blacklists are defined for each web application to detect 
the web based attacks. CSIC 2010 dataset was used for 
signature-based detection of web-based attacks. CSIC 2010 
dataset cointains SQL Injection, Cross Site Scripting, etc. 
known web attack types. The blacklist is defined different for 
all three web applications. The purpose of this different 
blacklist defination is to transfer the attack signature detected 
by a web application to the blockchain. Thus a web 
application that does not have this signature in their blacklist 
can also be identified by the blockchain blacklist. 

Start
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Fig. 7. Flow diagram of the developed application 

The flow diagram of the developed application is 
presented in Fig. 7. In the first stage, requests from web 
servers are checked via their local blacklist. If an attack is 
detected, the request is blocked and it is determined whether 
the attack signature is defined in the blacklist created on the 
blockchain. If the relevant attack signature is not included in 
the blockchain blacklist, this signature is added to the 
blockchain blacklist. Thus, blockchain blacklist is updated 
and this attack signature can be detected by other participant 
web servers in the future. If an attack is not detected on the 
local blacklist of the web servers, in the second stage, the 
request is checked on the blockchain blacklist. If an attack is 
not detected as a result of this detection, the related request is 
executed. Otherwise, the request is blocked. 

To better understand the operation of the developed 
application, a scenario with screenshots is presented. In this 
scenario, an attack was made with the "eval" signature to the 
web application containing the order form on the S1 server. 
Since the "eval" signature is on the local blacklist of this web 
application, the request is blocked. Fig. 8 shows a screenshot 
of this situation. 
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Fig. 8. Attack detection and updating the blockchain blacklist 

Then the "eval" signature was not found in the blockchain 
blacklist, and this attack signature was added to data stream 
called BAWD_Signature_List in the blockchain. Fig. 9 shows 
this data stream on the MultiChain Explorer application. 

 
Fig. 9. Screenshot of blockchain blacklist 

In the continuation of this scenario, the web application 
containing the book form on the S3 server was also attacked 
with the "eval" signature. In the first stage, the "eval" 
signature was not found in the local blacklist of this web 
application and this attack could not be detected. In the second 
phase, the blockchain blacklist was checked for the "eval" 
signature and this time the attack was detected. This attack 
scenario in the book form is shown in Fig. 10. 

 
Fig. 10. Attack detection through blockchain blacklist 

V. CONCLUSION 

The count and types of attacks on web applications are 
increasing day by day. Because of the different structures of 
web applications, detection of the attacks are difficult and 
complex. One of the most commonly used methods for 
web-based attack detection is the signature-based detection. 
One of the major disadvantages of signature-based detection 
is ineffectiveness of against new types of attacks. To 
overcome this problem, the signature lists need to be 
constantly updated. With this study, the signature lists were 
automatically updated using blockchain technology. The 
signature update process of the signature-based detection has 
automated by using blockchain. In this way, it has proved that 
the signature-based detection can be used against zero-day 
attacks. Because of the method proposed in this study, the 
type of attack detected in a web application is automatically 
recognized by other participant web applications. Thus, it is 
seen that blockchain technology, which can be applied in 
many different fields due to its features, can be used in the 
detection of web attacks. This pioneering work is intended to 
be a guide for researchers in the future. 
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Özetçe —Yapay zekâ uygulamalarında makine öğrenmesi, 
yapay sinir ağları, sınıflandırma, kümeleme algoritmaları gibi 
birçok alt yöntem kullanılmaktadır. Bu yöntemlerden biri de 
derin öğrenmedir. Derin öğrenme gelişmiş bir makine öğrenmesi 
sınıfıdır. Derin Öğrenme yöntemi kullanılarak Video analizi, 
görüntü sınıflandırma, konuşma tanıma ve doğal dil işleme gibi 
alanlarda çok başarılı sonuçlar elde edilmektedir. Derin 
Öğrenme ve İnsansız hava araçları alanlarını kapsayacak 
projelerin sağlayacağı veriler ve tecrübeler, bu konularda 
yapılan nitelikli çalışmaların sayısını arttırarak ülkemizin bu 
teknolojilerde katma değeri yüksek ürünler geliştirilmesine katkı 
sağlayacaktır. Bu çalışmada, insansız hava araçlarından alınacak 
görüntü verisini değerlendiren ve çeşitli çıkarımlar 
(Sınıflandırma, konumlandırma, işaretleme) yapan bir kontrol 
yazılımı oluşturulmuştur. Önceden eğitilmiş yapay sinir ağı 
modellerinin son katmanlarının veri setimizle tekrar eğitilmesi 
yöntemi kullanarak eğitim süresi azaltılmaya ve başarı 
arttırılmaya çalışılmıştır. Yapılan çalışmalarda 2 ön eğitimli 
model kullanılmış bu modellerin eğitilmesi sonucu yapılan 
testlerde 190 bin adımlık eğitim sonucunda mAP değerleri olarak 
25.39 ve 27.87 değerlerine ulaşılmıştır. 

Anahtar Kelimeler—derin öğrenme, yapay sinir ağı, 
sınıflandırma, insansız hava aracı 

 

Abstract— In artificial intelligence applications, many sub-
methods such as machine learning, artificial neural networks, 
classification, clustering algorithms are used. One of these 
methods is deep learning. Deep learning is an advanced machine 
learning class. Using the Deep Learning method, video analysis, 
image classification, speech recognition and natural language 
processing are very successful. The data and experiences to be 
provided by the projects covering Deep Learning and Unmanned 
Aerial Vehicles will increase the number of qualified studies on 
these issues and contribute to the development of high value-
added products in these technologies. In this study, a control 
software that evaluates image data from unmanned aerial 
vehicles and makes various inferences (classification, positioning, 
marking) is created. By using the method of retraining the last 
layers of the pre-trained artificial neural network models with 

our data set, it has been tried to reduce the training time and 
increase the success. In these studies, 2 pre-educated models were 
used and as a result of training of these models, as a result of 190 
thousand steps of training, 25.39 and 27.87 mAP values were 
reached. 

Keywords—deep learning, artificial neural network, 
classification, unmanned aerial vehicle) 

I. GİRİŞ 

İnsansız Hava Araçları (İHA, Unmanned Aerial Vehicle-
UAV), uzaktan kontrol edilebilen bir tür uçak teknolojisi olup 
ilk çıktığında gözlem ve savunma gibi amaçlarla kullanılmıştır. 
İnsansız hava araçları yüksek manevra kabiliyetleri, olduğu 
yerden dikine kalkış/iniş yapabilmeleri, açık ve kapalı alanda 
kullanılabilmeleri sayesinde son yıllarda askeri, sivil, ticari ve 
eğlence gibi birçok alanda yaygınlaşan uygulama alanına sahip 
popüler bir teknoloji alanıdır. 

Tek kartlı bilgisayarlar(SBC) araçların kalkış, iniş, rota 
izleme, kontrol ve görev süreçlerini insan kontrolüne gerek 
kalmadan otonom olarak yapabilmelerine olanak sağlamıştır. 
Bu kartların artan işlem gücü sayesinde makine öğrenmesi 
yöntemlerinden birisi olan yapay sinir ağları ANN (Artificial 
Neural Network) ve çok katmanlı mimari model DNN (Deep 
Neural Network) hava ve kara araçlarında kullanılabilir hale 
gelmiştir. 

Yapay zekâ uygulamalarında makine öğrenmesi, yapay 
sinir ağları, sınıflandırma, kümeleme algoritmaları gibi birçok 
alt yöntem kullanılmaktadır. Bu yöntemlerden biri de derin 
öğrenmedir. Derin öğrenme gelişmiş bir makine öğrenmesi 
sınıfıdır. Öznitelik çıkarımı işlemini gizli katmanlar içerisinde 
etkin olarak kendi yapan katmanlı bir yapıya sahiptir. Her 
katman bir önceki katmandaki çıktıyı girdi olarak alır [1]. 
Derin öğrenme temel olarak veriyi tanımlayan seçilmiş 
özniteliklerden öğrenmeye dayalıdır. 

Bilgisayarlı görü bugün derin öğrenmenin kullanıldığı en 
önemli alanlardan biridir. Günümüzde hayatın her alanında 
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artan kamera sayısı, kalitesi ve kullanımı dikkate alındığında, 
görüntü içindeki nesnelerin birbiriyle olan ilişkisinin bir insan 
gibi makineler tarafından anlamlı bir şekilde ortaya konması 
görüntüleri yorumlama konusunda kolaylık sağlamaktadır. 

Ciresan MNIST veri kümesi üzerinde yaptığı çalışmada 
CNN kullanarak görüntü sınıflandırma işleminde hata oranını 
%2 'ye kadar düşürmeyi başarmıştır [2]. 2014 yılında ImageNet 
yarışmasında başarılı ekipler CNN algoritmalarının türevlerini 
kullanmıştır [3]. Sarıbaş, Çevikalp ve Kahvecioğlu İHA’lardan 
alınan görüntülerdeki araçların konumlarını, gerçek zamanlı 
olarak bulabilen 8 - 4 kök sezicili EPCC, YOLOv2 ve YOLO 
Tiny algoritmalarını kullanan yöntemleri ile yüksek 
başarımlar(%84,49) elde etmiştir [4]. Wang ve arkadaşları 
alçak irtifada uçan İHA ile elde edilmiş görüntülerden doğaya 
atılmış plastik şişeleri bulan ve konumlandıran bir uygulama 
gerçekleştirmişlerdir. Zhang ve arkadaşları trafik akışı 
izlemede İHA kullanmışlardır. Faster-RCNN algoritması 
kullanarak eğittikleri modelle havadan elde edilen görüntülerde 
araçları tespit etmiş ve izlemişler böylece trafik yoğunluğu ile 
ilgili değerlendirmeler yapmışlardır. Araç tespitinde %96,5 
doğruluk değerine trafik durum tespitinde %92,7 doğruluk 
değerine ulaşmışlardır [5]. Kaster ve arkadaşları küçük bir 
insansız hava sisteminin yük boşaltma alanını kullanırken araç 
tespitini Faster R-CNN algoritması, etkili bir hava görüntü veri 
seti, süper bilgisayarlar ve özel bir ekip ile gerçek zamanlı 
olarak gerçekleştirmiştir [6]. Nguyen Cao ve arkadaşları çeltik 
tarlalarının verim değerlendirmesinde İHA kullanmışlar elde 
ettikleri alçak irtifa görüntülerini kullanarak çeltik tarlasını 3 
sınıfa ayırmış ve bu sınıfların geçmiş veri istatistiklerine bağlı 
olarak verim hesaplaması yapmışlardır [7]. Konoplich ve 
arkadaşları da İHA ile elde edilen görüntüler üzerinden gerçek 
zamanlı araç tespiti üzerine çalışmışlar, bu amaçla 
HDNN(Adapted Hybrid Neural Network) kullanmışlardır. 
HDNN in diğer denenen yöntemlerden (DNN, HOG+SVM, 
LBP+SVM, Adaboost) daha başarılı sonuçlar (%15,5 yanlış 
tespit oranı) verdiğini gözlemlemişlerdir [8]. 

Bu çalışmada İnsansız hava aracıyla tespit edilen 
görüntülerin derin öğrenme yöntemleriyle analizi için 
geliştirilen görsel değerlendirme uygulamasında çoklu 
sınıflandırma problemleri ele alınmıştır. Uygulama verilen bir 
görselin içerisinde istenen nesnelerden bulunup bulunmadığını 
belirlemekte, bulunuyorsa konumunun neresi olduğunun 
gösterilmesini sağlamaktadır. 

II. MATERYAL VE YÖNTEM 

A. Materyal 

Derin Öğrenme algoritmalarının başarı oranını etkileyen en 
önemli faktörlerden biri modelin eğitilmesinde kullanılan veri 
kümelerinin büyüklüğü, kalitesi ve zenginliğidir. Derin 
öğrenme veri kümesinin büyüklüğü ile doğru orantılı olarak 
başarılı sonuç verecektir. Bu çalışmada sensefly.com sitesinde 
yayınlanan veri setlerinden airport [9], Small Village, 
Industrial Estate  isimli veri setlerinden modelin eğitilmesi için 
203 adet görüntü, modelin test edilmesi için 37 adet görüntü   
toplam  240 görüntü seçilmiştir. Bu üç data setin yeryüzü 
çözünürlükleri ve uçuş yükseklikleri tablo 1 de verilmiştir. 

TABLO I.  SENSEFLY DATA SET BİLGİLERİ 

Veri Seti 
Görüntü 

Sayısı 
Yeryüzü 

Çözünürlüğü 

Uçuş 
Yüksekliği 

(m) 
Airport 557 3.14cm (1.23in)/px 120 

Small Village 297 5 cm (1.96 in)/px 162 
Industrial Estate 113 2.1 cm (0.82 in)/px 100 

 
Şekil 1’de veri setinden bir örnek görünmektedir. 

 
Şekil 1. Sensefly Data Setinden Bir Örnek. 

 

B. Yöntem 

Derin öğrenme uygulamalarının geliştirilmesinde farklı 
makine öğrenmesi ve yapay zeka mimarileri 
kullanılabilmektedir. Yapay Sinir ağları insan beyninin 
öğrenme fonksiyonunu gerçekleştirebilen yapay zeka 
algoritmalarıdır. Yapay sinir ağlarının eğitilmesi uygulama 
alanı ile ilgili örnekler yardımı ile gerçekleştirilir. Derin 
öğrenme için kullanılan çok sayıda yapay sinir ağı çeşidi vardır 
[10, 11] .Geliştirilen sistemde insansız hava aracı üzerinde 
bulunan bir kameradan elde edilmiş ve etiketlenmiş görüntüler 
eğitim ve test kümelerine ayrılmış daha sonra Google 
Tensorflow kütüphanesini kullanan Nesne tespit uygulama ara 
yüzü kullanılarak eğitim işlemi gerçekleştirilmiştir. Eğitimde 
Google tarafından sunulan ön eğitimle ağırlık ve bias değerleri 
belirlenmiş nesne bulma modellerinin tamamen bağlı 
katmanlarının kendi veri setimizle yeniden eğitilmesi yöntemi 
kullanılmıştır. Bu sayede eğitim için gerekli adım sayısı ve 
eğitim süresi azaltılmıştır 

Eğitim için Google model havuzunda bulunan farklı 
mimarilere sahip faster_rcnn_inception_v2_coco ve 
faster_rcnn_resnet101_coco modelleri seçilmiştir. Bu 
modellerin seçilmesinin nedeni Tensorflow model havuzunda 
bulunan önceden eğitilmiş modeller içerisinde kısa çıkarım 
zamanına ve yüksek mAP değerine sahip modeller olmalarıdır 
Kullanılan modellerin hızları ve mAP değerleri Tablo 2’de 
gösterilmiştir. 

TABLO II.  KULLANILAN MODEL ÖZELİKLERİ 

Model Hız (Milisaniye) mAP 
inception_v2_coco 58 28 

resnet101_coco 106 32 

III. DENEYSEL ÇALIŞMALAR 

Bu çalışmada, İnsansız Hava Aracından elde edilmiş 
görüntü üzerinde 7 adet sınıfa ait nesneleri bulan ve kutu 
içerisine alarak işaretleyen bir sistem geliştirilmiştir. 
Geliştirilen sistemde sınıflandırma yöntemleri denenmiştir. 
Sınıflandırma problemleri, eğitimli makine öğrenmesi 
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problemlerinden birisidir. Sınıflandırma problemlerinde sistem, 
eğitim aşamasından geçirilir ve ardından başarı 
değerlendirmesi için Test aşamasına sokulur. 

Her nesne sınıfı için çizilen Kesinlik-Duyarlılık eğrisi 
nesne sınıflayıcıların performanslarını ölçmede kullanılır. 
Nesne sınıfları için çizilen eğride duyarlılık artarken kesinlik 
değeri ne kadar yüksekse sınıflayıcı o kadar iyi kabul edilir. İyi 
bir nesne algılayıcısını tanımlamanın başka bir yolu, yalnızca 
ilgili nesneleri tanımlayabilen bir algılayıcı olması ve tüm 
gerçek referans değerlerini bulmasıdır. 

Nesne sınıflayıcıları birbirleri ile kıyaslayabilmek için 
Kesinlik-Duyarlılık eğrileri kullanılabilir fakat grafikleri 
yorumlamak çoğu zaman zordur. Bunun yerine çizilen eğrinin 
altında kalan alanın hesaplanması ile elde edilen sayısal değer 
karşılaştırma için kullanılır. Hesaplamada kullanılan formül 
(1)’de gösterilmiştir. 

                            (1) 

  

Model eğitimi ve testleri coco veri seti üzerinde ön eğitim 
uygulanmış faster_rcnn_resnet101_coco ve 
Faster_rcnn_inception_v2_coco isimlerinde 2 farklı modelle 
gerçekleştirilmiştir. 

Faster_rcnn_inception_v2_coco modeli ile gerçekleştirilen 
eğitime ilişkin toplam kayıp grafiği Şekil 2’de verilmiştir. 
Eğitim 190000 adım sürdürülmüş total kayıp değeri 0.05 
olduğu bir noktada sonlandırılmıştır. 

 

 
Şekil 2. Faster_rcnn_inception_v2_coco Toplam Kayıp 

Eğitim sonucu elde edilen model dosyası kullanılarak 
yapılan testlerde modelin başarısını ölçmek için Birleşmede 
Üzerinde Kesişim (IoU) değerleri 0.5 den başlayarak 0.05 
artışlarla 0.95’e kadar giden 10 farklı eşik değeri için ortalama 
kesinlik değerleri bulunarak ortalamaları alınmıştır. 
Faster_rcnn_inception_v2_coco modeli için Birleşmede 
Üzerinde Kesişim değerlerine bağlı olarak bulunan ortalama 
kesinlik değerleri Tablo 3’te gösterilmiştir. 

TABLO III.  FASTER_RCNN_INCEPTION_V2_COCO ORTALAMA KESİNLİK 
DEĞERLERİ 

IoU 0.5 0.55 0.60 0.65 0.70 Ortalama 
mAP 30.68 30.68 30.68 30.40 30.35 

25.39 IoU 0.75 0.80 0.85 0.90 0.95 
mAP 28.95 27.80 24.54 13.76 6.10 

 
Faster_rcnn_resnet101_coco modeli ile gerçekleştirilen 

eğitime ilişkin toplam kayıp grafiği Şekil 3.2’de verilmiştir. 

Eğitim 196000 adım sürdürülmüş total kayıp değeri 0.025 
olduğu bir noktada sonlandırılmıştır. 

 
Şekil 3 Faster_rcnn_ resnet101_coco Toplam Kayıp 

TABLO IV.  FASTER_RCNN_ RESNET101_COCO ORTALAMA KESİNLİK 
DEĞERLERİ 

IoU 0.5 0.55 0.60 0.65 0.70 Ortalama 
mAP 31.97 31.79 31.66 31.55 30.58 

27.87 IoU 0.75 0.80 0.85 0.90 0.95 
mAP 29.94 29.53 27.92 22.70 11.07 

 
Tablo 5’te test edilen 2 modelin 0.5 IoU değeri için sınıflara göre 
başarısı gösterilmiştir. 

TABLO V.  TEST EDİLEN MODELLERİN SINIFLARA GÖRE BAŞARILARI 

Model 

A
ra

ba
 

E
v 

U
ça

k 

A
ğa

ç 

H
el

ik
op

te
r 

İş
 M

ak
in

es
i 

K
am

yo
n 

inception_v2 11 20.98 83.81 22.87 50 0 26.07 
resnet_101 20.85 58.42 88.22 30.76 0 3.33 22.22 

 
Faster_rcnn_resnet101_coco modelinin Araba, Ev, Uçak, 

Ağaç, İş makinesi sınıflarında başarıyı arttırdığı 
gözlemlenmiştir. Faster_rcnn_inception_v2_coco modelinin 
ise helikopter sınıfına ait nesneleri tespit etmede daha başarılı 
olduğu görülmüştür. 
 

IV. SONUÇ 

Yapılan çalışmada; İHA ile elde edilmiş görsel veriler 
toplanmış, toplanan veriler etiketlenmiş ve derin öğrenme 
algoritmasının eğitilmesinde kullanılmıştır. Çalışma 
kapsamında yapay sinir ağı, sınıflandırma, öğrenme çeşitleri, 
uygulama alanına uygun derin öğrenme yöntemi belirleme 
konularında deneyim kazanılmıştır. Probleme uygun bir model 
seçilerek etiketlenmiş veri kullanılarak modelin tekrar 
eğitilmesi sağlanmıştır. 

Yapılan deneylerde Faster_rcnn_inception_v2_coco ve 
Faster_rcnn_resnet101_coco model mimarileri seçilmiş olup 
bu modeller Google Tensorflow model havuzunda bulunan en 
hızlı ve yüksek başarımlı modellerden ikisidir. 

Modellerin tekrar eğitilmeleri sonucunda elde edilen mAP 
değerleri ve Google model havuzunda elde edilen mAP 
değerleri Tablo 6’da gösterilmiştir. 

TABLO VI.  TABLO 6. MODEL MAP DEĞERLERİ 

Model Eğitim Sonucu mAP Google mAP 
inception_v2_coco 25.39 28 

resnet101_coco 27.87 32 

Yapılan deneylerde 240 adet görüntü üzerinde toplam 7541 
adet nesne etiketlemesi yapılmıştır. Başarının artırmak için veri 
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setinde bulunan görüntü sayısı ve etiketlenmiş veri sayısı 
arttırılabilir. Ayrıca görüntünün alındığı yükseklik arttıkça 
küçük nesnelerin tespiti zorlaşmaktadır. 162 metreden elde 
edilen görüntülerde test edilen iki modelde de Arabalar tespit 
edilmekte zorlanmıştır. Bununla birlikte daha büyük yapıda 
olan ev sınıfı daha başarılı sonuçlar vermiştir. 100 ve 120 
metreden çekilen resimlerde nesneler daha büyük ve net 
oldukları için arabalar daha iyi tespit edilebilmiştir. 

Faster_rcnn_resnet101_coco 88.22 AP ve Faster_ 
rcnn_inception_v2_coco 83.81 değeriyle uçakları yüksek 
başarıyla tespit etmiştir. Faster_rcnn_resnet101_coco 0 AP ve 
Faster_rcnn_inception_v2_coco 3.33 AP değeriyle iş 
makinelerini tespitte başarısız olmuştur. Bu sınıfa ait başarımı 
artırmak için sınıfa ait etiketlenmiş veri sayısı arttırılabilir. 

Tüm nesne sınıfları değerlendirildiğinde 27.87 mAP ile 
Faster_rcnn_resnet101_coco modelinin başarısının 25.39 mAP 
ile Faster_rcnn_inception_v2_coco model başarısından daha 
yüksek olduğu görülmüştür. 

Gelecek çalışmalarda, etiketlenmiş verilerin sayısı 
çoğaltılarak başarı değerlerinin artırılması hedeflenmektedir. 
Çalışmanın ilerleyen aşamalarında farklı yüksekliklerden 
görüntüler çekilerek daha geniş bir veri seti oluşturularak 
başarı değerlerinin artırılmasına ilişkin geliştirmeler yapılabilir. 
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Özet- Çağımızın büyük sorunlarından biri olan siber 
zorbalık her geçen gün artmaktadır. Mağdurlarına büyük 
sıkıntılar yaşatan, onları zaman zaman intihara bile 
sürükleyen bu zorbalık türünü tespit etmek oldukça güçtür. 
İnternet kullanımının yaygınlaşması siber zorbalığın uygulama 
alanını da genişletmektedir. Buna bağlı olarak sosyal ağ ve 
paylaşım siteleri kullanıcıları, işleyecekleri suçların tespit 
edilememesi, tespit edilse dahi herhangi bir yaptırımla karşı 
karşıya gelmeyecekleri özgüveniyle siber zorbalığı klasik 
zorbalığa oranla daha fazla uygulayabilmektedir. Bu 
problemin tespit edilmesi için literatürde çeşitli çalışmalar 
gerçekleştirilmiştir. Bu çalışmada öncelikle siber zorbalığın ne 
olduğu, türleri, önlenmesine veya tespit edilmesine yönelik 
literatürde ne gibi çalışmaların gerçekleştirildiği ve siber 
zorbalık tespitinde izlenen yolların neler olduğu sunulmuştur. 

 
Anahtar kelimeler- Bilgi güvenliği, siber zorbalık, siber suç, 

siber güvenlik 
 
Abstract- One of the major problems of our time, cyber 

bullying is increasing day by day. It is very difficult to identify 
this type of bullying which causes great difficulties for its 
victims and sometimes leads them to suicide. The widespread 
use of the Internet extends the scope of cyberbullying. As a 
result, social networks, platforms and sharing sites using can 
apply cyber bullying more than classical bullying with the self-
confidence that the crimes they will commit cannot be detected 
and they will not face any sanctions even if they are detected. 
Various studies have been carried out in the literature to 
identify this problem. In this study, firstly, what is cyber 
bullying, types, prevention and detection of what kind of 
studies are carried out in the literature and cyber bullying 
detection methods are presented. 

 
Keywords - Information security, cyber bullying, cyber crime, 

cyber security 

I. GİRİŞ 

İnsan doğasının bir parçası olan iletişime geçme dürtüsü ve 
ihtiyacı, geçmişten günümüze iletişim araçlarının ortaya 
çıkmasını ve gelişmesini zorunlu hale getirmiştir. Bu 
zorunluluk insanın sosyal bir varlık olmasından 
kaynaklanmaktadır. Günümüzde, iletişim araçlarının çok 
hızlı bir şekilde gelişmesi ile birlikte çeşitliliği de 
artmaktadır. İletişim araçlarının insan hayatına bu denli 

nüfuz etmesi, buna paralel olarak sosyal medya 
platformlarının, sosyal paylaşım sitelerinin ve ağlarının 
ortaya çıkmasına zemin hazırlamıştır. 2019 yılındaki 
istatistiklere göre dünya nüfusunun %45’inin sosyal medya 
araçlarını/platformlarını kullandığı açıklanmıştır. 2018 
yılında ise bu sayının %42 olduğu belirtilmektedir [1]. Bu 
da bize sadece bir yıllık bir sürede bile sosyal medya 
kullanıcı sayısının ne denli hızlı artığını göstermektedir. 
WhatsApp, Facebook, Instagram, Twitter, YouTube, 
WeChat, Skype, Viber vb. sosyal paylaşım siteleri 
kullanıcılar tarafından iletişim, eğlence, ticaret, iş, eğitim 
gibi birçok alanda kullanılmalarının yanı sıra kullanıcıların 
bilgilerini, kişisel fotoğraflarını, mesajlarını, video 
görüşmelerini, düşüncelerini paylaşabilecekleri en popüler 
iletişim aracıları haline gelmiştir. Bu yönüyle sosyal medya 
küresel anlamda sayısız avantajlar sunmaktadır. Ancak 
kişisel gizlilik, güvenlik, erişilebilirlik ve diğer özel 
konularla ilgili yeni sorunların ortaya çıkmasına da neden 
olmuştur [2, 3]. Resmi olarak tanımlanmış siber zorbalık, bu 
sorunlardan en yaygın olanıdır [4].  

Bu çalışmada sosyal medya akışlarında siber zorbalık 
verilerinin tespiti için yapılan çalışmalarla ilgili detaylar 
sunulmaktadır. İkinci bölümde yapılan çalışmalar, üçüncü 
bölümde siber zorbalık ve tespitindeki zorluklar, dördüncü 
bölümde veri kümesinin elde edilmesi, veri ön işleme ve 
ağırlık atamaları, beşinci bölümde analiz ve sınıflandırma 
ile ilgili bilgiler sunulmuştur. Son kısımda ise tartışma ve 
sonuç başlığı ile öneriler ve gelecek çalışmalarla ilgili 
fikirler sunulmuştur. 

II. YAPILAN ÇALIŞMALAR 

Žufić ve diğ. [5], Ravichandran ve Arulchelvan [6], 
Karabatak ve diğ. [7], Weru ve diğ. [8] farklı alanlardaki yaş 
guruplarını dikkate alarak siber zorbalık konusunda 
kullanıcıları bilinçlendirmeye ve bu konuda sahip oldukları 
bilgileri tespit etmeye yönelik anket çalışmaları 
gerçekleştirmişlerdir. 

Hussain ve diğ. siber zorbalığın tespiti için veri seti 
olarak Facebook sayfalarından, Prothom-Alo haberlerinden 
ve YouTube'dan yayınlar toplanmışlardır. Tasarladıkları 
algoritma ile kelime ön işleme ve analizlerini 
gerçekleştirilmişlerdir. Ön işlemede %75,5 kesinliğe 
ulaşmışlardır. Verilerin sınıflandırılmasında Rastgele Orman 
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(RF), Destek Vektör Makinesi (SVM), Multinomial Naive 
Bayes (MNB) algoritmaları kullanılmıştır. Yapılan 
karşılaştırmalarda SVM algoritması ile en iyi sonucu elde 
etmişlerdir [9]. 

Al-Mamun ve Akhter, sosyal medyadan verilerin elde 
edilebilmesi için bir java programı geliştirmişlerdir. Bu 
program ile Facebook ve Twitter metinleri alınmıştır. 
Toplanan Bengalce metinlerin Naive Bayes (NB), J48, SVM 
ve k-En Yakın Komşu (k-NN) makine öğrenmesi (ML) 
algoritmaları ile sınıflandırma performansları 
karşılaştırılmıştır. Yapılan karşılaştırmalar sonucunda ise 
SVM tabanlı sınıflandırma modelinin en iyi performansı 
gösterdiğini tespit etmişlerdir [10]. 

Başka bir çalışmada ise Arapça ve İngilizce olarak 
yazılan spam e-postaları filtrelemek El-Halces tarafından saf 
İngilizce, saf Arapça ve karışık e-posta metinleri üzerinde 
yapılmıştır. Veri seti olarak Twitter, Facebook yorumları 
kullanmıştır. SVM, NB, k-NN ve Yapay Sinir Ağları (YSA) 
dâhil olmak üzere birçok ML tekniği kullanılmıştır. 
Sistemin performansı her üç varyasyonda da ölçülmüş ve 
SVM'nin saf İngilizce, NB'nin de saf Arapça metinlerde en 
iyi olduğunu kanıtlamıştır [11, 12]. 

Duygu analizi, metin sınıflandırma kategorilerinden 
biridir. Belirli bir metni olumlu, olumsuz veya nötr olarak 
sınıflandırmak için duyarlılık analizi yapılır [13]. Başka bir 
çalışmada Arapça yazılmış Facebook yorumlarında 
duyarlılık analizi yapılmıştır. Bu çalışmalarında SVM, NB 
ve Karar ağaçları olmak üzere üç sınıflandırma algoritması 
kullanılmıştır. Sonuç olarak %73,4 doğrulukla SVM 
algoritmasının en iyi performansı gerçekleştirdiğini tespit 
etmişlerdir [14]. Duygu analizi için bir başka çalışma ise 
Arapça Tweetler için yapılmıştır. Bu çalışmadaki temel 
katkı Arapça yazım ve lehçelerin dikkate alınarak 
sınıflandırmaların gerçekleştirilmesidir. Sınıflandırma için 
NB, SVM ve k-NN algoritmaları kullanılmış ve en iyi 
doğruluk sonucunun NB tarafından gerçekleştiği tespit 
edilmiştir [15]. 

Phyo Thu ve New, duygu analizine dayanarak siber 
zorbalığın tespit edilmesine yönelik bir çalışma 
gerçekleştirmişlerdir. Veri seti, Twitter ve Newswire 
makalelerinden toplanmıştır. Sınıflandırma için SVM 
algoritması kullanmışlardır ancak SVM’nin önerilen 
duyguya dayalı özelliklerle iyi bir performans 
göstermediğini tespit etmişlerdir. Bu nedenle çözüme 
yönelik bir yaklaşım önerisinde bulunmuşlardır [16]. 

Sintaha ve Mostakim [17], Shekhar ve Venkatesan [18] 
Twitter sosyal medya platformunda, siber zorbalığın 
tespitine yönelik çalışmalar gerçekleştirmişlerdir. Yapılan 
çalışmalarda farklı sınıflandırma yöntemleri 
karşılaştırılmıştır. Her iki çalışmada da SVM’nin daha 
yüksek bir hassasiyetle doğru sonuca ulaştığını tespit 
etmişlerdir. 

Mouheb ve diğ. siber zorbalık tespiti için Youtube ve 
Twitter sosyal ağlarından 42,138 yorum içeren veri seti 
üzerinde çalışmışlardır. Kullanılan algılama algoritması ile 
kelimelerin ön işlemlerini gerçekleştirmişlerdir. Tespit 
edilen yorumların ağırlıklarına göre yaklaşık % 77'sinin 
sadece bir siber zorbalık kelimesi, %17’sinin iki zorbalık 
kelimesi ve sadece çok az sayıda yorumun (%3) üç veya 

daha fazla zorbalık kelimesi içerdiğini tespit etmişlerdir 
[19]. 

Zois ve diğ. siber zorbalık içeren mesajların tespiti için 
AvOID adlı algoritmayı tasarlamışlardır. Söz konusu 
algoritma ile kelimeleri, siber zorbalık içeren ve içermeyen 
olmak üzere iki guruba ayırmışlardır. Beş kat çapraz 
doğrulama ve deneylerden sonra önerilen algoritmaları 
sınıflandırma kararına ulaşmak için kullanılan ortalama 
özellik sayısında %64 azalma sağladığını tespit etmişlerdir 
[20]. 

Ibrahim M. ve diğ. çevrimiçi yorumlarda farklı zorbalık 
türlerini tahmin edebilecek bir sınıflandırma şeması 
oluşturmuşlardır. Buna ek olarak da Wikipedia tartışma 
düzenlemeleri veri setindeki sınıf dengesizliği probleminin 
üstesinden gelmek için veri büyütme yöntemleri üzerine bir 
çalışma gerçekleştirmişlerdir. Veri seti olarak Toxic 
Comment Classification Kaggle yarışmasının sağladığı 
159571 adet Wikipedia yorum kaydı kullanılmıştır. Önerilen 
model, tek bir modelde birlikte eğitilen, evrişimsel sinir 
ağları (Convolutional Neural Networks: CNN), çift yönlü 
uzun kısa süreli hafızalar (Long Short-Term 
Memory:LSTM) ve çift yönlü geçitli tekrarlı birimlerin 
(Gated Recurrent Unit :GRU) bir topluluğudur [21]. 

Venckauskas ve diğ. adli tıp uzmanları tarafından analiz 
edilen şüpheli yazar listesini kısaltmaya yönelik bir çalışma 
gerçekleştirmişlerdir. Sınıflandırma için SVM algoritması, 
değerlendirme için basit bir Kazanan Her Şeye Sahip 
(WTA) metriği kullanılmıştır. Veri setini ise Litvanca haber 
portalı DELFI'den toplanan İnternet yorumlarından 
oluşturmuşlardır [22]. 

Öte yandan bazı sosyal medya platformları, siber 
zorbalık sorunuyla etkin bir şekilde mücadele etmek için 
bazı kılavuzlar sunmaktadır. Bunun yanında farklı çözüm 
arayışları da devam etmektedir [3], [18], [23], [24,25], [26]. 

III. SİBER ZORBALIK VE TESPİTİNDEKİ ZORLUKLAR 

Dünya genelinde sosyal medya araçlarını kullanan 
bireyler, hayatlarının en az bir noktasında siber zorbalık 
yapmış, maruz kalmış veya seyircisi olmuştur. Bu nedenle 
literatürde siber zorbalık tanımı farklı şekillerde karşımıza 
çıkabilmektedir. Örneğin, ABD Ulusal Suç Önleme 
Konseyi, siber zorbalığı “İnterneti, cep telefonlarını veya 
diğer cihazları başka bir kişiye zarar vermek, utandırmak 
amacıyla metin, resim göndermek için kullanma süreci” 
olarak tanımlamaktadır. Başka bir tanımda ise siber 
zorbalık, sosyal medyada söylentiler ya da dedikodular 
yayınlayarak bir kişi hakkındaki nefreti yaymakla 
ilişkilendirilebilir [3], [27]. Tanımlamalarda farklılıklar 
olduğu gibi siber zorbalık da farklı türlerde karşımıza 
çıkabilmektedir [4], [12], [25], [28]. Genel olarak bu türlerin 
kısa tanımları Şekil 1’de gösterilmiştir. 
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Siber Zorbalık 
Türleri

Karalama (Denigration)                   
Zarar verici, doğru olmayan 
ve acımasız sözler 
paylaşılması

Parlama(Flaming) 
Taraflar arasında yaşanan 
kısa süreli tehdit içeren 
tartışmalar

Taciz (Harassment) 
Sürekli olarak saldırgan, kırıcı 

mesajlar gönderilmesi

İfşa ve Düzenbazlık 
(Outing and Trickery) 
Özel bilgilerin, sırların 
ya da görüntülerin 
paylaşılması

Kimlik avı(Impersonation) 
Hedef  kişi gibi görünerek kişiyi 

kötü yansıtacak veya kişinin 
ilişkilerini zedeleyecek 

paylaşımlarda bulunmak 

Dışlama (Exclusion)
 Hedefin üyesi olduğu çevirim 
içi bir gruptan çıkarılması veya 
mevcut gruba dâhil edilmemesi. 

Şekil 1. Sosyal ağda karşılaşılan siber zorbalık türleri 
 
Türü ve uygulama şekli ne olursa olsun siber zorbalık; 

çocukları, gençleri ve yetişkinleri etkileyen ciddi bir tehdit 
oluşturmaktadır. Kullanıcılar kaba ve hakaret içeren 
yorumlardan hayati tehlike içeren mesajlara kadar sosyal 
ağlarda yayınlanan rahatsız edici ve taciz edici mesajlara 
giderek daha fazla maruz kalmaktadır. Bu tür içerikler hızla 
geniş kitlelere yayılabildiğinden, sosyal ağlar siber zorbalık 
mağdurları için endişe verici alanlar haline gelmiştir. Bir 
kez yayınlandıktan sonra, özel bilgi yayılır ve dijital 
medyanın yaygın olması nedeniyle bu bilgiyi silmek 
neredeyse imkânsız bir hal alır. Bilgiyi kaldırmak mümkün 
olsa bile, bu bilgi okuyucuların zihninde kalır. Siber 
zorbalık saldırıları tipik olarak uzun süre devam eder ve 
herhangi bir zamanda olabilir [28]. Siber zorbalığı 
geleneksel zorbalıktan ayıran en önemli özellikler, herhangi 
bir zamanda ve adsız bir şekilde gerçekleşebilmesidir. 
Ayrıca, daha geniş bir kitleye ulaşmak da kolaydır. Bu tür 
bir tehdit kişilerde, düşük özgüven, depresyon ve hatta 
intihar dâhil olmak üzere yıkıcı zararlara yol açmaktadır. Bu 
gibi nedenlerden dolayı siber zorbaların hızlı bir şekilde 
tespit edilmesi ve gerekli yaptırımların uygulanması 
gerekmektedir. Geçmişten günümüze siber zorbalığın tespiti 
ve engellenmesine yönelik çalışmalar ortaya konulmuştur 
ancak bu çalışmalar yeterli değildir [28]. Bu çalışmalardaki 
yaklaşımlar genel olarak kullanıcıların eğitilmesine ve siber 
zorbalığın kelime bazlı tespitine yöneliktir. Bu da anlık 
iletimlerde siber zorbaların tespit edilmesi ve zorbalık 
gerçekleşmeden engellenmesini sağlayamamaktadır. 

IV. VERİ KÜMESİ TOPLAMA VE ÖN İŞLEME 

A. Veri Kümesi Toplama 

Siber zorbalık içeren kelimelerin tespitinde veri kümesi 
kullanılabilirliği önemlidir. Bir sınıflandırıcının 
performansı, veri kümesinin kalitesine ve boyutuna bağlıdır. 

Bu nedenle veri kümelerinin nasıl ve nereden elde edildiği 
iyi belirlenmelidir. Çevrimiçi olarak birçok veri kümesi 
bulunmaktadır [29], [30]. Bunun yanında gerçek zamanlı 
analizlerde anlık veriler de kullanılmaktadır. Yapılan 
çalışmaların çoğunda veri setleri sosyal medya 
platformlarından, forum sitelerinden, online oyun 
platformlarından, filmlerde kullanılan alt yazılardan, hazır 
veri setlerinden ve anketlerden elde edilmektedir [4], [8], 
[10], [16], [21], [22], [31]. 

B. Veri Ön İşleme 

Veri setleri; görsel, folksonomi (etiketler), kelime, ifade 
gibi farklı yapılarda veriler içerebilir. Bunun yanında 
kullanıcılar tarafından oluşturulan çevrimiçi içeriklerde 
yazım ve dilbilgisi hataları oldukça yaygındır. Burada 
mümkün olduğunca anlamlı bilgi çıkarmak önemlidir. Bu 
nedenle, metin ön işleme, siber zorbalık analizinin sağlıklı 
bir şekilde yapılmasında önemli bir adımdır. Yapılan 
çalışmalar genellikle metin bazlı analiz olması nedeniyle 
görüntü analizi ve ön işlemeleri konusuna değinilmemiştir. 
Genel olarak yapılan veri ön işleme adımları aşağıda 
listelenmiştir [10], [12], [17-19], [25], [33], [34]. 

• Büyük harflerin küçük harflere dönüşümü, 
URL’lerin değiştirilmesi, 

• Noktalama işaretleri, gereksiz boşluklar ve hashtag 
gibi ekstra sembollerin kaldırılması, 

• İfadelerin en uygun kelimelere dönüştürülmesi, 
• Tekrar eden kelime ve harflerin kaldırılması, 
• Kısa formda yazılmış veya yazım hatası olan 

kelimelerin düzeltilmesi, 
• Tüm kullanıcı adlarının, URL'leri ve gereksiz 

beyaz boşlukların kaldırılması işlemleri yapılmaktadır. 
 
Ön işleme tamamlandıktan sonra veri setindeki siber 

zorbalık içeren kelimelerin ayıklanması ve ağırlık 
değerlerinin belirlenmesi gerekmektedir. Bu işlem manuel 
olarak yapılacağı gibi çeşitli programlama dilleriyle 
oluşturulacak kodlarla da gerçekleştirilebilir. Siber zorbalık 
içeren kelimelerin ayıklanması, kullanılan dildeki zorba 
kelimelerin bulunduğu bir liste ile karşılaştırılarak 
gerçekleştirilmektedir. Bu listenin kapsamı elde edilecek 
sonucu da etkilemektedir. Ağırlık değerlerinin tespiti ise 
farklı şekillerde gerçekleştirilebilmektedir. Cümle içerisinde 
kullanılan zorba kelimelerin sayısı, kullanım sıklığı, kelime 
yazımında kullanılan harflerin büyüklükleri, harflerin tekrar 
sayısı, kullanılan ifadeler ve sıklıkları şeklinde 
değerlendirilmektedir. Bunu genel olarak şöyle 
açıklayabiliriz, bir zorbalık yorumunun ağırlığı, yorumdaki 
zorbalık kelimelerinin sayısıdır. Kelimenin ağırlığı ise aynı 
yorumda arka arkaya tekrarlanan kelime sayısıdır. Harf 
ağırlığı da bir zorbalık içeren kelimede tekrar eden harf 
sayısıdır. Bir zorbalık yorumunun ağırlığı, yorumda bulunan 
her rahatsız edici kelimenin ağırlığının toplamı olarak 
hesaplanır. Ek olarak, rahatsız edici bir kelimenin arka 
arkaya defalarca tekrarlanması veya tekrarlayan harfler 
içermesi durumunda kelimenin ağırlığı iki faktörle çarpılır. 
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V. ANALİZ VE SINIFLANDIRMA 

Yapılan araştırmalarda siber zorbalığın tespiti veya 
önlenmesine yönelik birçok çalışma olduğu görülmüştür [1-
35]. Bu çalışmaların geneli anket bazlı olup sosyal medya 
kullanıcılarının bilinçlendirilmesine yöneliktir. Öte yandan 
sosyal medyada siber zorbalığın tespitine yönelik çalışmalar 
da bulunmaktadır. Bu çalışmaları iki grup altında toplamak 
mümkündür. Birincisi verinin türü, analizi, ön işlem 
yöntemi ve ağırlık değerlerinin belirlenmesi konusunda 
yapılan farklı çalışmalar olarak özetleyebiliriz. İkinci grup 
ise verilerin sınıflandırılmasına yönelik çalışmalardır. 
Verilerin sınıflandırılmasında karşımıza farklı alanlarda 
yapılan çalışmalar çıkmaktadır. Bu çalışmalar; makine 
öğrenmesi ( Karar Ağacı, k-NN, NB, SVM, RF), YSA [21], 
[34], derin öğrenme [21], [34], duygu analizi [16], [18], 
[21], [31] ve görüntü işleme [21] yöntemleri üzerine 
gerçekleştirilmiştir. Tabi bu sınıflandırma algoritmalarının 
farklı dil yapılarına göre performanslarının karşılaştırıldığı 
çalışmalar da bulunmaktadır [4], [9], [11], [15], [21], [22]. 

 Algılama algoritmaları genel olarak şu şekilde 
çalışmaktadırlar: Yorumlar ön işlemden geçirildikten sonra 
her bir yorum kelimelere ayrılmaktadır. Bir kelime rahatsız 
edici anahtar kelimeler listesinde bulunursa, yorum zorbalık 
olarak etiketlenir. Ek olarak, her bir zorbalık yorumunun 
gücü bir ağırlık değeri verilerek belirlenir. Bu işlemlerden 
sonra elde edilen veriler eğitim, test ve doğrulama verileri 
olarak belli yüzdelerde ayrılmaktadır. Eğitim verileri, 
belirlenen sınıflandırma algoritmasının eğitilmesinde 
kullanılmaktadır. Test verileri, eğitilen sınıflandırma 
algoritmasının test edilmesinde kullanılmaktadır. 
Doğrulama verileri ise sınıflandırma algoritmasının sonuç 
değerlendirmesi ve doğruluk yüzdesinin belirlenmesinde 
kullanılmaktadır. Sınıflama algoritmasından çıkan veriler 
belirlenen gruplara bağlı olarak zorba ve zorba olmayan 
kelimeler olarak sınıflara ayrılır. Bu şekilde veri içerisinde 
siber zorbalık içeren kelimelerin tespiti 
gerçekleştirilmektedir. Siber zorbalık tespitine yönelik 
çalışmalarda izlenen yol genel olarak Şekil 2’de 
özetlenmektedir [4], [8], [10], [17], [19], [31], [33-35]. 

 

Sosyal medya 
platformları, Sosyal ağlar, 

anketler vs. 

Veri

Zorba kelimelerin                                                                    
ayrıştırılması ve 

ağırlık değerleri atama 

0

1

2
Veri Ön 
İşleme

          Eğitim
verisi

Algoritma 
Sonuçlarının 
doğrulanması

Modele Uygun 
Algoritmalarının 

oluşturulması, 
seçilmesi ve Test 

edilmesi
 

Şekil 2. Çalışmalarda genel olarak kullanılan siber zorbalık tespit sistemi. 

VI. TARTIŞMA VE SONUÇ 

Yapılan araştırmalar sonucunda, siber zorbalığın 
önlenmesine ve tespit edilmesine yönelik birçok çalışmanın 
gerçekleştirildiği görülmektedir. Bu sonuçlar dil yapısına, 
veri setine, veri ön işlemlerine, eğitim verisinin oranına ve 
sınıflandırma algoritmalarına bağlı olarak değişiklik 
göstermektedir. Aşağıda verilen Tablo 1’de yapılan bazı 
çalışmalarda elde edilen sonuçlar yer almaktadır. 

 

TABLO 1.  SİBER ZORBALIK TESPİTİNE YÖNELİK YAPILAN BAZI 
ÇALIŞMALAR 

Yapılan 
Çalışmalar 

Kullanılan 
Sınıflandırma 
Algoritmaları 

Kullanılan 
Veri Setleri 

Veri 
Dağılımı 

 Sonuçlar Çalışılan 
Dil 

[4] BLR, RF, Çok 
katmanlı 

Algılayıcı, J48, 
SVM 

Formspring.me %70 Eğitim 
%30 Test 

BLR, 
RO 

Türkçe 

[9] SVM, RF, 
MNB 

Twitter %83.4 Eğitim
%16.6 Test 

%75.5 
SVM 

Bengalce 

[10] NB, SVM, J48, 
k-NN 

Facebook 
Twitter 

%90 Eğitim 
%10 Test 

%95,4 
SVM 

Bengalce 

[16] NB, SVM, k-
NN 

Twitter %93 Eğitim 
%7   Test 

%76,78 
NB 

Arapça 

[18] NB, SVM Twitter 
 

%60 Eğitim 
%20 Test 

%20 Doğrulama

%89.54 
SVM 

İngilizce 

[21] AVOID Twitter %50 Eğitim 
%50 Test 

%64 
AvOID 

İngilizce 

[22]  LSTM, GRU, 
NB, SVM 

Wikipedia %80 Eğitim 
%10 Test 

%10 Doğrulama

%87 
SVM 

İngilizce 

[23]  SVM http://www.delfi.lt %80 Eğitim 
%20 Test 

%95 
SVM 

Litvanca 

 
Söz konusu alanlardaki çalışmaların olumlu sonuçlar 

vermesi temel olarak sevindirici olmasına karşın yeterli 
olmadığı da açıktır. Bu noktada daha etkili sonuçların elde 
edilebilmesine yönelik iki yaklaşım önerilmektedir. Birinci 
yaklaşım metin analizlerinde kelime bazlı analizden ziyade 
kelimelerin cümle içerisinde kullanım amacına göre analiz 
edilmesidir. Yani cümlelerin genel yargılarının analiz 
edilmesidir. İkinci yaklaşım ise siber zorbalığın tespitinde 
anlık veri iletiminin kontrol edilmesidir. Kullanıcı 
paylaşımları, söz konusu platformlarda yayınlanmadan önce 
siber zorbalık kontrolünün yapılması, kontrol sonrasında 
paylaşımın siber zorbalık unsurlarını içerip içermemesi 
durumuna bağlı olarak yayınlanması veya 
yayınlanmamasını denetleyen bir sistemin geliştirilmesidir. 
Ayrıca bu tür paylaşımların tespitinde suçu işleyen 
kullanıcıların anlık olarak ilgili siber suç birimlerine 
yönlendirilmesi gerekmektedir. 

Temelde siber zorbalığın önüne geçilebilmesi için sosyal 
medya kullanıcılarının, özellikle çocukların ve ergenlerin bu 
konularda bilinçlendirilmesi gerekmektedir. Ailelerin, 
bireye hoşgörü ve empati gibi değerleri aşılaması, alınan 
tedbirlere rağmen siber zorbalık ile karşılaşılması 
durumunda ise adli sürecin iyi yönetilmesi gerekmektedir. 
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Abstract—In this paper, the performance comparison of the 
machine learning techniques on diabetes disease detection is 
carried out. Diabetes disease attracts great attention in the 
machine learning community. Because diabetes is a chronic 
disease and needs to be detected at an early stage in order to deal 
with the correct medication. A series of machine learning 
techniques are used in the work such as Decision Trees (DT), 
Logistic Regressions (LR), Discriminant Analysis (DA), Support 
Vector Machines (SVM), k-Nearest Neighbors (k-NN) and 
ensemble learners. MATLAB software is considered. Especially, 
the MATLAB Classification Learner Tool (MCLT) is used. The 
MCLT covers the mentioned machine learning techniques and 
their various variants. Thus, a totally 24 classifiers are used in 
the presented work. The results are evaluated according to the 
10-fold cross-validation criteria and average classification 
accuracy is used for performance measure. The obtained 
average accuracy scores are in the range of 65.5% and 77.9%. 
The best accuracy score 77.9% is produced by the LR method 
and the worst one 65.5% is produced by the Coarse Gaussian 
SVM technique.  

Keywords—Machine learning techniques, Diabetes disease, 
Pima Indian diabetes dataset, MATLAB classification learner 
tool.    

I. INTRODUCTION 

In the last two decades, machine learning techniques have 
been widely used in the classification of various diseases in 
the medical field. The most important point of classification 
in the medical field is the accuracy of the results and 
predictions. Many researches have been working to develop 
efficient methods or algorithms to diagnosis the different 
diseases based on the datasets that are on hand. The main aim 
of applying machine learning in the health sector is because 
the number of the data is so huge and needs time to analysis 
it, so using machine learning will detect the disease with less 
time and more efficient. Diabetes disease attracts great 
attention in the machine learning community. Because 
diabetes is a chronic disease and needs to be detected at an 
early stage in order to deal with the correct medication. Due 
to the increase in the sugar ratio in the blood causes the 
diabetes disease. Because the prolong of diabetes will cause 
death and a more complicated life for the patients. 
Additionally, the early detection will help the patients to 
avoid the complication of the medication and complications 
as well [1, 4]. Diabetes can be classified into three different 
types such as diabetes 1, diabetes 2, and gestation diabetes 
which is mostly occurred in women during the pregnancy 
stage.    

 

Up to now, various machine learning-based methods have 
been proposed on diabetes disease recognition. Islam and 
Jahan applied several machine learning algorithms to 
diagnose diabetes disease [2]. Naïve Bayes (NB), Logistic 
Regression (LR), Multi-layer perceptron (MLP), Support 
Vector Machine (SVM), IBK, AdaBoostM1, Bagging, OneR, 
J48, and Random Forrest (RF) methods were used by the 
authors. The performances of the classifications were tested 
by the WEKA tool. With the normal configuration, the 
highest accuracy was obtained by the LR which was 78.01% 
and AUC value was 0.833, and IBK got the lowest accuracy 
which was 70.99% while OneR got the lowest AUC value 
0.642. Sisodia and Singh used the Pima Indian Diabetes 
Database (PIDD) which is available on the UCI repository 
[3]. In their experiments, the authors used three of the 
machine learning algorithms namely Decision Tree, SVM, 
and NB in order to detect diabetes at the begging stage. The 
WEKA tool was used in this experiment and the Receiver 
Operating Curve (ROC) was used as a measure of 
performance [6, 7]. Moreover, four measurements such as 
precision, accuracy, F-mean, and recall were also used in 
performance evaluation. As a final result of the experiment 
shown that the accuracy of the NB is higher than others of the 
accuracy of 76.30%. Aishwarya and Gaythri developed a 
system to detect diabetes and the complications caused by 
diabetes [5]. The authors used preprocessing techniques 
where the classification was done with diabetes and non-
diabetes using the SVM technique. The standard datasets 
used obtained from Pima diabetes datasets. There are 768 
patients in the proposed dataset which includes both the 
healthy and diabetes patients. Principal Component Analysis 
(PCA) used to preprocess the dataset. The authors reported 
that using preprocessing with SVM to detect diabetes 
improved classification accuracy. The calculated accuracy 
was 95%. Priya and Aruna used machine learning algorithms 
to detect Diabetic Retinopathy (DR) which is an eye disease 
[6]. The authors used three different algorithms like 
Probabilistic Neural network (PNN), Bayesian Classification 
and SVM to diagnose diabetic retinopathy. The numbers of 
the image that used are 350 and100 of them were used for 
training and the rest of the images were used for testing. The 
accuracies of the algorithms were 89.69% for PNN, 90.76% 
for Bayes classifier and 95.83% for the SVM. Kamble and 
Patil proposed a method to detect diabetes using deep 
learning [7]. The Boltzmann machine was used to detect 
whether the patient was diabetic or not. Additionally, the 
decision tree used in the proposed system in order to decide 
whether the patient was Type 1 or Type 2. The number of 
data in the dataset was 300. The dataset was normalized by 
min-max normalization. The algorithms that were used in the 
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proposed system were LR and J48.  The results show that the 
J48 was more accurate that LR, where the accuracy 94% was 
obtained for J48 and LR produced an 80% accuracy score. 
Dutta et al. analyzed an important feature in order to detect 
diabetes using machine learning [8]. The PDD dataset was 
used in experiments. Three algorithms used to predict 
diabetes which are LR, SVM, and RF. The features that 
included in the dataset were pregnant, glucose, diastolic, 
triceps, insulin, BMI, Diabetes, and Age. RF produced the 
best accuracy where the accuracy was 84%. Huang et al. 
identified the most important factors that influence on 
diabetic control [9]. The dataset was collected from Ulster 
Community and Hospital Trust (UCHT) from the period 
2000 to 2004. A feature selection technique was used in order 
to improve the efficiency, a supervised mode construction 
used, an optimization of relief used in order to select the most 
important attribute that affecting diabetic control. Three 
algorithms used such as Naïve Bayes, IB1, and C4.5. These 
algorithms applied to the data to predict the control on the 
diabetics. The database contains 2365 from type 2 of diabetic 
were 1148 males and 916 females. The algorithms Naïve 
Bayes and IB1 were improved by more than 10% and 15%. 
IB1 achieved better accuracy among the 10 predictors which 
were 95.26%. Alic et al. presented an overview of machine 
learning algorithms of diabetes and cardiovascular [10]. Most 
of the reviewed research was used Artificial Neural Network 
(ANN) and Bayesian Network. While the results of the ANN 
were between 72.2% and 99%, the accuracies by using BN 
were between 71% and 99.51%. Sarwar and Sharma used 
multiple machine learning algorithms to predict diabetes 
disease [11]. Three machine learning algorithms were 
considered such as NB, ANN, and K-nearest neighbor 
classifier. The dataset was selected randomly which is about 
500 people from different sections on society, the age was 5 
to 78 years.  In order to calculate the efficiency, the results of 
the medical system were compared with the prediction 
results. As a result of that, the best accuracy was in ANN with 
the 96% as a best predictor, Naïve Bayes have an accuracy 
with 95% and the worst one is KNN with the accuracy 91%.  

In this paper, a series of machine learning methods are 
used to classify the PIDD. The considered classifiers are DT, 
LR, Discriminant Analysis (DA), SVM, k-NN and Ensemble 
learners, respectively. All these techniques are defined as 
supervised machine learning techniques. In supervised 
learning, a number of labeled feature sets are used to infer the 
relationships between feature sets and labels. Thus, the 
inferred relationships can be considered for assigning class 
labels to the unknown data samples. The Matlab 
classification learner tool (MCLT) is used for the 
implementation of the mentioned machine learning methods.  
MCLT has various properties such as data classification, 
dimension reduction, feature selection, feature analysis, and 
performance evaluation. A bunch of supervised machine 
learning techniques such as DT, DA, SVM, LR, k-NN, and 
ensemble of classifiers can be considered on the classification 
task. The PID dataset is considered in experiments in 10-fold 
cross-validation fashion.  

II. BACKGROUND THEORIES 

This section briefly introduces the supervised machine 
learning techniques that are used in this study. The readers 
may refer to the related references for more details about the 
methods. 

A. Decision trees (DTs) 

DTs are the well-known basic non-parametric supervised 
machine learning techniques that have been widely used in 
data classification tasks [12, 13]. The main aim of DTs is to 
create a model that predicts the class label of a test sample by 
learning some rules that were inferred from the training 
dataset. The structure of a DT has two kinds of nodes such as 
leaf and internal node. A leaf holds a class label that is 
determined by the majority vote of training examples 
reaching that leaf. In addition, each internal node is a question 
on features and it branches out according to the answers. 

B. Discriminant analysis (DA) 

In DA procedure, the class label of the test sample is 
determined by a series of equations that are obtained from the 
input features [14, 15, 16]. Generally, DA uses two possible 
objectives. Finding a related equation for classifying test 
samples constitutes the first objective and the second 
objective is defined as the interpretation of the predictive 
equation to a better understanding of the relationships 
between features. 

C. Logistic Regression (LR) 

LR is known as a generalized linear model. Generalized 
linear models are composed of two parts namely linear part 
and link function. The linear part of the classification model 
is calculated, and the output of this calculation is conveyed 
through the link function. In the case of logistic regression, 
the linear result is run through a logistic function. The logistic 
function only returns values between 0.0 and 1.0.  

D. Support Vector Machines (SVM) 

The SVM is an efficient classifier [17, 18]. SVM aims to 
separate two classes by determining a hyperplane which 
maximizes the margin by optimization; 

 min, , , = 1 2 + ∑   

 .							 ( ) + ≥ 1 − ,										(1)								 
      ≥ 0, = 1,… ,  

where ,  and  are the weight vector, bias, and slack 
variable, respectively.  is known as the non-linear kernel 
function and > 0 is a constant.    

E. k-nearest neighbors (k-NN) 

The k-NN classifier, which is defined as a non-parametric 
approach, is one of the well-known techniques in the machine 
learning community [19]. The k-NN classifier considers the 
training samples, a distance function and a number of nearest 
neighbors (k) for assigning the class labels of the test samples. 
Euclidean distance is a general solution for distance 
calculation. The class labels of the test samples are 
determined by the majority voting of the labels of pre-
determined k-nearest neighbors.      

F. Ensemble learner 

A series of individual classifiers are used to construct an 
ensemble learner [14]. In other definition, a pattern 
classification problem is solved by using the combination of 
the multiple classifiers outputs. There are some methods to 
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be used as a combination method. Majority voting, and 
bagging and boosting are some of the well-known ensemble 
methods. Using the outputs of multiple classifiers to 
determine a sample’s class label generally produces many 
accurate results than a single classifier’s output. The majority 
voting decides on the label of the test sample by considering 
the majority of the individual classifier’s outputs. Bagging 
decreases the variance of the prediction by generating 
additional data for training from the original dataset. The 
boosting method is known to be a two-stepped approach. The 
first step uses subsets of the original data to produce a series 
of averagely performing models. And in the second step, the 
performance is increased by combining the previous 
performances together using a voting scheme. 

III. EXPERIMENTAL WORKS AND RESULTS 

All experiments were conducted on MATLAB software. 
The MATLAB Classification Learners Tool (MCLT) is used 
which is quite efficient, and user-friendly. MCLT provides 
various supervised machine learning techniques that enable 
the user to compare multiple results from these techniques. It 
also enables the user to use cross and holdout validations. The 
MCLT also provides various graphics and measures about the 
obtained results that are useful for the researchers. DTs, DA, 
LR, SVM, k-NN and ensemble learners were used for 
classification of PIDD. The PIDD dataset, which was used, is 
available on the UCI machine learning repository [2, 9]. 
PIDD dataset has been widely used in machine learning 
applications. PIDD contains 768 instances. PIDD contains 
eight attributes which are considered as high-risk factors 
related to the occurrence of diabetes. The attributes that taken 
into consideration like the number of pregnant, the weight of 
the patient, Blood pressure, Glucose concentration, the ratio 
of the insulin in the blood, diabetes pedigree function (DPF), 
Skinfold thickness, and Patient age. All the patients in PIDD 
were are women and 21 years old as minimum age and all are 
near to Phoenix, Arizona region. All of the values of the 
attributes are numbers. 

The DTs, which are used in the prediction, is a coarse tree 
(CT), medium tree (MT) and fine tree (FT), respectively. In 
CT structure, the maximum number of splits is assigned as 4 
and the maximum numbers of splits for MT and FT are 20 
and 100, respectively. DA is quite fast, accurate and easy to 
interpret classification algorithm where linear and quadratic 
discriminants (LD and QD) analysis are two main forms of it. 
LD generally creates linear boundaries between predicted 
classes and QD constructs non-linear boundaries. SVM 
method looks for the best hyperplane for efficient class 
separation. The classification learner application presents six 
various SVM algorithms such as linear (L-SVM), quadratic 
(Q-SVM), cubic (C-SVM), fine, medium and coarse 
Gaussian SVMs (FG-SVM, MG-SVM, and CG-SVM), 
respectively. The MCLT also presents six k-NN techniques, 
namely fine, cubic, weighted, and coarse, cosine and medium 
k-NNs, respectively. In the fine k-NN technique, the number 
of neighbors k is chosen as 1. In addition, for medium and 
coarse k-NN techniques, the numbers of neighbors are 
selected as 10 and 100, respectively. In the cubic k-NN 
approach, the cubic distance metrics are used and the 
numbers of the neighbors are set to 10. In weighted k-NN, the 
number of neighbors is also set to 10 and a weighted distance 
function is used for class separation. The MCLT represents 
five ensemble learner techniques such as boosted, bagged and 
Rusboosted trees and subspace DA and k-NN, respectively. 

In boosted trees technique, the AdaBoost ensemble method is 
used. In addition, for bagged trees, the random forest 
approach is adopted. 

We opted to use 10-fold cross-validation in the 
evaluation of the results. The obtained average accuracy 
results are given in Table 1.  

TABLE 1.   OBTAINED AVERAGE ACCURACY SCORES WITH MACHINE 
LEARNING TECHNIQUES 

Machine Learning 
Techniques 

Classifier Name Average 
Accuracy  

 
DT 

FT       69.0% 
MT 73.7% 
CT 75.3% 

DA LD 77.5% 
QD 74.1% 

LR LR 77.9% 
 
 
SVM 

L-SVM 75.5% 
Q-SVM 74.7% 
C-SVM 77.6% 
FG-SVM 75.1% 
MG-SVM 72.8% 
CG-SVM 65.5% 

 
 
k-NN 

Fine k-NN 76.0% 
Medium k-NN 73.2% 
Coarse k-NN 73.4% 
Cosine k-NN 74.5% 
Weighted k-NN 72.8% 
Cubic k-NN 74.3% 

 
 
Ensemble learners 

Boosted Trees 75.0% 
Bagged Trees 73.2% 
Subspace Discriminant 76.6% 
Subspace k-NN 71.6% 
RUSBoosted Trees 73.4% 

 

As seen in Table 1, a bunch of average accuracy scores 
was obtained for PIDD. The average accuracy scores are in 
the range of 65.5% and 77.9%. In other words, the best 
accuracy score was 77.9% and the worst one was 65.5%. The 
best accuracy score was obtained by LR and the worst one 
was produced by the CG-SVM technique. In DT approaches, 
the CT produced the 75.3% accuracy score which is the 
highest among all DT approaches. LD and QD techniques 
produced 77.5% and 74.1% accuracy scores, respectively. 
Among SVM techniques, C-SVM produced the 77.6% 
highest accuracy score and CG-SVM produced 65.5% the 
lowest accuracy score. Moreover, L-SVM, Q-SVM, FG-
SVM, and MG-SVM produced 75.5%, 74.7%, 75.1% and 
72.8% accuracy scores, respectively. Among the six k-NN 
approaches, Fine k-NN produced the 76.0% accuracy score, 
which is the highest in all k-NN approaches. The worst k-NN 
technique was weighted k-NN where the measurement 
accuracy was 72.8%. Medium, Coarse, Cosine, and Cubic k-
NN techniques produced 73.2%, 73.4%, 74.5%, and 74.3% 
accuracy scores, respectively. When the results of the 
ensemble learners are checked, it is seen that the subspace 
discriminant method produced the 76.6% highest accuracy 
score. The Boosted, Bagged and RUSboosted Trees methods 
obtained 75.0%, 73.2%, and 73.4% scores, respectively. 
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IV. CONCLUSIONS 

In this paper, a comparative study is carried out with 
machine learning techniques in order to classify the PIDD. 
PIDD is a well-known dataset in machine learning and 
pattern recognition communities. We applied multiple 
machine learning techniques in order to classify it in 10-
fold cross-validation fashion. The results are presented 
accordingly. The results show that the best performance 
was produced by an SVM technique. Generally, all 
techniques produced an accuracy score of around 70%. In 
future works, deep neutral networks, feature selection 
methods will apply to increase the classification accuracy. 
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Abstract— “Misunderstanding is generally simpler than 
true understanding, and hence has more potential for 
popularity.” – Raheel Farooq. Misconception can be a great 
distortion to someone’s carrier. The misconception of 
believing that software engineers can troubleshoot personal 
computing problems motivated the implementation of the 
research. The research is aimed at finding out the severity of 
misconception in Software Engineering field. Fifty-one 
voluntary software engineering students from year 1, 2 and 
3 participated in the research. The data were fetched using 
questionnaire and analyzed using SPSS statistical 
application. The misconceptions were analyzed in the 
discussion section to dissect and compare it with the real view 
from the scholars. The result concluded that the participants 
hold a great misconception about their field of study. 
However, the severity of the misconception feared that it 
might cause a negative effect to the software development 
industries which is related to the cost and the quality of the 
software production. This article can be a contribution to 
those pursuing their carrier in Software Engineering to 
understand what is actually needed from them. 

 
Keywords—Misconception, Software Engineering, SPSS 

I. INTRODUCTION 

Misconception refers to wrong perceived ideas held by 
individual often strongly, however, it contradicts the 
acceptable scientific harmony [1]. In another perspective 
is being viewed as a “mistaken notion” [2] Misconception 
has been a topic of different fields, it is also becoming 
pervasive in the computing related fields due to its nature 
of wide coverage of human daily activities and need. The 
misconception of believing that software engineers can 
troubleshoot personal computing problems, which is 
widely common from those outside the field, motivated 
the implementation of this research. The rise of software 
engineering lead to the perception of the development of 
large software project as an engineering task, which has 
the similarity and should be treated same as large building 
projects, in terms of cost, reliability and maintainability of 
the final product [3]. The name “Software Engineering” 
faces many misconceptions to the extent that some 

university courses face difficulty in recruiting to such 
courses, because the prospective applicants were misled 
and hold unto the misconception about the term itself. 
Misconceptions could lead to the extent of discouraging 
especially women and minorities from pursuing in the 
field of computer science in general due to the perceived 
negative image [4]. 

In the quest of exploring the misconceptions in 
software engineering the research intended to find out 
about the level of misconception from the students of 
software engineering department in Firat University. The 
research also aimed at finding out the possible course of 
the misconceptions and solutions to it. An appropriate 
measure was designed to capture the data by applying both 
open and close-ended questions to the students of the first 
year, second year and the third year. Some misconceptions 
from the field of computing, health related area, and also 
educational field were reviewed. Moreover, the 
misconceptions found in the computing field that relate to 
software engineering were used to measure the level of 
misconception in the research. It is set to test two 
hypotheses, which are;” Do the students hold similar 
misconceptions?” “Is there a significant difference 
between the students with regard to their level”. The 
research is aimed at helping those pursuing their carrier in 
software engineering to realize their actual 
responsibilities. 

II. MISCONCEPTIONS IN COMPUTING 

Traditional computer science failed to provide 
adequate industrial skills in software engineering, thus 
creating belief oriented misconceptions. The findings by 
the scholars indicated that the computer students have 
misconceptions in process and teamwork. As at that 
moment (2010) the scholars reported that the setting of 
software engineering is not solving the misconceptions 
hold by the students. Those misconceptions create 
negative effects on the software engineer performance, 
which forces the employers to create another means of 
improving the employee skills. That incur additional cost 
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and time consumption on the employer [5]. Some of the 
reported misconceptions include;  

1. Computer science is for math whizzes. 
2. Computer science is about computer hardware. 
3. Computer science is about writing programs. 
4. Computer science is about application programs. 
5. Computer scientist work alone on their 

computers. 
The scholars designed a courseware named 

multimedia covering wide range of computer science 
topic. The result of implementing the multimedia was 
recorded by the scholars successfully. It was found that 
the students who are in their first semester battle with 
misconceptions about the field. Also, effective use of 
multimedia can help in solving the misconceptions, 
especially those seems to be more common to women, like 
“Computer scientist work alone on their computers”. It 
can also be used in correcting the student behavior 
towards the field [4]. 

One of the qualities of computer science teacher is to 
identify and address the student’s misconceptions. Qian 
and Lehman reported some misconception of students in 
introductory programming, where they found out that the 
students are suffering with misconceptions in the area of 
conceptual knowledge, syntactic knowledge, and strategic 
knowledge. The student’s prior knowledge could actually 
affect the learning of the scientific concept of the field [1]. 

III. MISCONCEPTIONS IN OTHER FIELDS 

Computer related fields are not the only fields 
suffering from misconceptions. One of the field that 
experience such include health related fields. 
Kaddumukasa et al reported a recorded misconception on 
epilepsy, where it presented the level of stigma mostly 
from the general public due to the factor of low level 
education especially about the epilepsy. It was reported 
that even the healthcare practitioners (tagged as the 
educated ones) sometime display this misconception of 
stigmatization [6]. Linguist is also within the trend. 
Common misconception for the linguist is that “all 
linguists are multilingual”. Other major misconception of 
this field include; linguistics only deals with grammar, and 
the field only utilizes prescriptivist perspectives. The 
other minor misconception were, all linguistics are 
interpreters and translators, study unknown languages, 
linguistic is based on literature analysis and interpretation 
[2]. 

IV. FACTORS CAUSING THE MISCONCEPTION 

According to Mehmetlioğlu, the factors that might be 
the cause of the misconception, might include; failure to 
go deep into the curriculum, teacher-centered approaches, 
failing to provide connection between the subjects and 
their concepts, failing to relate the subjects to daily life, 
lacking to give concern to the student’s prior knowledge, 
failure to motivate the students in the subject’s 
participation, bad teaching style, teacher’s misconception 
and the wrong concept teaching [7]. Qian and Lehman 
reported some factors causing the misconceptions with 

relation to introductory programming include; task 
complexity and cognitive load, natural language, current 
mathematical knowledge, faulty mental models, 
inadequate molds and strategies, environmental factors 
and instructors' instructions and information. 

V. METHODOLOGY 

The study comprises three (3) different groups, year 1, 
year 2, and year 3 students, and choses to use open-ended 
and close ended questions. One-way ANOVA test was 
analyzed using SPSS statistical application. It is chosen 
for its statistical ability to deal with more than two (2) 
groups. Tukey multiple comparison was employed as a 
post-hoc test to test whether the significance of the three 
variables is statistically mutual. Between group and within 
group comparison in the One-way ANOVA is shortened 
to BG and BW respectively.  Null and alternative 
hypothesis were set as H0 = Y1=Y2=Y3 (There is no 
significant difference in misconceptions between year1, 
year2 and year3), H1 Y1≠Y2≠Y3 (There is a significant 
difference between year1, year2 and year3). 

Fifty-one (51) students from year 1, 2, and 3 17, 20, 
and 14 respectively of Software Engineering department 
voluntarily participated in filling out the questionnaire.  

Table 1 below display the questionnaire and the 
representing codes. 

TABLE 1. QUESTIONNAIRE 

Questionnaire codes 
Software engineers are programmers A 
Software engineers hold their selves at high 
esteem 

B 

Software engineer can fix any computer problem C 
Software engineer can fix any computer problem D 
Software engineers are all equally productive in 
terms of skills and experience 

E 

Software engineers troubleshoot personal 
computing problems 

F 

Software engineers are not good in user interface 
design 

G 

All developers are software engineers H 
All Software engineers are fast in typing I 
All Software engineers are math genius J 
All Software engineers could easily make money 
by developing cool applications 

K 

All Software engineers spend their time writing 
new code 

L 

 

VI. RESULT 

The result shows alarming rate of misconceptions in 
software engineering from the students. Fig 1 and 2 
portrays the output frequency of the questionnaire, and 
define the level of misconception, in which the expected 
stand as 1 or 2, disagree or strongly disagree respectively 
but the participants most prepared choices stand to be 
neutral or agree, which are the factors point that the 
participant has a significant level of misconception of 
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software engineering. Moreover, the null hypothesis 
failed to be rejected as 11 question out of 12 fall outside 
the significant value of 0.05 of the mean difference as 
shown in Table 1. Additionally, Tukey multiple 
comparison test was implemented as shown from Table 2 
through 7, to utilize the multiple comparisons between the 
3 levels of the participants to check if any difference can 
be found between the participant’s level, but only the 12th 
question found to have a significant difference between 
the 3 levels as shown in the 6th Table. Also the correlation 
between the 3 levels dangles between moderate and weak. 

 

 
Fig. 1. Misconceptions in Software Engineering (I) 
 

VII. DISCUSSION 

Misconception is a phenomenon that can severely 
affect the quality of education in a particular field of study. 
Looking into the misconceptions in question, the 
following misconceptions of Software Engineers Are 
Programmers, All Software Engineers are math genius, 
All Software Engineer spend their time writing new code, 
and others are to be dissected, to check the scholars view 
and school of thoughts. Laplante defines software 
engineering as “a systematic approach to the analysis, 
design, assessment, implementation, test, maintenance 
and reengineering of software, that is, the application of 
engineering to software” [8, 9]. Also, “Software 
engineering is the establishment and use of sound 
engineering principles in order to obtain economically 
software that is reliable and works efficiently on real 
machines” [10]. With these definitions we can see that 
Software Engineers are not just programmers, math 
genius, or coders. Their role includes other software 
development phases including managerial roles. 

Therefore, with such responsibility, communication 
skill is vital and each and every Software Engineer should 

have it. Communication is an essential part of Software 
Engineering, as the Engineer is required to have effective 
and efficient communication with his/her team members 
and other project stakeholders [9]. We could also see from 
the definition; it does not include providing solution or 
trouble shooting any computing problem. Having the 
software development as a job does not make one a 
Software Engineer, as the person might not necessarily 
practicing Software Engineering [8], this contradict the 
misconception of All developers are Software Engineers. 
More than 90% of Software Engineer time is spent on 
other software development processes that are more 
important than writing code. Those spending more time 
on writing code are normally referred to as 
“Programmers” [8], this clear the air of All Software 
Engineer spend their time writing new code and Software 
Engineers Are Programmers misconceptions. 

Additionally, having the Engineers dedicating their 
time on other software development processes made the 
misconception of All Software Engineers could easily 
make money by developing cool applications and sell 
unrealistic. User interface provide a successful 
communication between the user and the system, which 
the responsibility of Software Engineer to provide 
effective and interactive interface using iterative process 
until the user is satisfied [10]. This also contradict the 
misconception saying Software Engineers are not good in 
user interface design as it stands to be the responsibility 
of the engineer. 

 
 

 
Fig. 2. Misconceptions in Software Engineering (II) 

VIII. CONCLUSION AND RECOMMENDATIONS 

Considering the result, it can be concluded that the 
participants hold a great misconception about their field 
of study. It can be said that the intensity level of 
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misconception is high to the extent that there is no 
difference between the 3 levels that took part in the 
survey. Moreover, this might cause an alarm in the 
software industries, as they might have to provide a 
special training for their fresh employees to guide them 
through the process of their job. Such requirement of 
training will impose additional cost to the industries and it 
could even be impossible by small industries with low 
capital. Those obstacles might either necessitate the 
employment of the unqualified engineers to gain 
competitive market leading less quality software or cause 
the raise of unemployment. However, letting the market 
without competition will make the software production 
cost high to the clients. 
Different factors can be the cause of such misconceptions, 
but there is need for proper alignment between academic 
requirements and industrial requirements. Also adequate 
introduction and responsibilities of software engineer 
should be provided. The factors causing the 
misconception can be further investigated by scholars to 
bridge the research gap. 
 

IX. RESULT TABLES 

Table 2 below portrays the One-Way ANOVA Test of 
the questionnaire containing 12 questions. The F and Sig. 
values are collective results of BG and WG, where F value 
is a division of BG by WG (BG/WG) and Sig. is a 
significance of the F ratio, which is the p value. The 
significant values are all greater than 0.05 except the 12th 
which is 0.043 

TABLE 2. ONE-WAY ANOVA TEST OF SOFTWARE MISCONCEPTION 

One-Way ANOVA Test of Software Misconceptions Empirical 
Data 

 Mean 
Square 

F Sig. 

Software engineers 
are programmers. 

BG 3.445   
WG 1.159 2.973 .061

Software engineers 
hold their selves at 
high esteem. 

BG 1.159   
WG .018 .028 .973 

Software engineer 
can fix any 
computer problem. 

BG .641   
WG .327 .246 .783 

Software engineer 
lack 
communication 
skills. 

BG 1.330   
WG 

1.579 1.088 .345 

Software engineers 
are all equally 
productive (in terms 
of skills, experience 
and specialization). 

BG 1.451   
WG 

.739 .517 .599 

Software engineers 
troubleshoot 
personal computing 
problems. 

BG 1.428   
WG 

1.021 1.744 .186 

Software engineers 
are not good in user 
interface design. 

BG .586   
WG 1.681 1.717 .190 

All developers are 
software engineers. 

BG .979   
WG 1.464 .963 .389 
BG 1.521   

One-Way ANOVA Test of Software Misconceptions Empirical 
Data 

 Mean 
Square 

F Sig. 

All Software 
engineers are fast in 
typing.

WG
2.175 1.619 .209 

All Software 
engineers are math 
genius.

BG 1.343   
WG 1.433 1.234 .300 

All Software 
engineers could 
easily make money 
by developing cool 
applications and 
sell.

BG 1.162   
WG

.321 .251 .779 

All 
Software engineers 
spend their time 
writing new code.

BG 1.279   
WG

2.860 3.377 .043 

 
Table 3 provides multiple comparisons of the three 

groups on two misconceptions; Software engineers are 
programmers and software engineers hold themselves at 
high esteem. 

TABLE 3. TUKEY HSD MULTIPLE COMPARISONS 

Tukey HSD    Multiple Comparisons
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% 
Confidence 

Interval
Lower 
Bound

Upper 
Bound

Software 
engineers are 
programmers. 

1st 
year 

2nd 
year 

.137 -.17 1.55 

3rd 
year 

.075 -.07 1.81 

2nd 
year 

1st 
year 

.137 -1.55 .17 

3rd 
year 

.883 -.73 1.09 

3rd 
year 

1st 
year 

.075 -1.81 .07 

2nd 
year 

.883 -1.09 .73 

Software 
engineers hold 
their selves at 
high esteem. 

1st 
year 

2nd 
year 

.989 -.60 .68 

3rd 
year 

.995 -.74 .69 

2nd 
year 

1st 
year 

.989 -.68 .60 

3rd 
year 

.971 -.76 .63 

3rd 
year 

1st 
year 

.995 -.69 .74 

2nd 
year 

.971 -.63 .76 

 
Table 4 below provides multiple comparisons of the 

three groups on two misconceptions; Software 
engineering can fix any computer problem and Software 
engineer lack communication skills. 
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TABLE 4. TUKEY HSD MULTIPLE COMPARISONS 

Tukey HSD    Multiple Comparisons 
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

Software 
engineer can 
fix any 
computer 
problem. 

1st 
year 

2nd 
year 

.776 -1.18 .66 

3rd 
year 

.879 -1.21 .81 

2nd 
year 

1st 
year 

.776 -.66 1.18 

3rd 
year 

.989 -.91 1.03 

3rd 
year 

1st 
year 

.879 -.81 1.21 

2nd 
year 

.989 -1.03 .91 

Software 
engineer lack 
communication 
skills. 

1st 
year 

2nd 
year 

.447 -1.45 .48 

3rd 
year 

.993 -1.00 1.10 

2nd 
year 

1st 
year 

.447 -.48 1.45 

3rd 
year 

.415 -.48 1.55 

3rd 
year 

1st 
year 

.993 -1.10 1.00 

2nd 
year 

.415 -1.55 .48 

 
Table 5 provides multiple comparisons of the three 

groups on two misconceptions; Software engineers are all 
equally productive and software engineers troubleshoot 
personal computing problems. 

TABLE 5. TUKEY HSD MULTIPLE COMPARISIONS 

Tukey HSD    Multiple Comparisons 
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% 
Confidence 

Interval
Lower 
Bound

Upper 
Bound

Software 
engineers are 
all equally 
productive (in 
terms of skills, 
experience and 
specialization). 

1st 
year 

2nd 
year 

.963 -.85 1.06 

3rd 
year 

.591 -.62 1.47 

2nd 
year 

1st 
year 

.963 -1.06 .85 

3rd 
year 

.722 -.69 1.33 

3rd 
year 

1st 
year 

.591 -1.47 .62 

2nd 
year 

.722 -1.33 .69 

Software 
engineers 
troubleshoot 
personal 
computing 
problems. 

1st 
year 

2nd 
year 

.947 -.69 .53 

3rd 
year 

.326 -.27 1.07 

2nd 
year 

1st 
year 

.947 -.53 .69 

3rd 
year 

.182 -.17 1.12 

3rd 
year 

1st 
year 

.326 -1.07 .27 

2nd 
year 

.182 -1.12 .17 

 

Table 6 below provides multiple comparisons of the 
three groups on two misconceptions; Software engineers 
are not good in user interface design and all developers are 
software engineers. 
 

TABLE 6. TUKEY HSD MULTIPLE COMPARISIONS 
 

 
 Table 7 below provides multiple comparisons of the 
three groups on two misconceptions; all software 
engineers are fast typing and all software engineers are 
math genius. 

TABLE 7. TUKEY HSD MULTIPLE COMPARISONS 

Tukey HSD    Multiple Comparisons
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

All Software 
engineers are 
fast in typing. 

1st 
year 

2nd 
year 

.349 -.39 1.46 

3rd 
year 

.954 -1.13 .89 

2nd 
year 

1st 
year 

.349 -1.46 .39 

3rd 
year 

.244 -1.63 .32 

3rd 
year 

1st 
year 

.954 -.89 1.13 

2nd 
year 

.244 -.32 1.63 

All Software 
engineers are 
math genius. 

1st 
year 

2nd 
year 

.960 -.96 .76 

3rd 
year 

.309 -1.52 .37 

2nd 
year 

1st 
year 

.960 -.76 .96 

Tukey HSD    Multiple Comparisons
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% 
Confidence 

Interval
Lower 
Bound

Upper 
Bound

Software 
engineers are 
not good in 
user interface 
design. 

1st 
year 

2nd 
year 

.177 -1.38 .20 

3rd 
year 

.438 -1.30 .42 

2nd 
year 

1st 
year 

.177 -.20 1.38 

3rd 
year 

.901 -.68 .98 

3rd 
year 

1st 
year 

.438 -.42 1.30 

2nd 
year 

.901 -.98 .68 

All developers 
are software 
engineers. 

1st 
year 

2nd 
year 

.506 -.53 1.44 

3rd 
year 

.422 -.51 1.64 

2nd 
year 

1st 
year 

.506 -1.44 .53 

3rd 
year 

.966 -.93 1.15 

3rd 
year 

1st 
year 

.422 -1.64 .51 

2nd 
year 

.966 -1.15 .93 
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Tukey HSD    Multiple Comparisons 
Misconceptions 

(Dependent 
Variable) 

(I) 
Groups 

(J) 
Groups 

Sig. 95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

3rd 
year 

.416 -1.39 .43 

3rd 
year 

1st 
year 

.309 -.37 1.52 

2nd 
year 

.416 -.43 1.39 

 
Table 8 provides multiple comparisons of the three 

groups on two misconceptions; all software engineers 
could easily make money by developing cool applications 
and sell and all software engineers spend their time 
writing new code. 

TABLE 8. TUKEY HSD MULTIPLE COMPARISIONS 

Tukey HSD    Multiple Comparisons 
Misconceptions 

(Dependent 
Variable) 

(I) 
Group

s 

(J) 
Group

s 

Sig. 95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

All Software 
engineers could 
easily make 
money by 
developing cool 
applications and 
sell. 

1st 
year 

2nd 
year 

.777 -.65 1.16 

3rd 
year 

.865 -.78 1.20 

2nd 
year 

1st 
year 

.777 -1.16 .65 

3rd 
year 

.994 -1.00 .91 

3rd 
year 

1st 
year 

.865 -1.20 .78 

2nd 
year 

.994 -.91 1.00 

All Software 
Engineers spend 
their time writing 
new code. 

1st 
year 

2nd 
year 

.040 .03 1.52 

3rd 
year 

.163 -.19 1.44 

2nd 
year 

1st 
year 

.040 1.52 -.03 

3rd 
year 

.887 -.93 .63 

3rd 
year 

1st 
year 

.163 1.44 .19 

2nd 
year 

.88
7 

-.63 .93 
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Abstract—As is commonly known, hardware in a computer 

system requires a processor to run the operating system. The 

primary architectures that form the basis of most processors are 

CISC and RISC. CISC includes long sub-level commands for 

effective memory management and simple compiler 

implementations to be developed. Thus CISC has a complex set 

of commands; hence the name Complex Instruction Set 

Computer. On the other hand, CISC has had backward 

compatibility since the 1970s. Reduced Instruction Set 

Computer (RISC), the other popular architecture, simplifies 

command sets and handles access to memory with load-store 

commands. Since the instruction set is simplified, the hardware 

runs faster. In addition, RISC-based processors contain less 

chip-sets and may be designed faster.  Currently, with the 

prevalence of the Internet of Things (IoT), the demand for RISC 

architectures has increased and its usage in embedded devices 

has become widespread. The ARM processor is a successful 

example of the RISC architecture adaptation. However, ARM 

processor production has certain license term limitations and 

contains a few design flaws in its architecture [1]. In 2010, the 

RISC-V processor architecture, which was developed as an open 

source instruction set at Berkeley University, paves the way for 

open source hardware in terms of its BSD license and design 

professionalism. As a result, it will be possible to produce their 

own processors for communities and organizations without 

license restrictions. In this paper, we discuss the building blocks 

of the development life-cycle of an open source operating system 

on the RISC-V architecture. As an operating system base, we 

implement MILIS Linux, an open source operating system 

development project. It has an independent user space and its 

own package manager. For a completely independent open 

source computing system, open source RISC-V hardware 

architecture provides the freedom that is needed. 

Keywords—Open Instruction Set Architecture, RISC-V, Linux 

from Scratch, Hardware, QEMU 

I. INTRODUCTION  

A. RISC-V 

 In order to understand the RISC-V architectures that are 
used by current processor families, first it is essential to 
understand RISC. These processors have a general set of 
instructions that are more homogeneous in length and 
execution time than CISC, which corresponds to more basic 
computational operations. The implementation  of the 
instructions is optimized and cluster command processing is 
used to increase the  operating speed. More register areas to 
minimize memory usage is included. In order to  achieve less 
memory and processing power,  methods such as compression 
of the instruction set are utilized [2]. The disclosure  of  the  
Meltdown  and Spectre  vulnerabilities [1] shows that if we 
apply high security at software level, still weakness of 
computing resumes if we don’t ensure at hardware level. 

Processors are  executing instructions in the computer with 
high-level access rights. Some of the runtime conditions of the 
system are not visible, such as  the Intel management engine 
[3]. In order to  overcome  this  vulnerability, we  have to  make  
use  of  the  open  source  synergy  that  Linux  creates in the 
kernel on the hardware side.  Because the opening of ISA 
(Instruction  Set  Architecture), it can be discovered and 
improved by industry experts, commercial  innovators and top 
academics. The ability to  add  extensions  to  basic  ISA makes 
it  suitable  for applications that require special  configuration. 
Although the processor market  has been running for a long 
time, it has not  been able to make great improvements, due to  
closed and license problems [4]. Although open source 
hardware studies have historically been  conducted on Sparc 
[5] architectures or Power  ISA [6] as open concepts, these 
projects have been insufficient and will not be able to create a 
large enough open source ecosystem. Similarly, OpenRISC 
[7] is based on the open-source  processor architecture 
OpenRISC1000.  Although Linux kernel 3.1 is supported, 
kernel-based improvements have slowed down over time. 
Currently, though there is insufficient  attention paid to these 
types of advances, Debian produced a port in 2014. However, 
it closed the project due to copyright reasons in 2016. But 
since UC-Berkeley started designing  the RISC-V command 
set architecture, there  has been new mobilization in academia 
and  industry  [8]. First of all, RISC-V is free and  open source. 
The usage license is licensed  under the BSD license. RISC-V 
primarily  focuses on defining the command set  architecture 
rather than specific implementations. Still, there are also  free 
open  source core hardware designs [9]. RISC-V  which is a 
nice leap for the processor sector has started to support many 
companies. Technology relevant companies from many  
countries participated to RISC-V foundation.  Some major 
companies and institutes that  contribute this foundation 
include; IIT  Madras(India) [10], ETH Zurich(Swiss) [11], 
ASTC(Australia) [12], Barcelona Supercomputing 
Center(Spain) [13], ASELSAN(Turkey) [14]. By the way 
Western Digital also started to develop and use RISC-V 
architecture based processors in storage devices [15]. Unlike 
OpenRISC, RISC-V is aimed at a wider range of applications. 
The Linux  kernel’s support for RISC-V is fairly new,  starting 
with version 4.15 and 5.0 provides more extensive support, as 
well as RISC-V / Linux support for the kernel porting. One of 
the outputs of RISC-V for hardware is to offer a more secure 
architecture and processor capabilities [12]. Due to the lack of 
speculative memory access in the RISC-V processor, there is 
no hardware weakness such as the Meltdown-Spectre 
vulnerability. The most important  advantage of RISC-V is 
that it is easy  to apply  qualified  security ideas because the 
work is  carried out as open source. 
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B. MILIS Linux 

 MILIS (Milli Isletim Sistemi in Turkish) [16]  project is a 
Linux distribution project that  started voluntarily in 2016 and 
implemented using LFS (Linux from Scratch) [17] techniques. 
Since 2019, the project is supported by  Akdeniz University 
BAP unit [18]. MILIS Linux  differs from other GNU/Linux 
projects with its  independent base and own package manager. 
For the time being, a desktop-targeted  operating system is 
being developed for x86-64  systems. Target users of MILIS 
are,  primarily  government agencies, commercial  
organizations and private users. It has the goal  of being a free 
and easy to use operating  system for individual and 
organizational  use. Unlike the other distributions, which is 
commonly forked from Debian, MILIS is not based on any 
existing Linux distribution. It has  its own package production 
collection and  independent root file-system production. It has 
open development platform for developers by providing pure 
Linux usage and development experience. Secure network 
structure may easily be configured via a web browser.  
Although the project has been  initiated voluntarily,  it has the 
ultimate goal of being an  open source software ecosystem for 
the   academic environment. MILIS Linux project  now aims 
to completely work on open source hardware and be one of the 
first in among Linux distributions. Such open source hardware 
and operating system will have the benefit of  being  immune 
to world trade disputes such as the recent developments of 
Huawei product bans. 

C. MILIS Linux and RISC-V 

 In order to achieve a completely open and  secure system, 
related studies were followed  and concluded that the RISC-V 
ISA study seem  to be the most promising. The members of  
the  RISC-V foundation include some reputable  companies 
including ASELSAN as a silver   member. ASELSAN and 
Bilkent University are  collaborating to produce chips using 
RISC-V architecture [19]. Although R&D for chip production 
is ongoing, to our knowledge, we are not aware of any 
operating system work locally to support such architecture. 
Globally, such work is also limited to few distributions.  To 
remedy this gap, we are developing a fork  of  the MILIS 
project to support RISC-V  architecture. In addition, it is 
desired to work  as a separate branch for embedded devices. It 
is expected that with an increasing interest in  IoT  and  
Industry  4.0, such software will likely have high interest. 
Currently, Genpro from Israel [20] and Shakti [21] from India 
are  working on new generation processors based  on RISC-V 
architecture. Recent interest in  open processor architecture are 
likely to  promote the open source operating systems.  The 
MILIS project is now planned to be one of the first open source 
Linux based OS targeting RISC-V. 

II. RELATED WORK 

With the RISC-V processor productions, Si-five has 
produced a number of development  motherboards for 
developers [22]. Linux  distributions on motherboards with 
these  processors started to gain momentum. Legacy 
distributions such as Debian have created a   project group on 
the RISC-V and   started porting as infrastructure transfer work 
[23].  Fedora develops a native OS by compiling  packages 
targeting RISC-V. It has also established a web-based 
compilation tracking system [24]. Apart from these, it can also  
produce minimal custom Linux images with Yocto [25] and 
Buildroot [26] Linux Kit. Buildroot currently ported for 64-bit 
RISC-V architecture. Buildroot supports RISC-V with native 
and original implementation. In this paper, we will focus on 
increasing kernel support and reducing porting times by a 
proposed reference implementation based on MILIS. We 

endeavored to build a Linux from Scratch from the root file 
system. Also with the rapid integration of Linux distro 
developers, we can improve our user-space application level. 

III. IMPLEMENTATION 

Currently, MILIS Linux is running smoothly with 64-bit 
systems. Our RISC-V architecture-oriented work can be called 
a port in the Linux community. Port aims to produce kernel 
and userspace packages available in MILIS and a hardware 
based 64-bit little-endian RISC-V compatible base system. 
RISC-V also allows 32-bit and 128-bit ISA configurations, 
however the development of other variants will be considered 
as future work. 

 32-bit architectures, except for specific purposes; 

 32-bit ports in MILIS have never been done, it is not 
necessary. 

 128-bit operation is not realistic at this time. 

Since MILIS is a Linux system that applies the Linux from 
Scratch directives, similar methods can be used to build the 
basis of the RISC-V architecture. In this section, we detail the 
work packages that are typically included in porting. 

A. System Emulation 

 RISC-V system emulator may be used during the 
development and testing of the OS without real hardware. Low 
cost easy setup QEMU virtual machine [27] supports RISC-V 
since 2.12. This is opposite of QEMU’s full system emulation 
mode, which ensures emulation devices and requires you to 
boot an operating system natively. We use QEMU 4.0.0 
version. 

B. Toolchain 

 Toolchain is a cross-compiler for GNU.  RISC-V requires 
Binutils 2.30 or above versions to build a kernel with GCC 7.1 
or above. Currently, we choose GCC 9.1 and Binutils 2.32 
versions. There are 3 common C libraries; Glibc, Uclibc and 
Musl. Only Glibc has upstream RISC-V support for 64-bit 
only architecture. We choose Glibc version 2.29 to build 
packages [28]. 

C. Bootloader 

 A bootloader is a piece of code that executes before an 
operating system runs. Bootloaders  usually provide several 
options to boot the OS  kernel and also contain commands for 
debugging and/or modifying the kernel environment before 
booting. RISC-V specific  Berkley Bootloader(BBL) may be 
used in this project [29]. U-boot may be another alternative, 
but requires more work for porting to RISC-V. BBL will 
support; 

 Starting and response tasks to timer interrupts, 

 Boot chain loading for Linux and  default  boot 
loading process, 

 RISC-V processor is not equipped to handle some 
instructions directly in hardware so BBL handles 
them as well. 

BBL is somewhat special in that it cannot chainload a Linux 
kernel like  GRUB or U-Boot,  but instead the BBL compile 
scripts links the kernel binary directly into the BBL ELF file. 
Therefore BBL must always be rebuilt within kernel. Creating 
a proper separation between BBL and the kernel is planned but 
not yet implemented. 
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D. Kernel 

 RISC-V Linux port has been accepted into Linux tree and 
is slated to release as part of 4.15 since 2017. While this is a 
major milestone, still much work remains related to the Linux 
kernel and the userspace. Additionally, much research and 
many tasks remain in the following areas: 

 Init and Halt Code 

 Atomic and Locking Code 

 Generic library routines and assembly 

 ELF and module implementation 

 Task implementation 

 Device, timer, IRQs, and the SBI 

 Paging and MMU 

 User-facing API 

 Build Infrastructure 

 For building the kernel, we used the 5.0 stable version 
from the kernel git repository [30] using the following 
compilation parameters; CROSSCOMPILE=riscv64-linux-
gnu- ARCH=riscv. And BBL will compile with –with-
payload config parameter to reference compiled kernel. 

E. Pre-Root File System and Package Production 

 We cross-compile packages from x86-64 host to riscv64 
target file system. At the conclusion of this process, we were 
able to achieve a bootable operating system for RISC-V 
hardware or an emulator. This root filesystem, named pre-
rootfs, will be used at package production. After producing the 
necessary packages, we will re-construct the base file system 
of RISC-V using these packages. 

F. Bootable Image 

 Recreation of Rootfs using MILIS enables us to distribute 
an initial bootable binary disk image that is completely built 
from MILIS packages for kernel and user space software. 
With adding live system packages, we will get a live image to 
run a virtual board. Fig. 1 shows the general workflow that is 
applied during the building of the RISC-V computing 
environment. 

IV. CONCLUSION 

In this paper, the RISC-V processor has  been compared to 
other architectures and its bright future was implied. Being 
opensource  and its community driven design through open  
source hardware initiative, it may be used in mission critical 
projects. Especially with the advances in the Internet of 
Things, the use of RISC-V processor boards may likely 
become popular in the market with the exciting features it 
provides. Because many companies have  started R&D studies 
for RISC-V and become  members of the RISC-V foundation. 
In addition  to hardware information, this open source  
hardware that we have emphasized in this  paper is the 
necessity of developing an open  source and reliable operating 
system. In this  case, Linux is the best candidate on the  basis  
of this work as the kernel. Even though port    migration of 
different Linux distributions has  already begun, we are 
stressing the need to  create an open source and reliable user  
ecosystem directly on the Linux kernel by  enabling the MILIS 
Linux project to be ported to a different architecture. Any 
development and optimization in this process will add  
experience to our IT process. This study will  gain momentum 
with the open computing  proposal and will gain more 

importance in  the studies we propose. Works with high 
technological added value at the operating  system level will 
become more critical for countries in the coming years. For 
security  considerations, software level prevention is not  
enough when hardware has design flaws and closed code. In 
this context, it is promising to begin developing systems that 
will run on hardware RISC-V. 

 

Fig. 1. Block Diagram of the Computing Environment 

V. FUTURE WORK 

A. Physical Implementation and Optimizations 

 The work outline performed on the QEMU virtual machine 
discussed in this study will be  applied on a real board based 
on RISC-V processor. Compilation and testing will give more 
accurate results using physical hardware.  Thus, we will have 
a better understanding of the components that will need to be 
optimized. The compilation tools that we use in the bootstrap 
process will offer more RISC-V  support over time and will be 
optimized. In addition, alternative libraries instead of Glibc, 
which we currently use as C libraries, will be evaluated. Also, 
with the RISC-V support in the LLVM Compiler 
Infrastructure [31], native  compile support will be increased 
at the  level of  programming languages which use LLVM as  
back-end compiler. RISC-V porting will be further explored 
for the kernel level difficulties  encountered while providing 
the necessary solutions. The necessary sponsors and research 
project funding supports will be provided for  the R&D studies 
and RISC-V processors with  different features will be 
obtained and  the studies will be performed on real equipment. 

B. The Future: Open Hardware and Open Source 

Operating System 

 Open hardware means license-free; namely  with RISC-V 
virtually anyone can produce  potentially better evaluations 
and much more  accurate comparisons with existing works. 
There is a range of high quality, open-source  RISC-V 
implementations to modify, rather  than  just based on 
estimating or simulations. Also  opening standard will bring 
about a  more active  development community so that when 
sharing  patches or ideas, projects will get  contributions more 
quickly. As of now one aspect of the  RISC-V Foundation is 
responding to proposals and discussing them. The other aspect 
is  producing proposed changes either in a  future  specification 
revision or in hardware. On the  other hand, opening the 
standards  and having a commercially open license would 
certainly make the processor design and production race more 
fair. Also RISC-V will bring a new synergy of open source 
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computer architecture research areas, such as universities 
started to establish research groups on RISC-V, such as 
OpenCelerity [32] and SCARV [33].Research is  expected to 
be carried out on real hardware with the increase of RISC-V 
processor manufacturers. As a result, Linux kernel and user-
space seems the best candidate software stack for RISC-V 
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Abstract- the increasing number of vehicles in all over the 
world day by day, have made traffic control becomes a serious and 
major problem.  Sometimes, it becomes difficult to detect the plate 
license number of a vehicle that violates traffic rules. In this paper, 
an efficient model is proposed to detect and locate number license 
plate of a vehicle that is given in color images. The model is 
constructed by using different features instead of single feature to 
improve its performance based on multi descriptors (texture 
features). The work use multi- boosting model (AdaBoost) based 
on HOG descriptors, which precisely localize the ROI of the given 
vehicle images. A new North Iraq Vehicle Images (NI-VI) dataset, 
which is used to test the proposed model, is introduced. The license 
number plates of North Iraq uses Arabic font. All images of this 
dataset, are taken under various circumstances and different 
weather conditions to simulate all realistic examples about 
vehicles. The developed model produced 89.66% accuracy score. 

Keywords—Automatic Number Plate Detection (ANPD), 
Automatic Number Plate Recognition (ANPR), Vehicle datasets, 
Cascade Detector Trainer, AdaBoost technique.  

I. INTRODUCTION 

The Automatic Number Plate Detection (ANPD) is an active 
research area which is used to detect number plates of vehicles 
in given images from different perspectives. The ANPD can be 
seen as the detection part of Automatic Number Plate 
Recognition (ANPR). The main factor that effects on the 
accuracy of ANPD model is the quality of the input images. A 
robust ANPD system should work in real time for different 
conditions such as day or night times [1,2]. Also, it should detect 
the number plate from different districts (provinces) in various 
views like front, rear, and tilt. Also, it should cover all variety of 
weather conditions like rainy, shadow, snowy, etc. It should 
cover any other situations, such as dirty, unclear, or not obvious 
number plate (alphanumeric characters or background). 
Moreover, the ANPD system should work with plates that have 
different size, color and font languages [3-7]. 

All ANPR systems are employed to find information of a vehicle 
after detecting and recognizing the license (number) plate from 
the input image. After detecting the plate, the recognition starts 
by segmenting the detected plate into its contents of characters 

in order to identify each of these characters. After segmentation 
and recognition, the obtained information is used to identify the 
owner of a vehicle. There are many advantages for finding such 
information, which can be used in different applications, such as 
traffic control system, traffic surveillance, car packing system, 
electronic payment system, highway monitoring [1], [8-12]. In 
the last years, the ANPR system or License Plate Recognition 
(LPR) system became one of the most valuable technique for 
vehicle surveillance [1]. 

   The automatic number plate recognition (ANPR) systems have 
a significant effects in the real world life, since many datasets 
are created in order to test these systems. Usually, each dataset 
is related to one country based on the number plates of that 
country. For example, such as a dataset is created based on 
number plates of the researcher’s country. In other words, each 
country has different types of size, color, font, and format for 
their number plates. These differences is due to the traffic rules 
of that country.   
   

In the last decades, with the increasing number of vehicles in 
the streets, traffic control grow into a substantial issue in most of 
the countries around the world. So, this issue became obvious in 
the North Iraq and the traffic violation has took a lot of attention. 
Therefore, the government of Kurdistan gave more and more 
attention for the traffic control and the traffic violation. These 
days, many traffic cameras are distributed inside and outside on 
street of cities. Although of this, identifying an owner of a 
vehicle, in real-time manner is still a big problem. Thus, it is 
urgent to have a dataset of vehicles’ images for Kurdistan region 
at North of Iraq, so it can be used by researchers to create ANPR 
for this region. This dataset can be employed to investigate and 
solve different issues of traffic control and traffic violation using 
ANPD and ANPR systems. Due to these reasons, in this 
research, a new dataset (KURD-VI) for images of vehicles for 
Kurdistan is developed. The importance of this dataset that it can 
be used for three purposes (ANPD, ANPR, or both). Moreover, 
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this KURD_VI dataset is employed to exam our new future 
ANPD and ANPR system. 

The idea of ANPD is to distinguish the number plate part 
from whole  image of a vehicle using efficient image processing 
methods and detection techniques. This process is an important 
part for any ANPR system, since is the first starting stage that 
required for system and always it proceed the second recognition 
stage, as well as the final result of recognition is based and 
depend on the result of the detection. The ANPD can be used at 
the public places for achieving some purposes like traffic 
control, traffic safety implementation, automatic toll text 
collection and Automatic car parking system  [1].  

The rest of the paper is organized as follows, second section 
is generally about the literature reviews that relate to ANPD 
methods. Our new dataset (NI-VI) is proposed in the third 
section. In the fourth section, our new method for detection is 
explained in details. The experimental results are discussed in 
the fifth section. Finally, the conclusion of this paper is presented 
in the sixth section.  

II. LITERATURE REVIEW 

This section includes some previous works that are related to 
our proposed method. These works were applied in ANPD field 
using different algorithms and methods.  Each of those has 
selected different approaches and techniques.  

Wengang et al. [12] designed an automatic algorithm for 
license plate detection in open environment, based on principal 
visual word (PVW) discovering and visual word matching. The 
SIFT algorithm was employed for feature extraction. This 
approach was sufficient to deal with different observation 
angles, scales, and light variation, etc. The proposed algorithm 
has some weakness when dealing with a license plate that has 
low resolution, or when the deformity from the view angle is too 
hard. 

Kaushik et al. [13] proposed vehicle license plate detection 
(VLPD) method through three main phases: (1) the candidate 
region was detecting by employing Sliding Concentric Windows 
(SCWs) as an adaptive image segmentation method. (2) the HSI 
color model was used for verifying color for candidate region 
based on hue and intensity in the color model; (3) Using position 
histogram to break down candidate region which contains 
alphanumeric characters on the plate number to detect and verify 
vehicle license plate region. 

 Oliveira et al. [14] used Haar-like features to detect vehicles 
in the real environment. The proposed method was applied on 
some different examples with high accuracy. The common idea 
of the algorithm was to use cascade, which consists of many 
stages of feature classifiers, to describe objects. Authors used 
three datasets (TDS1, TDS2, and TDS3) for the training phase, 
while other three varying datasets (PDS1, PDS2, and PDS3) 
were applied for performance of the testing phase.  

The work of Raghunandan et al. [15] presented a new 
mathematical model to enhance the number plate quality.  
Authors used Riesz fractional operator to recognize 
alphanumeric text. The proposed method improved edge 
strength in image by applying derivatives of Riesz operation. 
This model used some standard number plate image databases 

for evaluating performance of the model. The results showed 
that performance of text detection and recognition improved 
notably when it compared with other works.  

In the work of Karwal et al. [16], an algorithm was proposed 
to recognize Indian number plates automatically. The algorithm 
was used to address scaling problem and specifying position of 
character on the number plate image. It started by performing 
some preprocessing operations on input images. Then, the 
images were converted into gray-scale color. After that, median 
filter was applied to remove noises from the images. For 
segmentation process, the Otsu’s method was employed. All 
characters were recognized and classified using template 
matching. The accuracy performance of the system was 
achieved 98.07%, where 52 images were tested and 51 were 
detected and recognized correctly. 

III. PROPOSED NEW NI-VI DATASET 

There are many datasets created for ANPD and ANPR 
systems around the world. For each of these systems, it needs a 
dataset in order to test its performance and accuracy. Usually 
each system will use dataset that belong to researcher’s country, 
since each country has its own license (plate) number, which is 
different in size, color, alphanumeric, etc.  

Nowadays, vehicle number or license plate image datasets 
have lack in variety of conditions because these images are taken 
by the fixed monitoring cameras. In order to get better vehicle 
number plate methods, a new dataset (NI-VI) of vehicle images 
for both ANPD and ANPR systems is created. The images are 
taken at North of Iraq. This dataset that involves images are 
taken by handheld camera (unfixed camera). It is known that 
images collecting from handheld cameras are shows diversity 
due to the variety positions and angles, In addition, different 
lighting and varying backgrounds in different times and at 
different places, those images usually under sunlight or extra 
light source and the angle slope for rotation is between (+20o and 
-20o). For all previous reasons and to create a robust dataset, a 
handheld camera is used for capturing images. Some image 
samples of NI-VI dataset is shown below in Fig. 1. 

The NI-VI dataset involves 1500 JPG item type RGB (color) 
vehicle images by using Nikon DX, AF-S NIKKOR 18-105mm 
camera. The resolution of images is 5184x3456 with 7.19 GB as 
a total size of the dataset. The dataset collected images from 
different points of view aspects, such as front, rear and angles, 
likewise from variant streets and it includes parking lots of both 
public and private. Moreover, the images in this dataset, are 
captured in diverse hours of day, like morning, evening, night, 
sunny, rainy, heavy rain, cloud, fog and in shadow. Furthermore, 
in varying conditions, such as low illumination, blurriness, 
various tilt angles and distance. Track, Bus and Salon vehicle 
images are acquired in this dataset. 
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Fig. 1.  Image samples of NI-VI Dataset, for different conditions  

IV. OUR NEW ANPD METHOD 

In this section, a detailed information about our new 
proposed method of ANPD system is given. The Fig. 2 provides 
an overview of main components of our method. It is used to 
detect the number plate of a vehicle by using image processing 
approach. The method is consist of two phases: first training 
phase, which has to applied always before testing phase, second 
the testing phase, which is applied based on the results of the 
training phase. 

A. The Cascade Detector Trainer [17] 

There are several stages in the cascade detector trainer. it has 
more than one weak learner in each stage. These learners are 
very simple and basic classifiers. The cascades stages are learned 
using Adaboost technique, which has the ability to train the 
classifier (detector) with higher accuracy based on results of the 
average weight for weak learners. The stages of this cascade 
detector of our new algorithm is shown in the Fig.2 below, for 
both training and testing phrases. 

In the training process, there is a sliding window moving on 
the training image to extract areas that represent parts (regions) 
of the image. Each area (interested region) that include the plate 
number, is labelled as positive. While area (non-interested 
region) that does not include the plate number, is labelled as 
negative. For non-interested regions, the detector is terminated, 
if this region is classified as negative by any of the weak learners.  

Then, the sliding window is moved to next area to start the same 
process again. But, for interested region, if this region is 
classified as positive by all weak learners in this stage, then this 
region is moved to the next stage of the trainer. Therefore, if the 
plate found in the last stage, which means that this region is 
passed over all stages, then the trainer classifies this region as 
positive (the number plate is found). 

 

 

 
Fig. 2. Stages of cascade detector trainer. 

The speed of this cascade detector is that all false (negative) 
areas are discarded early and quickly, while true (positive) areas 
are worth to spend time to pass all stages, be informed that a few 
(very limited) regions contain the plate (are labelled as true or 
positive), and many regions are without the number plate (are 
labelled as false positive). At the same time, there are some 
regions contain the plate but it did not pass the stages (are 
labelled as false negative). In order to get a good results, the 
(false negative) rate must be as low as possible in all stages of 
the cascade trainer.  

The training process in Cascade classifier needs to positive 
(images with the number plates) as well as negative (images 
without these plates). The positive image samples can be 
specified manually, while the negative image samples are 
selected automatically. 

This cascade detector is applied the HOG feature to represent 
both true and false regions, so it can be used later, in the testing 
process, to be compared with candidate areas that extracted from 
testing images. 

B. AdaBoost Technique  

The AdaBoost is an algorithm used for machine learning 
approach of the image processing. It is employed to train the 
classifier based on a small number of features. This algorithm 
increases the classification performance of simple (weak) 
learning classifier to build a strong classifier, because it consists 
of sequence of weak (simple) learners [17].  

The Adaboost algorithm has two important advantages. First, 
it gives more refined analysis for true positive regions over the 
false positive regions, to obtain significantly superior results 
related to error of the classifier. Second, it does not require a 
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prior knowledge of accuracy for the hypotheses, which it will be 
generated by the weak learning classifier  [18]. The AdaBoost 
can be represented by the form: ( ) = 	∑ ( )  (1) 

where each  is a weak learner that has input, which is a region 
area and it gives back a real value refers to expected class of the 
region area as output result. The -layer classifier is considered 
as positive if the number plate is existed in the region and 
negative in the other cases. 

The cascade has several weak learners, each produces a 
hypothesis 	ℎ( )  as a result of every image in the training 
images. In summary, at every iteration , one of the weak 
learners is employed and assigned a coefficient  in order to 
minimize the total amount of error  that come out from the -
stage boost classifier. This process can be represented in the 
form: 

 = ∑ ( ) + ℎ( )   (2) 

where ( ) is the boosted classifier of the prior stage of 
training, ( ) is some kind of error function, the weak learner 
is represented by ( ) = ℎ( ), which is added to output of 
the final classifier [19]. 

C. The HOG Feature [20] 

The Histogram of Oriented Gradients (HOG) feature is used 
to capture occurrences of gradient orientation for pixels in 
overlapping windows in images of vehicles. In the HOG feature, 
all gradient angles are oriented into B bin groups, as shown as 
below in Fig. 3, where the value of B is set to 8. 

The computation of the HOG depends on the length 
(magnitudes) and angles of the gradients (orientations)  [21] ,  
[22]. The equation representations for bath are: = 	 +    (3) = arctan	( )   (4) 

where  is the differences in the intensities of two consecutive 
pixels in the -coordinate direction,  is similar to  but in 
the -coordinate direction. 

This feature is obtained from image of a vehicle. The region 
that might contain the number plate is considered as positive or 
without the plate is considered as negative. The HOG for each 
region is computed based on two parameters: first, how many 
overlapping windows over this region, and second, number of 
bins (B) for the gradients angles.   

          
 
Fig. 3. Creation of HOG based on 8 binned orientation, (Colored arrows) angles 
of gradients [20] 
 

Briefly, the HOG is computed through several steps. The 
gradients of an image are computed by filtering this image with 
some horizontal and a vertical kernels. Then, magnitudes and 
angles are computed based on these gradients. Next, the image 
is separated into (N×N) overlapping windows. For each window, 
angles are binned into (B) orientation bins based on their angles. 
For each bin, the sum of all gradient magnitudes that belong to 
this bib is calculated. After that, for each window the sums, that 
are equal to the number of bins, are normalized. At the end, 
(N×N×B) normalized numbers are obtained. These numbers are 
called the HOG feature of the image. The HOG is used, in our 
work, as a feature for each region of the training images and also 
for regions of the testing images.   

The training phase has several stages: input training images, 
adjusting and resizing images, Cascade trainer, Creating cascade 
classifier (detector), as shown as in Fig. 4 (A). 

 
                       A) Training phase                          B) Testing phase 

Fig.4. Flowchart of automatic number plate detection (ANPD) system 

In the first hand, first stage of the training phase is input 
training color image that it will read from digital camera, the 
second stage is resizing the images after taking from camera to 
keep aspect ratio fixed. In third stage, which is the cascade 
trainer, in which only one positive sample (region of interest ROI 
that contains the number plate) is selected manually and ten 
negative samples are specifying automatically (randomly) for 
every image. For all positive and negative regions, The HOG 
feature is employed as some descriptors. The training process 
using cascade detector is involving number of internal classifier 
stages. Adaboost is used to learn classifier in order to increase 
the classification performance of simple (weak) learning 
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classifier. Each of positive and negative regions will pass 
through the classifiers. If a region fails in a classifier, then this 
region is labelled as negative and next region will start the 
process again. But if the region passed one classifier then it will 
be converted to the next classifier. If a region passed all cascade 
classifiers, then it is labelled as positive. At the end of this stage, 
the cascade classifier will be ready to be used in the next testing 
phase. More details about functions of this cascade detector 
trainer is explained in section II. 

On the other hand, second testing phase has a few stages: 
input testing image, adjusting and resizing image, applying 
sliding windows, and detecting number plate, as shown as in Fig. 
4 (B).  

   Input testing image is the first stage of the training stage in 
which it reads a color image from digital camera in the real 
world. The second stage, which is as the same as the second 
stage of the training phase, is applied for adjusting and resizing 
the input image. The third stage is to use the created cascade 
classifier within a sliding windows that will move over the 
testing image to form regions that match in size with the regions 
of the training phase. Then, the algorithm in this stage perform 
to detect ROI, which is vehicle number plate, by using the same 
HOG feature descriptor. After learning the detector in the 
training phase using HOG feature descriptor and Adaboost 
algorithm, it will be ready to be used for detecting number plate 
on some regions of the sliding window. It is mainly performed 
to reject the negative sample (false candidate) and passed the 
positive sample (true candidate) through all stages of Adaboost 
classifier. The last stage is detecting license plate in which means 
that the number plate is been detected.  

V. EXPERIMENTAL RESULTS 

In order to evaluate performance of our ANPD method, a 
new (NI-VI) dataset is created for North of Iraq. It involves 1500 
vehicle images that belong to three provinces (Duhok, Erbil and 
Sulaimani). The new dataset contains private, taxi, load and 
government vehicles. Front and rear images of tracks, busses and 
salons vehicles are in the dataset. The dataset divided into fifteen 
different folders, in each 100 images based on scaling, rotation 
and transportation images, such as f near, far, too far, near right 
tilt angle, far right tilt angle, near left tilt angle, far left tilt angle, 
right side, left side, top side, down side, right up angle, right 
down angle, left up angle and left down angle.  

For testing purposes, the K-fold cross-validation technique is 
employed. It is a technique used to estimate the performance of 
predictive models by dividing the original date samples into a 
training set, which is used to train the model, and a test set, which 
is used to evaluate it. In this paper, two experiments are achieved 
in order to test our proposed ANPD method.  

In the first experiment, 2-fold cross validation technique is 
employed, where 50% of images are used for the training and 
other 50% are used for the testing. It means 750 images are used 
for the training and 750 images for the testing purpose. In order 
to use all images for the training and testing phases. Therefore, 
the experiments are repeated couple of times. Each time is used 
different 50% (750) images for training and the other rest for 
testing. After repeating the experiment twice, all images in our 
NI-VI dataset are been used for testing and training phases. The 

achieved experimental results in term of accuracy detection is 
shown, below, in the Table I. In this table, the exact number of 
true and false detection are listed, as well as the final accuracy 
result for each experiment. 

TABLE I.  FIRST EXPERIMENTAL RESULTS OF PROPOSED ANPD METHOD 
USING NI-VI DATASET.   

Exp. no. 
True 

Detection 
Images 

False 
Detection 

Images 

 True Positive 
Detection 

(Accuracy) 

1 626 124 91.4% 

2 628 122 86.1% 

Average 627 123 88.75% 

 

In the second experiment, 10-fold cross validation is 
employed, where 10% of images are used for training and other 
90% used for testing. This experiment can be considered as a big 
challenge in our method, since we used little number of images 
for training phase, while the rest (big) number of images is used 
for testing phase. In other words, it means 150 images are used 
for training and 1350 images for testing purpose. In order to use 
all images for the training and testing phases. Therefore, the 
experiments are repeated 10 times. Each time is used different 
10% (150) images for training and the other rest for testing. This 
process achieves more realistic results without any bias. After 
repeating the experiment for 10 times, all images in our NI-VI 
dataset are been used. The achieved experimental results in term 
of accuracy detection is shown, below, in the Table 2. In this 
table, the exact number of true and false detection are listed, as 
well as the final accuracy result for each experiment. 

All tests are run on PC with core i7 2.6-GHz, 8GB RAM, and 
under windows10 by using Matlab 2018a compiler. Our ANPD 
system consist of two: training and testing phases. The training 
used to select the region (with number plate) as a true positive 
sample manually, while other regions (without number plates) 
are selected automatically, by the cascade trainer, as false 
positive samples. The number of false positive sample is set to 
10. The number of classifiers in the cascade is set to 20 stages. 
All training and testing regions are based on HOG feature 
descriptors. The total average of correct detection for the number 
plate of vehicles, in the dataset, was 89.66%, which is shown in 
the Table II. 

 

TABLE II. SECOND EXPERIMENTAL RESULTS OF PROPOSED ANPD 
METHOD USING NI-VI DATASET   

Exp. 
no. 

True 
Detectio

n 
Images 

False 
Detectio
n Images 

 True Positive 
Detection 

(Accuracy) 

1 1110 240 90.4% 

2 1218 132 90% 

3 1071 279 90% 

4 1123 227 93% 

5 1137 213 90% 

6 1069 281 90% 
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Exp. 
no. 

True 
Detectio

n 
Images 

False 
Detectio
n Images 

 True Positive 
Detection 

(Accuracy) 

7 979 371 90.4% 

8 1102 248 87.5% 

9 1018 232 801% 

10 1088 262 89.7% 

Average 1096 254 89.66% 

 

VI. CONCLUSION AND FUTURE WORKS 

The proposed ANPD system is used to detect the number 
plate of a vehicle. The algorithm is consist of two phases: first 
training phase, which has to be applied always before other 
testing phase .Second, the testing phase that applied based on the 
results of the training phase. Employing cascade with AdaBoost 
technique improve the performance of our algorithm based on 
multi descriptor (texture feature) to identify the ROI from the 
background by using different features instead of single feature, 
based on the experimental results, which are very promised as a 
field for detecting the number plates of vehicles in images. The 
more training samples, the better result in the term of accuracy. 
Although, the challenge in our algorithm is to use less number 
of images for training phase and more number for testing. Thus, 
to achieve a good training accuracy, it needs more number of 
positive images, as well as negative. These negative images 
should contain some objects that related to vehicles’ background 
images. Moreover, the greater number of stages, the greater the 
amount of training images, the good performance of the cascade 
classifier. Therefore, 10% of the total images are required for 
training phase and large number of stages in cascade classifier is 
applied. The HOG feature descriptor is applied in our new 
ANPD algorithm, it gives promised results, in term of accuracy, 
since the most of our number plates has the same attributes such 
as size, color, or fonts. 

Finally, in order to test and evaluate any ANPR or ANPD 
systems, is necessary to have some realistic dataset for vehicle 
images. These images must cover most or all expected 
circumstance of vehicles in real life such as weather conditions, 
size, color, and language font of the plates, as well as during all 
times of the day. For future work, this dataset can be used for 
ANPR systems. 
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Abstract- An automatic number plate detection (ANPD) 
and automatic number plate recognition (ANPR) systems are 
robust technologies that are used for detecting and recognizing the 
number plates of vehicles. In this paper, a new dataset, which is 
called North Iraq-Vehicle Images (NI-VI) of three provinces 
(Duhok, Erbil, and Sulaimani) for vehicle images, is presented. 
There are 1500 images in this dataset. They were gathered from 
real-time by using handled cameras to form a realistic dataset of 
the vehicle images. The main contribution of this work is the 
creation of a new dataset for license plate of vehicles in north Iraq 
with Arabic fonts in different and difficult conditions. The dataset 
includes three categories of images: rotated, scaled and translated 
images. The resolutions of images are 4288 x 2848 and 5184 x 3456. 
Moreover, some images created for bad weather conditions, such 
as snowy, dusty and low lighting. Some dirty plate images also 
considered in the dataset. The purpose of introducing this dataset 
is to provide and produce a realistic dataset for ANPD and as well 
as for ANPR systems. 

Keywords— Automatic number plate recognition (ANPR) 
datasets, Automatic number plate detection (ANPD) datasets, Plate 
number recognition datasets, and License number detection 
datasets.  

I. INTRODUCTION 

In the last decade, traffic control and traffic violation have 
become one of the most important issues in all countries. The 
flow of the traffic is controlled by many cameras that are spread 
around the streets inside and outside of cities [1,2]. As these 
cameras acquire instantaneous image of the vehicles, that are on 
the roads, intelligent software are needed to detect vehicles as 
well as their license plates. Generally, software needs training 
datasets for recognition of the license plates. Although of using 
these cameras, it is still difficult and challengeable to identify 
owner of the vehicle, who has violate the traffic, at the same 
moments using real-time application. It is very necessary to 
have such real-time dataset that will used to identify the vehicle 
owner, who has violate the traffic by driving with high speed 
more than the scheduled speed. Therefore, there is an urgent 
need to create a dataset for license plate of vehicles in each 

country, in order to investigate and solve the issue of ANPD and 
ANPR [3-7]. This dataset shall be used for three important 
purposes. First, it can be used for only vehicle number plate 
detection. Second, it can be used for only recognition the 
number plate, since There are labeled number plates in the 
dataset. Third, it can be used for both detection and recognition 
together, which means it can be used for ANPR systems. 

In this paper, initially various license plate image datasets 
are reviewed  [8-13]. More specifically, all these datasets are 
used for ANPR systems. These datasets contain images under 
different circumstances of weather conditions. Usually, these 
images are related to plate numbers that belong to one country. 
At the same time, in the other hand, some datasets are employed 
for automatic number plate detection (ANPD) systems  [14-16]. 
All these datasets are used only for detection purpose (not 
recognition purpose). Moreover, there are some dataset that can 
be used for both detection and recognition the number plates in 
the images. The system of these kinds are called ANPR systems  
[17-22].  

 The rest of this paper is organized as follows, second section 
is about the datasets of ANPR literature reviews, in which set of 
datasets for vehicle images are reviewed and investigated all its 
properties. In the third section, is explained the ground truth of 
our proposed NI-VI dataset. Moreover, the fourth section is for 
comparison and discussion of these datasets. Finally, the 
conclusion of this paper is presented in the last fifth section. 

II. DATASETS OF ANPR LITERATURE REVIEW 

There are many datasets created for ANPR systems around 
the world. Each of these is concerned to plate numbers that 
belong to one country, and usually it’s the researcher’s country. 
In other words, there is some privacy, for each dataset, 
connected to the traffic rules of the country about the number 
plate features, such as, size, color, font, etc. In this section, 
different datasets of ANPR system are reviewed with more 
details about their images and features are presented. 
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A. The UFPR-ALPR Dataset [8] 

First, the UFPR-ALPR dataset is created for Brazil. It 
contains images that were fully annotated. These images were 
taken for 150 vehicles in real-world scenarios, and stored in 150 
videos. All these videos with frame rate of 30 frames/second. 
All images, in these videos, were captured from moving (none 
stationary) vehicle, as well as were taken for moving vehicles, 
which means more realistic, during usual traffic in an urban 
environment. Be informed that this dataset consist of variety of 
vehicle images (cars, motorcycles, and trucks), it consists of 
4500 images that have different conditions, such as 
backgrounds, lighting, plate positions, plate quality, vehicle 
types, and with various limitations for plates. Each license 
number plate has only 30 frame images. Finally, there are 1500 
images are acquired by each of three different cameras: Huawei 
P9 Lite, iPhone 7 Plus, and GoPro Hero4 Silver. The PNG 
format is used to save images, with size of 1920×1080 pixels. 
The images of each camera are split into 3 parts: 900 of vehicle 
with gray license plates, 300 of vehicle with red plates, and 300 
of motorcycles with gray ones. Examples about some images in 
the GTI dataset are shown in the Fig. 2. 

 
The images have resolution of 360x256 pixels sequences 

with resolution of 64x64 pixels. This dataset is included images 
that captured from different point of views. Based on distance, 
the images are divided into two groups: middle, and far distance 
ranges. The middle range is also divided, based on the view of 
the vehicle, into three subgroups: left, center, and right. As a 
result of these division, four independent regions are created, 
each region involves 1,000 images of a certain view, the Fig. 2, 
below, shows some image examples of GTI dataset. The dataset 
is proposed different situations such as weather condition, and 
lighting. 

 
 

 
Fig. 1. Image examples of UFPR-ALPR Dataset 

The Brazilian license number plates are diverse in (size and 
color) based on the kind of vehicles and its category. Vehicle’ 
LPs have 40cm _ 13cm of size, But motorcycles LPs have  the 
size of 20cm _ 17cm. Also the color of cars LPs are variety 
according to vehicle type, for examples the LPs for private 
vehicles have gray color, while transportation vehicles, buses 
and taxis have red LPs. Also for other types of cars like older 
and official there are other LPs color used. 

The images in the dataset divided in to three groups: 40% of 
the images for learning, 40% of the images for training and 20% 
of the images for validation. Each images has some explanatory 
notes in a file text, like by which camera the image taken, the 
position on the vehicle and types cars or motorcycle, due to the 
dataset contains both of them, also manufacturer, model and 
year, position of the LP and the position of its characters can 
annotated by the image. 

B. The GTI Dataset [9] 

The GTI dataset was created in highways of Spain (Madrid, 
Brussels and Turin). The images of this dataset were taken from 
a video sequences by a camera fixed on the front of the vehicle. 
In one hand, there are 3425 positive rear images, which contains 
the number plates within the vehicles, these images are extracted 
from variety locations of view. In the other hand, there are 3900 
negative images, which contains the number plates without any 
vehicles’ images), these images are taken from way sequences. 
There is a small number of images are used from Caltech and 
TU Graz-02 datasets, in order to approximate the total number 
of images into 4000 positive and 4000 negative images.  Some 
of positive images contain vehicle rear completely, while others 
include about half of vehicle rear.  

 
 
Fig. 2. Image examples of GTI Dataset, for different range of views  

The GTI dataset is also proposed the percentages of 2000 of 
negative and positive images of different region of positions, 
400 images are taken for each of these weather conditions: 
sunny, cloudy, and medium (neither very sunny nor cloudy). 
Another 400 images are taken for poor illumination such as 
down or dusk weather condition. For light raining weather 
condition, 200 image are used. The researchers include 100 
images for bad resolution camera pictures. There are 50 images 
for industrial light, which are taken in the tunnels, are involved. 
Finally, there is 50 images out of the total 2000 images, the 
researchers did not mention about their weather conditions. 

C. The Markus Weber dataset  [10] 

 Markus Weber Cars dataset are taken by Markus Weber in 
California Institute of Technology's parking. It is not a very wide 
dataset since it includes only 126 images of resolution 896x592 
pixels and all images are saved in JPG format. This dataset 
involves only images that taken from rear, and only for salon 
vehicles without including any track and bus vehicles. All 
images of this dataset acquired under the same conditions, which 
is only sunny days. Moreover, the dataset is not including any 
images that captured at night, low lighting, rain and shadow 
weathers. In addition to all these obstacles, there is no any tilt or 
rotation and clear translation in the dataset. The Fig.3. shows 
some image examples of Markus dataset. 

 
Fig. 3. Image examples of Markus Weber Dataset 

D. The Baza-Slika Dataset  [11] 

The Baza-Slika is a dataset of vehicle images created using 
Olympus Camedia C-2040Zoom digital camera. In this 
database, there are more than 500 images of the resolution used 
640×460 for only rear views of cars. It includes three categories 
of vehicles: cars, trucks, and busses.  
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 The images in this dataset are acquired from all over Croatia 
country through variety of lighting and weather conditions, for 
example there are seven folders of sunny, cloudy, sunshine, 
rainy, twilight and night light weather images. As well, the 
images are taken in diverse time of day, such as morning, after 
noon, evening and night with variant of qualities, brightness or 
contrasts, as shown as in the Fig. 4. 

 
Fig. 4. Image examples of Baza-Slika Dataset 

E. The SLVDS-iLPR Dataset  [12] 

This vehicle image dataset is created for Stop-Line Violation 
Detection System (SLVDS) dataset and is achieved for Indian 
Traffic Management system (ITMS). The images are collected 
using surveillance cameras of traffic monitoring of most metro 
cities in India. 

The dataset consists of 4717 vehicle images, each image 
with resolution of 704x576 pixels. These images are taken from 
more than 30,000 snapshots of SLVDS. Some of these images 
are captured during the days, while others in the night and for 
different seasons of the year, which mean it covered different 
weather condition in India. Some examples about the vehicles’ 
images of this dataset is shown below in the Fig. 5. 

 
 

Fig. 5. Image examples of SLVDS-ITMS Dataset 

F. The AOLP Dataset  [13] 

The Application Oriented license Plate (AOLP) database has 
been created by in the Artificial Vision lab, NTUST. The images 
in this dataset is classified into three categorization groups: 
Access Control (AC), traffic Law Enforcement (LE), and Road 
Patrol (RP).  

The total number of images in this dataset include 2049 
images with resolution of 320 x 240. In the first AC group, there 
are 681 images of moving, parking (stop), steady passing 
conditions. The distance between camera and number plate is 
equal 5m, the plate width is between 0.2 and 0.25 compare with 
the image’s width. The second LE group has 757 images, which 
are taken by camera stand on road side. The images are for 
vehicles that violate traffic laws. The last RP group involves 611 
images that captured from different points and variant distances 
using camera, which is handheld on a moving vehicle. The Fig. 
6, below, shows some examples about the vehicles’ images of 
this AOLP dataset. 

 

 
Fig. 6. Image examples of AOLP Dataset 

The images, in the AOLP dataset, are taken in different 
lighting conditions, such at night time, day time, outdoor and 
indoor. Also, the illumination of these images covers indoor, 
outdoor, daytime, nighttime, and various weather conditions. 

III. GROUND TRUTH OF NI-VI DATASET 

This section provides details and information related to 
vehicle images taken in different conditions, which are found in 
the present dataset. The aim is to improve ground truth of this 
dataset. Our new dataset is used for all different vehicle images 
of North of Iraq, so it is called NI-VI. This dataset with Arabic 
font (text and numbers) has been created to help researchers to 
apply their methods in automatic number plate detection and 
recognition systems to increase performance of these systems. 
Images in the proposed dataset are taken from real time by using 
two handled (unfixed) digital cameras from variety positions 
and angles. It involves images captured by using Canon 60D, 
EFS 18-55mm and Nikon DX, AF-S NIKKOR 18-105mm 
cameras of resolution 4288 x 2848 and 5184 x 3456 
respectively.  

Moreover, the (NI-VI) dataset comprises 1500 images taken 
from real time in different condition and variety weather 
situations such as day and night lighting with various 
backgrounds such as sunny, cloudy, snowy, foggy, dusty, and 
inside and outside cities. Furthermore, even some images of 
vehicles of dirty number plates are included in the dataset. 
Moreover, the images are captured in different times and places. 
Some of these images are taken under low or extra light source, 
other are taken under weak or strong sunlight. Our NI-VI dataset 
also involves images of different types of vehicles like Trucks, 
Buses and Salon with different colors for foreground and 
background colors. This differences is due that plate numbers 
are different. Some samples of images in NI-VI dataset are 
shown below in in Fig. 7. 

 

Fig. 7. Image examples of NI-VI Dataset 
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  In order to cover all aspects for 2D transformation in 
computer graphics, translation, scaling, and rotation are used in 
all different cases of the images in the dataset. Therefore, the 
images, within this dataset, are divided into three categories 
rotation, scale and translation. The fig. 7. Shows the three 
categories of all images in the NI-VI dataset. In the rotation 
category, the images are taken in both left and right direction. 
The angle slope between cars and cameras, inside the images, is 
±20�. Totally, the rotation includes 400 images in four folders, 
such as 100 images for left angle with near distance, 100 images 
for left angle with far distance, 100 images for right angle with 
near distance and the last 100 images for right angle with far 
distance. For the scaling category, it involves 300 images based 
on the distance between the captured cars and the cameras, such 
as 100 images are taken from near distance, 100 images from 
mid and 100 images from far distance. In the third category for 
translation, the images are divided into two sub-categories: 
corners and sides. In one hand, 400 images are captured where 
the number plates are translated into the corners of the images, 
such as 100 images for left down corner, 100 images for left top, 
100 images for right down and 100 images for right corner. In 
the other hand, 400 images are captured where the number plates 
are translated into the sides of the images, such as100 images for 
left side, 100 images for right, 100 images for top and the last 
100 image for the bottom side. All categories and sub-categories 
of images inside our NI-VI dataset is shown below in the Fig. 8. 

 

Fig. 8. Block diagram of NI-VI Dataset. 

 Furthermore, the presented dataset also involved 1500 
cropped plate numbers from each whole image manually. Each 
of these images contains three main parts: (1) Top part involves 
license numbers. (2) The left of bottom part include provinces 
name. (3) The right of bottom part is used for country name. The 
names of these cropped license plate numbers are matched with 

names of whole images in our dataset. Some samples about these 
cropped images is shown below in Fig. 9. 

 

Fig. 9. Cropped image examples of NI-VI Dataset 

IV. COMPARISON AND DISCUSSION 

The researchers, of the ANPD and ANPR approaches, are 
more likely interested to work with the number plates of their 
countries. Therefore, it is very urgent to design the system in 
global matter to detect and recognize any number plate 
regardless of its belonging country, since the cars can move 
among different countries. Thus, a dataset is created for north of 
Iraq for vehicles plates with Arabic text and numbers because 
there is no any dataset has been created for such kind of Arabic 
fonts.  

A comparison among some reviewed datasets is achieved in 
this paper, as shown as in the Table I. This table compares these 
datasets based on some factors and attributes, such as country, 
year, and total number of images, resolution, and other 
conditions. Some of these datasets are old with bad resolutions, 
which there is a big lack of details inside the images. Nowadays, 
with the improvement happened in the cameras technologies 
would help to provide high resolution images but with more 
storage capacities. Furthermore, the weather conditions are not 
fully covered in some of these datasets, which mean that the 
dataset is far away from being as a realistic example of the real 
life. All the datasets that showed in the comparison table are 
representing the researchers’ countries and as shown there is no 
any country with Arabic fonts. Thus, our suggested dataset is 
covering the lack of Arabic text and numbers in the vehicle 
images.        

V. CONCLUSION AND FUTURE WORKS 

In this paper, a new dataset (NI-VI) of north of Iraq vehicle 
image was systematically presented. All 1500 images in this 
dataset was gathered from real time by using handled cameras. 
The dataset includes three categories of images: rotation, scale 
and translation of resolution 4288 x 2848 and 5184 x 3456.  The 
purpose of introducing dataset is to provide data for testing 
ANPD and ANPR algorithms by researchers to increase 
methods performance.  

 The NI-VI dataset was systematically presented in this 
paper. The importance of this dataset, it is required for ANPD 
and ANPR approaches and especially for north of Iraq. This 
dataset would help and assist the researches in these approaches. 
All works in the ANPD and ANPR approaches, in north of Iraq, 
should to be tested and experimented by some dataset that 
contains standardized images of vehicles and related to north 
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Iraq location. The limitation in this work is that this dataset 
related to vehicle license plates of only north Iraq, but it can be 
improved easily in the future work to include whole Iraq 
country.  

 
TABLE I. COMPARISON OF DATASETS FOR NUMBER PLATE OF VEHICLES  

Dataset Attributes 

Name Country Yea
r 

Images Res. Conditions 

UFPR-
ALPR 

Brazil 2018 4500 

192
0 
x 

108
0 

Different 
backgrounds, 
lighting 
conditions, 
rear number 
plate 
positions, 
and cars 
type. 

SLVDS
-iLPR 

India 2014 4717 
704   

x      
576 

Day 
morning, 
evening, 
night, sunny, 
rainy, 
cloudy, fog, 
shadow, low 
illumination, 
blurriness, 
various tilt 
angles and 
distances. 

AOLP Taiwan 2013 2049 
320 
x 

240 

Different 
lighting, day, 
night, indoor 
and outdoor 
illuminations
. 

GTI Spain 2012 3425 
360 
x 

256 

Video 
sequences, 
sunny, 
cloudy, poor 
illumination, 
light rain, 
artificial 
lights. 

Marku
s 

Weber 
USA 2003 126 

896 
x 

592 

Parking cars, 
sunny days, 
and rear 
center of 
small cars. 

Baza-
Slika 

Croatia 2001 500 
640 
x 

460 

Sunny, 
cloudy, 
sunshine, 
rainy, 
twilight and 
night light, 
rear view left 
and right 
rotation, near 
scaling. 

Dataset Attributes 

Name Country Yea
r 

Images Res. Conditions 

Our 
dataset
(NI-VI) 

North of  
Iraq 

2019 1500 

4288 
x 

2848 
and 
5184 

x 
3456 

Different 
conditions, 
night light, 
day, sunny, 
snow, fogy, 
dirty, 
shadow, 
cloudy, 
rainy, front, 
rear, 
rotation, 
scale, 
translation, 
unfixed 
distance, 
two-handle 
camera, 
different 
angles. 
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Özet- Bitcoin, para birimlerinin düzenlenmesi ve 
oluşturulması için şifreleme kurallarını kullanan bir dijital para 
birimidir. 2009 yılında, açık kaynaklı yazılım olarak piyasaya 
sürülmeden önce Satoshi Nakamoto ismini kullanan bir kişi 
(veya bir grup insan) tarafından tanıtılmıştır. Bitcoin, paranın 
dijital olarak satın alınması, saklanması ve kullanılması için 
yeni bir ödeme sistemi ve yatırım aracıdır. Ancak insanlar 
bitcoine yatırım yapmak istediğinde göz önünde bulundurmak 
zorunda oldukları en büyük faktör gelecekte fiyatının nasıl 
değişeceğidir. Makine öğrenmesi alanındaki son gelişmeler, bazı 
algoritmaların kripto para birimlerinin gelecekteki fiyatlarının 
tahmininde uygun çözümler sağlayabileceğini göstermektedir. 
Bu çalışmada, bitcoinin gelecekteki fiyatını tahmin etmek için 
makine öğrenmesi yöntemleri kullanan çalışmalar ile ilgili 
detaylı bir literatür incelemesi yapılmıştır.  Çalışmaya bitcoin 
ile ilgili temel ve güncel bilgiler dâhil edilmiştir. Ayrıca 
kullanılan makine öğrenmesi yöntemlerinin teorik bilgileri de 
açıklanmıştır. Literatür incelemesi sonucunda edilen bulgular 
Makine öğrenmesi yöntemlerinin bitcoin fiyat tahmininde 
başarılı sonuçlar elde edilebileceğini göstermektedir. 

Anahtar Kelimeler- kripto para birimi, bitcoin, makine 
öğrenmesi, fiyat tahmini 

Abstract- Bitcoin is a digital currency that uses 
cryptographic rules to regulation and generation units of 
currencies. In 2009, it was introduced by a person (or a group of 
people) using the name Satoshi Nakamoto before putting on the 
market as open source software. Bitcoin is a new payment 
system and investment tool for the purchase, storage and use of 
money as digitally. However, when people want to invest in 
bitcoin, the biggest factor they have to consider is how the price 
will change in the future. Recent developments in the field of 
machine learning have shown that some algorithms can provide 
appropriate solutions to predict future prices of crypto 
currencies. In this study, a detailed literature review is made 
about the studies using machine learning methods to estimate 
the future price of bitcoin. Basic and current information about 
bitcoin was included in this study. In addition, the theory of 
machine learning methods used is explained. The findings of the 
literature review show that machine learning methods can be 
successful in predicting bitcoin price. 

Keywords- crypto currency, bitcoin, machine learning, price 
prediction 

I. GIRIŞ 

 Bitcoin, Satoshi Nakamoto takma adını kullanan ve gerçek 
ismi bilinmeyen bir kişi tarafından oluşturulan yeni bir ödeme 
sistemidir ve tamamen gerçek zamanlı dijital para akışını 

sağlayan ortak bir ağdır [1]. Bitcoin, merkezi olmayan ilk 
dijital para birimidir. Bu, herhangi bir merkez bankası veya 
başka bir otorite tarafından yönetilmediği anlamına 
gelmektedir. Bu kripto para birimi 2009’da oluşturulmuştur. 
Ancak 2017’de popüler hale gelmiştir [2]. Bitcoinin son 
yıllarda popüler olmasının sebebi; bitcoinlerin hiçbir ülke 
veya yönetmeliklere bağlı olmamasıdır. Ayrıca uluslararası 
ödemelerde kolay ve ucuz olması da bitcoini cazip hale 
getirmiştir. “Bitcoin borsaları” adı verilen pazarlar, insanların 
farklı para birimleri kullanarak bitcoin satın almalarını veya 
satmalarını sağlamaktadır. Bitcoinin nasıl çalıştığını anlamak 
için Bitcoin prensiplerini anlamada gerekli olan üç ana 
kavramı açıklamak gerekmektedir. Bu üç ana kavram;  

• Kriptografi 

• Arz ve talep 

• Merkezileştirilmemiş ağlardır.  

Bitcoin, işlem verilerini dönüştürmek için kriptografi 
kullanır.  Kripto para birimi, alım satım işlemlerini güvence 
altına almak, ek birimler oluşturmayı kontrol etmek ve 
varlıkların transferini doğrulamak için kullanılan bir değişim 
aracı olarak çalışmak üzere tasarlanmış dijital bir varlıktır. Bu 
yüzden Bitcoin’e kripto para birimi denir [3]. Tirajdaki çoğu 
para birimi merkezi bir hükümet tarafından kontrol edilir, bu 
yüzden onların yaratılması üçüncü bir tarafça düzenlenebilir. 
Kripto paranın yaratılması ve işlemleri açık koddur. Bu kod 
herkes tarafından kontrol edilmekte ve işleyişi ağ program 
protokolüne dayanmaktadır. Bu işlemleri gerçekleştiren 
ağlara merkezileştirilmemiş ağlar denir. Bitcoinler, bitcoin ağı 
için kişisel bilgisayarları ile katkıda bulunan kişilerin büyük 
ağı olan madenciler tarafından kontrol edilmektedir. 
Madenciler, bitcoin işlemleri için bir defter tutucusu ve 
denetçi gibi davranmaktadırlar. 

 

 
Şekil 1. Bitcoin işlem akış şeması 
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 Şekil 1’de Bitcoinin nasıl çalıştığını gösteren temel akış 
şeması yer almaktadır [4]. Şekil 1’deki akış şemasında 
gönderilen nakit paranın alıcıya bitcoin şeklinde değişimi 
işleminde öncelikle banka hesabına bir Bitcoin cüzdanı 
yüklemek gerekmektedir. Bir cüzdan; akıllı telefon 
sürücüsünde, tablette veya bir bulutta saklanılabilen küçük 
kişisel bir veri tabanıdır. Cüzdanı bilgisayara veya cep 
telefonuna yükledikten sonra, cüzdan her kullanıcı için 
yalnızca tek sefer kullanabileceği bir  Bitcoin adresi oluşturur. 
Bitcoin para birimi, alım satım işlemlerini yapmak için ortak 
bir hesap defteri olan blok zinciri mekanizmasını kullanır. 
Doğrulanan tüm işlem bu blok zinciri defterinde saklanır. 
Bitcoin bu kayıtları harcanabilir bakiyelerini takip etmek için 
kullanmaktadır. Blok zinciri işlemlerinin bütünlüğü, güvenliği 
ve sıra dizileri kriptografi tekniği ile yönetilir. Gönderenin 
blok zincirinde kayıtlı olan dijital kayıt olarak belirlenen değer 
ile belirlediği taraflar arasında bir işlem gerçekleşir. Bu ticari 
işlem kayıtları, işlemi başlatan cüzdan sahibinin kendisi 
tarafından dijital bir özel anahtar kullanarak bitcoin cüzdanı 
ile imzalanır. Bitcoin cüzdanı, kullanıcılar arasında 
yayınlanan işlemi onaylamak için bir madencilik işlemi 
kullanır ve genellikle takip eden 10 dakika içinde ağ 
tarafından yapılır [5,6].  

Bitcoin ile ilgili literatürdeki çalışmalar genel olarak 
Bitcoinin gelecekteki fiyatını tahmin etmeye yöneliktir. 
Yapmış olduğumuz çalışmada, makine öğrenmesi 
algoritmaları kullanılarak yapılan çalışmalar irdelenmiş ve bu 
çalışmalarda kullanılan yöntemler ile elde edilen sonuçlar 
sunulmuştur. Bölüm 2’de literatürde yapılan çalışmalarda 
kullanılan makine öğrenmesi yöntemlerinden yapay sinir 
ağları (YSA), k-means kümeleme, destek vektör makineleri 
(SVM) ve derin öğrenme algoritmaları anlatılmıştır. Bölüm 3’ 
de literatürde yapılan çalışmalar detaylı şekilde aktarılmış ve 
sonuçlar gösterilmiştir. Bölüm 4’ de yapılan çalışmayla ilgili 
sonuç bölümü yer almaktadır. 

II. KULLANILAN YÖNTEMLER 

Çalışmanın bu bölümünde, literatür çalışmalarındaki son 
yıllarda kullanılan makine öğrenmesi algoritmaları ile ilgili 
detaylı teorik bilgiler sunulmuştur. 

YSA, biyolojik sinir ağlarının yapısı ve işlevlerine 
dayanan hesaplamalı bir modeldir. İnsan beynindeki sinyalleri 
sürekli olarak birbirine ileten nöronlar gibi, yapay bir sinir ağı 
da birbirleri arasında veri ileten ve düğüm olarak adlandırılan 
birbirine bağlı yapay nöronlara sahiptir. Ağ üzerinden akan 
bilgiler YSA'nın yapısını etkiler çünkü bir sinir ağı bu girdi ve 
çıktıya dayanarak değişir veya diğer bir deyişle ağın 
öğrenmesi gerçekleşir. YSA'lar, girdiler ve çıktılar arasındaki 
karmaşık ilişkilerin modellendiği veya modellerin bulunduğu 
doğrusal olmayan istatistiksel veri modelleme araçları olarak 
kabul edilir [7].  

Evrişimsel sinir ağları (Convolutional Neural Network/ 
CNN) bir veya daha fazla evrişim, havuzlama, tamamen bağlı 
katmanlar ve sınıflandırma katmanlarından oluşan çok 
katmanlı algılayıcıların bir çeşididir. CNN’lerin temel 
öğrenme prensibi, ağın her bir katmanının önceden eğitilmesi 
ve çıktının sonraki katmana giriş olarak verilmesine dayanır 
[8]. Bu işlem, ağın daha az sayıda parametre ile daha derin 
olmasını sağlamaktadır.  

Tekrarlayan Sinir Ağları (Recurrent Neural Network/ 
RNN), borsalar ve devlet kurumlarından çıkan sayısal zaman 
serileri gibi veri dizisindeki metin, genom, el yazısı, sözlü 
kelime gibi kalıpları tanımak için tasarlanmış bir yapay sinir 

ağı türüdür. Bu algoritmalar zamansal boyutları ve dizideki 
öncelikli sıralamayı dikkate alır. İleri beslemeli sinir ağlarının 
aksine RNN girdilerin rastgele dizilerini işlemek için dahili 
hafızalarını kullanmaktadır. RNN’ler metinsel ifadeler ve 
konuşma analizleri için ideal yapıdadır [9].  

Uzun Kısa Süreli Hafıza (Long Short Term Memory/ 
LSTM),  doğrusal olmayan gradyan problemini önleyen derin 
öğrenme algoritmasıdır. LSTM, RNN'lerin eğitimi sırasında 
geri yayılımda karşılaşılan hataların kaybolmasını önlemek 
için geliştirilmiştir. LSTM ağları, zaman serisi verilerine 
dayanarak sınıflandırma  ve tahmin yapma problemleri için 
çok uygundur [10].  

Geçitli Tekrarlayan Ünite (Gated Recurrent Unit/ GRU), 
2014 yılında Kyunghyun Cho ve arkadaşları tarafından 
tanıtılan LSTM'nin bir varyasyonu olan GRU yapısı standart 
bir RNN ile birlikte oluşan  gradyan problemini çözmeyi 
amaçlamaktadır.  GRU güncelleme ve resetleme kapılarını 
kullanır. Bu kapılar GRU'nun birçok zaman dilimi boyunca 
bilgi taşımasına olanak sağlar. Başka bir deyişle, eldeki 
mevcut değer belirli bir süre bellekte saklanır ve kritik bir 
noktada bu değeri dışarı çeker.  Ayrıca bu değeri gelecekteki 
bir tarihte güncellemek için mevcut durumu baz alarak 
kullanır [11]. 

Bu metotlara ek olarak literatür taramamızdaki 
çalışmalarda geçmişten gelen geleneksel yöntemlerden olan 
DVM, k-ortalama, rastgele ağaç algoritmaları ve 
genelleştirilmiş doğrusal model yöntemleri de kullanılmıştır. 

Tablo 1’de kullanılan yöntemlerden LSTM, RNN ve GRU 
algoritmalarının ağ yapısı yer almaktadır [12].  

 

TABLO I.  DERIN ÖĞRENME MODELLERININ AĞ YAPISI   

Derin Öğrenme Modeli  Ağ Yapısı 

RNN 

 

 
 

LSTM 

 
 

 
 
 

GRU  
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III. LITERATÜR ÇALIŞMASI 

Azari çalışmasında, 3 yıllık bir zaman diliminde fiyat 
zaman serilerini analiz ederek Bitcoinin gelecekteki değerini 
tahmin etmede otoregressif bütünleştirici hareketli ortalama 
(autoregressive integrative moving average/ARIMA) modeli 
kullanarak bitcoin fiyat tahminini araştırmıştır. Bunun için 
önce sabit fiyatlı önceden işlenmiş verileri kullanmış ve daha 
sonra tahminin ortalama karesel hatasını (mean square 
error/MSE) en aza indiren ARIMA modelini bulmak için 
uygun (p, q, d) veri gruplarını araştırmıştır. Elde ettiği 
sonuçlar, kapanış fiyat geçmişini kullanan bitcoin fiyat 
tahmininin, Bitcoinin yüksek sıçramalar ve düşmelere karşı 
fiyat kırılganlığı nedeniyle yüksek MSE değerleriyle 
sonuçlanabileceğini göstermiştir. Öte yandan, elde ettiği 
sonuçlar ARIMA modelinin zaman diliminin alt 
dönemlerinde fiyat tahmini için hala kullanılabileceğini, yani 
zaman dilimini, üzerinde veri kümesinin benzersiz bir eğilime 
sahip olduğu zaman aralıklarına bölerek doğruladığını 
göstermektedir. Ayrıca test süresinin, pencere konumunun ve 
uzunluğunun fiyat tahmininde elde edilen MSE üzerindeki 
etkisini araştırmıştır [13]. 

McNally ve arkadaşları yaptıkları çalışma ile Bitcoin Fiyat 
Endeksi’nden aldıkları fiyatların dolar cinsinden ne kadar 
doğru tahmin edilebileceğini tespit etmişlerdir. Çalışma, bir 
Bayesian optimizasyonlu RNN ve LSTM ağının 
uygulanmasıyla çeşitli başarı derecelerinde 
gerçekleştirilmiştir. LSTM ağıyla %52’lik en yüksek 
sınıflandırma doğruluğunu ve % 8’lik bir RMSE'yi elde 
etmişlerdir. Zaman serisi tahmini için popüler ARIMA 
modeli, derin öğrenme modelleriyle karşılaştırmalı olarak 
uygulanmıştır. Elde ettikleri sonuçlarda, doğrusal olmayan 
derin öğrenme yöntemleri, kötü performans gösteren ARIMA 
tahmininden daha iyi performans göstermiştir. Son olarak, her 
iki derin öğrenme modeli de GPU’da ve CPU’da eğitilmiş, 
GPU’daki eğitim süresi % 67.7 oranında CPU 
uygulamasından daha iyi performans gösterdiğni ortaya 
koymuşlardır. [14]. 

Yogeshwaran ve arkadaşları, makine öğrenme teknikleri 
ve metodolojileri kullanarak bitcoin gibi kripto para 
birimlerinin fiyatını tahmin etmeye yönelik bir çalışma 
gerçekleştirmişlerdir. Bu çalışma için Poloniex’den 
(www.poloniex.com) aldıkları tarihsel verileri 
kullanmışlardır. Kullandıkları makine öğrenme algoritmaları 
CNN ve RNN’dır. Tahmin edilen değerlere sahip grafik 
görüntüleri test etmek için CNN ve RNN’nin farklı katmanlı 
modellerini eğitmişlerdir [15]. 

Hirano ve ekibi, RNN, LSTM ve GRU olmak üzere üç 
makine öğrenme algoritması yöntemlerini kullanarak, makine 
öğrenmesi algoritmalarının geçmiş verilere dayanarak ertesi 
gün için fiyat değişiminin yönünü tahmin edebileceğini 
incelemişlerdir.  F-ölçüsü ile %67-%73 değerleri arasında en 
yüksek doğruluk değeri elde etmişlerdir. Üçgensel arbitraj için 
veri setini Yahoo Finance’ten almışlardır. USD-EUR döviz 
kuru değerleriyle karşılaştırıldığında, Bitcoin piyasasının 
oldukça büyük miktarda verimsizlik gösterdiğini tespit 
etmişlerdir [16]. 

Nakano ve çalışma arkadaşları, Bitcoin’in gün içindeki 
etkin alım satım stratejilerini yeni bir YSA algoritması 
kullanarak araştırmışlardır. Bu yeni YSA modeli, derin 
öğrenme tekniğine dayalı fiyat hareketi modelini etkin bir 
şekilde elde etmek için çok katmanlı sinir ağı mimarisiyle 
donatılmıştır. Bitcoin’in yüksek frekanslı fiyat ve tutar 

verilerini, resmi bir Uygulama Programlama Arabirimi (API) 
aracılığıyla Poloniex’den elde etmişlerdir. Sonuç olarak, 
yaptıkları çalışmada, gerçekçi uygulama maliyetleri 
varsayımları altında, al-tut ve ilkel teknik ticaret 
stratejilerinden daha yüksek performanslara ulaşmışlardır 
[17]. 

Pham ve arkadaşları çalışmalarında, Bitcoin işlem ağına 
özgü anomali tespitini ele almaktadırlar. Çalışmalarının 
amacı, hangi kullanıcıların ve işlemlerin en çok şüpheli 
olduğunu tespit etmektir. Bu durum için, anormal davranışın 
şüpheli davranışı temsil ettiğini varsaymışlardır. Bu amaçla, 
Bitcoin işlem ağı tarafından oluşturulan iki grafik üzerinde k-
means kümeleme, Mahalanobis mesafesi ve denetimsiz SVM 
dahil olmak üzere üç denetimsiz öğrenme yöntemi 
kullanmışlardır. Bir grafikte kullanıcılara ait düğümler 
varken, diğer grafikte işlemlere ait düğümler vardır. Illinois 
Urbana Üniversitesinden aldıkları veri tabanını 
kullanmışlardır [18]. 

Kimura ve ekibi yaptıkları çalışmada, Altın, Gümüş ve 
Bitcoin fiyatlarına uygulanan Makine Öğrenmesi 
yöntemlerinin performanslarını karşılaştırmayı 
amaçlamışlardır. Ayrıca SVM ve YSA algoritmalarının, 
piyasa değeri bakımından en büyük dijital para birimi olan 
Bitcoin’e uygulandığında anormal riskli getiriler oluşturup 
oluşturmayacağını cevaplamaya çalışmışlardır. Bulgular, 
yatırımcıların, SVM kullanırken işlem maliyetlerini hesaba 
katan, riske uyarlanmış bazda risksiz geri dönüşü olan getiriler 
kazanabileceğini göstermektedir. Çalışmanın verileri, 
Bloomberg’den alınan açılış, üst, alt ve kapanış fiyatlar 
hakkında bilgi içeren dolar cinsinden Bitcoin, Altın ve Gümüş 
verilerinin günlük kayıtlarına dayanmaktadır. Bitcoin verileri 
05.07.2012 - 05.04.2017 tarihleri arasındaki toplam 1.302 
gözlemden oluşmaktadır. Altın ve Gümüş verileri ise 
16.08.2012 - 05.04.2017 arasında, toplam 1.272 gözlemden 
oluşmaktadır  [19]. 

Madan ve çalışma arkadaşları, Bitcoin fiyatını tahmin 
etmek için makine öğrenme algoritmalarını uygulamışlardır. 
Binom Lojistik Regresyon, SVM ve Rastgele Orman 
algoritmalarını kullanarak deneysel çalışmalarını 
gerçekleştirmişlerdir. Araştırmanın ilk aşamasında, Bitcoin 
pazarındaki günlük eğilimleri anlamak ve daha iyi 
tanımlamak için Bitcoin fiyatını çevreleyen optimum 
özellikler hakkında bilgi edinmişlerdir. Kullandıkları veri seti, 
beş yıl boyunca günlük kaydedilen Bitcoin fiyatı ve ödeme 
ağına ilişkin 25’ten fazla özellikten oluşmaktadır. Bu bilgileri 
kullanarak, günlük fiyat değişiminin işaretini % 98,7 
doğrulukla tahmin etmişlerdir. Araştırmanın ikinci 
aşamasında, yalnızca Bitcoin fiyat verilerine odaklanmışlar ve 
değişen ayrıntılarda ve farklı seviyelerde fiyat tahminlerini 
değerlendirme fırsatı buldukları için, 10 dakikalık ve 10 
saniyelik aralıklı zaman noktalarındaki verileri 
kullanmışlardır. Fiyatın gelecekteki değişiminin işaretini 
tahmin ederek, fiyat tahmin problemini hem rastgele 
ormanları hem de genelleştirilmiş doğrusal modelleri 
birleştirerek özel bir algoritma ile deneyimlemişlerdir. 
Sonuçlar, 10 dakikalık zaman aralıklarını kullanarak 
gelecekteki fiyat değişiminin işaretini öngörmede % 50-55 
kesinliğe sahiptir [20]. 

Velankar ve arkadaşları çalışmalarında, Bitcoin değerini 
etkileyen çeşitli parametreleri dikkate alarak Bitcoin fiyatını 
doğru bir şekilde tahmin etmeye çalışmışlardır. Çalışmanın ilk 
aşaması için Bitcoin pazarındaki günlük eğilimleri anlamaya 
ve belirlemeye devam ederken, Bitcoin fiyatını çevreleyen 
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optimum özellikler hakkında bilgi edinmeyi amaçlamışlardır. 
Kullandıkları veri seti, beş yıl boyunca günlük kaydedilen 
Bitcoin fiyatı ve ödeme ağı ile ilgili çeşitli özelliklerden 
oluşmaktadır. Çalışmanın ikinci aşamasında, mevcut bilgileri 
kullanarak, günlük fiyat değişiminin işaretini mümkün olan en 
yüksek doğrulukla tahmin etmeye çalışmışlardır. Ticaret 
yoğunluğu, blok boyutu, toplam işlenmiş bitcoin sayısı, işlem 
sayısı, farklı günlerin en yüksek ve en düşük bitcoin değerleri 
özellik seçiminde kullandıkları parametrelerdir. Çıkarılan 
özellikleri genelleştirilmiş doğrusal model (GLM) ve bayes 
regresyonu algoritmaları kullanarak Bitcoin tahmin 
problemini çözmek için en iyi yöntemi seçmeyi 
amaçlamışlardır [21]. 

Mallqui ve ekibi, Bitcoin fiyat yönünü ve günlük verileri 
dikkate alarak Bitcoin döviz kurlarını (maksimum, minimum 
ve kapanış fiyatları) tahmin etmeye yönelik bir çalışma 
yürütmüşlerdir. İlk aşamada, YSA, SVM ve hibrid 
algoritmaları  (RNN ve k-ortalama kümelenme yöntemine 
dayanan) kullanarak fiyat yönü tahminlerini analiz 
etmişlerdir. Daha sonra, YSA ve SVM’i Bitcoin’in 
maksimum, minimum ve kapanış fiyatlarının gerilemesi için 
kullanmışlardır. Ayrıca, gerileme sonuçlarını, fiyat yönü 
tahminlerini iyileştirmeye çalışmak için girdi olarak 
kullanmışlardır. Sonuçlar, seçilen özelliklerin ve hibrid 
makine öğrenmesi modellerinin, aynı teknik bilgiyi 
kullanarak, önceki makalelere göre fiyat yönelimi 
tahminlerinde doğrulukta % 10’dan fazla bir iyileşme elde 
ettiğini göstermiştir [22]. 

Zbikowski çalışmasında, Bitcoin piyasasında otomatik 
ticaret problemini çözmek için üç farklı algoritmayı 
karşılaştırmayı ve analiz etmeyi amaçlamıştır. 
Algoritmalardan ilki (exponential moving average/ EMA) 
üssel hareketli ortalamaya dayanan basit bir teorik 
göstergedir. Diğer ikisi, Box SVM (Support Vector Machines 
with Box Theory) ve Volume Weighted SVM algoritmasıdır. 
Deneysel çalışmalarda, günlük ortalama işlem hacmi 
açısından en büyük Bitcoin borsalarından biri olan 
Bitstamp’den  (www.bitstamp.com) toplanan verileri 
kullanmıştır [23]. 

Struga ve çalışma arkadaşı yaptıkları çalışmada, Bitcoin 
fiyatını tahmin etmek için RNN’in LSTM versiyonunu 
kullanmışlardır. Çalışmalarında borsa endeksleri, duyarlılık, 
blok zinciri ve Coinmarketcap verilerinden oluşan bir veri 
kümesi kullanmışlardır. Coinmarketcap, Bitcoin ticareti 
yapan her değişimin ortalamasını alır. Deneysel sonuçlar göz 
önünde bulundurulduğunda LSTM modelinin eğitim sırasında 
parça boyutu arttıkça test setindeki tahminin en kötüsü 
olduğunu gözlemlemişlerdir. Sonuç olarak, önümüzdeki 30 ve 
60 gün boyunca Bitcoin fiyatını tahmin etmenin sonuçlarını 
ana hatlarıyla belirtmişlerdir [24]. 

Greaves ve arkadaşları, Blockchain işlem ağına ait 
özelliklerin Bitcoin’in gelecekteki fiyatı üzerindeki öngörücü 
gücünü araştırmışlardır. Bitcoin işlem verilerini toplayarak, 
fiyatları tahmin etmek için Doğrusal Regresyon, Lojistik 
Regresyon, SVM ve YSA modellerini kullanmışlardır. 
Yaklaşık % 55 oranında Bitcoin fiyat hareketi sınıflandırma 
doğruluğu elde etmişlerdir. 7 Nisan 2013 tarihinden önce 
yapılan her Bitcoin işlemini içeren CS224W web sitesinde 
bulunan Bitcoin işlem verilerini kullanmışlardır. Mevcut 
Bitcoin fiyatı, saat başına net akış, saat başına işlem sayısı, 
ortalama işlem değeri, ortanca işlem değeri, ortalama düğüm 
giriş ve çıkış derecesi özellik seçiminde kullanılan 
özelliklerdendir. Ayrıca medyan düğüm derecesi, güç 

yasasının alfa sabiti, işlenmiş toplam Bitcoin sayısı, yeni adres 
sayısı, yeni adresler arasında ortalama başlangıç mevduat 
tutarı, yeni adreslerle gerçekleştirilen işlem sayısı da çıkarılan 
özelliklerdendir [25]. 

Phaladisailoed ve arkadaşları, çeşitli makine öğrenme 
algoritmalarını kullanarak Bitcoin fiyatlarını tahmin etmek 
için en verimli ve en yüksek doğruluk modelini keşfetmeyi 
amaçlamışlardır. 1 Ocak 2012 ile 8 Ocak 2018 arasında 
Bitstamp adlı Bitcoin değişim sitesindeki 1 dakika aralıklı 
işlem verilerini kullanarak, Scikit-learn ve Keras 
kütüphaneleri ile bazı farklı regresyon modellerini 
denemişlerdir. En iyi sonuçları, MSE’nin 0.00002 kadar 
düşük olduğu ve R-Kare’nin (R ) %99.2 kadar yüksek olduğu 
değerlerde elde etmişlerdir [26]. 

IV. SONUÇ 

Bu çalışmada, son yıllarda kullanımı oldukça yaygınlaşan 
kripto para birimlerimlerinden olan Bitcoin ile ilgili teorik 
bilgiler verilmiştir. Çalışma prensibinden bahsedilmiş ve 
ayrıca literatürde makine öğrenmesi yöntemleri kullanılarak 
Bitcoin fiyat tahmini ile ilgili çalışmalar derlenmiştir. 
Çalışmalar incelendiğinde geleneksel makine öğrenmesi 
yöntemlerinin yanı sıra derin öğrenme algoritmalarından 
LSTM, RNN ve GRU ağlarının başarı performansları göz 
önünde bulundurularak etkin bir şekilde kullanıldığı 
sonucuna varılmaktadır. Zaman serilerini kullanarak tahmin 
yapan bu algoritmaların Bitcoin fiyat tahmini üzerinde 
başarılı sonuçlar elde ettiği görülebilmektedir.   
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Özet- Bilgi güvenliği, mevcut bilgilerin yetkisiz erişimini, 
değişikliğini, imha veya üçüncü şahıslara aktarılmasını önleyen 
bir alandır. Bilgi güvenliği ağ, kullanıcı, veri, uygulama, kimlik 
ve güvenlik yöntemi, sanal güvenlik olarak kategorize edilir. 
Bilgi güvenliği açıkları, gizlilik, bütünlük ve erişilebilirliğin 
temel öğelerinden birine verilen zarardan kaynaklanmaktadır. 
Bu güvenlik açığının ortaya çıkmasını önlemek için, bilgiler 
gerekli yasalarla korunur ve olası saldırılar internet servis 
sağlayıcılarına uygun filtreler uygulanarak ağ güvenliği 
koruması ile engellenir. Bilgisayar destekli çalışmalar ile bilgi 
güvenliğine zarar veren tüm siber / bilişim tabanlı saldırılar 
önlenmektedir. Literatürde, temel olarak siber güvenlikle ilgili 
uygulamalar, ağa izinsiz girişin önlenmesi, zararlı yazılımların 
ve kullanıcı şifresinin tespiti gibi çalışmalar yapılmaktadır. 
Geleneksel makine öğrenme yöntemleri ve derin öğrenme 
yöntemleri bilgi güvenliği için kullanılmaktadır. Bu çalışmada, 
literatürdeki bilgi güvenliği ile ilgili makine öğrenmesine dayalı 
çalışmalar hakkında detaylı bilgi verilmektedir.  

Anahtar Kelimeler- bilgi güvenliği, makine öğrenmesi, kötü 
amaçlı yazılım tespiti, saldırı tespiti 

Abstract- Information security is a field that prevents 
unauthorized access, modification, destruction or transfer of 
existing information to third parties. Information security is 
categorized as virtual security, network, user, data, application, 
identity and security management. Information security 
vulnerabilities result from damage to a key element of 
confidentiality, integrity, and accessibility. To prevent this 
vulnerability from occurring, information is protected by 
applicable laws and possible attacks are prevented by network 
security protection by applying appropriate filters to Internet 
service providers. Computer aided studies are prevented all 
cyber / informatics-based attacks that damaging information 
security. In the literature, there are studies related to cyber 
security, prevention of intrusion, detection of malicious software 
and user password. Conventional machine learning methods 
and deep learning methods are used for information security. In 
this study, information about information security and machine 
learning based studies in the relevant literature are presented in 
detail. 

Keywords- information security, machine learning, malware 
detection, attack detection 

 

I. GIRIŞ 

 
Bilgi güvenliği, ağ ortamında tutulan verilerin/ bilgilerin 

erişilmesi veya aktarılması esnasında bütünlüğün 
bozulmaması ve izinsiz olarak 3. şahıs veya kurumların 
erişmemesi için oluşturulan çabaların bütünüdür. Bilgi 
güvenliği temel unsurları, TSE-17799 “Bilgi Güvenliği 
Yönetim Standardı” baz alındığında; gizlilik, bütünlük ve 
erişilebilirlik olarak nitelendirilmektedir. Gizlilik, var olan 
veri/ bilginin 3. şahısların eline geçmemesidir. Bütünlük 
olgusu, bilginin izinsiz bir şekilde değiştirilmemesidir. 
Erişilebilirlik ise, gerektiği durumlarda bilgiye izinli şekilde 
erişilmesini öngörmektedir. Bu 3 temel unsurdan birinin bile 
zarar görmesiyle güvenlik zafiyeti oluşmaktadır [1]. Bilgi 
güvenliğini etkileyen temel  öğeler; insan, zaman, teknoloji, 
bilgi, sistem ve metodolojidir. Güvenliği sağlayan veya bu 
güvenliği kırmaya çalışan temel faktör insandır. Bilgi 
güvenliğini, belirlenen zaman aralığında kullandığı 
teknolojiyle ve uyguladığı metodolojiyle korumaktadır [2].  

Securosis firması (Bilgi güvenliği alanında çalışan yetkin 
araştırma firması), bilgi güvenliği hususunu; sanallaştırma ve 
bulut, ağ, kullanıcı, veri ve uygulama güvenliği, kimlik/ erişim 
ve güvenlik yönetimi olmak üzere 7 ana başlık altında 
toplanmaktadır [3]. Ayrıca bilgi güvenliğinin sağlanabilmesi 
için Şekil 1’ deki bilgi güvenliği temel akış diyagramı 
kullanılmaktadır [4]. İlk etapta kullanıcı tarafından güvenlik 
duvarı izinli olarak açılır ve dosya yüklemesi/ boşaltması 
yapılır. Bu işlem yapılırken kullanıcının güvenlik duvarını 
aşması için gerekli izne sahip olması gerekir. Veriler, veri 
güvenliği için şifrelenerek tutulur. Veri güvenliği için anahtar 
kelimeler oluşturulmakta ve güvenlik sertifikasına uyumlu 
olarak bellekte yer almaktadır. Verinin/bilginin tekrar 
kullanılması için şifrenin anahtar kelimeler kullanılarak 
çözülmesi ve güvenli veri olarak üzerinde işlem yapılması 
sağlanmaktadır. 

Bilgi güvenliği sağlanırken birçok kurum, kuruluş ve 
ülkelerin bilişim depo alanlarına yapılan ağ temelli saldırıların 
engellenmesi için birçok yazılım ve donanım boyutlu araçlar 
tasarlanmıştır. Yazılım boyutlu çalışmalar arasında güvenlik 
duvarı oluşturma, şifreleme yöntemleri, anti virüs yazılımları, 
saldırı tespit sistemleri, virüslü uygulama yöntemleri ayırt 
edici yöntemlerdir. 
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                                                      Şekil 1. Bilgi güvenliği temel akış diyagramı 

 

Çalışmamızda, literartürde makine öğrenmesi temelli 
yapılan çalışmalar irdelenmiş ve bu çalışmalarda kullanılan 
yöntemler ile elde edilen sonuçlar sunulmuştur. Bölüm 2’de 
literatürde çalışmalarında kullanılan makine öğrenmesi 
yöntemlerinden yapay sinir ağları (YSA), k-en yakın 
komşuluk algoritması (KNN), naive bayes (NB), karar 
ağaçları, destek vektör makineleri (DVM) ve derin öğrenme 
yöntemleri anlatılmıştır. Bölüm 3’ de literatürde yapılan 
çalışmalar detaylı şekilde aktarılmış ve sonuçlar 
gösterilmiştir. Bölüm 4’ de yapılan çalışmayla ilgili sonuç 
bölümü yer almaktadır. 

 

II. KULLANILAN YÖNTEMLER 

Bu bölümde yaptığımız literatür çalışmalarında yer alan 
makine öğrenmesi yöntemlerinin temel anlatımı yer 
almaktadır. Kullanılan bu yöntemler; yapay sinir ağları, k en 
yakın komşuluk algoritması, naive bayes (NB), karar ağaçları, 
destek vektör makineleri ve derin öğrenme yöntemleridir.  

YSA, Turing makineleriyle başlayan temelini beynin 
işlem mekanizması üzerine kurmuş bir sistemdir. Yapay sinir 
hücreleri birbirlerine bağlanarak katmanlar halinde bir düzen 
oluşturur. Donanımsal boyutta elektronik devreler aracılığıyla 
ve bilgisayar destekli sistemlerde ise yazılım olarak 
gerçekleşmektedir. YSA, işlev mekanizmasında bilgiyi 
aldıktan sonra öğrenir, gerekli katmanlarında saklar ve 
genelleme yaparak eldeki veriyi işler. İnsan beynine olan 
benzerliği temelde 2 faktöre dayanmaktadır. Bunlardan ilki, 
eldeki bilgiler öğrenme anında ağ tarafından elde edilmektedir 
ve diğeri de nöronlar arasındaki bağlantı kuvvetinin (sinaptik 
ağırlıklar) bilgiyi depolamak için kullanmasıdır. YSA’ nın 
genel yapısında girdi, gizli ve çıktı katmanları mevcuttur. 
Gizli katman sayısı problemin yada ağın gerekliliği baz 
alınarak arttırılabilmektedir. Gizli katmanın oluşturulması 
ağın ezberden kurtulup öğrenme tabanlı çalışmasını 
sağlamaktadır. Yapay sinir ağı sınıflandırılması temelde 
sinirlerin bağlantılarına göre 2’ ye ayrılmaktadır. Bunlar ileri 
ve geri beslemeli ağ modelleridir. Geri beslemeli ağ modelinin 
ileri beslemeli ağdan farkı ağda oluşan hataların geriye 
dönülerek güncellenip tekrar sinir hücrelerine iletilmesidir.  
Yapay sinir ağlarının öğrenimi konusunda iki teknik 
bulunmaktadır. Bu yaklaşımlar, danışmanlı ve danışmansız 
öğrenmedir. En sık kullanılan danışmanlı öğrenmede, ağ  

 

 

kullanılmadan eğitilip yeni gelen veriler bu eğitim esas 
alınarak işlenir [5]. 

Makine öğrenmesi yöntemlerinden literatürde sıkça 
kullanılan KNN, temel alınan özelliği merkez olarak kabul 
eder. Bu özellik kullanılarak kendine en yakın özellikle olan 
oranı kullanarak sınıflandırma işlemi yapılmaktadır. K değeri, 
eldeki veri sayısı veya değerleri göz önünde bulundurularak 
bir sayı ile ifade edilmektedir. Eşitlik olmaması içinde bu 
değer tek sayı olarak belirlenir. Çalışma prensibinde yeni 
gelen verinin değeriyle K değeri kıyaslanır. Yeni gelen veriyle 
diğer sınıflandırmadaki veriler arasındaki mesafe ölçümü ise 
literatürde sıkça karşılaşılan Öklid, manhattan ve kosinüs gibi 
uzaklık ölçüm denklemleriyle yapılmaktadır [6].  

NB, Bayes teoremi temelli olasılıksal sınıflandırma 
yöntemidir. Hali hazırda sınıflandırılmış örnek veri kümesini 
kullanarak yeni gelen veri için mevcuttaki sınıflardan 
hangisine dahil edileceğini hesaplayan bir sınıflandırma 
modelidir. Veri setindeki her bir özellik aynı öneme sahiptir. 
Bir özellikteki değer başka özellik değerinin bilgisine sahip 
değildir. Her bir nitelik ve her sınıf baz alınarak yeni gelen 
değer sınıfa ait olma olasılığı hesaplanarak eşitliğe dahil edilir. 
En yüksek olasılığa hangi sınıfla ulaşılmışsa veri o sınıfa aittir 
[7].  

 Veri madenciliği sınıflandırma işlemlerinde geçmişten 
günümüze en sık kullanılan yöntemlerden olan karar ağaçları, 
bir olayın sonuçlandırılması esnasında sorgunun cevabı baz 
alınarak hareket etmektedir. Karar ağacının yapısı 
düşünüldüğünde düğümlerin her biri özel bir niteliği temsil 
etmektedir. Ağaç yapısındaki tüm dallar ve yapraklar bu karar 
ağacının birer elamanı görevini üstlenmektedir. Ağaç 
yapısında en üstte kalan öğe, kökü temsil etmektedir. En 
alttaki bölüm yaprağı ve kökle yaprak arasında kalan kısımlar 
ise dalları gösterir. Kurallar kökten yapraklara doğru sırasıyla 
yazılmaktadır. Güncellemelerde buna bağlı olarak tersi yönde 
ilerlemektedir [8]. Ayrıca yapısı tüm farklı değişkenlere 
uygulanabilen, oluşan diyagramla görsel destek sunan ve SQL 
sorgularına dönüştürmesi kolay olan segmente yöntemi 
olduğu için popülerliğini de yitirmemiştir. En sık kullanılan 
ağaç yapıları C 4.5 ve 5.0, C&RT ve CHAID’ dir [9].  

DVM, hiper düzlem yapısını günümüzde sınıflandırma 
için kullanılan en yaygın yöntemlerdendir. Temel amaç iki 
sınıf arasındaki en uygun hiper düzlemi oluşturmaktır. Ayrıca 
hiper düzlem sayısı veri kümesinde birden fazla da 
olabilmektedir. Fakat mesafe olarak maksimum olanı 
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optimum hiper düzlem olarak nitelendirilir. Zaten çoğul 
yapıdaki bu veri kümesi içinde DVM’ nin asıl amacı 
maksimum marjin olan hiper düzlemi elde etmektir. Destek 
vektör makineleri, çekirdek fonksiyon kullandıktan sonra, 
doğrusal olan sınıflandırma işlemlerinde kullanıldığı gibi 
doğrusal olmayan sınıflandırmalarda da kullanılabilmektedir 
[10].  

Derin öğrenme yapısı, doğrusal olmayan yapılardaki 
katmanları kullanmaktadır. Makine öğrenmesi 
yöntemlerinden günümüzde sıkça kullanılan bu yapı özellik 
çıkarma ve çıkarılan bu özellikleri istenen yapılara 
dönüştürme işlemlerini sağlamaktadır. Katmansal yapıya 
sahip bu yöntem, kendinden önceki katmanlardan gelen 
çıktıyı girdi olarak kabul etmektedir. Bu yapıda temel sinir 
ağları modelinde olan giriş, gizli ve çıkış katmanlarının yanı 
sıra konvolüsyon katmanları, havuzlama katmanları ve ReLU 
katmanlarıda mevcuttur. Kullanılacak işlem göz önünde 
bulundurularak algoritma seçimi denetimli ya da denetimsiz 
olarak seçilebilir. Bu yapıda verilerin birden fazla özellik 
seviyesi bulunabilmektedir. Alt düzey özelliklerden türetilen 
üst düzey özellikler, hiyerarşik yapıyı oluşturmaktadır. Diğer 
algoritmalara kıyasla özellikler elle çıkarılmadığı için en etkin 
hiyerarşik özellik çıkarımı algoritmaları kullanılmaktadır. 
Derin öğrenme uygulamaları temelde doğal dil işleme, 
görüntü/ sinyal işleme, sınıflandırma olarak 
gruplandırılmaktadır. Derin öğrenme mimarileri 
konvolüsyonel sinir ağları, tekrarlayan sinir ağları, uzun kısa 
vadeli hafıza ağları, sınırlı boltzmann makineleri, derin inanç 
ağları ve derin oto-kodlayıcılar olarak ayrılmaktadır [11]. 
Siber güvenlik, sızma tespitlerinde ve saldırı tespit 
işlemlerinde kullanılan derin öğrenme modeli genellikle uzun 
kısa vadeli hafıza ağı (Long Short Term Memory- LSTM) 
modelidir. 

 

III. ILGILI ÇALIŞMALAR 

Kaynar ve arkadaşları tarafından makine öğrenmesi 
yöntemleri ve öznitelik seçim yöntemleri kullanılarak saldırı 
tespiti yapılmıştır. Yaptıkları çalışmada, veri seti olarak 
saldırı tespiti için hazır veri seti olarak tasarlanan KDDCup99 
kullanılmıştır. KDDCup99 üzerinde 9 farklı özellik seçim 
algoritması denenmiş (Bilgi kazancı ki kare, kazanım oranı, 
oneR, reliefF, genetik, ileriye ve geriye doğru kazanım oranı, 
gini algoritmaları) ve yeni veri setleri araştırmacılar 
tarafından oluşturulmuştur. Yeni oluşturulan bu veri setleri 
ile orijinal veri seti karşılaştırılması için k en yakın komşuluk 
algoritması (KNN), destek vektör makineleri (DVM), aşırı 
öğrenme makineleri (Extreme Learning Machines/ ELM) 
kullanılmıştır. Bu çalışmada kullanılan her bir makine 
öğrenmesi yöntemi için başarı oranı, hassasiyet yanlış alarm 
oranı, f-ölçütü metrik oranları karşılaştırılmıştır. Çalışma 
sonucu göstermektedir ki, her 3 sınıflandırıcı içinde öznitelik 
seçim yöntemleri başarım oranını arttırmakta ve tasarlanan  
modellerin daha hızlı çalıştığını göstermişlerdir. Ayrıca 
ELM’ nin çevrimiçi saldırı tespitinde de kullanılabileceği 
belirtilmiştir. Yapılan bu uygulamada başarım oranının her 3 
sınıflandırıcıda da %95 üzeri olması çalışmanın yüksek 
doğruluk değeriyle sınıflandırıldığını göstermektedir. 
Çalışmada KDDCup99 veri seti kullanılarak en yüksek 
doğruluk değerine sahip sınıflandırıcının %99 oranıyla KNN 
olduğu bulunmuştur. Böylece bu veri seti kullanılarak 

yapılan en iyi saldırı tespit sınıflandırıcısının KNN olduğu 
görülmektedir [12].  

Niyaz ve ekibi, ağa izinsiz giriş tespiti için derin öğrenme 
algoritmasını tercih etmişlerdir.  Yapılan çalışmanın amacı, 
ağ sistem yöneticilerinin bulunduğu kuruluşlardaki ağ 
güvenliği ihlallerini tespit etmelerine yardımcı olmaktır. 
Çalışmada bu ihlallerin tespiti için verimli ve esnek bir ağa 
izinsiz giriş tespit sistemi önerilmektedir. Bu sistemin 
temelinde derin öğrenme yöntemleri vardır. Çalışmada, 
önerilen sistemi test etmek için NSL-KDD veri seti 
kullanılmıştır. Önerilen bu sistem daha önceki farklı 
yaklaşımlarla doğruluk, hassasiyet, hatırlama ve f-ölçüm 
metrik değerleri kullanılarak karşılaştırılmıştır. Sonuç olarak, 
önerilen derin öğrenme yönteminde tüm sınıflandırma türleri 
içinde % 98'den daha fazla bir sınıflandırma doğruluğu elde 
edildiği belirtilmiştir. Bu uygulamayla ağa izinsiz giriş 
tespitlerinde güncel yöntemlerin kullanılmasının daha fazla 
doğruluk oranıyla yapılabileceği gösterilmektedir [13].  

Tuor ve arkadaşları, siber güvenlik veri akışlarında tehdit 
tespiti için derin öğrenme yöntemi kullanmışlardır. Bu 
çalışmayla analistlerin iş yüklerinin azaltılması ön 
görülmüştür. Uygulamanın testi için CERT Insider Threat 
Dataset v6.2 kullanılmıştır. Veri seti içeriğinde aygıt olayları, 
e-posta etkinlikleri, dosya etkinlikleri, HTTP olayları ve 
logon etkinlikleri bulunmaktadır. Çalışmanın temel yöntem 
modeli olan derin öğrenme algoritmasını değerlendirmek için 
popüler olarak kullanılan anomali/ yenilik/ dışlayıcı tespit 
yöntemleriyle karşılaştırılmıştır. Sonuç olarak yapılan 
çalışmada %95.53 oranında anomali tespitinde 
bulunulmuştur [14].  

Aydoğan ve Şen’in yaptığı çalışmada, kötücül yazılım 
tespitlerinde makine öğrenmesi yöntemleri analiz edilmiştir. 
Çalışmada, günümüzde en önemli güvenlik sorunlarından 
olan yeni ve önceden karşılaşılmamış olan kötücül yazılımlar 
makine öğrenmesi yöntemleriyle tespit edilmiştir. Zararsız 
yazılımlarla, kötücül yazılımların ayırt edilmesi için öznitelik 
çıkarımları yapılmış ve çıkarılan bu öznitelikler 
sınıflandırıcılar aracılığıyla kötücül yazılım tespitinde giriş 
olarak kullanılmıştır. Yapılan çalışmada PE-Miner adını 
verdikleri PE dosyaları kullanılmıştır. Kullanılan bu veri 
kümesinde, 752'si zararsız yazılım ve 833'ü zararlı olmak 
üzere toplam 1585 yazılım bulunmaktadır. Sınıflandırıcı 
olarak örnek tabanlı öğrenme, Naive Bayes (NB), J48 
algoritması, destek vektör makineleri (DVM), çok katmanlı 
perseptron, BJ48, karar tablosu ve rastgele orman yapıları 
tercih edilmiştir. Tüm sınıflandırıcıların test işleminde çapraz 
doğrulama oranı 10 olarak sabitlenmiştir. Çalışma sonucunda 
BJ48, kullanılan tüm sınıflandırıcılardan %96.2 oranında en 
yüksek sonucu vermiştir. NB sınıflandırıcısı ise %78.5 
oranında en düşük tespit oranına sahiptir. NB sınıflandırıcısı 
hariç tüm kullanılan yapıların % 90 üzeri değer elde ettiği 
çalışmada görülmektedir. Elde edilen sonuçlarla yüksek 
oranda gerçek zamanlı saldırı tespiti yapılmıştır [15].   

Çelik ve Kondiloğlu’nun, yaptığı çalışmada sahte 
banknotların tespit aşamasında yapay sinir ağları (YSA) ve 
destek vektör makineleri (DVM) tercih edilmiştir. Veri seti 
olarak Kaliforniya Üniversitesi Enformasyon ve Bilgisayar 
Bilimleri Bölümdeki Online Banknot Doğrulama verileri 
tercih edilmiştir. Toplamda 1372 adet veri bulunan veri 
setinde 610 adedi sahte ve 762 adet ise gerçek banknottan 
oluşmaktadır. Verilerin %75’ i YSA’ da eğitim olarak 
kullanılmış ve %25’i de test veri olarak kullanılmıştır. 
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Çalışmada ayrıca DVM’ de kullanılmıştır. Test sonuçları baz 
alındığında %74,6 oranında sahte paranın doğru tespitini 
sağlanmıştırsağlamışlardır. Ancak DVM sonucunda %6,2 
hata ile %93,8 doğru tespit saptanmıştır.  Hata oluşumunun 
yüksek olmasında çalışmacıların öngörüsü, başka veri setleri 
kullanılarak karşılaştırma yapılamaması ve sahte 
banknotların az olması olarak belirtilmiştir. Çalışmanın daha 
yüksek oranda doğruluk yüzdesi vermesi için gerçek zamanlı 
tespitlerin kullanılması öngörülmektedir [16].  

Korkmaz’ ın yapmış olduğu çalışma, kullanıcı giriş 
sistemlerinde kullanılmak üzere makine öğrenmesi 
yöntemlerinden olan YSA’ nın şifre güvenlik sistemlerinin 
geliştirilmesinde literatüre katkıda bulunmuştur. Çalışma 
kapsamında, YSA tabanlı kullanıcı giriş sistemi yapılmış ve 
kullanıcıların giriş stili öğrenilmiştir. Bu sayede şifre 
eşleştirmesinin yanı sıra şifre giriş stilleri de karşılaştırmaya 
tabi tutulmuştur. Uygulama detayında YSA aktivasyon 
fonksiyonu olarak basamak (step) fonksiyonu kullanıldığı 
belirtilmiştir. Sistemin başarım oranı öğrenilen veri adedine 
bağlı olarak değişmektedir. Sırasıyla öğrenilen veri adedi 10, 
100, 250, 500, 1000 ve 1500; başarım oranları da öğrenilen 
veri adedinin sırası ile  %30, %70, %81, %83.20, %85.50 ve 
%85.50 olarak bulunmuştur. Bu çalışmayla, makine 
öğrenmesi yöntemlerinin kullanıcı giriş sistemlerinde 
kullanılmasının güvenliği arttıracağı tespiti edilmiştir [17].  

Kaya ve arkadaşlarının yaptıkları çalışmada, saldırı 
tespitlerinde makine öğrenmesi yöntemlerinin 
yetkinliklerinin karşılaştırma işlemi yapılmıştır. Bu 
çalışmada KDDCup99 veri seti kullanılarak DOS, 
PROBE,U2R ve R2L saldırıları tespit edilmeye çalışılmıştır. 
Saldırı tespitinde Bayes, DVM, KNN, YSA ve Karar 
Ağaçları kullanılmış ve her bir veri için bu 5 sınıflandırıcının 
doğruluk tespit oranı belirlenmiştir. Çapraz doğrulama oranı 
tüm sınıflandırıcılar için 10 olarak sabitlenmiştir. Elde edilen 
sonuçlar doğruluk, seçicilik ve f-ölçütü metrikleri baz 
alınarak incelenmiştir. Saldırı tespitleri %100’e yakın 
doğruluk oranıyla sonuçlanmıştır. DOS tespitinde KNN, 
karar ağaçları ve YSA en iyi iken, PROBE saldırı tespitinde 
KNN, YSA ve karar ağaçları, R2L- U2R saldırı tespitinde ise 
Bayes hariç tüm kullanılan sınıflandırıcılar daha yüksek 
oranda sonuçlar vermiştir [18]. 

Dong ve Wang’ ın, yaptıkları çalışmada ağa yapılan 
izinsiz girişlerin tespiti için geleneksel yöntemlerle derin 
öğrenme yöntemlerinin karşılaştırılması yapılmıştır. Yapılan 
çalışmada KDD-99 veri seti kullanılmıştır. Veri setindeki 
DOS, U2R, R2L, Probing saldırı verileri kullanılarak 
karşılaştırma yapılmıştır. Kullanılan sınıflandırıcılar NB, 
Karar Ağaçları, DVM ve DVM-RBMs’ dir. En iyi sonucu 
DVM-RBMs yönteminin verdiği ilgili makalede grafiksel 
olarak gösterilmiştir. Bu çalışmayla da görülmüştür ki, derin 
öğrenme yöntemlerinin kullanılması gerçek zamanlı saldırı 
tespiti için yeni dönemin başlangıcıdır [19].  

Aygün ve Yavuz’ un, çalışmasında ağ anomali tespiti 
yapılmıştır. Yöntemin temelinde stokastik eşik değeri 
belirleme metodu kullanılarak zararlı ve zararsız verilerin 
ayrıştırılması vardır. Bu yöntem deterministik otomatik 
kodlayıcı tabanlı bir yöntemdir. Bu çalışmada önerilen 
yöntemin denenmesi için NSL-KDD’nin test veri kümesi 
olan KDDTest+ kullanılmıştır. Elde edilen sonuç %88,28 
doğruluk oranıyla veri setiyle yapılan güncel sonuçlarla 
kıyaslandığında aynı orandadır. Çalışma sonucunda uygun 
eşikleme yapıldığında otomotik kodlayıcıların tekil yöntem 

olarak ağ anomali tespitinde kullanılmasının hibrit metotlara 
alternatif olacağı görülmüştür [20].   

Bulut ve arkadaşının yapmış olduğu çalışmada, derin 
yapay sinir ağları kullanılarak mobil uygulamaların zararlı 
olup olmadığının tespiti yapılmıştır.  Yapılan bu çalışma, 
akıllı aygıtların ve sistemlerin giderek yaygınlaşmasıyla bu 
sistemlerde kullanılacak olan uygulamaların bireysel veya 
kurumsal bazlı zarar vermesinin önüne geçilebilmesi için 
yapılan bir çalışmadır. Çünkü mevcut antivirüs 
programlarının yeni gelen zararlı yazılımlar karşısında 
sürekli kendini yenileyebiliyor olması gerekmektedir. Sistem 
ve veri güvenliği için bu şarttır. Yaptıkları bu çalışma ile de 
derin öğrenme yöntemleri kullanılarak yeni geliştirilen 
kötücül yazılımların çalıştırılmasına gerek duyulmadan tespit 
edilmesi hedeflenmiştir. Mobil yazılımlar kullanılarak, bu 
yazılımların istedikleri izinler üzerinden öznitelikler 
belirlenmiş (AndroidManifest.xml isimli manifesto 
dosyasından elde edilen 138 adet izin kullanılmıştır.) ve 
çıkarılan bu öznitelikler otomotik kodlayıcı aracılığıyla 
optimize edilmiştir.  Optimize edilen bu değerler 5 katmanlı 
YSA ile sınıflandırılmıştır. Sınıflandırma sonucunda 
doğruluk oranı %93.67 olarak bulunmuştur. Sonuç olarak 
3229 zararsız ve 1668 zararlı uygulamaya ait izinler 
kullanılarak mobil uygulamaların zararlı- zararsız 
sınıflandırması yapılmıştır. Bu tür mobil uygulamaların 
sınıflandırılması kişisel veya kurumsal veri güvenliği 
konusunda önem arz etmektedir [21].  

Jiang ve ekibinin yaptığı çalışmada çok kanallı akıllı 
saldırılarda veri güvenliği için derin öğrenme yöntemi 
kullanılmıştır. Derin öğrenme yöntemlerinin görüntü ve 
sinyal işlemede kullanılmasının ardından bilgi güvenliği 
konusunda da kullanılması daha yüksek oranda gerçek 
zamanlı saldırı tespitlerinin yapılmasının önünü açmıştır.  
Çalışmada yeni bir yöntem denenmiş ve LSTM-RNN hibrit 
çok kanallı akıllı saldırı sistemi önleme uygulaması 
geliştirilmiştir. Yapılan uygulamada kullanılan diğer 
sınıflandırıcılarla (KNN, DVM vs.) önerilen yöntem (LSTM-
RNN) kıyaslaması yapılmış ve önerilen yöntem % 98.94 
oranında doğrulukla en iyi saldırı tespiti yöntemi olarak 
belirlenmiştir [22].  

Çekmez ve arkadaşlarının yaptıkları çalışmada, derin 
öğrenme yöntemleri kullanılarak ağ anomali tespiti 
yapılmıştır. NSL-KDD veri seti kullanılarak işlemler 
yapılmıştır. Önerilen yöntem KDDTest+ ve KDDTest21 test 
veri setlerinde denenmiştir. 13449 adet normal davranışla 
eğitilen bu model, KDDTest+ üzerindeki 9711 adet normal 
davranışın %84’üne yakınını ve 12833 adet farklı 
kategorilerdeki anormal davranışın %91’ine yakınını 
başarıyla tespit etmiştir. KDDTest21 setinde ise 2152 adet 
normal davranışın yaklaşık %39’unun ve 9698 adet anormal 
davranışında yaklaşık %95’inin başarıyla tespit edildiği 
belirtilmiştir. Genel toplamda %85 oranında bir başarımın 
elde edildiği görülmektedir [23]. 

Aksu ve Aydın’ ın yaptıkları çalışmada port scan 
denemelerinin tespit edilmesinde derin öğrenme ve DVM 
kullanılmıştır. Önemli bilgilerin güvenliği bireylere, şirketler 
ve hükümetler açısından yeni gelişen teknolojinin sorunu 
olarak yansımaktadır. Siber terörün kamu ve ülke güvenliği 
bazında tehdidini en asgari düzeye düşürebilmek için 
saldırıların önlenmesi maksadıyla Saldırı Tespit Sistemleri 
(STS) geliştirilmiştir. Bu çalışmada da STS için derin 
öğrenme tabanlı bir öneri geliştirilmiştir. Çalışmanın testi 
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amacıyla CICIDS2017 veri seti kullanılmıştır. Bu veri 
kümesi Kanada Siber Güvenlik Enstitüsü tarafından 
oluşturulmuştur. Bu veri setinde toplam 286467 adet iyi ve 
kötü port tarama veri bulunmaktadır. Kaynak IP, port, hedef 
port, akış süresi, toplam fwd paketleri gibi toplam 85 adet ait 
özellik bu çalışma için tercih edilmiştir. Çalışma sonucunda 
port scan tespitini derin öğrenme %97.80, destek vektör 
makinaları ise %69.79 doğruluk oranıyla yapmıştır [2]. 

Soman ve arkadaşlarının yaptıkları çalışmada yerel alan 
ağındaki (LAN) istemci makinelerden yalnızca DNS 
günlüklerini toplanmış ve bir sunucuda saklanmıştır. Alan 
adını iyi veya kötü niyetli olarak bulmak için derin öğrenme 
temelli bir yaklaşım önerilmiştir. Karşılaştırma için, 
tekrarlayan sinir ağları (RNN), uzun kısa süreli hafıza 
(LSTM) ve diğer geleneksel makine öğrenme 
sınıflandırıcıları gibi çeşitli derin öğrenme yaklaşımlarının 
etkinlikleri kıyaslanmıştır. Çalışmada derin öğrenme temelli 
yaklaşımlar, diğer klasik makine öğrenmesi 
sınıflandırıcılarına kıyasla daha iyi performans göstermiştir. 
Öncelikli sebebin, derin öğrenme algoritmalarının doğru 

özellikleri alma kabiliyetine sahip olduğu düşünülmektedir. 
Dahası, LSTM’ nin diğer derin öğrenme yaklaşımlarına 
kıyasla tüm deneylerde en yüksek zararlı tespit oranını elde 
ettiği çalışmada yer almaktadır [24]. 

Tablo 1’ de yapılan tüm literatür çalışmalarının detaylı 
aktarımı bölümler halinde yer almaktadır. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

TABLO I.  LITERATÜRDE YAPILAN ÇALIŞMALAR VE ELDE EDILEN DOĞRULUK ORANLARI 

Yazarlar  
Literatür Taraması Sonuçları 

Kullanılan veri setleri Çalışmanın amacı Kullanılan 
yöntem 

Sonuç 

Kaynar ve diğ. 
[12] 

KDDCup99 Saldırı tespiti 
KNN, DVM, 

ELM 
%99 doğruluk 

Niyaz ve diğ. 
[13] 

NSL-KDD 
Ağ güvenliği ihlallerini 

tespit etme
Derin öğrenme % 98’ in üzerinde doğruluk 

Tuor ve diğ. 
[14] 

CERT Insider Threat 
Dataset v6.2 

Siber güvenlik, anomali 
tespiti 

Derin öğrenme 
%95.53 oranında anomali 

tespiti 

Aydoğan ve 
diğ. [15] 

PE-Miner adını 
verdikleri PE dosyaları 

Kötücül yazılım tespiti 

NB, J48, DVM, 
çok katmanlı 
preseptron, 
BJ48, karar 

tablosu, rastgele 
orman yapıları 

%96.2 oranında doğruluk 

Çelik ve diğ. 
[16] 

Kaliforniya Üniversitesi 
Enformasyon ve 

Bilgisayar Bilimleri 
Bölümdeki Online 

Banknot Doğrulama 
verileri 

Sahte banknotların 
tespiti 

YSA, DVM %93,8 doğruluk 

Korkmaz [17] Bireysel uygulama 
Şifre güvenlik 
sistemlerinin 
geliştirilmesi 

YSA 
%85.5 oranına ulaşan 

doğruluk oranı 

Kaya ve diğ. 
[18] 

KDDCup99 
DOS, PROBE,U2R ve 
R2L saldırıları tespiti 

KNN, karar 
ağaçları, YSA, 

Bayes 

%100’ e yakın doğruluk 
oranı 

Dong ve diğ. 
[19] 

KDD-99 
Ağa yapılan izinsiz 

girişlerin tespiti 

NB, Karar 
Ağaçları, DVM 
ve DVM-RBMs 

En yüksek sonucu grafiksel 
olarak DVM-RBMs’in 

verdiği gözlemlenmiştir. 

Aygün ve diğ. 
[20] 

NSL-KDD’nin test veri 
kümesi olan KDDTest+ 

Ağ anomali tespiti 
Stokastik eşik 

değeri belirleme 
metodu 

%88.28 doğruluk 

Bulut ve diğ. 
[21] 

AndroidManifest.xml 
isimli manifesto 

dosyasından elde edilen 
138 adet izin 

Mobil uygulamaların 
zararlı olup 

olmadığının tespiti 
YSA %93.67 doğruluk oranı 

Jiang ve diğ. 
[22] 

Uygulama üzeri test 
Gerçek zamanlı saldırı 

tespiti 

LSTM-RNN 
hibrit çok 

kanallı yöntemi 
%98.94 doğruluk 

Çekmez ve diğ. 
[23] 

NSL-KDD,  
KDDTest+,  
KDDTest21  

Ağ anomali tespiti Derin öğrenme 
Genel toplamda %85 

oranında bir başarım söz 
konusudur. 

Aksu ve diğ. [2] CICIDS2017 veri seti 
Port scan 

denemelerinin tespit 
edilmesi 

Derin öğrenme 
ve DVM 

%97.80 oranında doğruluk 
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Yazarlar  
Literatür Taraması Sonuçları 

Kullanılan veri setleri Çalışmanın amacı Kullanılan 
yöntem 

Sonuç 

Soman ve diğ. 
[24] 

DNS günlükleri 
uygulamada toplanmiş 

Alan adının iyi veya 
kötü niyetli olduğunu 

bulmak 

RNN, LSTM ve 
diğer geleneksel 

makine 
öğrenmesi 

sınıflandırıcıları 

LSTM en iyi sonuca ulaşan 
yöntem olmuştur. 

IV. SONUÇ 

Bilgi güvenliği, kurumsal veya bireysel bazda hayati 
öneme sahip veri/ bilgilerin korunup saklanabilmesi ve 
gerektiğinde güvenli şekilde erişilebilmesi için gerekli olan 
tedbirlerin bütünüdür. Bilgi güvenliğini temelde G-B-U (C-I-
A) şeklinde özetleyebiliriz. Bu kısaltmanın açılımı; bilgiye 
sadece yetkilendirilmiş kişilerin ulaşabilmesi (G), eldeki 
bilgilerin eksiksiz şekilde kaybedilmeden korunması (B) ve 
gerektiğinde sadece yetkili kişilerin saklanan bu bilgilere 
ulaşmasıdır (U). Temeldeki bu etmenlerin zarar görmesine 
bilgi güvenliği zafiyeti denilmektedir. Bu zafiyetleri 
oluşturan durumlar genelde siber suçlar, ağa yapılan saldırılar 
ve zararlı yazılımlarla oluşmaktadır. Bu suçların önlenmesi 
için donanımsal veya yazılımsal uygulamalar ve çalışmalar 
yapılmaktadır.  

Yapmış olduğumuz bu çalışmada, bilgi güvenliği 
hakkında genel bilgiler ve literatürde bilgi güvenliği için 
yapılan makine öğrenmesi temelli çalışmalar incelenmiştir.  
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Özet— Bitcoin günümüzde yaratıcı ödeme ağı olarak kabul 
gören yeni para birimidir. Çalışma mekanizması merkezi bir 
yapıya veya bankaya bağlı olmaksızın işlev görmektedir. 
Bitcoin’ in idare edilmesi geliştirilen ağ tarafından 
gerçekleştirilmektedir. Bitcoin’ in açık kaynaklı kod yapısı bir 
kişi/ kurum tarafından sahiplenemez ve kontrol edilemez 
olmasına olanak sağlamaktadır. Bitcoin kullanmak için sanal 
cüzdan gerekmektedir. Yapılan tüm ödemelerin doğrulanması 
açık anahtarlı şifreleme yöntemi kullanılarak güvence altına 
alınmaktadır. Bitcoin fiyatları yüksek oranda dalgalanma 
göstermekte ve bu da tahmin etmelerini zorlaştırmaktadır. Bu 
sebeple Bitcoin ile ilgili yapılan literatür çalışmalarında bitcoin 
fiyat tahminleri ve güvenlikle alakalı yeni kriptolojji yöntemleri 
denenmektedir. Yaptığımız çalışmada KAGGLE Bitcoin 
Dataset 2010-2019 veri seti kullanılarak makine öğrenmesi 
yöntemleriyle bitcoin fiyat tahmini yapılmıştır. Kullanılan 
yöntemler uzun kısa süreli bellek ağları, destek vektör 
makinaları, yapay sinir ağları, Naive Bayes, karar ağaçları ve k 
en yakın komşuluk algoritmasıdır. Elde edilen doğruluk 
oranları sırasıyla %97.2, %91.8, %86.6, %85, %81.2 ‘dir. 

Anahtar kelimeler—Bitcoin, LSTM, makine öğrenmesi, 
tahmin 

 Abstract—Bitcoin is a new currency that is recognized as a 
creative payment network. The operating system functions 
independently of a central structure or bank. Bitcoin is managed 
by the developed network. Bitcoin's open source code structure 
allows it to be uncontrolled and uncontrollable by an individual. 
The use of bitcoin requires virtual wallet. Verification of all 
payments is secured using public key encryption. Fluctuate in 
Bitcoin prices at a high rate, making it difficult to predict. For 

this reason, new cryptology methods related to bitcoin price 
estimation and security are tried in the literature. In our study, 
bitcoin price estimation was made by using machine learning 
methods using KAGGLE Bitcoin Dataset 2010-2019 data set. 
The methods used are long-short term memory networks, 
support vector machines, artificial neural networks, Naive 
Bayes, decision trees and the nearest neighbor algorithm. 
Obtained accuracy rates are 97.2%, 91.8%, 86.6%, 85%, 81.2% 
respectively. 

Keywords— Bitcoin, LSTM, machine learning, prediction 

I. GIRIŞ 

Bitcoin kripto para birimini gündeme getiren 2009 yılında 
ortaya çıkan merkezi bir otoriteye bağlı olmayan dijital para 
birimidir [1]. Bitcoin dünya genelinde 40’dan fazla borsada 
işlem görmektedir ve dünyanın en değerli sanal para birimi 
olarak görülmektedir. Blockchain.info adresinde göre piyasa 
değeri 9 milyar dolar olup günde 250.000'in üzerinde işlem 
görmektedir [2]. Bitcoin kullanımının avantajları; enflasyon 
ve çökme riskinin düşük olması, güvenilirliği, basit kullanımı, 
para transferinde ucuz işlem olanağı ve kullanılan kriptoloji 
yöntemleriyle para akışının takip edilememesidir. 
Dezavantaları ise para akışı izinin sürülemez olması yasal 
olmayan para aklama olaylarının gerçekleşmesine sebep 
olabilir, alım satım işlemlerinin zor olması, yeni teknoloji 
olmasından kaynaklı güvenilirliğinin halen istenen 
standartlarda olmaması ve harcama alanının darlığıdır. Şekil 
1’de Bitcoin çalışma mekanizması gösterilmektedir. 

 

 

 
               Şekil 1. Bitcoin çalışma mekanizması 
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Literatürde Bitcoin ile alakalı yapılan çalışmalar fiyat 
tahmini ve kriptoloji alanında yoğunlaşmıştır. McNally ve 
arkadaşlarının yaptığı çalışmada Bitcoin Fiyat Endeksinden 
alınan fiyat veriler dolar cinsinden tahmin edilmiştir. 
Çalışmada sınıflandırıcı olarak derin öğrenme 
mekanizmalarından Bayesian optimizasyonlu tekrarlayan 
sinir ağı (RNN) ve Uzun Kısa Süreli Bellek (LSTM) ağları 
kullanılmıştır. Zaman serisi tahmini için popüler ARIMA 
modeli ile derin öğrenme modelleri karşılaştırmalı olarak 
uygulanmıştır. Elde edilen sonuçlar arasından en yüksek 
doğruluk oranı LSTM ağıyla %52’lik bir tahmindir [2]. Sin ve 
Wang’ın yaptığı çalışmada çok katmanlı perceptron 
kullanılarak genetik algoritma tabanlı yapıyla Bitcoin 
fiyatındaki günlük değişim incelenmektedir. Yapılan 
çalışmada 2 yıllık bir süre içinde kripto para biriminin 
yaklaşık 200 özelliği dikkate alınarak oluşturulan veri seti 
kullanılarak Bitcoin fiyatının ertesi gün eğilimi tahmin  
edilmeye çalışılmıştır. Elde edilen en yüksek tahmin sonucu 
%85 olarak belirtilmiştir [3]. Phaladisailoed ve Numnonda 
yaptıkları çalışmada Bitcoin fiyatlarını tahmin etmek için en 
yüksek doğruluk modelini keşfetmeyi amaçlamışlardır. Bu 
çalışmada 1 Ocak 2012 ile 8 Ocak 2018 arasındaki bitstamp 
adlı Bitcoin değişim sitesinde 1 dakikalık aralıklı işlem 
verilerini kullanarak, scikitlearn ve Keras kütüphaneleri ile 
bazı farklı regresyon modelleri denenmiştir. Sınıflandırma 
için LSTM kullanılmıştır. En iyi sonuçlar, Ortalama Kare 
Hata (MSE) 'nin 0.00002 kadar düşük olduğunu ve R-Kare'nin 
(R2) %99.2 kadar yüksek olduğunu göstermiştir [4].  Chih-
Hung ve arkadaşlarının yapmış oldukları çalışmada uygun 
ARIMA modeli bulunamadığından iki farklı LSTM modeli ile 
bitcoin günlük fiyatını tahmin etmek için yeni bir öngörü 
mekanizması geliştirilmiştir. Bu önerilen iki modelin 
öngörülen değerleri gerçek değerlere yakındır ve 
değişikliklerin eğilim yönü de oldukça tutarlıdır. İki model 
tahmin sonuçları sırasıyla MSE, RMSE, MAE ve MAPE 
değerleri hesaplanmıştır [5].  

 Yapmış olduğumuz bu çalışmada amaç KAGGLE Bitcoin 
Dataset 2010-2019 veri seti kullanılarak Bitcoin fiyat tahmini 
yapılmasıdır. Çalışmada veri setinde bulunan 12 özellik 
normalizasyon işlemine tabi tutularak kullanılmıştır. Bu 
çalışmada test için sınıflandırma yöntemlerinden uzun kısa 
süreli bellek ağları (Long short term memory/ LSTM), destek 
vektör makinaları (DVM), yapay sinir ağları (YSA), Naive 
Bayes (NB), karar ağaçları ve k en yakın komşuluk 
algoritması (KNN) tercih edilmiştir. 

II. MATERYAL VE METOT 

 
Çalışmada KAGGLE Bitcoin Dataset 2010-2019 veri 

setinden alınan timestamp, blockheight, close, difficulty, 
supply, lnprice, Ret, Log_Ret, Volatility, S2F, 
blocks_to_halving, blocks_to_nearest_halving olmak üzere 
toplam 12 özellik kullanılmıştır. 12 özelliğin yer aldığı 2010-
2019 tarihleri arasındaki toplam 3200 günlük veri fiyat 
tahmininde kullanılmıştır [6]. Özellikleri genel tanımlamaları 
şu şekildedir.  
•Timestamp: 2010-2019 tarihleri arasındaki günler 
•Blockheight: Blok yüksekliğidir ve bir blok zincirindeki 
mevcut sayı bloğudur. 
•Close: Bitcoin kapanış değeri. 
•Difficulty: Bir bloğun onaylanması için emeğin ölçüsüdür. 
Bu zorluk mekanizmasının amacı 2 blok arasındaki 10 
dakikalık zaman farkını korumaktır. 

•Supply: Para arzıdır. Bir ekonomide dönen toplam para 
miktarıdır. 
•Ret: Real tract değeridir.  
•Volatility: Piyasalardaki korku endeksi olarak 
tanımlanmaktadır.  
•S2F: Stoktaki paranın akış boyutudur. 
•blocks_to_halving: Blok zincirinin yarılanmasıdır. 
Verilerin kullanılmasında çaprazlama değeri 10 olarak 
belirlemiştir. Sınıflandırma işlemleri MATLAB 2018b 
kullanılarak yapılmıştır. Uygulamanın testi için makine 
öğrenmesi yöntemlerinden LSTM, DVM, YSA, NB, karar 
ağaçları ve KNN kullanılmıştır. Çalışmamızda kullanılan 
sınıflandırma algoritmaları aşağıda açıklanmıştır. 

LSTM ağları, ileri yönlü yapay sinir ağlarının aksine, 
içeriğindeki bellek hücreleri sayesinde geçmişe dönük 
bilgileri hatırlayabilmek için tasarlanmışlardır. Bellekte 
tutulan bilgileri unutmak ve seçmek için özel sinir ağları 
kullanarak problemi çözer. Tek bir LTSM katmanı, özel bir 
şekilde etkileşime giren dört sinir ağı katmanından oluşur. 
Zaman serisi analizi, doküman sınıflandırması, konuşma ve 
ses tanıma dahildir [7]. 

DVM, bir düzlemde bulunan doğrusal ve/veya doğrusal 
olmayan verileri sınıflandırmak için iki veya daha fazla sınıfı 
birbirinden ayıran en iyi çizgiyi bulmaya çalışmaktadır. Bu 
işlemi gerçekleştirirken her iki gurubun da üyelerine eşit 
uzaklıkta çizgiler çizilerek sınır düzlemleri belirlenir. Sınır 
düzlemlerinden maksimum doğruluk veren düzlem 
hiperdüzlem olarak adlandırılır. Denetimli sınıflandırma 
problemleri için kullanılırlar[8]. 

YSA, biyolojik sinir ağlarının yapısını ve işlevselliğini 
simüle etmeye çalışan matematiksel bir modeldir. YSA’lar 
öğrenme özellikleri sayesinde çok zor görünen problemler 
için bile kolaylıkla uygulanmaktadır. YSA’lar, örüntü 
tanıma, hava durumu tahmini, el yazısı tanıma, yüz tanıma, 
oto pilot, robotik vb. çeşitli uygulamalarda kullanılmaktadır 
[9]. 

Naive Bayes sınıflandırıcısı, sınıflandırma görevi 
için kullanılan olasılıklı bir makine öğrenme modelidir. 
Sınıflandırıcının temeli, Bayes teoremine dayanır. 

 | = ×
        (1) 

 
Denklem 1’de Bayes teoremini kullanarak, B oluşumu göz 
önüne alındığında, A olma olasılığının bulunması 
gösterilmiştir. Burada B, kanıt ve A ise hipotezdir [10]. 

Karar ağaçları, ağaç benzeri bir grafik veya karar modeli 
ve olası olay sonuçları, kaynak maliyetleri ve fayda dahil 
olmak üzere olası sonuçları kullanan bir karar destek 
metodudur. Bir karar ağacı, her bir iç düğümün bir öznitelik 
üzerinde bir “testi” temsil etmektedir. Her dal testin sonucunu 
temsil ederken her yaprakta bir sınıf etiketini temsil eder. 
Ayrıca kökten yaprağa olan yollar sınıflandırma kurallarını 
temsil etmektedir [11]. 

KNN, sınıflandırma metotunun temelinde sınıflandırma 
yapılırken çıkarılan gerekli özellikler sınıflandırma amacıyla 
yeni giriş yapan verinin daha önceden giriş yapmış verilere 
olan k adet uzaklığına bakılmasıyla ölçülmektedir. Bu 
uzaklıkların ölçülmesi için kullanılan formüler genellikle 
minkowski uzaklığı, öklit uzaklığı ve manhattan uzaklık 
ölçüm formülleridir. En önemli nokta k değerinin doğru 
belirlenmesidir [12].  
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Şekil 2’de yapılan sınıflandırma işleminin genel akış 
diyagramı verilmektedir. Kullanılan 12 özellik, 
sınıflandırmada kullanılan yöntemler ve elde edilen doğruluk 
oranları yer almaktadır. 

 
 

 

  
                                      Şekil 2. Çalışmanın genel akışı 

 
 

III. BULGULAR 

Yapılan çalışmada KAGGLE Bitcoin Dataset 2010-2019 
veri seti kullanılarak timestamp, blockheight, close, 
difficulty, supply, lnprice, Ret, Log_Ret, Volatility, S2F, 
blocks_to_halving, blocks_to_nearest_halving olmak üzere 
toplam 12 özellik kullanılarak bitcoin fiyat tahmini 
yapılmıştır. Tablo 1’de kullanılan sınıflandırma yöntemleri 
ve elde edilen doğruluk oranları yer almaktadır. 
Sınıflandırma için LSTM, DVM, YSA, NB, karar ağaçları ve 
KNN yöntemleri kullanılmıştır. Sınıflandırmada çapraz 
doğrulama oranı 10 olarak belirlenmiştir. Sınıflandırma için 
MATLAB 2018b programı tercih edilmiştir. Elde edilen 
doğruluk yüzdeleri LSTM %97.2, DVM %91.8, YSA %86.6, 
NB %85, karar ağaçları %85 ve KNN %81.2 oranındadır. 

 
 
 
 
 
 
 

TABLO I. KULLANILAN YÖNTEMLER VE ELDE EDILEN SONUÇLAR 

Kullanılan 
Yöntemler 

Elde Edilen 
Doğruluk 
Yüzdeleri 

LSTM 97.2 

DVM  91.8 

YSA 86.6 

 NB 85 

Karar ağaçları 85 

KNN 81.2 

 
Elde edilen bu sonuçların grafiksel gösterimi Şekil 3’de 
mevcuttur. Görüldüğü gibi en yüksek doğruluk oranı LSTM 
ile sağlanmıştır. En düşük doğruluk yüzdesi ise KNN ile 81.2 
oranındadır. Sonuçlar baz alındığında %97.2 oranında 
başarılı bir doğruluğun olduğu görülmektedir. 

 
 

  
                                                Şekil 3. Kullanılan sınıflandırma yöntemleri ve elde edilen doğruluk oranları 
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IV. SONUÇLAR 

Nakamoto’nun yapmış olduğu "Bitcoin: A peer-to-peer 
electronic cash system," adlı çalışmasıyla gündeme gelen 
sanal para mekanizması olan Bitcoin, herhangi bir otorite 
olmadan bağımsız yapıda olan dijital para birimidir. 
Bitcoin’in alım-satış faaliyetlerinin giderek artması (Günde 
250 bin üzerinde işlem görmesi) hem günlük hayatta hem de 
akademik alanda ilgi odağı haline gelmesini sağlamıştır. 
Giderek Bitcoinlerin yatırım amaçlı kullanılmasının 
hackleme olaylarının önlenmesi için yeni yeni kriptoloji 
yöntemlerinin denenmesini ve gelecek fiyat tahminlerinin 
yapılmasını tetiklemiştir. Literatürde yapılan çalışmalarda bu 
iki temel olay üzerinde yoğunlaşmıştır.  

Bizim yapmış olduğumuz çalışmada sınıflandırma 
yöntemleri kullanılarak 2010 ve 2019 yıllarına ait Bitcoin için 
12 özellik kullanılarak tahmin yapılmıştır. Bu 12 özellik 
KAGGLE veri setinden elde edilmiştir. Bu çalışmayla 
kullanılan bu özelliklerin tahmin mekanizmasında 
kullanılabileceği ve Bitcoin tahmin olaylarında gerekli temel 
özellikler olduğu gözlemlenmiştir. 
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Özet—Gün geçtikçe büyüyen nüfus, yerleşim alanlarının 

genişlemesi ve artan araç sayısı ile yoğunluğu şehir trafiğini 
etkilemekte, ulaşım problemlerini de beraberinde 
getirmektedir. Şehir trafiğini kontrol altında tutmak, 
düzenlemek ve yönetmek için ileri düzey trafik yönetim 
sistemlerine ihtiyaç vardır. Bu sistemlerin düzenlenmesi, 
geliştirilmesi ve iyileştirilmesi için birçok araştırma yapılmakta 
olup bunların en önemlileri trafik akış tahmini, rota, sürüş 
zamanı gibi unsurların tahmini üzerinedir. Bu çalışmada; 
araçlardan elde edilen verilerde konum bilgisi ve açısal yönler 
dikkate alınarak, yoğunluk tabanlı kümeleme yöntemi olan 
OPTICS algoritması temelli tahmin modeli ile düzlemsel yol 
bilgisinden bağımsız trafik akış tahmini modeli geliştirilmiştir. 
Bu model geliştirilirken, öncelikle ülkemize ait araç 
verilerinden belirlenen enlem-boylamları (Ankara-İstanbul 
yolu) içine alan veriler filtrelenmiş, konum bilgileri ve açısal 
yön bilgileri ölçeklendirilmiş, sonrasında OPTICS kümeleme 
algoritması ile farklı komşuluk değerlerinde veriler 
kümelenmiş, geliştirilen model ile belirlenen 
yakınlıkta/uzaklıkta araçların kümelenebildiği görülmüştür. 
Elde edilen sonuçlar, istenilen ölçekte araçların, yol bilgisinden 
bağımsız gruplandırılabileceği, bu araçların ortalama hızı 
hesaplanarak yol durum renklendirmeleri ve trafik akış 
tahminlemesinin yapılabileceği göstermiştir. Bu çalışmanın, 
trafik akış tahminlemede yeni yaklaşımların geliştirilmesine 
katkılar sağlayacağı değerlendirilmektedir. 

Anahtar Kelimeler—Yoğunluk Tabanlı Kümeleme 
Algoritması, OPTICS,  Trafik Akış Tahmini,  Yol bilgisinden 
Bağımsız Trafik Akış Tahmini 

Abstract—Population, expansion of the residential areas 
and increasing number and density of vehicles affect city 
traffic and bring front the transportation as a problem. 
Advanced traffic management systems are always required to 
control, regulate and manage city traffic. Many researchers 
have done a number of studies to regulate, develop and 
improve the systems, and the most important of them are 
about the forecasting of traffic flow, route, driving time, etc. In 
this study, without spatial road information, traffic flow 
forecasting has been done with the forecasting approach based 
on density based OPTICS algorithm and considering the 
position information and angular directions data that obtained 
from the vehicles. When developing this model, firstly, all, 
vehicle data of our country were filtered to determine latitude-
longitude coordinates including Ankara-Istanbul highway, 
location and angular information were scaled, the data was 
clustered then by OPTICS clustering algorithm with different 
adjacent values, and it was seen that vehicles can be clustered 

at the determined proximity/distance with the developed 
model. The obtained results indicating that, without road 
information, vehicles can be grouped at intended scale, road 
condition coloring and traffic flow forecasting can be made 
with the proposed model. It can be concluded that this study 
might guide new studies in traffic flow forecasting in future 
studies. 

Keywords—Density Based Clustering Algorithm, OPTICS, 
Traffic Flow Prediction, Traffic Flow Forecasting without Road 
Information 

I. GİRİŞ 

Sanayileşmenin ve kentsel yaşam kalitesinin artmasından 
dolayı şehir merkezlerinde nüfus artmaktadır. Bununla 
beraber, büyük şehirler ve gelişmekte olan yerleşim 
alanlarında kullanılan araç sayıları da artmakta, bu artış trafik 
ve ulaşım problemlerini beraberinde getirmektedir. Türkiye 
İstatistik Kurumu verilerine göre Türkiye’deki araç sayısı 
2018 yılı Şubat ayında 22 milyonu geçmiştir [1]. Kentlerde 
yaşayan insanların ekonomik koşullarının iyileşmesi toplu 
taşıma yerine özel araçların kullanımını arttırmaktadır. Diğer 
taraftan devlet ve kamu kurumları şehir içi ve şehirlerarası 
karayolu ulaşım ağını iyileştirmekte ve gereklilik halinde 
yeni yollar yapmaktadır. Fakat ulaşım ağının geliştirilmesi 
artan araç sayısındaki talepleri karşılayamamakta, bu nedenle 
şehirlerdeki trafik yoğunluğu her geçen gün artmaktadır. 
Trafikte seyahat eden kişi trafik yoğunluğunda sadece zaman 
kaybetmemekte, akıcı trafiğe göre daha fazla yakıt 
tüketmektedir. Sürücüler için ekonomik sebepler dışında 
öfke, baş ağrısı ve başka diğer sağlık sorunları da trafik 
problemleri ile birlikte oluşmaktadır [2]. Bu ve benzeri 
birçok sorunun önüne geçmek için şehir trafik yönetim 
sistemleri oluşturulmuştur. Ayrıca kişisel çözümler için 
navigasyon yazılımları da kullanılmaktadır ve bu yazılımlar 
kullanıcılara yol akış bilgisini belirli renkler ile göstermekte, 
uygun rotaları alternatifleri ile birlikte sunmakta, yol akış 
bilgisine göre seyahat süresini de hesaplayabilmektedir [3].  

Yol akış bilgisinin kullanıcılara gösterilmesi, seyahat 
süresinin hesaplanması ve farklı rota seçimlerinin sunulması 
için birçok trafik akış tahmin yöntemi uygulanmaktadır. 
Tahmin çalışmaları için kullanılan veri türleri uygulamalara 
göre farklılık göstermektedir [4]. Araçlara ait hız verisinin 
kolaylıkla okunabildiği kaynaklar döngü detektörleri, Trafik 
Mikro-dalga sensörleri ve GPS aygıtlarıdır. Sensör ve döngü 
detektör verileri, belirli bir bölgeden alınan veriler ile bu 
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verilere bağlı olarak sadece o yola ait tahmin 
yapılabilmektedir. Ayrıca yol akış bilgisinin tahmini 
yapılacak her yola algılayıcı sensör yerleştirmek ve onların 
düzenli kontrolünü yapmak maliyetli bir iştir. Sensör 
verilerinden ayrı bir veri kaynağı olarak kullanılan hareketli 
araçlardan elde edilen GPS verileri, enlem–boylam ve 
konum bilgisini içermektedir. Bu bilgiler yol bilgisinin 
bulunduğu haritalarla eşleştirilmekte, bu sayede ilgili yolun 
akış tahmini yapılabilmektedir [5]. Fakat bu sistemlerde ise 
akış tahmini yapılacak yolun uzunluğu bir problemdir. 
Tahmin edilecek yolların bölümlenmesi yol bilgisine bağlıdır 
ve bu bölümleme standart değildir.  Bu nedenle yol 
bilgisinden bağımsız yol akış tahmini yapan sistemlere 
ihtiyaç duyulmaktadır. 

Bu makalede; yol bilgisinden bağımsız şehir trafiğinde 
trafik akış bilgisinin oluşturulabilmesi için GPS 
cihazlarından gelen konum, zaman, açısal yön ve hız verileri 
ile araçlar, OPTICS kümeleme algoritması kullanılarak 
kümelenmiştir. Bildiri makalesi çalışmasında, Başarsoft Bilgi 
Teknolojileri A.Ş.’den elde edilen tüm Türkiye’ye ait bir 
dakikalık zaman dilimi içerisindeki hareketli araç verileri 
kullanılmıştır. Kümeleme yapılacak veriler, Türkiye 
verisinden Ankara ili İstanbul yolu verileri filtrelenerek elde 
edilmiştir. Kümeleme yapmaktaki temel amaç, yol akış 
bilgisini oluşturabilmek adına, yol bilgisini içeren anayol, 
cadde ve sokak gibi düzlemsel bilgilerden bağımsız, GPS 
verileri birbirine benzeyen araçları gruplayabilmektir. 
Böylelikle yol bilgisi kullanılmadan sadece coğrafi konum 
ve açı-yön bilgileri ile benzer araçlar aynı kümede 
toplanacak, istenilen ölçekte araçlar gruplanabilecektir. 
İleride yapılması planlanan çalışmalarda ise kümelenen 
araçların hız verileri kullanılarak yol durum renklendirmeleri 
ve bunların sonucunda da trafik akış tahmini yapılması 
hedeflenmektedir. 

Bu bildiri kapsamında yapılan çalışmada; II. Bölümünde 
kent trafiği yönetim sistemleri ve akıllı ulaşım sistemleri 
kısaca anlatılmıştır. Akıllı ulaşım sistemlerinde kullanılan 
araç trafiği akış tahmini üzerine yapılan çalışmalara da 
örnekler verilmiştir. III. Bölümde trafik akış tahmin 
modelinde kullanılan OPTICS algoritması, modelin 
geliştirme ortamı, kullanılan veri seti ve geliştirilen tahmin 
model akışı anlatılmıştır. IV. Bölümde geliştirilen tahmin 
modelinden elde edilen sonuçlar açıklanmış ve V. Bölümde 
çalışmanın sonuç ve değerlendirilmesi yapılmıştır. 

II. KENT TRAFİĞİ YÖNETİM SİSTEMLERİ 

 Kentlerde oluşan trafiğin düzenlenmesi için kamu 
kurumları, belediyeler ve özel kuruluşlar uzun süredir 
konuyu reel, sosyal, ekonomik ve çevresel faktörleri göz 
önünde tutarak ele almaktadır. Çalışmalar alt yapının 
geliştirilmesi, ulaşım hizmetlerinin çeşitlendirilmesi ve trafik 
akışının yönetilmesi olarak üç başlıkta toplanmaktadır [6]. 
Altyapının geliştirilmesi coğrafi özellikler ve bütçe gibi 
etmenlere bağlıyken, ulaşım hizmetlerinin geliştirilmesi 
kamu ve devlet politikaları ile sağlanmaktadır. Trafik 
akışının yönetilmesi ise yol ve araç verilerinden gelen 
bilgiler ve bu bilgilerin uygun teknolojilerle kullanılmasına 
dayanmaktadır. Trafik akışının yönetilmesi için ortaya çıkan 
Akıllı Ulaşım Yönetim Sistemleri ve Akıllı Yolcu Bilgi 
Sistemleri trafik yoğunluğu, akışını ve seyahat süresi gibi 
seyahat özelliklerini ölçebilmekte, çıkarım yapabilmekte ve 
tahminler üretebilmektedir.  

Akıllı ulaşım sistemlerinin uygulanmasında sürücü, araç 
ve yol bilgileri arasında bir bağlantı kurularak seyahat eden 
kişilerin yolculuğunun güvenli, hızlı ve kaliteli bir şekilde 
yapılması sağlanmaktadır. Sistemin temel amacı ulaştırma 
sistemi, altyapı ve hizmetlerinin daha etkin kullanılması için 
bilgi elde etmek, işlemek ve doğru şekilde yorumlamaktır. 
Bu kapsamda öne çıkan akıllı sistemler, ileri teknolojiler, 
bilgi sistemleri, sensörler ve ileri optimizasyon tekniklerinin 
kullanıldığı uygulamalar bütünüdür [7].  Takip eden alt 
başlıkta trafik akış tahmini yapılırken zaman aralığı seçimi, 
kullanılan yöntemler gibi hangi ölçütlerin ele alındığı 
açıklanmıştır. 

Trafik akış tahmini için kullanılan yaklaşımlar 
incelendiğinde; akıllı ulaşım sistemlerinde kullanılmak üzere 
seyahat süre tahmini yapılması ve farklı rota seçeneklerinin 
sunulması için trafiğin yoğunluk durumunun ve akışının 
tahmin edilmesi gerekmektedir. Seyahat süresini 
hesaplamak için kısa, orta ve uzun süreler olarak ifade 
edilen farklı yaklaşımlar önerilmiştir. Örneğin; Van Lint 
kısa zamanlı tahmin aralığını 0-60 dakika, uzun zamanlı 
tahmin aralığı için bir günden fazla olan süreleri 
belirlemiştir [8].  Trafik akış tahmini yapılırken ele alınan 
başka bir husus kurgulanan modelin veri odaklı mı yoksa 
model tabanlı mı olduğudur. Model tabanlı yaklaşımlar, 
belirli bir modele sadık kalarak beklenmeyen olayların 
oluşması gibi mevcut durum ve sonraki durum arasındaki 
değişiklikleri dikkate almaktadır. Beklenmeyen olaylar için 
gerekli parametre güncellemesi yapmakta ve geçmiş verileri 
içeren veri tabanlarına sorgulamadan da tahmin 
yapabilmektedir. Veri odaklı modeller ise; geçmiş trafik 
verileri yerine trafiğin o anki durumunu içeren bilgileri 
dikkate almaktadır ve mevcut trafik durumunun geçmiş 
verilerle benzer örüntüde kabul etmektedir. Simon vd. 
model tabanlı yöntemler için geniş bir tarama çalışması 
yapmışlar ve kısa zamanlı trafik tahmininde kullanılan 
OLSIM, AIMSUM gibi yaygın kullanılan model tabanlı 
yöntemleri değerlendirmiştirler [9].   

Zaman aralığı seçimi belirlenmesi, model tabanlı ve veri 
odaklı yaklaşım seçilmesinin yanı sıra çalışmalarda tahmin 
doğruluğunu sağlamak için farklı yaklaşımlar kullanılmıştır. 
İlk araştırmalar zaman serilerine dayanırken, sonraki 
çalışmalarda Kalman filtreleme yöntemleri de kullanılmıştır. 
Araştırmalar genellikle kısa zamanlı tahminlerden 
oluşmaktadır [10]. Trafik tahmini yapılırken; doğrusal 
regresyon [11] ve zaman serileri [12] gibi parametrik ve 
istatiksel yöntemler kullanılırken, k-NN [13] ve FN-
DBSCAN [14] gibi parametrik olmayan yöntemler de 
denenmiştir. Bu çalışmada, parametrik olmayan, veri odaklı 
ve yoğunluk tabanlı yöntem olan OPTICS algoritması 
kullanılmıştır. 

III. MATERYAL METOT 

Bu bölümde, trafik akış tahmin modelinde kullanılan 
OPTICS algoritması, kullanılan geliştirme ortamı, veri 
kümesi ve geliştirilen tahmin modelinin adımları 
açıklanmıştır.  

A. OPTICS Algoritması 

Yoğunluk tabanlı bir algoritma olan OPTICS algoritması 
genişletilmiş bir DBSCAN algoritması olarak çalışmaktadır 
[15]. DBSCAN algoritmasında rastgele seçilen bir p noktası 
çekirdek nesne olarak seçilmektedir ve girdi parametresi 
olarak çekirdek nesnenin komşu nesnelere yakınlık yarıçapı 
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ε  (epsilon) ve kaç üye komşuluğuna bakılacağı MinPts 
değerleri kullanılmaktadır [16]. OPTICS algoritmasında ise 
“üretilen uzaklık” ε  değerinden küçük iε  değerleri dikkate 
alınmaktadır (örn.

i0 ε ε≤ ≤ ). DBSCAN algoritmasından tek 
farkı küme üyeliklerinin ilk etapta belirlenmemesidir. Küme 
üyelerinin hemen belirlenmesi yerine her bir nesnenin sırası 
oluşturulur, çekirdek mesafe ve uygun bir erişilebilirlik 
mesafe bilgisi kaydedilmektedir. Veri sırası elde edilen 
nesnelerden çekirdek nesne olarak belirlenen nesneler için en 
az sayıdaki yakın komşuluğuna bakılarak kümeleme işlemi 
yapılmaktadır.  

B. Geliştirme Ortamı  

Bu çalışma Python dili kullanarak yapılmıştır. Python dili 
için Jupyter Notebook geliştirme ortamı, kümeleme işlemi 
için Sklearn.Cluster kütüphanesinden OPTICS algoritması 
kullanılmıştır. Ayrıca verilerin belirli aralıkta değerlere 
çekildiği veri ön işlemi olan standart ölçeklendirme işlemi 
Python Sklearn.Preprocessing kütüphanesi kullanılarak 

yapılmıştır. Standart ölçeklendirme için matematiksel ifade 
Eş.1’de gösterilmiştir. Eş.1’de normalleştirilen değer “Z”, ele 
alınan değer “x”, ortalama değer “u”, standart sapma “s” ile 
ifade edilmektedir.  

 Z = (x - u) / s              (1) 

Kümeleme işlemi sonucunda oluşan araç kümelerini 
harita üzerinde görselleştirmek için Holoviews, listeleme için 
Pandas kütüphaneleri kullanılırken [17, 18], her kümenin 
ortalama hızı, kümedeki araçların hızlar toplamının 
kümedeki araç sayısına bölünmesiyle elde edilmiştir ve Eş.2 
ile gösterilmiştir. 

            

n

i
i=1

x
x =

n


 (2)

 

(a) Türkiye’ye dağılmış bir dakikalık araç verilerinin haritaya işlenmiş 
görüntüsü 

  
 (b) Ankara-İstanbul Yolu filtrelenmiş araç verilerinin görüntüsü 

 
(c) OPTICS algoritması 20 komşuluk değeri ile elde edilen örnek bir kümenin harita görüntüsü 

 

 (d) OPTICS algoritması 10 komşuluk değeri ile elde edilen örnek bir küme harita görüntüsü 

 
 (e) OPTICS algoritması 10 komşuluk değeri ile elde edilen diğer bir örnek küme harita görüntüsü 

 Şekil 1. Uygulama için elde edilen görüntüler
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C. Veri Kümesi 

Çalışmada kullanılan veri kümesi Başarsoft Bilgi 
Teknolojileri A.Ş.’den elde edilmiş olup, üzerinde gerekli 
maskeleme ve anonimleştirme çalışmaları yapılarak 
tarafımıza iletilmiştir. Yaklaşık 560 bin satırdan oluşan veri 
kümesi 28 Mayıs 2019 tarihli, tüm Türkiye’de dolaşan 
araçlara ait bir dakikalık bilgilerdir ve araçlara ait kimlik, 
zaman, boylam, enlem, hız ve açısal yön bilgilerini 
içermektedir.  

D.  Geliştirilen Tahmin Modelinin Adımları 

Trafik akış tahmin modelinde belirli bir akış uygulanmış 
ve uygulanan her bir adıma ait detaylar aşağıda verilmiştir. 

Adım 1. İlgili kütüphaneleri yükle (holoviews, sklearn vd.) 

Adım 2. Tüm Türkiye verilerini oku (Şekil 1(a)) 

Adım 3. Verileri belirli koordinatlarda filtrele (Şekil 1(b)) 

Adım 4. Enlem, boylam ve açısal yön bilgilerini ölçeklendir. 

Adım 5. Belirlenen komşuluk değeri için OPTICS ile 
kümeleme işlemini uygula.  

Adım 6. Tahmin Modeli kümelerini haritaya yerleştir ve 
harita üzerinde göster. (Bakınız Şekil 1(c), (d) ve (e)) 

Adım 7. Oluşan örnek kümeler için ortalama hız hesapla ve 
sonuçları grafikte göster. 

IV. DENEYSEL SONUÇLAR 

Bölüm III-(D) alt başlığında anlatılan geliştirilmiş tahmin 
modelinin adımları için örnek gösterimler Şekil 1’de 
verilmiştir. Başarsoft’tan alınan bir dakikalık zaman dilimine 
içerisindeki veriler öncelikle Türkiye haritasına 
yerleştirilmiştir ve Şekil 1(a)’da görülmektedir. Veriler 
Enlem (39.9545, 39.9451) ve Boylam (32.8291,32.7112) 
değerleri arasında filtrelenerek, İstanbul yolu verilerinin de 
bulunduğu görüntü Şekil 1(b) elde edilmiştir.  

Kümeleme yapılmadan önce enlem, boylam ve açısal yön 
bilgileri için standart ölçeklendirme yapılmış ve sonrasında 
OPTICS algoritması en az sayıdaki yakın komşuluk değerleri 
sırasıyla 10 ve 20 alınarak uygulanmıştır. 20 komşu yakınlık 
ile kümeleme sonucunda toplamda 27 küme elde edilmiştir. 
Ankara-İstanbul yolu için seçilen birinci örnek küme 4. 
kümedir ve küme görüntüsü Şekil 1(c)’de görülmektedir. 4. 
küme araç sayısı 50 olup bu araçların ortalama hızı 54 km/s 
hesaplanmıştır. 10 komşu yakınlık ile elde edilen küme sayısı 
ise 56’dır.  

Örnek iki küme olarak 8. ve 9. kümeler seçilmiş olup 
küme görüntüleri Şekil 1(c) ve Şekil 1(d)’de görülmektedir. 
Bu kümelerin örnek seçilme nedeni 20 komşu yakınlık ile 
seçilen 4. kümenin daha küçük parçaları olmalarıdır. 8. ve 9. 
küme için sırasıyla araç sayıları 26 ve 10, hız ortalamaları 51 
km/s ve 46 km/s olarak elde edilmiştir.  

20 komşu yakınlık (20 KY) Küme-4 ve 10 komşu 
yakınlık (10 KY) Küme-8 ve Küme-9 için ortalama hız 
grafiği Şekil 2’de gösterilmiştir. Aynı uygulamadan elde 
edilen bir diğer örnek küme 20 KY ile 9. kümedir ve araç 
sayısı 68 araç, araçların ortalama hızları 28 km/s’dir. 20 KY 
ile oluşan 9. Kümenin 10 KY ile oluşan daha küçük parçaları 
küme 22 ve 23’tür. Bu kümelerin araç sayıları 12 ve 10, 
ortalama hızları 27 km/s ve 20 km/s olarak hesaplanmıştır ve 
Şekil 3 ile gösterilmiştir. Küçük küme sayılarının toplamı ilk 
küme değerlerini vermemesi dikkat çekmektedir. Bunun 

gerekçesi komşuluk değerinin küçük olmasından dolayı 
kümelenmeyen araçların sayısıdır ve bu sayı ortalama hız 
değerlerine etki etmektedir. 

 
Şekil 2. 20 KY Küme-4 ve 10 KY Küme-8 ve Küme-9 araç ve ortalama hız 
grafiği 

 
Şekil 3. 20 KY Küme-9 ve 10 KY Küme-22 ve Küme-23 araç ve ortalama 
hız grafiği  

V. SONUÇ VE DEĞERLENDİRME 

Bu çalışmada, yoğunluk tabanlı kümeleme yöntemi olan 
OPTICS algoritması kullanılarak trafik akış tahminleme 
modeli geliştirilmiş ve geliştirilen yaklaşım ile düzlemsel yol 
bilgisinden bağımsız trafik akış tahmini yapılmıştır. 
Ülkemize ait veriler ile öncelikle belirlenen enlem-boylam 
koordinatlarında Ankara-İstanbul yolunu da içine alacak 
şekilde filtrelenmiştir. Filtreleme işleminden sonra konum ve 
açısal yön bilgileri ölçeklendirilmiş ve ardından OPTICS 
kümeleme algoritması ile farklı komşuluk değerleri ile 
kümelenmiştir. Trafik tahmini üzerine olan çalışmalara 
bakıldığında, tahmin için belirli bir güzergâh veya yola ait 
sensör, döngü detektör, akıllı kart vb. kaynakların verileri 
kullanılmıştır ve bu çalışmaların kısıtı sadece ilgili yola ait 
tahmin yapabilmesidir. Bu çalışmada ise belirlenmiş bir 
enlem-boylam aralığında birkaç farklı yola ait araç verisi 
içerisinden birbirine yoğun yakınlıkta araçlar kümelenmiştir. 
Daha önceki çalışmalardan farklı olarak,  OPTICS 
algoritması ile yol bilgisi olmadan ve yol uzunluğu dikkate 
alınmaksızın kümeleme yapılmış ve elde edilen sonuçlar, 
bizlere yol bilgisinden bağımsız istenilen yol uzunluğunda 
araç gruplarını vermiştir. Böylelikle küçük bir yol uzunluğu 
veya daha uzun bir yol uzunluğu için trafik tahmin 
yapılabilmektedir. Bu çalışma, ileride yapılacak farklı 
çalışmalara ait yol durum bilgisi renklendirmesi için bir ön 
çalışma niteliğinde olup gelecekte yapılacak olan yeni 
çalışmalara altyapı oluşturacaktır. 
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Abstract— With the continuing increase in the number of the 
deadly diseases that threaten both human health and life, 
medical Decision Support Systems (DSS) continue to prove their 
effectiveness in providing physicians and other healthcare 
professionals with support in clinical decision making. Among 
these dangerous diseases, diabetes continues to be one of the 
leading one that has caused several deaths in the world. It is 
characterized by an increase in blood sugar levels which can 
have severe effects on other human organs. According to the 
International Diabetes Federation (IDA), 382 million people are 
living with diabetes and by 2035, these statistics will double to 
reach 592 million. In this paper, we propose a DSS for diabetes 
prediction based on Machine Learning (ML) techniques. We 
compared conventional machine learning with deep learning 
approaches. For conventional machine learning method, we 
considered the most commonly used classifiers: Support Vector 
Machine (SVM) and the Random Forest(RF). On the other 
hand, for Deep Learning (DL) we employed a fully 
Convolutional Neural Network (CNN) to predict and detect the 
diabetes patients. The proposed system is evaluated on publicly 
available Pima Indians Diabetes database which consisted of 
total 768 samples each with 8 features. 500 samples were labeled 
as non-diabetic while 268 were diabetic patients. The overall 
accuracy obtained using DL, SVM and RF was 76.81%, 65.38% 
and 83.67% respectively. The experimental results show that RF 
was more effective for diabetes prediction compared to deep 
learning and SVM methods. 

Keywords— Decision Support Systems, diabetes, machine 
learning, deep learning, Support Vector Machine, Random 
Forest, Convolutional Neural Network. 

I. INTRODUCTION 

Diabetes mellitus or diabetes is one of the incurable 
chronic diseases caused by lack or absence of a hormone 
called insulin [1]. It is an essential hormone produced by the 
pancreas that allows the cells to absorb glucose (blood sugar) 
from food supplies in order to provide them the necessary 
energy [2]. The presence of high blood sugar levels in the 
blood is known as Hyperglycemia in medical terms. This 
situation can occur for two main reasons: (1) when the body 
cannot make insulin required by the blood cells (2) the body 
cannot respond to insulin properly.  The body needs insulin so 
glucose in the blood can enter the cells of the body where it 
can be used for energy. However, if the body fails to utilize 
glucose to produce energy, it builds up in the blood resulting 
in hyperglycemia. This can cause serious health problems 

such as diabetic ketoacidosis, nonketotic hyperosmolar, 
cardiovascular disease, stroke etc. 

According to the World Health Organization, diabetes is 
one of the leading causes of death worldwide and about 422 
million people worldwide have diabetes. Indeed, it caused the 
deaths of 1.6 million people in 2016 [3]. 

There are two main types of diabetes, type1 and type 2. 
The diabetes type 1 span 5 to 10% of all diabetes cases. This 
type of diabetes appears most often during childhood or 
adolescence and characterized by the partial functioning of 
pancreas. At the beginning, type 1 diabetes does not develop 
any symptoms, as the pancreas remains partially functional. 
The disease only becomes apparent when 80-90% of 
pancreatic insulin-producing cells are already destroyed [4]. 

The diabetes type 2 presents 90% of all diabetes cases. 
This type of diabetes is characterized by chronic 
hyperglycemia and the body's inability to regulate blood sugar 
levels, which causes a too high glucose (sugar) level in the 
blood. This disease usually occurs in older adults and affects 
more obese or overweight people [5]. 

In medicine, doctors and current research confirm that if 
the disease is discovered at an early stage, the chances of 
recovery will be greater. With the continuous advancement of 
technology, machine learning and deep learning techniques 
have become very useful in early prediction and disease 
analysis. Among these techniques, Support Vector Machine 
(SVM), the Random Forest (RF) and the Convolutional 
Neural Network (CNN) are used in this research to predict the 
diabetes. 

Recently, several researches have focused on predicting 
diabetes using machine learning and deep learning techniques. 
For instance, in [6], authors have proposed a deep learning-
based method for diabetes data classification by using the 
Deep Neural Network (DNN) method. The proposed system 
was experimented on Pima Indians Diabetes data set. The 
proposed system has shown good classification accuracy 
(86.26%) which shows the effectiveness of the DNN in 
helping doctors to predict the disease. 

In [7], authors have presented a theoretical research based 
on three classification method from machine learning 
techniques which are the SVM, the Logistic Regression (LR) 
and the Artificial Neural Network (ANN). 

77



In [8], authors have proposed an hybrid system for 
diabetes prediction by using the Boltzman method from  deep 
learning techniques to predict whether the patient is diabetic 
or not and by using the decision tree method from the machine 
learning techniques to classify either the diabetic patient is 
having type 1 or type 2 diabetes. The obtained results prove 
the good performance of the deep learning method by 
reaching an accuracy of 80% and also for the machine learning 
method by giving 94%. From this research, we can conclude 
that deep learning and machine learning have mixed their 
skills and advantages to give birth to a powerful hybrid system 
that can absolutely help doctor not only in prediction diabetes 
but also in classifying the diabetes type. 

Another recent research presented in [3] have proposed a 
hybrid diabetes detection system based on mixing two 
common techniques from deep learning which are the Long 
Short Term Memory (LSTM) method and the Convolutional 
Neural Network (CNN) method. The obtained results confirm 
the effectiveness of the deep learning by reaching 95.7%. 

In addition, in [9], authors also have presented a deep 
learning approach to identify diabetes by using the Recurrent 
Deep Neural Network (RDNN) method. This approach was 
evaluated by using the public well know data set Pima Indians 
diabetes. The performance of the proposed approach was very 
good and has reached an accuracy of 81%. 

Moreover, in [10], authors have proposed and hybrid 
system composed by three common algorithms of machine 
learning which are the Decision Tree (DT), the Neural 
Network (NN) and the Random Forest (RF) methods to 
predict the diabetes. The data used was taken from Luzhou 
hospital, china and composed by 68994 healthy and diabetic 
patients. In this research, the Principal Component Analysis 
(PCA) was also used to reduce the data set dimensionality. 
The obtained accuracy has reached 80% which can be 
considered as good results. 

In this paper, three different learning-based methods are 
compared for prediction of diabetes disease on the above data 
set. Our main objective is to analyze the efficiency of 
conventional machine learning and deep learning approaches 
for diabetic prediction. We used SVM and RF as part of 
conventional machine learning approaches and CNN as part 
of deep learning method. Literature review shows that both 
SVM and RF have proven to be effective for many 
classification algorithms. Similarly, CNNs have recently been 
widely used for many classification and recognition tasks as 
well. Therefore, we selected these algorithms to evaluate their 
performance for diabetes detection to develop a decision 
support system. Extensive experiments were performed on our 
data set.  For each method, same number of training and 
testing samples were selected. All the analysis and 
visualization are carried out in python 3.6 within the 
Anaconda 5 environment. 

II. MATERIALS  

The proposed method was evaluated on the online 
available PIMA Indians diabetes dataset which is available 
online and can be downloaded from UCI machine learning 
library [11].  The dataset consists of 768 instances with 8 
features which are in CSV format. In this dataset, 500 
instances belong to non-diabetic class remaining 268 
instances were diabetic patients. The features include pregnant 
count, Plasma glucose concentration, Diastolic blood pressure 
(mm Hg), skin thickness (mm), serum insulin (mu U/ml), 

body mass index, Diabetes pedigree function, and Age 
(years).  

In our study, we used all the available features in all 
experiments. The data set was divided into training (60%) and 
testing (40%) parts. Furthermore, the training data set was 
further divided into 10% validation set to evaluate the 
performance of the model. These were randomly selected and 
experiments were repeated ten times to make sure there is no 
bias in the system. The final accuracy was calculated as the 
average accuracy obtained from these experiments. 

III. METHODOLOGY 

A. Support Vector Machine  

The SVMs have proven to be very effective for various 
data classification tasks. It tries to find the optimal separating 
hyperplane between classes by finding the set of points that lie 
on the edge of the class descriptors. The distance between the 
classes is referred to as margin. SVM algorithms finds a 
margin such that its distance is maximum. The higher the 
margin, the better the classification accuracy can be obtained 
for the classifier. The data points lying on the border are 
known as support vectors (Fig. 1). Hence the name support 
vector machine.  The rest of the training samples are 
discarded. SVMs can achieve good performance even on 
small training samples as less training samples are effectively 
used.  

Primarily, SVMs are designed to deal with linearly 
separable binary classification data. Several variations have 
been proposed to adopt it for multi-class classification 
problems. Similarly, it can also be applied for classification of 
nonlinear cases by applying kernels techniques [12]. These 
kernels apply mapping from nonlinear to a linear space where 
it is believed that the data could be easily separated. The most 
commonly used kernel functions include radial basis function 
(RBF), polynomial, sigmoid etc.  For our analysis, RBF kernel 
is used due to it popularity. The RBF kernel is calculated using 
following formula + = exp − −  

Where γ is gamma which is the RBF kernel’s learnable 
parameter. 

 
Fig. 1. Support vectors in SVM 
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B. Random Forest  

The Random Forest algorithm is a supervised 
classification algorithm widely used in different classification 
tasks. This algorithm was proposed by Leo Breiman and 
Adèle Cutler in 2001 [13]. The random forest algorithm is 
derived from the decision tree classifier and, as the name 
suggests, is based on a set of trees where each tree depends on 
a set of random variables [14]. The main idea of this algorithm 
is explained in the Fig. 2.  

The random forest algorithm is based on a set of decision 
trees. These different trees are characterized by the same 
number of nodes, but different data. The decisions of these 
different decision trees will be combined to give a final answer 
that represents an average response of all these decision trees. 

 
Fig. 2. Random forest algorithm [14] 

C. Convolutional Neural Network (CNN 

The CNN is one of the most commonly used DL 
algorithms. It is a specific type of artificial neural network that 
uses several layers of perceptron connected in sequence [15]. 
CNNs perform a series of operations on the input and 
transform it to produce the desired output. This output from 
previous layers can be taken as input to the next block.  

CNNs basically consists of three main types of layers, 
namely convolutional layer, pooling layer and fully connected 
layer (fig- 3).  Convolutional layer forms the core part of the 
network, which has local connections and weights of shared 
characteristics. The objective is to learn feature 
representations of the inputs data. The input feature maps are 
first convolved with a kernel and then the obtained results are 
passed into a nonlinear activation function. The pooling layer 
can be considered as a fuzzy filter, it reduces the feature 
dimensionality and increases their robustness. Finally, the 
fully connected layer takes input from previous layers and 
sends the signals to each neuron in it. The classification is then 
performed by the output layer which usually consists of a 
softmax classifier.  For more details about the CNN, refer to 
[1],[11]. 

Like neural networks, CNNs are based on a set of neurons, 
weights of each neuron and biases. Each neuron receives 
inputs and generates an output by using an activation function. 
Therefore, the convolutional neuron network is a subclass of 
neural networks that have at least one convolutional layer. The 
main purpose of CNN is to reduce the network complexity that 
existed in Neural Networks algorithm by applying the 
convolution. 

IV. EXPERIMENTAL RESULTS 

For all experiments we selected 60% (460 samples) of the 
data for training and validation while 40% (154 samples) was 
used for testing. The performance of the proposed method was 
evaluated in terms of overall accuracy (OA), Kappa 
Coefficient (KC), precision (P), recall (R), and f-measure (F). 
In order to avoid any biasedness of the models, we repeated 
the experiment ten times and the accuracy was calculated to 
be the average of the all experiments. Furthermore, as the 
original data consisted of only 8 features, therefore, no further 
analysis was performed for feature selection or calculating the 
feature importance. We assumed all features are equally 
important.  

Since, the classifiers have some learnable parameters, 
therefore, the first step that we performed was to fine tune 
those parameters first.  Following section describes the details 
about the experiments and quantitative results obtained from 
each classifier. 

A. Support Vector Machine 

The SVM model requires tuning of few parameters. We 
selected radial basis function (RBF) kernel as it has proved to 
be effective for classification. We empirically calculated the 
values for gamma (1.0E-4) and C (10.0). The SVM 
classification produced and over all accuracy 73.94 %, 
precision: 62.56%, recall: 45.82%, F-measure: 51.93%  and 
KC. The classifier produced less recall and there was higher 

 
Fig 3  Architecture of the proposed CNN
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error as it classified non-diabetic patients into diabetic class. 
Table 1 summarizes the classification results obtained for 
SVM classifier. 

TABLE 1. CLASSIFICATION ACCURACY FOR SVM CLASSIFIER 
 

 Non-Diabetic Diabetic Precision 
Non-Diabetic 98 28 77.78% 

Diabetic 15 24 61.54% 
Class Recall 86.73% 46.15%  

 

B. Classification with RF 

The two important parameters that affect the accuracy of 
RF classifier are: number of decision trees and the maximum 
depth. These two parameters were obtained empirically and 
set to 20 and 7 respectively. Fig. 4 shows the grid search 
ranges for each parameter and their corresponding accuracies. 
The overall accuracy obtained for this classier was 79.26%, 
precision: 84.36%, recall: 62.74%, f-measure: 70.93% and 
kappa: 0.556. A higher number of diabetic patients were 
misclassified as non-diabetic (35) out of 99 diabetic patients. 
However, the class precision for non-diabetic patients was 
relatively higher (88.43%). Table 2 shows the results obtained 
for RF classifier. 

 
TABLE 2. CLASSIFICATION ACCURACY FOR RF CLASSIFIER 

 
 Non-

Diabetic 
Diabetic Class 

precision 
Non-Diabetic 107 14 88.43% 

Diabetic 35 64 64.65% 
Class Recall 75.35% 82.05%  

 

 
 

Fig. 4  Visualization of grid search for RF parameters  

V. CONCLUSION 

This study performed a comparative analysis of machine 
learning and deep learning-based algorithms for prediction of 
diabetes. The results showed that RF was more effective for 
classification of the diabetes in all rounds of experiments 
which produced overall accuracy for diabetic prediction to be 
83.67%. The prediction accuracy for SVM reached 65.38% 
while DL method produced 76.81% on our dataset. In future 
we would like to improve the feature extraction step by 
applying an automatic deep feature extraction approach and 
for obtaining a better fitting model to improve the prediction 
accuracy. 
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Abstract— Similar to all other fields of study, assuring the 
quality of web applications is very important. With the aim of 
increasing web applications quality in testing, our task in this 
paper is to reflect on the results of the literature searches made in 
this area. The literature survey carried out in this study searches 
for studies in the area of quality in application testing and 
retrieves 1972 papers, published within the timeframe of 2006 
and 2016. The publications are systematically identified, 
analyzed, and classified and an overview of the trends in this 
specialized field is presented. Systematic mapping is applied to 
review and structure the body of knowledge related to quality in 
web application testing. To conduct our study, we selected a set of 
27 papers published in the area of quality in web application 
testing between 2006 and 2016. The results of this work can help 
other researchers to obtain an overview of the existing web 
application testing quality trends and approaches as well as to 
identify areas in the field that require more attention from 
research point of view. 

Keywords—quality, systematic mapping, testing, web 
application 

I. INTRODUCTION 

We are in an era where quality is considered as one of the 
highest requirements for almost everything. To fulfill this 
requirement, reliable testing tools and processes should be 
developed. Due to this need both in software development and 
web application testing, certain tools have become popular. 
One of the best indicators is the increasing number of studies 
conducted in the area of Quality and Web application testing. 
Web application testing is a challenging task owing to its 
dynamic behaviors and complex dependencies [1]. What 
makes it so is the fact that accurate interface identification is 
fundamental for many quality assurance techniques as the 
components of a web application communicate extensively via 
implicitly-defined interfaces, thereby generating customized 
and dynamic content [2]. To achieve high quality, web 
applications tend to evolve very quickly, even though resulting 
in errors and failures in test automation scripts that exercise 
them. Repairing such scripts to work on the updated 
application is essential for maintaining the quality of test 

suites [3]. Measuring code coverage is a way of assessing the 
quality of Web development. Although code coverage has 
traditionally been a popular test adequacy criterion, we believe 
it alone is not adequate for assessing the quality of web 
application test cases [4]. Besides that, if used alone, it can 
yield misleading results. Web application testing is still in its 
infancy and relies mostly upon traditional software coverage 
testing processes, which are highly impractical. Recent studies 
have looked at usage-based statistical models for testing web 
applications [5]. 

To conduct our study systematic mapping methodology is 
applied which generally consists of five steps, namely, 
definition of research questions, conducting the search for 
relevant papers, screening of papers, key wording of abstract, 
and data extraction and mapping [6]. These steps were 
followed to prepare this paper which is outlined in this way: 
Section II explains the research methodology and research 
questions; Section III presents the results of the systematic 
mapping; Section IV is a discussion on the results followed by 
Section V which concludes the paper. 

II. RESEARCH METHODOLGY 

In this study, the systematic literature review guidelines 
proposed by Kitchenham and Charters [7] were considered. 
These guidelines are well-defined and enabled us to identify 
and evaluate the relevant papers in the given research topic. 
Systematic mapping study protocol consists of five main 
phases [8] as shown in Fig. 1. 

 
Research Questions  Search Strategy & Search String

   

Quality Assessment Criteria  Study Selection Process

   
Data Extraction & Analysis   

 

 

Fig 1. Research Methodology 
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From the Systematic Mapping protocol, the steps taken in 
this study are briefly described as follows: 

• Constructing research questions  

• Selecting Publications that fulfill the posed 
questions 

• Categorization and classifying the retrieved 
papers.  

• Presenting the accumulated results accordingly.  

A. Constructing Research Questions 

In order to achieve the objective of this study, the 
following research questions were set: 

RQ1: What approaches are available for quality in web 
application testing? 

RQ2: Which researches are mostly active in quality of 
web application testing? 

RQ3: Which countries are contributing the most to 
quality in web application testing? 

RQ4: What are the main types/forms of publications on 
quality in web application testing? 

RQ5: What is the number distribution of publications in 
quality of web application testing per year? 

RQ6: How many tools are proposed and described 
related to quality of web application testing in the 
retrieved study papers? Which tools  are specifically  
used? 

B. Construction of Search Terms 

The search terms were constructed taking into 
consideration the required output, content, type of publications 
involved.  

• Required output:  The studies made under Quality in 
web application testing 

•  Content: The existing approaches for web application 
testing quality 

• Type : Quality in web application testing approaches  
and quality methods. 

   The search strings used in searching are below:  

(“quality in web application testing”) OR (“web application 
testing quality”) 

These search strings were typed and searched thoroughly  
in selected digital libraries. 

C. Resource Selection 

In search of the relevant papers, we used five online 
academic paper search engines, namely, IEEE Xplore, ACM 
Digital Library, Scopus, Science Direct and Springer. Those 
papers in the area of discussion published between 2006 and 
2016 are included in this study. Paper selection phase of this 

study was conducted in December 2016, so, papers published 
till the end of the year 2016 are also included. 

D. Publication Selection 

The selection criteria and the selection process used to 
select only those publications that are relevant to the posed 
research questions. Inclusion and exclusion criteria were 
decided by considering the following points.  

• Is the paper’s main theme about the quality in web 
application testing? 

• Is the paper valid considering the methods used and 
the credibility of provided information? 

• Does the title, abstract and keywords used correspond 
with our topic of discussion? 

If it was difficult to get those information from the abstract, 
the content was also reviewed. In addition to that, only the 
papers written in English language and only those available 
digitally were included. Papers written on the topic of “web 
services” were excluded, since there is a clear distinction 
between web services and web application.   

III. RESULTS  

A. Web Application Quality Approaches 

Here the results of systematic mapping study are outlined. 
The number primarily selected studies was 1972 as given in 
Table I. Table II shows the 27 papers chosen, after the 
application of inclusion/exclusion criteria of this study. The 
main categories of web application quality approaches using 
systematic mapping are four categories, namely, ‘Method 
Development’, ‘Improvement Study’, ‘Test Case Generation’ 
and ‘Testing Tool Development’. ‘Testing Tool Development’ 
is the category we cited a lot in our study as it is directly 
related to our topic of interest.  

TABLE I. PRIMARY STUDIES SELECTED FROM DIFFERENT RESOURCES 

Resources Total Result 
Initial 

Selection 
Final Selection 

IEEE Xplore 844 666 5 

ACM 534 252 13 

Scopus 297 481 0 

Science Direct 1797 78 2 

Springer 3030 495 7 

Total 6502 1972 27 
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TABLE II. WEB APPLICATION QUALITY APPROACH CATEGORIZATION 

Category Frequency 
Percentage 

(%) 

Method Development 9 33.33 

Testing Tool Development 8 26.63 

Test Case Generation 6 22.22 

Improvement Study 4 14.81 

 

Quality approaches are evaluated to see whether the 
applications meet the functional or non-functional 
requirements, and to make sure that the focus goals give 
importance to implementing quality evaluation models. Web 
quality evaluation method tools are developed to help in 
spotting missing features or under implemented requirements. 

B. Active Resarcher Analysis 

In this point we focused on finding the most active 
researchers with higher contribution in our research topics.   
To find out, we used the ranking results, the top authors (in 
order) who have published at least 2 papers in the area are 
showed in the table. The top three ranking is as follows: Jeff 
Offutt (3 papers), Bernard Stepien (2 Papers) and Liam Peyton 
(2 papers) as shown in Table III. This result answers the 
second Research question (RQ2). 

TABLE III. ACTIVE RESEARCHERS FREQUENCY ANALYSIS 

Author # Paper 

Jeff Offutt 3 

Bernard Stepien 2 

Liam Peyton 2 

C. Demographic Analysis 

A discussion of the demographic analysis of identified 
publications is needed so as to answer (RQ3). Countries are 
ranked according to the authors who have published papers on 
the topic of quality in web application approaches. If a paper 
was written in collaboration by many authors from different 
countries, the counter of all the involved countries is 
incremented. As we can observe from Table IV, American 
researchers have authored or co-authored 25% of the papers 
from the selected studies. Those from Canada, China and 
Germany stand in second, third and fourth ranks, respectively. 
The remaining papers are authored by writers from other 
countries. We believe our language choice in including papers 
has attributed in influencing the result to certain degree. Since 
we only included papers written in the English language. 
Nonetheless the results show that there is a need for more 
studies from other countries in order to give a whole inclusive 
image and representation. Fig. 2 shows the number of papers 
per country. 

TABLE IV. FREQUENCY ANALYSIS BY COUNTRY 

Country Frequency 
Percentage 

(%) 

USA 8 25.00 

Canada 5 15.63 

China 4 12.50 

Germany 3 9.38 

 

 

Fig 2. Country Vs Number of Papers 

D. Publication Source Type Analysis 

This point addresses research question number four (RQ4). 
The main types/forms for publications on quality in web 
application testing. Selected papers are published in four 
different publication forms, namely: conferences, journals, 
symposiums, and workshops. Table V shows the distribution 
of  the selected papers over the different publication forms.   

TABLE V. DISTRIBUTION OF SELECTED PAPERS OVER DIFFERENT TYPES 

Country Frequency Percentage (%) 

Journal 10 37.04 

Conference 9 33.33 

Symposium 5 18.52 

Workshop 3 11.11 

E. Publication Trend per Year 

This point answers the 5th research question (RQ5). The 
annual distribution of publication number contributed in the 
topic is as shown in the bubble graph below.  
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Fig 3.  Graph of Annual Number of Papers 

F. Tools Presented in the Papers 

The sixth research aspect focuses on naming the web 
application testing quality tools proposed in the selected 
studies. This point answers research question number 6(RQ6). 
8 papers (which make up around 44.44%) presented at least 
one tool. The fact that almost half of the papers presented 
papers showed a tool in addition to the testing quality 
technique is positive contribution. Some of the presented tools 
were: WebTestExplorer, WebMate, WATER, TestComplete, 
WebTest. But in some of the studies specific tools were not 
given by the authors.  

IV. DISCUSSION 

 Our results indicate that quality in web application studies 
need more research. The most common work in web 
application quality is method development. 9 out of 27 studies 
are related to method development, which is 33.33% of the 
selected studies. The next most common work is testing tool 
development. 8 out of 27 studies are related to testing tool 
development as 26.63% of the total identified studies. It is 
known that each tool is based on a method. After developing 
the method, further studies can be made for tool development. 
For this reason, we can say that method development is a part 
of developing a testing tool. In this situation 17 out of 27 
studies are related to testing tool development, which is 
59.96% of the total identified studies. Only a handful of 
studies has been conducted on test case generation. Although 
fully automated test cases and frameworks have been 
developed for desktop GUI applications, relatively few tools 
exist in the web application space and even fewer that are 
optimized for an industrial setting [9]. For example, in our 
sample set only 6 out of 27 studies are related to this type of 
study which makes 22.22%. The number of studies made in 
improvement study is the lowest. Not only is the number low 
but the type of studies made also needs more improvement on 
in terms of the quality and quantity of the testing tools 
developed. Test frameworks and test tools can help their work 
more efficiently [10]. As a result, improvement studies are 
also considered a part of testing tool development stage as a 
method development. Web applications typically involve 
complex, multi-tiered, heterogeneous architectures including 
Websites, applications, database servers, and clients. How to 

generate test cases considering a variety of situations to be 
able to handle the testing of various components in these 
architectures is also a challenging issue [11]. One practical 
suggestion to be made at this stage is for current testing tools 
to be improved based on received feedbacks. Of course for 
this purpose other different ways can also be devised.  

V.  CONCLUSIONS 

This study due to its limited scope was conducted only on 
27 researches selected from an initial pool of 1972. It is a 
systematic mapping study on quality in web application 
approaches. The main results summarized according to the 
research questions are: 

RQ1: A set of inclusion criteria were used to identify the 
27 papers selected. Based on our study, method 
development and testing tool development were cited the 
most with 33.33% and 26.63% respectively. 

RQ2: To identify the active contributors we considered 
the amount of publishment made in the topic by 
individual authors. 

RQ3: Authors from the United States, Canada, China and 
Germany are sequentially the most contributing authors 
to papers on quality in web application testing. 

RQ4: The forms or types of publications made matter so 
we found out that the studies in this area during the 
specified time were published in four ways: conferences, 
journals, symposiums, and workshops. 

RQ5: To find the number of research papers published in 
this area per year with in the stated frame of time, the 
number of studies published are counted in the respective 
area of interest per year.  

RQ6: To obtain the number of testing tools which are the 
results of researches in this area, common metric in 
software engineering is followed.  

The authors believe that the results found in this research 
study will significantly help in spotting the area which needs 
more studies and research on. It will further assist software 
quality assurance studies in web applications. This study will 
in addition point out and motivate interested individuals to 
address the under-represented areas of study.  
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Abstract— The aim of this study is to create a model to 

meet the global infrastructure requirements of cybersecurity. 

The general framework of the study was determined by 

examining the cybersecurity infrastructures used around the 

world and the improvements needed by these infrastructures, 

and by synthesising the research on how to provide an 

effective solution with an innovative model.   

Keywords—Cybersecurity, vulnerabilities, cybersecurity 

infrastructure 

I. INTRODUCTION 

Worldwide, cybersecurity has become an undeniable 

need in today's technology use. The most basic rights and 

freedoms of all countries and their peoples involve the 

activities they want to perform on the internet. 

Cybersecurity is the cornerstone of a world connected 

through the internet. In the next few decades, advances in 

technology, the internet, and the increase in the number of 

devices suitable for this platform will greatly accelerate the 

importance of this issue. The realm of cybersecurity will 

become increasingly understood through the concept of 

'Cyber Space'. Cyber space is the universe consisting of all 

information systems and users. In general, the non-physical 

space in which people interact with interconnected 

informatic systems and where interconnected informatic 

systems communicate with each other or with people can 

be called 'Cyber Space' [1]. 

The American National Research Council describes a 

cyberattack as follows the intentional modification, 

disruption, disassembly and destruction of computer 

systems and networks or information and programs 

transmitted or contained in computer systems and networks 

[2]. 

According to a report published by a famous 

technology magazine, it was determined that 6.5 billion 

cyber threats were prevented in the first two months of 

2018 [3]. Based on these data, we can more fully appreciate 

the importance of the issue, bearing in mind current and 

further technological advances. According to this 

magazine, e-mail, as expected, is the first line of attack. 

This is followed by ransomware, bullying, and malware 

websites that have been frequently mentioned in recent 

years. If we list the items as follows. 

 Email 

 Ransomware 

 Malware websites 

 Business email compromise attacks 

 Attacks on the finance sector 

 Mobile attacks 

The more developed countries have developed 

strategies for dealing with cybersecurity and plans for 

protecting themselves from these threats by constantly 

updating these measures. There are cyber wars taking place 

today, the importance of this issue for nations becomes 

obvious. Governments who are particularly exposed to, and 

suffer from, cyberattacks on their defence industries and 

strategic development want to pursue a careful and 

systematic process of ensuring cybersecurity and managing 

these operations. Therefore, cybersecurity will no longer 

consist of simple intrusion protection and penetration tests, 

but will be maintained through systematic management 

with an operational management strategy. 

II. CYBERSECURITY INFRASTRUCTURE  

Infrastructure plays an extremely important role in 

providing cybersecurity. If the necessary infrastructure has 

been developed and activated, great progress will have 

been made. Otherwise, no matter how effective individual 

efforts may be, critical situations will inevitably arise 

because of lack of infrastructure.  

When establishing a cybersecurity infrastructure, 

several important factors must be evaluated. These factors 

require thorough analysis, for they will be vital in terms of 

security when necessary. We will examine the issues that 

need to be carefully considered in creating a strong 

cybersecurity infrastructure, as shown in Figure 1. 

 

 

Fig. 1. Cybersecurity Infrastructure [4]. 
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A. Top Management Support 

The senior executives in the cybersecurity centre should 

play an important role in the efficient establishment and 

operation of the cybersecurity infrastructure in the 

following ways. Authorise the installation of a 

cybersecurity operation centre, provide financial and moral 

support for this centre, establish a specific budget, and take 

an active role afterwards [5]. For senior management to 

support the cybersecurity operation centre, it is necessary 

to communicate to them exactly what cybersecurity 

involves and how important it is. In addition, issues related 

to why institutions and establishments need this type of 

structure must be correctly understood. It is also very 

important that information about where to begin and the 

length of time that it will take to achieve cybersecurity is 

well planned and explained to senior management.  

The budget can become a challenge in this area and 

plays a significant role, because establishing an operation 

centre may require significant costs in its initial 

organisation. In addition, a certain amount of time will be 

required to implement the steps to be undertaken. 

Therefore, the support of top management must be 

considered a serious requirement for the cybersecurity 

infrastructure. 

B. Determination of Needs  

Each institution or establishment has its own workforce 

and a certain level of critical infrastructure which, even if 

not available, can be designed [6]. Therefore, after the 

decision to establish an operation centre has been made, it 

is necessary to undertake some analyses within the 

institution while implementing the cybersecurity 

infrastructure [7]. Focusing on the following steps is 

recommended when performing these analyses. 

 Determination of information and documents of 

the institution or establishment [8]. 

 Determination of the assets of the institution or 

establishment [8]. 

 Establishing in advance which of the known or 

unknown potential threats to the assets of the 

institution or establishment can be prevented. 

 Determining the consequences of possible losses. 

 Effective identification of steps to be taken to 

minimise future threats [9]. 

When these steps are completed, the necessary assets 

will be identified by the institution or establishment. The 

weaknesses of these assets and the threats to which they 

may be vulnerable are also identified, and the risks that 

appear for the institutions or establishments are 

determined. If these studies are undertaken, the results will 

be. 

 Critical systems are continuously monitored to 

avoid identified risks. 

 Weaknesses of these systems are identified. 

 Plans and requisite devices are identified to collect 

records from these systems and to evaluate these 

collected records. 

Corporate information security plays an important role 

at this stage and is defined as follows. Corporate 

information security determines the information assets of 

the institution, identifies their weaknesses and undertakes 

the necessary security analyses in order to protect these 

assets from unwanted threats and dangers [10].  

The emergence of new types of attacks and new 

methods of attack in direct proportion to the development 

of technology will require institutions to use new assets. In 

addition, this will require that these steps be periodically 

repeated and updated. 

C. Staff to Work in the Cybersecurity Infrastructure 

In order to make the cybersecurity infrastructure most 

effective, staff should be specialists in information security 

and cybersecurity, have at least two years of information 

processing experience, have received the necessary 

training and have international certificates approved by 

experts in this field. Staff should be tested by the 

organisation using a set of practical examinations and must 

complete the following steps. In selecting the staff to work 

in the cybersecurity infrastructure, the institution’s own 

personnel should be evaluated first to determine whether or 

not they meet the requirements. In the event no one from 

the institution qualifies, outside support staff should be 

hired. The personnel must be capable of keeping secrets 

because of the security and privacy of the information they 

obtain. For this reason, support personnel should sign 

confidentiality agreements 

A security investigation of the applicants by the 

institution will be another important step. The organization 

is obliged to conduct this investigation. Contracts for 

support personnel should take into account provisions of 

the law governing the employment of staff in the 

institution.  

A sufficient number of specialised staff should be 

available to maintain a healthy cybersecurity infrastructure. 

In the event of a crisis, service should be ensured by 

employing sufficient staff to immediately appoint others to 

replace staff working in important roles, thanks to a 

process-oriented system which clearly defines the roles, 

responsibilities, and duties of other relevant personnel and 

the steps of the service sub-processes. The involvement of 

the expert staff, whose duties are listed below, within the 

cybersecurity infrastructure will contribute to the more 

effective maintenance of the cybersecurity infrastructure. 

 Security director. 

 Security architect. 

 Security analyst. 

 Security operation engineer. 
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 Event response specialist. 

D. Implementation and Commissioning Plans 

It is necessary to have detailed information that is 

available from expert personnel about the terminology of 

the attacks, to keep abreast of current events and to collect 

information about any new attacks. Cyber events and 

threats are detected and analyzed by the organization itself. 

During the analysis stage of cyber events, the types, 

dimensions and costs of these events are measured and 

monitored. Measures are taken according to the results of 

this analysis and effectively managed. How to monitor, 

analyse and determine the safeguards and defences against 

cyberspace attacks can be obtained from following and 

being a member of intelligence services.   

National and international cybersecurity studies can be 

followed closely and research can be undertaken to adapt 

the acquired information to the cybersecurity 

infrastructure. Data leaks occurring within the institution 

are monitored, detected and prevented. The cybersecurity 

operation centre does not cause disruptions in the ongoing 

activities of the institution and the users while it is 

performing its duties, and it operates invisibly; however, it 

is activated when an event occurs or is likely to occur and 

constantly monitors important systems. 

On the monitoring screens of the cybersecurity 

infrastructure operation centre the following situations 

should be tracked [11]. 

 Whether critical applications are performing 

correctly or not and monitoring of their 

performance. 

 Status of servers. 

 Network traffic. 

 Security violation event notifications. 

 Information systems, air conditioning and cooling 

systems. 

 Security violation incident response stages. 

Tests to be performed at least once a year [7]. 

 Screening for vulnerabilities in the internal 

network components. 

 Scanning for vulnerabilities in components open 

to the external network. 

 Penetration testing of open Web applications. 

 Domain and end-user computer configuration 

tests. 

 Database configuration tests. 

 Enterprise-specific software. 

 DNS service tests. 

 E-mail service tests. 

 Social engineering tests. 

 Infiltration tests of Web applications that are 

accessed only within the organization. 

 DDOS tests [10]. 

 Virtualisation systems tests. 

 Wireless network tests. 

 Firewall tests. 

 URL and content filtering tests [4]. 

Information security and cybersecurity awareness 

should be fostered for employees working in the 

cybersecurity infrastructure. To achieve this successfully, 

the following should be considered. 

 Users should be informed about current social 

engineering attacks through training exercises. 

 Internal bulletins about cybersecurity should be 

published periodically. 

 Reminder e-mails or educational videos about 

information security and cybersecurity should be 

sent to the employees of the institution. 

 Employees should be invited to cybersecurity 

seminars annually or periodically. 

 A section on cybersecurity should be created on the 

organisation’s Web page, which is accessible only 

to organisation personnel. 

A strong cybersecurity policy should be created. 

Operating systems, software service packs and devices 

must be updated. After updating and receiving patches, 

tests should be carried out in case any new security 

vulnerabilities have occurred.  

Information and files with a high level of 

confidentiality should be encrypted and stored. If the 

information needs to be sent to another location on the 

network, it must be sent after encryption is performed, if 

possible, to prevent unauthorised reading. Encryption may 

be inadequate for information with a high level of 

criticality. In this case, communication should be 

maintained by using the technique of storing the 

information within other information so that attackers do 

not realise that the information is important. Public key 

infrastructure and electronic signatures are also used in 

conjunction with these methods. 

Disaster recovery, emergency and response plans are 

prepared and updated periodically to respond to sudden 

attacks or natural disasters that may occur. Procedures and 

policies required by the ISO 27001 standard are applied 

[11]. Information is backed up, security measures are 

taken, and backup and backup procedures are available. 

E. Procurement of Cybersecurity Infrastructure Needs 

a) Tests 

 Penetration tests 

1. Planning 

2. Information collection 

3. Vulnerability analysis 

4. Vulnerability 

5. Report stage 

 Social engineering tests 
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 DDOS tests [6] 

b) Devices 

 Firewall 

 Web application firewall 

 Database firewall 

 Intrusion prevention system (IPS) and 

intrusion detection system (IDS) 

 Network monitoring device 

 Vulnerability screening system 

 Records management system 

 E-mail management and security system 

 Antivirus system 

 Data leakage prevention system 

 Content filtering system 

 Honey cube 

 Network access control system 

 Information security and incident 

management (SIEM) 

 Load balancer 

 Backup 

What should be 

at CSOC 

Explanation 

Firewall It is the most basic safety device. It 

is necessary to control incoming and 

outgoing traffic. 

IPS/IDS IPD/IDS is the second layer after the 

firewall. It detects harmful contents 

that cannot be detected by the 

firewall. 

E-Mail 

Security 

System 

Thousands of spam and malicious 

emails come from the external 

network through e-mail. Social 

engineering attacks are carried out 

via e-mail. For this reason, e-mail 

and attachments in e-mail should be 

controlled. 

Web 

Application 

Firewall 

Applications are realised on a Web-

based system. Therefore, institutions 

and establishments have numerous 

Web applications. This firewall is 

necessary to ensure the security of 

applications. 

Record 

Collection 

System 

According Law No. 5651, records 

that are collected must be kept and 

recorded [12]. 

Information 

Security and 

Event 

Management 

Records received from systems that 

are too large to be controlled by 

individuals should be analysed by a 

central system and records of events 

should be reported [13]. 

Content 

Filtering 

System 

According to Law No. 5651, content 

filtering and URL processing should 

be performed [12]. 

Antivirus 

System 

A vast number of viruses can occur 

in a single day. Viruses should be 

detected by a system and precautions 

taken. 

7x24 

Monitoring 

System 

With 7x24 monitoring systems, it is 

necessary to monitor the critical 

applications and critical systems 

owned by the institution and the 

establishment. 

Penetration 

Test (at least 

once a year) 

In institutions and establishments, 

there are two vulnerability scanning 

systems, such as a Web application. 

In addition to penetration tests, 

vulnerabilities are determined 

automatically by different tools and 

through manual testing by experts 

[14]. 

Controlled 

Input-Output 

Application 

Only authorised persons should 

reach the authorised areas. 

Cannot be 

Observed from 

the Outside 

Basic security measures should be 

taken for security. Unauthorised 

persons should be prevented from 

accessing the screens and 

information of the institution and the 

organization [15]. 

Authorization 

Definitions and 

Regular 

Checks 

In cases where an authorised user 

leaves or their status changes, their 

authority should be removed to 

prevent unauthorised use of these 

powers. 

Screen 

Monitoring 

Activities 

Systems that are critical in terms of 

security should be monitored by the 

cybersecurity infrastructure team. 

Implementation 

of Backup and 

Recycling 

Tests 

In case of any incidents, backups 

should be performed, and the 

adequacy of these backups should be 

checked in order to prevent access to 

the systems. 

Awareness The awareness of the staff of the 

establishment and the organisation 

reduces the possibility of any 

incidents. 
 

Fig. 2. Overall Infrastructure Assessment. 

III. CONCLUSION 

To provide cybersecurity, most countries, institutions 

and establishments affiliated with these countries carry out 

infrastructure preparation. As a result, many different and 

concealed models have come into existence, and because 

cybersecurity is now considered a new model of warfare in 

the world, cyber-military armies are being established. At 

this point, it has now been acknowledged that the 

infrastructure necessary for cybersecurity will not be 

possible with simple operations, that in fact there are many 

issues to be considered, and that security measures are not 

sufficient if these requirements are not met. However, if 

these requirements are met or a unique model is created, it 

is understood that institutions, establishments and 

countries, both tactical and strategic, may have a more 

effective cyber defence and cyberattack system.  
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Abstract—There are numerous selection, crossover, and 
mutation methods suggested in the literature when it comes to 
genetic algorithms. However, behavior of each different method 
changes when used in combination with other methods. In this 
paper, a brief and clear explanation of many popular selection, 
crossover and mutation techniques has been presented and the 
combination of various optimization methods using Genetic 
Algorithm has been implemented to generate a hybrid 
algorithm as a solution to the well-known NP-hard Travelling 
Salesman Problem (TSP). In this study, 10 different hybrid 
algorithms are implemented and experimented. Each of these 
algorithms are formed combining two different selection 
methods, 3 different crossover methods and 2 different mutation 
methods. Each of the ten different algorithms have been 
implemented and their performance have been tested with two 
different datasets to understand which algorithm outperforms 
the others. Performance of the combination of various methods 
have been presented and the findings illustrated that 
combination of specific crossover, selection and mutation 
methods outperform in terms of the ultimate optimal result. The 
results have been compared with the algorithms in the literature 
that combines Roulette Wheel Selection (RWS), and Stochastic 
Universal Selection (SUS); each implemented in combination 
with Partially Mapped Crossover, Cycle Crossover, and 
Ordered Crossover. Each combination has been tried on various 
population sizes, mutation and crossover rates. It is found that 
combining specific selection, mutation and crossover methods 
can outperform the methods suggested in the literature in equal 
circumstances-when the same population size, generation size, 
mutation and crossover rates are used. 

 
Keywords—Genetic algorithms, travelling salesman problem, 

hybrid algorithm, TSP, natural computing. 

 

I. INTRODUCTION 

Travelling Salesman Problem (TSP) is a well-known 
combinatorial optimization problem. The Viennese 
mathematician Karl Menger [1] made the first known TSP 
statement in 1930 in order to propose a new definition of arch 
length. The definition stated that the length of an arch is 
obtained by joining a finite set of points on the curve to 
determine the length of the shortest polygonal graph on the 
points. The same problem defined for calculating the curve 
length can be adapted to Travelling Salesman Problem (TSP) 
[2, 3]. TSP can be defined as: given a set of cities to be visited, 
a travelling salesman has to visit all the cities in the set 
exactly once and return to the initial city following the 
shortest path possible. Solving such problems is practically 
difficult even when there is reasonably large number of cities. 
These problems cannot be solved especially when large 
number of cities is to be visited. Assuming that there is N 

number of cities that the salesman has to visit, then it means 
that there are N! different path or tours that the salesman can 
choose. Because the challenge is finding the shortest path, we 
have to calculate total distance of all options, which becomes 
challenging and even impossible when the number of cities 
increases. In this paper, we proposed a hybrid Genetic 
Algorithm (GA) based method to find an optimal solution to 
Travelling Salesman Problem [4-6]. Research questions for 
the study are as follows: 

• Which one of the proposed algorithms outperforms 
the other algorithms? 

• Which mutation method is the least efficient when 
used in combination with different selection and 
crossover methods? 

• Which crossover method is efficient when used in 
combination with different selection and mutation 
methods? 

In order to answer these research questions, we have used and 
experimented various combinations of selection, crossover 
and mutation methods. In this study, two different selection 
methods -Roulette Wheel Selection (RWS) and Tournament 
Selection (TS)- of GA are compared in terms of the 
population size, and different crossover methods including 
Partially Mapped Crossover (PMX), Order Crossover (OX), 
Cycle Crossover and Two Point Crossover. We propose a 
hybrid algorithm, which is a combination of different 
crossover, and mutation operators suggested by the 
researchers to solve travelling salesman problem and evaluate 
the illustration of test results to find more successful 
optimization scores than that of methods which we predicate 
on. 

II. LITERATURE 

Genetic algorithms (GA) were proposed in 1950s and 
1960s under the shadow of the idea that natural evolution can 
be imitated and be used as a tool to tackle optimization 
problems [7, 8]. Holland [9] mentions that, many living 
organisms evolve in two cases, which are natural selection 
and sexual reproduction. Natural selection ensures the 
organisms that will survive considering their test of fitness 
such as recognizing a predator and fleeing. If an organism 
fails at fitness tests, it dies. Sexual reproduction assures 
mixing and recombining among the genes of their offspring 
through crossover and mutation. There are several genetic 
algorithms such as heuristic genetic algorithms and pure 
genetic algorithms [10]. In addition to TSP, pure GA’s can 
also be used to solve any problem domain involving objects 
represented in permutations [11]. Genetic algorithm is 
implemented by initializing population, evaluation of the fitness of a set 
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of chromosomes, selecting two different chromosomes 
among a set of individuals based on their fitness value, 
crossing over the two parent chromosomes, mutating the 
chromosomes, and repeating the procedure until the stopping 
criteria is met. The aim of using GA in solving TSP is to reach 
the best genetic material among all others in the search space. 

A. Method of GA for TSP 

In order to solve any problem with GA, one must encode 
solutions as feasible chromosomes so that the crossovers of 
feasible chromosomes can result in feasible offspring 
chromosomes [12]. For the TSP, solution will have been 
represented by chromosome of the length of the visited 
“nodes (cities)” by the salesman, which will be mentioned in 
this paper as “tour”. The nodes (cities) in the TSP can be 
substituted for the genes of a chromosome. Each gene in the 
chromosome will be represented as node such that no one 
node (city) can appear in a tour more than once, otherwise it 
will be infeasible. If we assume that there are N number of 
cities to be visited in a TSP. This N number of cities can be 
visited in N! different order, and hence there can be N! 
number of separate tours. If we create a set of solutions 
consist of a number of separate tours, this set will be called 
as “population” of tours instead of “population of 
chromosomes”. In this paper, we have gathered 2 datasets 
from the benchmark in which there are a total of 51 and 70 
cities. Each city is represented with their x and y coordinates, 
and paths that reaches from point A to B are composed of 
cities that are represented with cardinal numbers. For 
instance, if we assume that there are 7 cities in the dataset, the 
tour can be represented as (1 2 3 4 5 6 7) and the distance 
between cities are calculated regarding their x and y 
coordinates. 

B. Fitness Function 

Genetic algorithms are maximization problems and the 
fitness function for those problems can be used as the 
objective function and can be represented as F(X)= ( ) 
where, f(x) is the objective function [12, 13].  

On the other hand, we consider TSP as minimization 
problem because the main concern is to minimize the total 
distance between the cities visited by the salesman. For this 
reason, the fitness function will be represented the same way 
mentioned, yet f(x) calculates length of the tour. Fitness of a 
tour is inversely proportional to length of the tour. 

C. Selection and Elitism 

In natural evolution, reproduction among the 
chromosomes is maintained through selection and crossover 
method. When selecting the chromosomes to be assigned to 
the next generation Darwin’s survival of the fittest theory is 
imitated. In natural evolution process, the fitness is 
determined by a creature’s ability to survive from the 
predators, pestilence and other environmental challenges 
[14]. The ones in the population who could manage to survive 
these challenges are selected as the fittest livings and as the 
ones that can reproduce. However, while creating a new 
generation, there is a high possibility to lose the 
chromosomes having the highest fitness. To avoid the best 
chromosome from being lost or altered, elitism method is 
used. The best individual is copied to the next generation 
directly through elitism method while the rest of the 

population undergone the usual evolutionary process. 
Various types of selection methods are suggested for genetic 
algorithm including stochastic universal selection, stochastic 
remainder selection, roulette wheel selection, tournament 
selection, rank selection, steady-state selection, Boltzmann 
selection, and many other types. In this paper we have used, 
roulette wheel selection, and tournament selection that 
Larranaga et al. [15], Rani and Kumar [16], and Zakir [12] 
have used in their studies. 

a) Roulette Wheel Selection: When Holland [9] offered 
the genetic algorithm, he preferred fitness proportionate 
selection by dividing the fitness of chromosome by the 
average of fitness of the population. This way, the probability 
of an individual to be selected will be directly proportional to 
the fitness of the individual. The most common way of 
implementing this method in TSP is using “roulette wheel” 
algorithm offered by Goldberg [6] in 1989. According to the 
algorithm, each tour in the population is placed in a slice of a 
circular roulette wheel and the size of the slice is proportional 
to the fitness of the tour. The roulette spun N times where N 
is the number of tours in the population. On each spin, the 
individual under the marker of roulette wheel is selected to 
be in the next generation [4]. Therefore, the larger the slice, 
the higher the probability of being selected will be. 

b) Tournament Selection: Tournament selection is one 
of the most commonly used selection methods in GAs. In this 
selection algorithm a tournament size N is determined 
meaning that N number of candidate parents are going to be 
selected depending on their fitness value, Then the parent 
chromosome will randomly be selected among these N 
number of candidate parents. 

D. Crossover 

When two chromosomes are selected among the 
population based on their fitness to ensure reproduction, the 
genes of these two chromosomes are copied into the newly 
offspring through crossing over. Various types of crossover 
methods are suggested for genetic algorithm process 
including partially-mapped crossover, order crossover, order-
based crossover, position-based crossover, heuristic 
crossover, edge recombination crossover, sorted match 
crossover, maximal preservative crossover, voting 
recombination crossover, generalized N-point crossover, 
cycle crossover, sequential constructive crossover, etc. In this 
paper, various types of crossover methods are implemented 
and compared such as order crossover (OX), and cycle 
crossover (CX) that Larranaga et al. [15] and Rani and Kumar 
[16] have used their studies. Additionally, Two-point 
crossover has been also implemented and tested. 

a) Order Crossover (OX): Davis [17] offered order 
crossover method in 1985. The method is a slight variation of 
PMX. To adjust the method in TSP, given two random and 
different crossover points between 1 and the length of the 
chromosome, sub tour between two points are copied to the 
corresponding position of offspring from the first parent. The 
cities copied to offspring have been eliminated from the 
second parent, and the remaining parts of the tour in the 
offspring are then filled with the remaining cities in the 
second parent tour respectively.  The illustration of OX is in 
the following Fig.  1.  and Fig.  2.: 
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Fig.  1. Sub tour between cut points is copied to the offspring from Parent 1 

 

Fig.  2. The cities copied to the offspring1 (5, 6, and 7) are eliminated from 
Parent 2, and the remaining cities in Parent 2 are copied to fill the rest of 
the offspring respectively. 

b) Cycle Crossover (CX): Cycle crossover method was 
proposed by Oliver et al. [18]. In this problem, the cities and 
their positions come from one of the parents. Adjusting this 
method in TSP, CX can be explained as follows: Given two 
parent tours to perform crossover, the cycle is found in the 
first parent. When the cycle is found, the cities that form 
cycles are copied to the first offspring in the corresponding 
position. Then, the remaining parts in the offspring are filled 
with copying the cities in the same position from the second 
parent. The CX process is illustrated in the Fig.  3, Fig.  4., 
and Fig.  5. below: 

 

 

Fig.  3. Cycle is found between the parent tours  

 

Fig.  4. Cities in Parent 1 that exist in the cycle are copied to the 
corresponding position in the offspring. 

 

Fig.  5.  Cities in Parent 2 are copied to the corresponding position in the 
remaining parts of the offspring 

c) Two-point Crossover (TPX): Two-point crossover 
method selects two random points as a starting and ending 
positions of a sub tour. The sub tour gathered from Parent1 is 
copied in the corresponding position of the offspring. 
Following, cities in the other parent are copied in the sparse 

positions of the offspring by controlling whether the city 
exists in the offspring. 

E. Mutation 
In natural evolution, genes are exposed to some 

unexpected changes, which is called as “mutation”. Mutation 
alters one singe chromosome at a time randomly. 
Randomness plays a significant role in genetic algorithms as 
it helps diversifying the population. There are various types 
of mutations offered such as displacement mutation, 
exchange mutation, insertion mutation, simple insertion 
mutation, inversion mutation, or scramble mutation. In this 
paper, we have used inversion mutation, and exchange 
mutation that Larranaga et al. [15] and Rani and Kumar [16] 
have used in their studies. 

a) Inversion Mutation (SIM): This mutation operator 
was first proposed by Fogel [19] in 1990. Given a feasible 
tour in TSP, inversion mutation randomly selects a sub tour, 
removes the sub tour, inverses the cities in that sub tour and 
inserts it in a random position. The process of inversion 
mutation is illustrated n the Fig.  6. in the following section: 

 

 

Fig.  6. Inversion Mutation 

IM selects a sub tour randomly. If we assume that the chosen 
sub tour is (3 4 5) and the selected random position is 7. IM 
has to remove and insert the sub tour in reverse order 
immediately after the randomly selected position. 

b) Exchange Mutation (EM): Exchange mutation 
operator was first suggested by Banhzaf [20] in 1990. EM is 
also referred as “swap mutation” [19]. This method chooses 
two random points and swaps the positions of two selected 
cities in the tour.  The exchange mutation method is 
illustrated in the Fig.  7.: 

 

 

Fig.  7. Cities in the randomly selected two points 
 (3 and 5) are exchanged. 
 

F. Survivor Selection 

We usually concern about a second selection in genetic 
algorithm after performing the crossover and mutation to the 
tours. There is always a possibility that fitness of a newly 
generated tour can be lower than any of the tours in the 
existing population. As our purpose is to obtain a better 
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population with better tours, it might be a sacrifice to accept 
the worst tour in a newly generated population, eliminating a 
tour with higher fitness from the old population. Hence, 
survivor selection is one of the most crucial steps for us. In 
this paper, we have evaluated fitness values of the newly 
generated tours before accepting them to the new population. 
Newly generated tours are not placed in the new generation 
if they are the worst tours of all population. In that case, better 
tours are placed in the new population instead of the newly 
generated offspring. 

 

G. Termination Criteria 

In genetic algorithms, we try to evolve populations to 
gather better set of solutions. However, at a certain point 
fitness of the individuals hardy ever changes. Also, the 
algorithm has to give an optimal solution in a reasonable time 
period. For these concerns, we determined the termination 
criteria as the number of generations evolved. Rani and 
Kumar [16] have used the same termination criteria in their 
studies. This way we will be able to implement and test the 
operations they presented in their study and create a hybrid 
algorithm by combining them with other crossover and 
mutation methods proposed in the study of Larranaga et al 
[15, 22]. 

III. IMPLEMENTATION DETAILS 

We have developed a program in Java to solve travelling 
salesman problem using genetic algorithm. Purpose of the 
study was to generate a hybrid algorithm by implementing 
the solution of Rani and Kumar [16], then combining various 
of crossover and mutation operators that Larranga et al. [15] 
has used in their studies. A number of algorithms have been 
synthesized combining different crossover methods with 
different mutation operators and with different control 
parameters including mutation rate, population size, and 
generation size. We have started with a randomly generated 
population, selected tours for reproduction based on roulette 
wheel selection, and tournament selection, applied OX, CX, 
and TPX. For diversifying the population, we have tried the 
inversion mutation, and exchange mutation operators offered 
in both studies we used as base. In this study, 0.5, mutation 
rate and 0.8 crossover rates that are used by Rani and Kumar 
[16] is preferred. The researchers have tested the results on 
populations with 50 and 70 tours in it. Rani and Kumar has 
determined a fixed generation size of 30,000 for all problems 

in their studies, therefore we have used the same number of 
generations. Hence, we have predicated on the same 
population and generation sizes. Finally, the problems we 
have used are eil51, and st70. 

Suggested algorithm for TSP using GA: 
TSP_GA (){ 
Generate random initial population of size N; 
Evaluate the fitness of each individual route in the 
population; 
Generation_count=0; 
While termination criteria is not met{ 
Add the best tour of population to the new population; 
Select two good tours for crossover; 
Perform crossover with crossover probability Pc; 
Perform Survivor Selection; 
Mutate a tour with mutation probability Pm; 
Evaluate the population; 
Generation_count++;}} 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

Combining  different  types  of  crossover  and  mutation  
operators,  we  have suggested 10 different algorithms to 
solve two different TSP problems which are eil51 and st70. 
Following list illustrates the combination of operators in each 
algorithm:  

 
Algorithm 1(A1): RWS + CX + Inversion Mutation 
Algorithm 2(A2): RWS + OX +Inversion Mutation 
Algorithm 3(A3): RWS + TPX + Inversion Mutation 
Algorithm 4(A4): RWS + CX + Exchange Mutation 
Algorithm 5(A5): RWS+ TPX + Exchange Mutation 
Algorithm 6(A6): TS + CX + Inversion Mutation 
Algorithm 7(A7): TS+ OX + Inversion Mutation 
Algorithm 8(A8): TS+ TPX + Inversion Mutation 
Algorithm 9(A9): TS + CX + Exchange Mutation 
Algorithm 10(A10): TS+ OX + Exchange Mutation 

Table I. and Table II. illustrate solutions that we have 

gathered from each algorithm while, the table that Rani and 

Kumar [16] illustrated their solutions is presented in the 

Table  III. 

 

 

 

TABLE I. PERFORMANCE OF EACH ALGORITHM IN SOLVING EIL51 

Problem Population Size Optimal Cost A1 A2 A3 A4 A5 
eil51 50 Best 430 426 428 1181 1189 

Avg 456,16 440,54 438,74 1249 1255 

Worst 496 477 464 1311 1310 
Problem Population Size Optimal Cost A6 A7 A8 A9 A10 

eil51 70 Best 427 426 427 1198 1279 
Avg 441,51 442,16 441,30 1244,25 1221,58 
Worst 469 465 468 1298 1395 
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TABLE II. PERFORMANCE OF EACH ALGORITHM IN SOLVING ST70 

 

TABLE III. PERFORMANCE OF ALGORITHMS SUGGESTED IN [16] 

Roulette Wheel Selection 
Problem Population Size Optimal Cost PMX CX OX OX2 OX3 OX6

eil51 
(426) 

50 Best 436 437 439 445 442 441 
Avg 448,62 442,75 447,12 452,5 446 447,1 
Worst 461 451 453 458 453 457 

st70 
(675) 

70 Best 714 696 687 698 690 688 
Avg 744,5 722 715,3 712,4 703,2 708,5 
Worst 849 734 743 734 712 728 

V. CONCLUSION AND FUTURE WORK 

It was very obvious from the test results that, Exchange 

mutation operator was the poorest algorithm. Any 

combination performed in combination with exchange 

mutation gave extremely high optimal costs. On the other 

hand, cycle and order crossover methods covered the 

expectations, outperformed, and gave better results. We 

could obtain the exact solution of eil51 problem using 

Algorithm 2 that was a combination of roulette wheel 

selection, ordered crossover and inversion mutation and 

Algorithm 7, which was a combination of tournament 

selection, cycle crossover and inversion mutation. When we 

examine Table I. we see that A6 and A8, which were 

combination of roulette wheel selection+ two-point 

crossover+ exchange mutation and tournament selection+ 

order crossover+ inversion mutation respectively have also 

outperformed the solutions suggested by Rani and Kumar 

[16]. Similarly, Y.Lu et.al [21] presents the computational 

results for eil51 and st70 problems. The results show that our 

A1, A2, A3 and A7, A8, A9 algorithms performed better 

while solving both problems than the suggested solution in 

[21]. Hatamlou [10] suggests an algorithm for solving TSP. 

The experimental results presented shows that our hybrid 

algorithm solves the TSP much better than the black hole 

algorithm. This shows that when different genetic operators 

are combined to and a hybrid algorithm is used solve these 

problems, better results can be obtained. Secondly, st70 

dataset was used to solve 70-city TSP. It is clear from Table 

II that when the number of cities increases, when roulette 

wheel selection and inversion mutation used, the algorithms 

outperforms other algorithms no matter which of the three 

crossover methods used. Additionally, A9, which is a 

combination of tournament selection+ two-point crossover+ 

inversion mutation also outperformed the solutions suggested 

by Rani and Kumar [16]. We can conclude that NP-hard 

problems similar to TSP can give better results when a library 

of genetic operations are created and when these operations 

are combined to enhance the results. Further, we will enhance 

our work by creating a library of much more different genetic 

operations and using a heuristic method for generating the 

initial population. 
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Abstract—Recent developments in electric vehicle 
technology have lead to an increase in the use of electric vehicles. 
With the increase in the use of electric vehicles, it is necessary to 
secure the information and money flow in the process from 
production to consumption. In this study, an energy ecosystem 
in the Ethereum Blockchain network, which records all 
processes from the generation of electricity to the end user, is 
designed. Furthermore, this study includes energy producers, 
consumers, distributors, dealers, electric charge station and 
electric vehicle users. Transactions between users are provided 
using smart contracts. Smart contracts eliminate third-party 
contacts and all transactions with the decentralized application 
created are recorded on the Blockchain network. Recorded 
transactions are maintained in accordance with the principles of 
confidentiality, integrity and availability through Blockchain 
and smart contracts. In the application developed with the use 
of smart contracts, the user can access information such as 
location, price list, payment type, charging mode, charging type 
and plug types of the related charging stations. PROMETHEE, 
which is a multi-criteria decision-making method, is used in case 
there is more than one offer suitable for a user request. In this 
method, the weights required for the criteria are determined 
according to the profile of a user. 

Keywords— Electric Vehicle, Ethereum Blockchain 
Network, Multi criteria decision, Smart Contract  

I. INTRODUCTION 
 Greenhouse gases, which arise from the use of petroleum-
based fuels, cause problems that may affect the whole world 
such as global warming. Europe is undergoing a wide-scale 
energy transition, replacing fossil fuels and nuclear power 
with low carbon, renewable energy sources such as wind and 
solar power [1]. The quantity of CO2 emissions of electric 
vehicles can be very low depending on the way in which 
electricity is obtained. Electric vehicles that supply with 
electricity need by using a renewable energy source can have 
zero emissions [2]. Electric vehicles are becoming widespread 
with low emissions, fuel economy, quiet operation and the 
development of existing technology. This spread increases the 
need for electricity and the need for charging stations. These 
needs provide academic and industrial researchers in the 
literature with a field of research on the use of Blockchain and 
smart contracts technologies in the energy sector.  

Products developed in the energy sector can be categorized 
for commercial and research purposes. In the literature, there 
are many commercial applications about Blockchain and 
electric vehicle charging systems [3] [4] [5] [6] [7] which is 
used for various purposes. In research [3], smart contracts are 
designed for gas stations. Smart contracts in the Ethereum 
blockchain network minimize security effort. A single smart 
contract can be used by many different vehicles and gas 
stations. The Open Charging Network [4] provides an 
uninterrupted, safe and smart charging system for the end 
customers of the electric vehicle charging community 
developed by the Share and Charge Foundation. The Open 
Charging Network is a system that concerns the end customers 
and there is no monitoring of the energy from the producer to 
the end consumer. Exergy [5] is a distributed accounting 
system that combines layers of software and hardware 
designed to solve management problems caused by renewable 
energy sources operating in local distributed energy networks 
developed by LO3 Energy. Exergy is not developed for 
electric vehicles and smart grids. Furthermore, there are no 
smart contracts in the Exergy development phase. Power 
Ledger [6] is a software-based process layer that 
communicates with existing smart meters and a tool that acts 
as a server computer. Power Ledger introduces renewable 
energy sources based on Blockchain to the market. Power 
Ledger is not developed for electric vehicles. In addition, there 
are no smart contracts during the development of Power 
Ledger. Bittwatt [7] is a platform that connects producers, 
energy suppliers and consumers. Bittwatt develops integrated 
measurement services that enable new and existing suppliers 
to communicate quickly and securely exchange energy.  
However, although Bittwatt is Ethereum-based, credit card 
information is required for processing. It could have been 
safer for Bittwatt to use cryptocurrency for payment. 

Another category is the development of Blockchain 
energy sector products for academic use [8] [9]. In study [8], 
examines the selection of the most appropriate charging 
station. There are many variables in the selection process. 
These variables are determined as station location, price, 
charging power and plug types. In the article [8], after the 
selection process, the communication of the station and the 
electric vehicle is provided by smart contracts. In research [9], 
Blockchain-oriented energy market application is being 
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developed. To realize developed application, Blockchain and 
smart contracts are used. Developed application contains only 
sellers and energy buyers. Unlike all the above-mentioned 
articles, this article provides a multi-criteria decision-making 
mechanism is included in the end-user section. 

The aim of this study is to secure the flow of information 
and money in the process of energy from production to 
consumption. This study includes energy producers, 
consumers, distributors, dealers, electric charge station and 
electric vehicle users. Transactions between users are 
provided using smart contracts. Smart contracts eliminate 
third-party contacts and all transactions with the decentralized 
application created are recorded on the Blockchain network. 
Recorded transactions are maintained in accordance with the 
principles of confidentiality, integrity and availability through 
Blockchain and smart contracts. In the application developed 
with the use of smart contracts, the user can access 
information such as location, price list, payment type, 
charging mode, charging type and plug types of the related 
charging stations. PROMETHEE, which is a multi-criteria 
decision-making method, is used in case there is more than 
one offer suitable for user request. The weights of the criteria 
required for this method are determined in the order of profile 
of the user. Weights are used with profile functions to list the 
most appropriate offers for the user's profiles. After the user 
request, transactions are automated according to user profiles. 
Demo video could be watched from YouTube [10]. 

This paper is organized as follows. In section 2, the 
technologies used in the system are introduced. Section 3 
describes the proposed system. Section 4 describes the 
proposed method. Conclusion and future work are outlined in 
section 5. 

II. SYSTEM OVERVIEW 
In the developed study, all transactions made by users are 

stored to Ethereum Blockchain network using with smart 
contracts. Smart contracts are software which conducts a 
commercial transaction without third parties. By eliminating 
third parties, transaction costs were reduced and the trust 
problem with these third parties was eliminated. Another 
advantage of smart contracts is the autonomous execution of 
commercial transactions. Since smart contracts are written on 
the Blockchain network, they cannot be altered in any way and 
these contracts are undeniable. If the parties agree to the terms 
of the agreement, the accuracy of this agreement cannot be 
questioned. Also, applications created by using smart 
contracts and Blockchain network together are called 
decentralized applications. In order to interact with this 
decentralized application, web interfaces have been 
developed. These interfaces were developed using JavaScript, 
HTML and CSS. For the interaction of these interfaces and the 
smart contract on the Ethereum network, the JavaScript 
library web3.js is used. This library is performed by the npm 
package manager. During the creation of interfaces and smart 
contracts, Ganache application was used to simulate the 
Ethereum Blockchain Network. This application provides 
wallets and ethers contained in these wallets. By using these 
wallets in the application, smart contracts can be deployed or 
transactions in created smart contracts can be triggered. The 
tools used to improve the system are shown in Figure 1. 

 
Fig. 1. Development Tools 

A. Ethereum Blockchain Network 
Ethereum is an open source, blockchain-based operating 

system that is capable of developing applications using smart 
contracts. Thanks to the distributed architecture of the 
Blockchain network, the storage of data is carried out securely 
without being affected by any interference. The reason that the 
Blockchain network provides us with security is that all data 
in the Blockchain network is kept on all nodes and has a 
consensus algorithm. According to the consensus algorithm, 
in order to change or delete a data stored in the network, 51% 
of all the nodes in the network need to be replaced. One of the 
major reasons for selecting Ethereum as the Blockchain 
network is that it is one of the most nodes in the Blockchain 
networks that support smart contracts. The Ethereum 
Blockchain network operates on the Ethereum virtual machine 
on each node. Figure 2 shows the Ethereum Blockchain 
Network and the Ethereum virtual machine. This creates a 
programmable Blockchain network. Ethereum developed the 
gas mechanism to prevent attackers from unnecessarily busy 
the network. With this mechanism, each transaction has a 
transaction fee. Therefore, users should code the gas price of 
their transactions to be low. With the solidity programming 
language developed by Ethereum, smart contracts running on 
the Ethereum network are written. These codes are converted 
to byte code by the Ethereum virtual machine and processed 
on the network. In this way, the environment was created for 
the creation of smart contracts in the Ethereum network. 

 
Fig. 2. Ethereum Blockchain Network Distributed System 
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III. PROPOSED SYSTEM 
There are 5 different types of users in this study. Users 

must fill in all required form information such as username, 
password and Ethereum wallet address to register. The user 
entering the system with the username and password is 
directed to the interface designed for user type. This page 
displays all offers received, all purchase / sale transactions and 
wallet information for users. 

The first user type in the project flow is the electric 
producer. This type of user is the first type of user in the 
generation and transmission of energy. The generated energy 
is put on the market at the unit price determined by this user. 
The offer placed on the market is forwarded to all grid 
operators. In case the bid is accepted by the grid operators, the 
bid price is transferred to the producer’s wallet address 
registered in the system. Producer’s web page is shown in 
Figure 3.  The user types in the second and third stages in the 
flow are the grid operator and the trader. Most of the work 
they do is similar, the only difference is that the grid operator 
receives offers from the producer and bids to the electric 
trader. Similarly, the electric trader receives an offer from the 
grid operator and makes an offer to the station. In case the bids 
are accepted, the bid price is transferred to the wallet address 
of the users registered in the system. The station is the fourth 
type of user in the energy flow. It is the type of user that 
interacts directly with the electric vehicle user. In this type of 
user, an offer is received from the electric trader and an offer 
is made to the user of the electric vehicle user. During the 
bidding phase, bidding is made according to the characteristics 
of the charge unit in available.  

 
Fig. 3. Sample Producer User Interface 

The electric vehicle user is the fifth and final stage of the 
energy flow in this study. When registering in the system, as 
in other user types, in addition to all the form information, the 
charging features (plug type, charging mode, charging type) 
appropriate to the vehicle of the user are registered to the 
system. On this page, the electric vehicle user can view the 
station offers, all their purchase / sale transactions and wallet 
information in accordance with the charging characteristics of 
his vehicle. Electric vehicle user’s web page is shown in 
Figure 4.  

 
Fig. 4. Sample Electric Vehicle User Interface 

In addition to this information, the most suitable stations 
are sorted. This sorting process is performed by 
PROMETHEE method which is a multi-criteria decision-
making method. In the sorting process, the name and bid price 
of the bidding stations, as well as the service quality value of 
the station, the estimated waiting time of the relevant unit and 
the distance of the vehicle to the station are shown. These 
values are also the criteria used in the PROMETHEE method. 
The interaction of all user types in the system is shown in 
Figure 5. 

IV. PROPOSED METHOD 
One of the most widely used multi-criteria decision-

making methods, PROMETHEE (Preference Ranking 
Organization Method for Enrichment Evaluations) method, 
was developed based on the difficulties arising from the 
implementation of existing prioritization methods in the 
literature. The most important feature of this method is that it 
allows more detailed analysis. In addition, this method allows 
analysis of both partial and full priorities of alternatives.  
Before using this method, the criteria data determined is 
collected and made suitable for the process. These criteria 
were determined as product price, station quality, station 
distance and estimated waiting time. The operation steps of 
the method are as follows; 

The decision matrix is created with the product price of the 
stations, station quality, station distance and estimated waiting 
time.  refers to the decision matrix,  refers to the values 
of the decision matrix. The criteria are divided into beneficial 
and non-beneficial. Beneficial criteria refer to criteria where 
higher values indicate better status in achieving the objective. 
As shown in equation (1), the minimum of the relevant criteria 
values   is subtracted from the relevant criteria 
value  and the result is divided by the difference between 
the maximum and the minimum  of 
the relevant criteria values. Non-beneficial criteria refer to 
criteria where lower values indicate better status in achieving 
the objective. As shown in the equation (2), the relevant 
criteria value  is subtracted from the maximum criteria 
value  and the result is divided by the difference 

between the maximum  and the minimum 

 of the criterion values. 
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Fig. 5. System Diagram 

The difference matrix is created for each row. Calculations 
are made according to the determined preference function 
( ). Equation (3) shows the preference function. In this 
function, operations with line values are performed ( ). 

Each column is multiplied by the specified criterion 
weights ( ) and the aggregated matrix ( ) is obtained 
by adding the rows as shown in equation (4). 

Each row and column are collected within itself as shown 
in equation (5), (6). 

The exact priorities for the alternatives are calculated 
using equation (7). With the calculated full priority values, all 
alternatives are evaluated in the same plane and exact order is 
determined. 

The bids are sorted according to the found results. After 
the steps have been completed, the offers are presented to the 
user of the electric vehicle. 

V. CONCLUSION & FUTURE WORK 
In this paper, the data was successfully saved to the 

Blockchain data structure. Therefore, it was understood that 
the Blockchain system could be integrated into such an 
application. Because the data is stored on the Blockchain, the 
data is fully secured. In addition, the application is now fully 
protected against all access restriction attacks (DDoS, etc.) 
that threaten centralized applications. Money transfer 
transactions were carried out safely and successfully through 
Ethereum Network. The PROMETHEE method, which was 
decided to be applied in order to make suggestions to the 
electric vehicle user, was applied successfully and the 
appropriate proposals were presented to the user. User 
interfaces have been prepared with a user-centric approach to 
the user through the prepared web pages. In this way, a 
comfortable and easy-to-use service is provided to the user. 

As a result, a completely free application was developed 
that was born out of the industry's secure data storage needs 
working on the Ethereum Blockchain Network. The outputs 
of this application were specifically observed on the charge 
management system of electric vehicles, and it was found that 
Blockchain and smart contracts provide a secure environment 
for data storage. 
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Abstract— In this paper, RBF-based multistage auto-
encoders are used to detect IDS attacks. RBF has numerous 
applications in various actual life settings. The planned 
technique involves a two-part multistage auto-encoder and 
RBF. The multistage auto-encoder is applied to select top and 
sensitive features from input data. The selected features from 
the multistage auto-encoder is wired as input to the RBF and the 
RBF is trained to categorize the input data into two labels: 
attack or no attack. The experiment was realized using 
MATLAB2018 on a dataset comprising 175,341 case, each of 
which involves 42 features and is authenticated using 82,332 
case. The developed approach here has been applied for the first 
time, to the knowledge of the authors, to detect IDS attacks with 
98.80% accuracy when validated using UNSW-NB15 dataset. 
The experimental results show the proposed method presents 
satisfactory results when compared with those obtained in this 
field. 

Keywords—RBF, IDS, auto-encoders. 

I. INTRODUCTION 

The abundance of the e-devices and large dependence on 
the web-based has led to always cumulative network/internet 
communication. This has led to a large quantity of information 
traffic, requiring  proper testing to ensure reliable use on the 
Internet by individuals and institutions. As per the obtainable 
information, over the years there has been a noteworthy 
growth in network traffic and a consistent increase in network 
intrusion or cyber-attacks. Based on the Cisco studies, the size 
of the worldwide internet traffic increased by up to 1021 
zettabytes by the year 2016, and is expcted double that by the 
end of the year 2019 [1].  

Cyber-attack or network intrusion is an action which 
attempts to intrude the normal operations of a computer 
network. To counteract cyber-attacks, applications are 
needed, known as intrusion recognition mechanisms,  as 
techniques to alleviate or report these intrusions. Yet, it can be 
a challenge to detect and classify these cases given the present 
network speeds and, additionally, in the occasion of wide-
spread Distributed Denial of Service (DDoS) attacks which 
often worsen these conditions significantly. As a result, 
preparations are necessary to counteract such attacks. With 
advanced intrusion detection approaches, we can now keep 
watch on the networks in a professional manner. To overcome 
the challenge, recently several efforts have been made to 
create effective Intrusion Detection System (IDS). IDS is an 
application that observes, identifies, and protects the network 
or the system against any unwanted action that might hamper 
network privcay, transparency, and availability. IDS can be 
categorized in numerous ways, among which the following 
serve as examples: 

 

 

1. Network-based and Host-based [2]: 

In Network-based Intrusion Detection System (NIDS), 
each packet in the network, whether incoming or outbound, is 
examined by inhaling all the packets accumulating and 
examining all upcoming at the IDS stop. IDSs are installed 
deliberately at numerous positions in the network, including 
Mainstay/Core layer, Supply layer, and Access layer. While, 
for Host-based Intrusion Detection System (HIDS) 
arrangement, IDS agendas are installed in every system within 
the same network. 

2. Passive and Active [3]: 

An IDS, which only increases fear in the occasion of an 
intrusion which is intended to deter the attacker, is recognized 
as an “inert IDS”. On the otherhand, an IDS, which also 
triggers further action to deter intrusions, is called a “vigorous 
IDS”. 

3. Signature based and Anomaly based [4]: 

Autograph-based IDS works by corresponding with a 
pattern of known attacks dragged from an information file 
with actions that are potentially harmful. Irregularity-based 
IDS classifies the irregularities in the traffic, and it can 
distinguish unknown/new attacks in the network because it 
relies on the rules, contrary to autograph-based IDS. 

In [5], three techniques are used to classify the IDS data, 
decision tree (DT), linear regression (LR), artificial neural 
network (NB) and Regression Ramp Los K- Support Vector 
Machine (Ramp-KSVCR) which produce 85.56, 83.15, 82.07, 
81.34, and 93.52 respectively. Furthermore, in [6] the author 
applies a wrapper approach based on a genetic algorithm.  

Other studies have also been carried out related to IDS 
attacks using the same dataset presented in this section. 

In [1], Ahmad et al. presented several studies to detect IDS 
attacks, with satisfactory results obtained with MLP 
presenting 98.63%, random forest 98.02%, and Naive Bayes 
96.91. Moreover, in [5] an SVM is applied to detect IDS 
attacks with 97.29% success and fast execution time 
compared with other methods. In [6], SSAE-SVM is used to 
detect IDS attacks by applying a stacked sparse auto encoder 
to extract high-level features and, then, classifying them using 
SVM. Here, the primary advantage compared to [5] is that this 
method used feature extraction technique that reduces the size 
of features, thus leading to reduced computational time and 
increased accuracy up to 97.65%. In [11], Jabez et al. 
proposed a Neighborhood Outlier Factor (NOF) mechanism 
to detect IDS anomaly by using a related dataset. Then, the 
experimental results were further verified using this method to 
present outstanding results compared to previous works in the 
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same field.  In [12], Álvaro et al. identify intrusions in 
computer networks using pre-meditated agents characterized 
by an unsupervised connectionist model. The new method is 
compared with common studies proposed in this field to show 
that it is the most efficient thus far. 

 In [13], Neda et al. apply an artificial immune system 
(AIS) successfully to detect IDS attacks. The agents proposed 
have the ability to learn, self-alter, and maintain a mobility 
platform, overall leading to satisfactory results when 
compared with the literature. In [14], Solane et al. proposed k-
means for detecting IDS attacks.  

The proposed method presented 95.70% accuracy, which 
is acceptable compared with previous studies. In [15] Ozgur 
et al., both anomaly and misuse methods are proposed in the 
form of a hybrid system of a misuse detection module and an 
anomaly detection module. The KDD Cup 99 dataset is 
applied to verify the proposed system, which obtained 
remarkable results when compared with other well-known 
studies. 

In this study, the authors combine a multistage auto-
encoder and an RBF to detect IDS attacks. Our method 
presents satisfactory results when compared with previous 
studies. 

II. MATERIAL & METHODS 

A. Auto-encoder 
      The Sparse Auto-encoder (SAE) is mainly a neural 
network containing a numeral of AEs, where each AE 
denotes a layer and is trained in an unsupervised manner by 
applying data without labels.  In this way, the input of every 
AE is the output of the earlier one. The training of AE is 
carried out by guessing the best variables and applying 
various techniques which decrease the separation between 
input  and output    The coding between input  and 
output  is illustrated in the equations below:  
 

                                                             (1)                 

                       (2)                                                                                                                              

                       (3)    
                                                                              
 
where M is an activation function, such as a sigmoid logistic 
function. 
The final mathematical model can be illustrated in equation 
(4): 

       (4)     
  
The input  and output  discrepancy are represented by 
using a cost function. Several algorithms are used to find the 
optimum parameters of the network; the details of 
mathematic model are presented in [8] and [9]. The deep 
auto-encoder consists of two auto-encoders or more, where 
the AE attempts to extract the important features from input 
features X. The purpose of applying several AEs is to 
decrease the amount of data on a gradual basis to reduce the 
amount of effective data lost. The objective function of AE is 
illustrated as Equation (5). 
 

 

 
                                                                                            (5) 
 
where the mistake ratio is illustrated with parameter E, the 
data denoted by x , the recreated data denoted by  which is 
the output of the AE, λ and β are constants  
L demonstrates the hidden layers’ number, n is the 
explanations number, and k is the hidden layer’s amount. 
Finally, the preferred cost is shown by , and  denotes the 
ordinary activation of a neuron   . 
The simple auto-encoder appears in Figure 1.                                          

Fig. 1  Neural network architecture [8]. 

B. Proposed Method 
     In this paper, deep learning is used to find IDS attacks by 
using a number of auto-encoders trained separately as 
unsupervised learning for feature extraction and, later, 
training the RBF. The auto-encoders are combined with a 
Radial Basis Function (RBF) to detect IDS attacks 
automatically.  The features from DDOS attack features are 
also extracted by using the first auto-encoder. Then, the 
output of the first Auto-encoder is wired to the second and 
three or N number of auto-encoders according to the input 
data size and properties.  
Furthermore, the extracted features from Auto-encoders are 
classified using the RBF function. The RBF presented here, 
offers positive results in many complex supervised problems.  
Finally, the MATLAB 2018 is used as a tool to develop this 
system. The steps of the proposed method listed below. 
 

1. Read the data [10] by using MATLAB  
2. Auto-encoder1 has five parameters identified by the 

user; these are: hidden size, max epoch, L2 weight 
regularization, sparsity regularization, and sparsity 
proportion.   The sparsity regularize effect is 
controlled by a sparsity regularization parameter to 
force a chain on the sparsity of the output from the 
hidden layers. In turn, the sparsity regularize 
parameter is controlled by the sparsity proportion 
(SP) parameter. The sparsity of the output from each 
hidden layer is controlled by the proportion 
parameter. A low value for SP normally leads all 
neurons in the hidden layer specialized by only 
producing a high output value for a small amount of 
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training examples. The hidden size represents the 
number of features selected in the hidden layer, and 
it is different from one problem to another based on 
the nature of that problem. Furthermore, max epoch 
represents the number of iterations used to find the 
optimum results for the network 

3. The first auto-encoder is trained in an unsupervised 
fashion to extract important features. 

4. The second auto-encoder parameters are identified 
by the user as hidden Size=27, max epoch, L2 
weight regularization, sparsity regularization, and 
sparsity proportion. 

5. The second auto-encoder is also trained in an 
unsupervised mode to extract important features. 

6. The Radial Basis Function (RBF) classifier is 
trained in a supervised fashion to classify the 
features of the IDS to the classes as:  attack or no 
attack. 

7. Train complete go to step 8 else return step 1. 
8. After the training part is complete, the system is 

tested using other data to calculate the accuracy of 
the system by means of testing instance. The new 
data is used to test the trained system by applying 
the same behaviour data. 

9. The entire mean is tested to see if the testing data is 
not completed; in which case, we return to the test 
data or continue with calculate accuracy. 

10. Accuracy is calculated after the testing part is 
complete and the confusion matrix is formed at the 
end of the process. 

III. RESULTS AND DISCUSSION 

Before numerous experiments are performed in several 
settings, the test and the outcome are assessed by applying 
several measurements. 

In the first stage, the 48 features which represented the IDS 
features become input to auto-encoder1, which extracts only 
33 features from them. Then, the 33 features are wired to auto-
encoder2, where only 28 high-level features are extracted. 

Furthermore, RBF is used to classify the features extracted 
from the last auto-encoder by training in a supervised fashion. 
Several parameters are assessed to evaluate the proposed 
method. See Table I. 

TABLE I.  PROPOSE METHOD STYLES 

Parameters Results 
Sensitivity 0.9900 
Specificity 0.9860 
Precision 0.9861 
Negative Predictive Value 0.9900 
False Positive Rate 0.0140 
False Discovery Rate 0.0139 
False Negative Rate 0.0100 
Accuracy 0.9880
F1 Score 0.9880 
Matthews Correlation Coefficient 0.9760 

 
As shown in Table II, the proposed method presents better 
results than those appearing in [1, 5, 6, 13, and 14], which are 
among the commonly known researches in this field. The 
proposed method is compared with well-known studies in 
this field to detect IDS and validated by UNSW-NB15. 

TABLE II.  LIST OF STUDIES 

Methods Results 
MLP [1] 98.63 

Random Forest [1] 98.02 
Naïve Bayes [1] 96.91 

SVM [5] 97.29 
SSAE-SVM [6] 97.65 

Proposed Method 98.80
 

According to the experimental results, we can note that 
deep learning techniques applied here have the ability to 
extract sensitive features from complex data in an effective 
form. Furthermore, combining the auto-encoder with RBF 
presents new and remarkable results compared to traditional 
methods presented in Table II. The auto-encoders extracted 
sensitive and high-level features from the input data - the main 
instrument leading our results and not previously applied by 
other studies. 

The RBF has several advantages that lead to the present 
satisfactory results such as: good simplification, easy strategy, 
and robust tolerance. These features are unique as this is the 
first time, to our knowledge, that RBF has been combined with 
deep auto-encoders to detect IDS attack. 

IV. CONCLUSION 

The increase in using the internet in different fields such 
as banking, online shopping and hotel reservation has led to 
an exponential increase in IDS attacks as well, in turn giving 
rise to the number of studies in IDS detection using automatic 
systems and methods. A number of automatic detection 
methods have been proposed using machine learning 
techniques to detect IDS attacks automatically. RBF presents 
satisfactory results in different fields such as image 
recognition, video classification and face detection etc.  

In this study, an RBF-based multistage is used to detect 
IDS attacks. In more detail, the approach is new for IDS 
detection and extracts sensitive features and reduces their 
dimensions by using a multistage auto-encoder, leading to 
98.80% accuracy – an outstanding outcome when compared 
with previous studies.  

As future work, certain phishing websites can by classified 
by using another machine-learning technique such as 
Bayesian, Neural Networks, LSTM and recurrent neural 
network. The use of a multistage technique can present better 
results than traditional methods used so far in the literature. 
Therefore, the power of machine-learning techniques can be 
optimized by using a multistage approach and applied to other 
classification problems as well. 
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Abstract—Animal shelters are known as safe places which 

are managed by governmental or nongovernmental 

organizations, however the way these establishments harboring 

animals is a controversial issue. Almost every country in the 

world have different approaches to that subject.  As an example; 

United States of America and the Europe Union have acclaimed 

regulations about animal rights. However, the situation in many 

countries is not that bright for the stray animals. Stray animals 

face considerable ratios of violence, assault and death. The 

shelters have conspicuous problems, such as overpopulation, 

hunger, lack of space, forced mating, illegal euthanasia and 

death ratio. Those circumstances have put adopting and 

fostering mechanisms on a much more troublesome way. Our 

proposal includes a promising, trackable and transparent 

system solution based on blockchain technology for the animal 

shelters. Design of the system, requirements and possible usage 

scenarios have been proposed. The prototype is implemented on 

Ethereum. Smart contracts are implemented for autonomous 

work of the system. 

Keywords—blockchain, decentralized application, shelter, 

stray animals, Ethereum 

I. INTRODUCTION 

Animal rights is a worldwide and actual issue. Countries 
all around the world are changing and improving their strategy 
for keeping shelters coherent with their legal regulations. 
Countries like England, Sweden, Austria have been marked 
with grade A with their animal rights statutes based on the EU 
Agreement. This agreement includes a phrase where animals 
are called "sentient beings" [1]. European counterparts agree 
on the penalty; violence to the animals is a crime and the 
penalty is imposing fine or prison sentence depending on the 
crime. The regulations in Turkey do not describe animals as 
"sentient beings" and the only penalty is imposing fine which 
is not deterrent at all. Turkey is marked with grade F about 
animal rights.  

We believe all countries should have a much more updated 
and modernized shelter management system that meets the 
requirements of the animal rights. As an example; most of the 
shelters in Turkey which are founded by the government do 
not encounter modern animal adopting and fostering 
techniques. The adoption process of a well accepted animal 
shelter (https://www.adoptapet.com) should include the 
following phases:  

• First phase: A detailed application form should be 
given which contains driving license info, fence 
height measure in the garden, detailed structure of 
the house plan, possible owner's lifestyle and 
working duration, children info. References should 
be given from non-relatives,  

• Second phase: Animal-human meetings at the shelter 

• Third phase: Adoption and control visits to home by 
the shelter staff 

 This study proposes BAdopt system which is a blockchain 
based decentralized application solution for the adoption and 
fostering processes of the shelters. BAdopt system  does not 
rely on a intermediary and has a decentralized structure. It will 
be more efficient, reliable, transparent and trackable than 
today's modern solutions [2]. The proposed system aims to 
keep a record of every animal on the shelter and their current 
phases. The records will be stored in the immutable distributed 
ledger. It will also allow donations to the shelters in crypto 
currencies.  

 In the next section, fundamentals is explained. In section 
3, related works are given. In section 4 the proposal of the 
system is explained. The implementation is given in section 5. 
Finally, results and conclusion are given. 

II. FUNDAMENTALS 

A. Blockchain 

Blockchain is a technology which keeps time-stamped and 
chained blocks of information, where immutability is met 
using hash functions and cryptography. The ledger can be kept 
as public or private. The consensus protocols depend on the 
security need of the nodes which validate the transactions [3]. 
There are three main properties of the system; 
decentralization, transparency and immutability.  

Decentralization refers to P2P (peer-to-peer) systems 
which differs from today’s web-based solutions. P2P systems 
work differently than traditional client-server model. Client-
server model works with authorities and these authorities hold 
the control of the users' data. In contrast with the client-server 
model, there is no owner and no authority in decentralized 
systems. 

Transparency is a mostly misunderstood concept with 
perspective of privacy. On the blockchain systems, 
transparency is only about trackable data by public addresses. 
Transparency doesn’t require revealing people names, home 
addresses or any other private info. Transparency can be used 
to prevent fraud and enable the birth of safer environments. 
This subject especially matters when people want to work 
with non- governmental organizations and also want to trust 
them. 

Immutability means that is really hard to change the 
records on the blockchain systems. Hashing helps to meet the 
security requirements and reduces the possibility of hacking 
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the system. Immutability supports transparency and ensures 
trust. 

B. Bitcoin and Ethereum 

Bitcoin is mainly described as "A Peer-to-Peer Cash 
System" by Satoshi Nakamoto [4]. Although, Bitcoin was the 
first successful blockchain implementation, Bitcoin only 
enables to make cryptocurrency exchange. Vitalik Buterin 
discovered the potential with the Bitcoin's underlying 
technology and focused on developing blockchain based 
applications using code called smart contracts in the Ethereum 
implementation [5]. Ethereum is an open source, public and 
multi-purpose blockchain network which enables to build 
decentralized applications (DApps). Ethereum uses the Turing 
complete Solidity language.  

Blockchain systems relies upon consensus algorithms 
which provide agreements in the distributed systems. Bitcoin 
implementation supports Proof of Work (PoW) consensus 
algorithm in which the nodes (miners) compete against each 
other to solve a cryptographic puzzle and awarded when the 
problem is solved. PoW can be called the mostly used 
consensus algorithm currently, but it consumes too much 
energy and requires special hardware. Ethereum also uses 
PoW algorithm but will use Proof of Stake (PoS) consensus 
protocol in the new version called “Serenity”. Serenity is said 
to include solutions to most of the research problems. Trusted 
nodes will be the nodes who invest in cryptocurrency rather 
than mining. The new version is said to increase the available 
speed (15 transactions per second) to 100.000. The scalability 
problem is planned to be solved when the transaction time will 
be decreased [6]. Ethereum 2.0 is said to have more 
improvements. 

C. Decentralized Applications 

DApps are like today's web-based solutions which use 
front-end (HTML, CSS, JavaScript, React, Vue.JS, Angular) 
and back-end (solidity smart contract … etc.) technologies. 
While web-based solutions require third parties, DApps 
provide a direct communication between user and the system. 
DApps also run on a Peer-to-Peer network which relates with 
a ledger. First DApp is known as Bitcoin implementation 
itself. 

Benefits of decentralized applications can be summarized 
as follows: 

• trustworthy and safer environment,  

• stable (always “up”) systems,  

• denying censorship,  

• transparent (depends on the implementation) 

• trackable data records 

• decentralized in the meaning of no owner and no 
authority. 

III. RELATED WORKS 

Federations and associations focus on given common 
purposes such as the feed distribution, vaccinating, treatments, 
spaying, adopting, collecting volunteer union, raise awareness 
about shelters and animal rights within their shelter 
organizations.  The most known web based solutions are 
PetFinder (https://www.petfinder.com), Animal Adoption and 
Rescue Foundation (AARF) (https://www.aarfws.org), 

Animal Adoption Center (AAC) 
(https://animaladoptioncenter.org). These applications are 
also used to help adoption and fostering process. However, it 
is stated that a big ratio of the pets who are owned by using 
those kinds of applications had to return their shelters because 
of the wrong matches. Future owner’s characteristics and 
background are much more important than anything else 
during adoption and fostering processes [7]. The comparison 
of these applications with our proposal BAdopt is shown in 
Table 1. 

TABLE I.  COMPARISON OF BADOPT WITH OTHER SOLUTIONS 

 

 

Application forms are the basis structure which sets the 
relationship between the possible future owner and the pet. 
The most data of the owner candidate is gained here. BAdopt 
will not hold owner’s whole data on the blockchain. Unrelated 
data consumes redundant space on blockchain, which will 
eventually result with a slower transaction speed. Off-chain 
processes which completely independent from the block 
indicating retention will keep the system more alive and make 
it quicker, rather than on-chain unnecessary transactions. 

Web based applications categorize their 
adopting/fostering level  as local, national or global. The 
establishments which belong to the United States govern 
according to the states, so all operations are made local. As 
Turkey governs this process according to the regions, zones 
will be used in the national level. Basically a DApp which 
belongs to Turkey would be called national, where it reaches 
from east to west and south to north. 

Fostering is a temporal process, while adopting is 
permanent. Fostering branches out to two dimensions as home 
fostering and remote fostering. Home fostering is the classical 
way where animals are fostered just like adoptions. Some 
cases will restrict the caring potential by conditions such as 
staying in a flat, not to have a backyard or fence sided 
backyard. 

BAdopt will present a solution to the user where he/she 
can prefer fostering or adopting.  BAdopt will be designed to 
allow remote owners to make payment to the shelters with 
ETH or any other selected cryptocurrency. 

Kill shelters are places where nearly %10 of animals are 
killed either because of the fatal diseases or just because there 
is not enough space in the shelter. Most of the shelters supports 
this idea to be able to welcome newcomers. Although it has 
been an accepted strategy, the way it is fulfilled has cruelty 
inside it. Stray dogs/cats are directly euthanized while 
purebreds gain longer time to live [8]. 

 
APPLICATIONS 

Petfinder 
AARF 

Tool 

AAC 

Tool 
BAdopt 

Application Form No Yes Yes Yes 

Local/National/ 

Global 
L L L N 

Home/Remote 
Fostering 

R H H H+R 

Euthanasia Detection ? ? ? Yes 
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Today, people do not know if the shelter they visited is a 
kill shelter or not. However, BAdopt is supposed to make a 
change as every animal will have base info which is kept on 
the blockchain system. Records of the ledger are immutable 
and transparent, so shelters will have to stay honest in their 
implementations. 

These web-based applications can also be used to prevent 
some problems in the pet shops. Pet shops are usually known 
as places where animals sold for money. Most of the purebreds 
are subjected to mandatory mating to get purebred offspring. 
Fortunately, Petfinder tries to prevent this subhuman act by 
supporting financially the pet shops which does not sell 
animals. Petfinder does this by hosting weekly owner-pet 
meetings in their shops. 

IV. SYSTEM PROPOSAL 

Our solution proposes a blockchain based adoption and 
fostering system which aims to create a safer and trustworthy 
software for the animal shelters. The system will keep 
transparent and immutable records on the blockchain. The 
system will work autonomously with no authority involved.  
The proposal has a vision to complete today's web-based 
shelter applications' missing aspects and provide realistic 
approaches to the unmentioned, secretive shelter issues. 
BAdopt will attempt to be a solution for the following 
problems by developing a transparent and trustable system: 

• Privacy issues, revealing information about possible 
owner  

• Euthanasia unrelated with any health condition 

• Insufficient information about the animal shelters [9] 

• Uncontrolled animal selling in pet shops or etc.  

• Unpaired adoption between the owner and pet [10]  

• Unorganized adoption notices spreading through 
social media (Twitter, Instagram) 

• Insufficient attention to animals [11] 

• The fear that animals are likely to harm humans [12]   

Given problems is aimed to be solved with BAdopt by 
using the immutability, decentralized, distributed, trustless, 
transparency properties of the blockchain technology.  
Decentralized application BAdopt has various mutual 
relations between the database and smart contract. Details 
have been explained and shown in the Figure 1.  

The system that will carry out the adoption system is 
shown in Figure 2. The demo system uses petID on smart 
contracts within the adopt () and foster () functions to keep 
track of adopting and fostering processes. Keeping an ID on 
the blockchain with basic operations do not cause huge costs, 
however the cases which require more operations must also be 
considered. The cost is calculated as gas price, which is the 
amount of cost related with operations on the smart contracts. 
This value can change according to the transaction priorities 
and the amount of operations. IPFS and Swarm is planned to 
be integrated into the system to decrease the possible cost of 
the storage. These decentralized data storage applications will 
help in increasing the storage capacity of the decentralized 
solutions. Usage of such technologies is supposed to increase 
the speed of the transactions. 

  

Fig. 1. BAdopt System Relations 

 

Fig. 2. BAdopt Adoption Process Flowchart 

 Adoption and fostering will be free except for the health 
payments in the system. Today’s paid remote fostering 
activities such as encountering the dog/cat food or fulfilling 
the vet expenses (vaccines, treatments, operations) is planned 
to be done with the online cryptocurrency payment. These 
transactions' "origin" is the contributor, while "destination" is 
the animal shelter with their own wallet addresses.   
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 The proposal is based online payment technologies which 
rely on blockchain with the Metamask method. Metamask is 
a browser plugin web wallet where the user can send and 
receive ETH cryptocurrency. As the system will only use ETH 
in the current version, Metamask is a good choice with its 
simple user interface and its effective usage. 

 There is also a plan to create ERC-20 protocol based native 
tokens in the future versions. Native tokens are app-based 
currencies which only have value in the decentralized 
applications. Tools for converting a cryptocurrency to the 
native token may be used then. Advantage of using such 
systems will be attracting possible users to the system. If the 
user encounters problems when giving the public address of 
token wallet during the register and log-in, this may cause the 
user to give up early from the system, which we plan to avoid 
with a proper design. 

V. IMPLEMENTATION 

A prototype has been implemented with the Ethereum 
platform, Solidity language, Truffle framework, Ganache test 
environment, web3.js library and Metamask extension. The 
hardware which is used to run the prototype is a personal 
computer with i7-7500U Intel 2.90 GHz CPU, 8 GB RAM and 
Microsoft Windows 10 OS.    

Ethereum has been chosen as a platform for the demo 
system. This platform includes JavaScript like language 
Solidity and in-house built Ethereum Virtual Machine (EVM) 
which are used to create the smart contracts. “Truffle” 
Ethereum Framework is chosen for compiling and migrating 
smart contracts.  Ganache/TestRPC is used for testing the 
smart contracts. These platforms are chosen as Ganache and 
Truffle conforms with each other easily, Web3.js library 
within JavaScript language has been used for creating the user 
interface.  

Project is public and open source 
(https://github.com/MSKU-BcRG/BAdopt). DApp’s source 
code can be regenerated and arranged using “Remix 
Integrated Development Environment (IDE)” online tool from 
Chrome or from “Mist (Ethereum Decentralized App 
Browser)”. 

VI. RESULTS AND CONCLUSION 

A blockchain based solution to adoption and fostering 
processes on shelters is proposed in this study. This study is a 
proof of concept that such a system is possible. We started 
making meetings with the local shelters in Mugla/Turkey and 
making plans to develop the system according to their needs. 

The demo implementation uses Ethereum cryptocurrency 
on the testbed. However, we plan to produce our native token 
(BAdopt) as a future work. This token may also be based on 
ERC-20 or any other ERC protocols. This token can evolve 
according to the needs of the system. However, this will also 
bring the need of an infrastructure. Nodes have to be installed 
which will keep the blockchain. Sample token implementation 
had been tested on the laboratory server with the GPU card. 
Tests on the new system is still going on, however PoW 
consensus algorithm uses too much electric energy. At this 
point, the usage of proof of authority consensus algorithm 

(PoA) may heal the system’s overdose energy usage. Also, 
this algorithm is scalable and has high throughput which is 
good for a decentralized application.   Such a system will also 
be suitable for an enterprise system where there will be trust 
in the validator. However, the system will not be fully 
decentralized then, so PoA algorithm with its pros and cons, 
may also consider as future work. The solution can be 
improved on the other platforms such as Hyperledger which 
introduced token-based implementation in the new release. 
Hyperledger platform doesn’t need mining and it is energy 
efficient. Finally, front-end development part with Redux, 
Vue.JS or React will be improved as a future work. 
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Abstract — Aim of this study to describe innovations in higher 
education institutions and a way that they are applied in 
teaching and learning process in Azerbaijani universities. 
Nowadays knowledge and technology have a significant role in 
teaching and learning process in higher education. The 
changing scene of higher education institutions are requiring 
new technological implementation, new innovations and new 
approaches both in teaching and learning. The innovative 
teaching is one of the ways to enhance the quality of education. 
The use of innovations in higher education has a great impact 
in development of education and student accomplishments. 
Development and implementation of the ICT in education has 
brought many new opportunities and innovations, which are 
supported by the different teaching and learning platforms in 
higher education. This study is completed by retrieving 
information through a mixture of qualitative (literature review) 
and quantitative (survey questionnaires, focus group) methods 
to provide considerable evidence of the needs of Teaching and 
Learning in Azerbaijani Universities and MOODLE platform 
developed in Azerbaijani universities. Study was conducted 
online, and it was completed by 345 respondents from 8 partner 
and one non-partner universities in Azerbaijan. The link to the 
survey was sent out to partner universities by email and shared 
through social media. 
 
Keywords — innovation, teaching, learning, higher education 
institutions, ICT, learning management systems 
 

I. INTRODUCTION 

University scene changed a lot during past several decades 
and technology has become very important in higher 
education institutions. Various innovative teaching and 
learning methods are applied in many universities of the 
world. Innovations in teaching and learning help students to 
increase their effectiveness. Innovations in higher education 
and as well as in high education can be applied in two main 
forms: using technologies and using new methods for 
teaching and learning. Mr. K. Sadavell and et al. [4] saying 
that the meaning of innovative teaching method is an 
approach to integrate new teaching strategies and methods in 
the classroom. The benefits are certain processes, tools and 
methods on learning. Innovative teachers implement of new 
methods before they started to teach. In the use of innovative 
methods in educational institution is not only to improve 
education, but also to empower students’ knowledge. 

 

II. LITERATURE REVIEW 

Scholars define four aspects in content-related 
concept innovation in education. These aspects are; 

• process of implementing a new alternative 
learning strategy to the traditional one, 

• creative (productive), not only of 
reproductive direction, 

• orientation on the realization of person 
potential in general, 

• mutual action in the process of intuitive 
creative thinking, 

• promotion of actualization of all forms of 
intellectual activity under the condition of 
leading role of productive creative thinking 
with regard to unproductive, formal and 
logic. 

Mykhailyshyn et al. [2] writing that it is necessary to 
distinguish between the concept educational innovations 
and innovations in education. Innovation in education is 
a broader concept than educational innovation. They 
include educational, scientific and technological, 
infrastructural, economic, social, legal, administrative 
and other innovations. Educational innovations are 
understood as a procedure or method of educational 
activity that differs significantly from established 
practice and is used to increase the level of efficiency in 
a competitive environment. Educational innovations 
include pedagogical innovation, scientific and 
methodological innovation, educational and 
technological innovation. It is substantiated that the 
education market is one of the most important elements 
of the national innovation system. Higher education 
institutions that have chosen an innovation-based 
development, become competitive leaders on the 
education market. 

Ketunnen et al. [3] explains that the learning 
outcomes of innovation pedagogy and the different ways 
they are achieved. Individual, group-based and 
networked learning are represented in the different 
learning paths provided for the student. The concepts of 
deep and surface learning by Ramsden et al. (1986) can 
be used to describe the group-based and networked 
learning. A more developed version of these concepts 
can be found by Bennet and Bennet (2008) who use the 
terms of the surface, shallow and deep learning. The 
surface level represents the facts, data, concepts and the 
information that can be memorized. The shallow level 
the focus is on social interactions such as conversations, 
dialogues, debates and the flow of ideas that emerges in 
group-based learning. At the deep level, the focus is on 
the practice and experience which can be achieved in 
networked learning. Innovation pedagogy emphasizes 
the group-based and networked learning. 
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Fig. 1. Learning pyramid of innovation pedagogy. 

Innovations in higher education can be used also as in 
form of the technological applications. Computers and 
Internet are used as a tool for a teaching and learning. There 
are a variety of technological innovations in higher education 
institutions, which are named LMSes (Learning Management 
Systems), VMSes (Virtual Management Systems), KMSes 
(Knowledge Management Systems) and some others. 

Many universities in the world are creating their own LMS 
for teaching and learning and many universities are using 
developed online platforms. Online platforms for teaching 
and learning are paid or free. Most known and used platforms 
are Blackboard, MOODLE, Canvas, Docebo, Talent LMS, 
The Academy LMS and etc. 

During our research we have found that the MOODLE is 
known as one of the best LMSes to be applied in higher 
education institutions as a teaching and learning tool. Oproiu 
[6] is writing that Moodle can be used both in educational 
system, and in private or public universities. Moodle can be 
used in universities for different purposes, both in full-time 
and part-time learning, e-learning and blended learning, both 
in the initial and continues formation. This platform provides 
with a forum and chat possibilities, message system, lesson 
box, folders, books, wiki spaces and etc. The author also says 
that among the advantages of using this platform in learning 
activities, we can identify the following: 

• Teaching staff have a more facile contact with 
the students that applied for the course, by the 
virtual classes created. 

• It may constitute an environment where courses, 
topics of laboratories and seminars or necessary 
bibliography can be posted. 

• A space where students’ data can be easily dealt 
with (virtual secretariat) may be constituted. 

• It provides knowledge assessment and self- 
assessment opportunities by online testing. 

• It enables good communication and socializing 
by means of chat or forum, both between trainees 
and with the teaching staff. Individual 
communication with the teaching staff can be 
achieved or topics can be debated on by all 
members that access the platform. 

Moodle, developed by Martin Dougiamas and 
headquartered in Perth, Australia, was first released in 2002 
and has since grown both in its robust, cutting-edge feature set 
and in its ever-adapting ecosystem of commercial partners 
designed to support its growth and ensure that Moodle 
remains free for many years to come. Moodle is 
implemented as a platform for sharing information and 

conducting online learning. Teachers can also improve the 
Moodle platform by implementing plug-ins to enhance 
students’ collaborative thinking and innovation skills. [10]. 
With over 85 million users, Moodle is the world’s leading 
open source Learning Management System (LMS) [6].  

"MOODLE" stands for "modular object-oriented 
dynamic learning environment". As the name refers, it uses 
some of the best practices of software engineering that is the 
modular design of software components which makes it 
adaptive, customizable, and interoperable. Also, it is based on 
OOP approach which gives it a natural-like cycle of upgrade 
and maintenance [7]. 

Some of the higher education institutions in Azerbaijan 
are started using MOODLE platform in their organizations for 
teaching and learning purposes within the Erasmus + PETRA 
project (Promoting Excellence in Teaching and Learning in 
Azerbaijani Universities). of the project are to build capacity 
for developing the teaching and learning process to meet 
pedagogical and technological needs of faculty at all stages of 
their career and improving and providing quality teaching and 
learning through usage of innovative technology, promoting 
research, and establishing long-lasting partnerships with 
European universities. enable them to use technology and 
innovations in their teaching, to link their teaching with 
research making it evidence-based, collaborate with and learn 
from European Partners, improve their skills, and enable the 
students to benefit from these changes [9]. 

Azerbaijani partner universities for the PETRA project 
(Khazar University, Sumgayit State University, Azerbaijan 
State Pedagogical University, Azerbaijan University, Ganja 
State University, Baku Slavic University, Azerbaijan 
University of Languages) are established Teaching and 
Learning centers at their universities and installed MOODLE 
platform for teaching and learning. But one of the project 
partner universities, Nakhchivan State University continuing 
to use their own LMS established by KOICA, which is also 
very modern and reliable platform. 

Khazar University has started to use MOODLE as a 
teaching and learning platform many years ago and they have 
re-installed an updated version of MOODLE platform in 
2018. The number of trainings and seminars for academic 
staff has been conducted and it is planned to continue these 
seminars until the end of 2018-2019 academic year. Every 
teacher who are started to use the MOODLE for teaching and 
learning process are giving instructions to their students how 
to use the platform. There are 5 courses designed for 
MOODLE platform for teaching and learning purposes in 
Spring term of the 2018-2019 academic year. 

This paper is organized as follows. In section one is 
introduction and in section two is literature review developed. 
In section three methodology is presented. In section four 
developed application is given used in this study. In section 
five results and discussion are have been presented. In section 
six limitations of the study is presented. In section seven 
conclusion is written.  

III. METHODOLOGY 

This study is completed by retrieving information through 
a mixture of quantitative (survey questionnaires, focus group) 
and qualitative (literature review) methods to provide 
considerable evidence of the needs of Teaching and Learning 
in Azerbaijani Universities. 
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Study was conducted online and it was completed by 345 
respondents from 8 partner and one non-partner universities in 
Azerbaijan. The link to the survey was sent out to partner 
universities by email and shared through social media. 

Focus group of 10 teachers from same partner universities 
was conducted. Respondents are representing two private, 
five state and one public university from Baku and the regions 
of Azerbaijan. Baku based universities are Khazar University 
(private), Azerbaijan University of Languages (public), 

Azerbaijan Pedagogical University, Azerbaijan 
University (private). Regions are represented by Ganja State 
University, and Nakhchivan State University. 

IV. DEVELOPED APPLICATION 

All innovations applied in teaching process serving as a 
tool for effectiveness of teaching and learning in higher 
education institutions. White and Glickman [11] arguing that 
information technology affects not only the delivery of 
academic content but also ancillary operations. To achieve 
learning for higher education, students need to have a range of 
thinking and innovation skills (i.e., critical thinking, 
creativity, collaboration, and communication) if they wish to 
be successful in work and life, often referred to as “21st 
century skills” [1,5]. If today’s students are more 
technologically savvy than the majority of the faculty, the 
implications for the academy surely include a wide range of 
opportunities to leverage the fruits of new hardware and 
software tools in ways that truly enhance the learning 
experience [12]. Students of universities actively should be 
equipped by both by technological and pedagogical 
innovations in order to achieve high quality in our higher 
education institutions. Higher education institutions have to 
develop new strategies, policies and new innovational 
approach into teaching and learning process that can be 
attractive for students and enable them to grow their skills in 
building a new and modern knowledge society. 

 

Fig. 2. Khazar University MOODLE 

 

V. RESULTS AND DISCUSSIONS 

The study has been conducted among 8 partner 
universities: two private, 5 state and 1 public university. Some 
participants from other state universities also volunteered to 
take part in the survey. Overall, 345 respondents participated 
in the survey. Men are representing 28%, while women are 
72% of all respondents. 

Majority of the respondents (49,3%) were teachers of the 
age group of 25-44, the other part is distributed as 38.6% are 
45-64 age group, 10.1% are more than 65 years old, only 2% 
of the respondents are 24 or younger. 

 
 

Fig. 3. Distribution by gender 

112



 

Fig. 2. Distribution by age 

Q 06 Majority of the respondents come from State 
University of Languages, 137 participants, which makes 
40% of total. Next large population of 30% represented by 
Azerbaijan Pedagogical University. One of the partner 
universities, Baku Slavic University, has shown not 
participation. Other universities participation is about 
varying from 5 to 8%. Lecturers participating in the survey 
represent about 40 different academic departments. 

Q 07 The large majority (70%) of teachers have over 
10 years of experience in teaching, 12% have 6 to 9 years 
of experience, whereas 10% have up to 3 years of 
experience. 

 
 

 

Fig. 3. Years of teaching experience 

Q 08 For a question how many hours per week you spend 
to get ready for your teaching, 35% responded only 3-4 hours, 
31% spend 5 to 6 hours, about 10% spend 2 hours or less, 
whereas only 25% spend 7 or more hours. 

Question about size of the class they teach is more or less 
equally represented by size groups generated by the Survey - 
25 (38%), 25-35 (32%) and 35 and more (30%). 

Q 09 What is your highest level of education? 

 
 
Teachers are very positive about the trainings conducted at 

university, since 41% of them responded that trainings for 
them are organized every semester, 21% mentioned that they 
are organized several times in a semester, whereas 19% 
mentioned that only every two semesters, whereas 9% 
mentioned that there are no trainings conducted. The rest 10% 
of respondents chose “other” option and their responses are 
basically very negative and most include complains about 
shortage of trainings. Altogether, about 38% of respondents 
mentioned that trainings are not run or organized on a 
systematic basis, and it happens quit rarely. 

Q 10 How often does your university conduct professional 
development courses and trainings to enhance teaching? 

 

 

 

Fig. 5. Distribution of time 

Q 11 The chart 6 demonstrates that 57.3% of respondents 
participate in the trainings organized by the Ministry of 
Education within different projects they implement, other 
48.9% of respondents participate in the trainings within 
TEMPUS/ERASMUS+ projects. There is a vivid association 
between Q 10 and 11 that, again university’s approach to 
training and development of its teachers are not based on 
systematic approach but its rather random. 

Please indicate the projects through which trainings are 
provided (select all that apply) 
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Fig. 6. Projects and trainings provided 

Q12 - To a question on if there is a training or an 
orientation organized for new staff members, 51% of 
responded said yes, whereas 14% said no or 34% not aware of 
such program. 

Q13 Survey participants responded that there are training 
programs organized on 

• design a course syllabus – 69% 
• participating in a class of more experienced 

teachers 
– 59% 

• preparation on modern teaching materials –49% 
• using ICT in teaching – 47% 
• preparation of assignments and assessment 

methods 
– 40% 

• teaching experience sharing – 37% 
• development of teaching skills – 30% 
• development of learning outcomes – 25% 

Nevertheless, about 12% of the respondents said that they 
are not aware of the above-mentioned trainings, and/or have 
no information about it. 

Q14 According to the results of Q 14, 52% of respondents 
often, 34% sometimes, and 6% seldom, and 8% has never 
been involved into the research works on teaching and 
learning. To assess the effectiveness of the teaching 
methodologies used by teachers 47% of respondents are 
involved often, 36% sometimes, about 17% has never been 
involved or involved rarely. 

The results of Q 14 yields that most of the teachers at 
universities are often or sometimes are involved in assessing 
the learning outcomes by using modern ICT, developing new 
teaching methodologies, assessing and evaluating teaching 
methodologies of new teaching staff and etc. 

Q 15 over 60% of respondents agreed that the university 
they are working for are reviewing and analyzing exam results 
to improve the level of education, and involve teachers into 
the discussion of teaching improvement, and create 
encouragement system for students’ learning. 

Q 16 reveals that there are few trainings on time 
management (11.8%), enough number of trainings on 
Syllabus design (69%), some trainings on learning outcomes 
(31%), large enough number of trainings on implications of 
modern interactive teaching methodologies (74%) and as well 
as on using ICT in teaching (61.5%), quite few on 

organization and implication of modern assessment and 
evaluation systems (21%), number of trainings on preparation 
of teaching materials to meet the needs of modern students 
(54.7%), and quite few trainings on implication of eLearning 
and its development (22 %) have been conducted, whereas 
about 5 % of respondents mentioned that there are no trainings 
like the ones mentioned above and/or they are not aware of 
them. 

Q17 Analyses of this question shows that majority of 
respondents need trainings on preparation of syllabus, 
preparation of strategic and action plans, innovative teaching 
methodology, identifying learning outcomes, ICT use in 
teaching, improving and developing students learning and 
research skills, and preparation of teaching materials. 

Q17. Please rank the following trainings and activities 
from 1 to 13 in order of importance, where 1 means most 
important, 13 – least important. 

• Preparing strategic and action plans 
• Designing a course syllabus 
• Writing course objectives and learning outcomes 
• Applying interactive teaching methods 
• Using ICT effectively in teaching process 
• Applying modern assessment methods 
• Developing and using e-learning 
• Classroom observation conducted by 

experienced peer instructor 
• Developing study and research skills 
• Participating in a class of more 

experienced instructor 
• Applying tutor’s system 
• Developing innovative teaching materials 
• Organizing master-classes 

As Q 18 exposes following are the topics 
university teaching staff needs: 

• Use of ICT in teaching 
• Communication skills 
• Research skills 
• Interactive teaching methods 
• Motivation of students 
• Student- teacher relationships 
• Modern teaching methods 
• Classroom management 
• Self-study 

Q 19 asked if there is an access to electronic databases at 
your university, where 70% of respondents said ‘yes’, and 
30% said no or I am not aware of. 

Q 20 on ePlatform reveals that about 52% of teachers are 
not aware if there is online platform at their universities, only 
23% said there is, and 25% said there is no platform at their 
university. 

Q 21 54% of respondents have never used online learning 
platform, 45% sometimes uses social media for their teaching, 
44% of respondents have never used smart boards. More than 
40% respondents use audio and video lectures for their 
teaching about 46% use PowerPoint, Keynote for their 
lectures. One of the mostly used means is an email, which is 
about 55% of the respondents. 

“In my teaching class there is no smart or even a simple 
board” 
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“There is no condition in our audiences for above 
mentioned tools to be used” 

Q22 More than 54% of teachers agree that student are 
good learners, nevertheless 33% of them do not agree with the 
statement. 53% of teachers strongly agree, more than 37% 
agree that students learn better when the topic is discussed in 
class. About 21% of respondents strongly agree, 44.5 % 
agree, and about 27% partially agree that students are learning 
better if they discuss the topic among themselves. More than 
40% of respondents agree that student will learn better if their 
knowledge is assessed immediately after the class, although 
about 35% is partially agreeing with the statement. More than 
80% of respondents believe that students will learn better if 
they read the material at home. Only 27% thinks that student 
are not good in asking questions on the learned material. The 
statement ‘Students do learn when there are few discussions’ 
is not supported by more than 53% of the respondents, and 
more than 83% of teachers do not believe that student will 
learn better if there is no exam. 46% is remaining training with 
an idea that students learn better if they are given immediate 
feedback on their assignment. 

Q23 For a question “What are the expectations of students 
from you?” overall, 64% of respondents agree that students 
need comfortable learning environment, clear learning 
outcomes indicated in the Syllabus, ICT knowledge for better 
learning, reading materials, and high marks. 

“Sincere attitude and cooperation” 

“Involve them into more practice and experiments” 

Q24 According to the question analyses, universities are 
widely using technique to develop the research skills of the 
students. 

Q25 The vast majority of respondents indicated lecturing, 
group discussion and team working as the most used teaching 
methods. The answers to this open-ended question show that 
respondents don’t make any difference between innovative 
teaching methods and ICT tools and they substitute one term 
with another. 

Q26 According to the responses, more than 58% of the 
teachers use lecture often, 73% use seminars, 70% use 
discussions/debates, 20% use projects, only 11% use the 
notetaking, 30% laboratory work, 37% case study, more than 
63% use team work. Inductive, deductive methods are used to 
a great extent, as well questioning, which is up to 83%. 

Q27 The question reveals that 52% of teachers requires 
students some research on the discussed topic, 53% use 
student feedback on new teaching methodology to improve, 
more than 75% of teachers discuss the syllabus during first 
class. Only 17% of teachers make changes to syllabus as they 
go, and 70% of teachers discuss the assessment components 
with students during the first class. 

Q28 In response to the question on assessment and 
evaluation methods, 27% mentioned that open book 
assessment method is partially appropriate, whereas about 
12% said that they are not aware of the assessment method. 
Most of the teachers, more than 49% use multiple choice 
questions for their exams, and more than 51% uses open/close 
ended questions for the assessment. 33% use only open-ended 
questions for their examinations, practical assignment are 
assigned by more than 53% of teachers, whereas 19% use e- 
portfolio. When it comes to presentations, oral exams, and 

projects, in average more than 50% of teachers use the 
methods. 

VI.LIMITATIONS OF THE STUDY 

With due respect to all contributors from each separate 
university, it worth to mention that some of the responses still 
seem exaggerated. At least, based on our observation and 
separate talks with teachers from different universities, we can 
say that in most of the cases, teachers are not provided with 
due technical support to provide high quality teaching. Lack 
of time doesn’t allow us to go into another qualitative research 
to reveal the reality. Nevertheless, it can be an ideal research 
topic for team of researchers within this project. 

Another limitation of the research is the lack of survey 
conducted among students of the same universities to reveal 
their needs, expectations and satisfaction. With the support 
and participation of students, it would be much easier to 
investigate the issue. 

VII.CONCLUSION 

Overall situation in Azerbaijani Universities in terms of 
Teaching and Learning is not favorable. With strong Soviet 
legacy and influence of different cultures, student-teacher 
relationship still is not the one you can observe in the 
universities of developed countries. Teachers expectations on 
students are more on obedience, listening and taking notes. In 
most of the cases critical reflections on the learned or 
discussed materials are not supported and welcomed. 

Even though many reforms are taking place, and most of 
the teachers, as seen from this survey result, say that they had 
numerous training organized within their universities, these 
trainings are random/ occasional training (Q11) opportunities. 
There is no clear vision by the university administration how 
the trainings are aligned with the needs and expectations of 
teaching body. These all are strongly tied to the issue that 
there is no strategy for next 3-5 years with clear vision, 
outcomes and identified resources – human and financial. So, 
ultimately these specific needs creates a necessity to work on 
the strategy for Teaching and Learning, at least for next 3-5 
years. 

No previous studies investigated problems of Teaching 
and Learning at Azerbaijani Universities to reveal the 
shortcomings, needs and expectations. Nevertheless, this 
small study exposes that Teaching and Learning needs 
revision at each particular university with support and 
participation of students. For these purposes, teachers need to 
be equipped with (Q18) research skills, ICT, communication, 
time management, interactive teaching methods, student- 
teacher relationships, motivation skills, self-study and etc. 
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Abstract—Sentiment analysis on social media is the process 
of determining the sentimental values contained in social media 
expressions about a specific subject. With the help of 
sentimental analysis performed by people, institutions or 
organizations on social media, sentiments in a society related to 
a certain subject can be determined. These positive, negative, or 
neutral sentimental values can be used when making decisions 
about the future that are relevant to the subject. In this study, it 
is aimed to proportionally determine positive, negative or 
neutral sentimental values of the tweets written in Turkish on a 
specific topic on Twitter with the help of Vector Space Model. 
In order to determine the performance ratio of the work 
performed, a dataset collected from various social media 
platforms was created. As a result, classification and sentiment 
analysis were carried out with 84% accuracy using Vector Space 
Model. 

Keywords—social media; sentiment analysis; Vector Space 
Model 

I. INTRODUCTION 

Social media provides an atmosphere where users can 
share opinions about any topic or situation and interact with 
each other. Nowadays, as social media use is getting faster, 
people, institutions and organizations share about what they 
have done or will do about their works on social media 
platforms and are able to make forward-looking decisions 
according to the comments made on the shares. Companies 
wish to reach more people by sharing their brands, products 
and services on social media platforms and by following the 
shares of competitors and the developments in the sector on 
social media platforms, they make analyses on these shares. 

Sentiment Analysis is the process of analyzing of large-
scale data created by users in electronic media platforms 
where they freely express their opinions about social and 
political events and various products and brands, through the 
help of software systems, determining of the sentiment they 
contain and reporting in a quick manner [1].  

Because of the high number of shares in social media, a 
variety of sentiment analysis techniques are utilized in 
analyzing the shares on a particular subject. In this study, it is 

aimed to perform sentimental analysis on Twitter on a specific 
topic using Vector Space Model in machine learning methods 
and to obtain general sentimental values about the related 
subject. These sentimental values can be used when making 
forward-looking decisions about the subject being analyzed. 

II. STUDIES IN LITERATURE 

In literature, as well as sentiment analysis studies using 
dictionary-based and machine learning-based methods, the 
hybrid approaches in which both methods are used are 
preferred by researchers. 

In a study conducted by Rajkumar, Vishal and Sachin [2] 
in 2019, 98.17% success was achieved using Naive bayes and 
93.54% success was achieved using Support Vector Machine 
method on the Amazon which contains reviews of Laptops, 
phones, cameras, tablets TVs etc. 

 In a study conducted by Jitendra et al. [3] in 2018, 80.68% 
success was achieved using unsupervised approach and 
75.20% success was achieved using the lexicon based 
approach on various datasets which contain  various products, 
issues, social, and political tweets.  

In the study conducted by Amruta and Kodmelwar [4] in 
2015, comments made by users on politicians and political 
parties on Twitter were analyzed. It was aimed to classify the 
comments in various categories according to the sentiments 
they contained. Within the scope of the study, 350 tweets were 
categorized on a Naïve Bayesian classifier, which is one of the 
machine learning techniques, according to the sentiments they 
contained. On the study carried out on 50 tweets which 
utilized the Apache Mahout library, a classification with 78% 
accuracy was achieved. 

 In a study conducted by Chandani et al. [5] in 2015, 
machine learning methods were applied on a dataset created 
by Pang and Lee in 2002 using 500 positive and 500 negative 
comments in IMDb. In the study where K-Nearest Neighbour, 
Naïve Bayesian and Support Vector Machine methods were 
used, classification and sentiment analyses were carried out in 
ratios of 51.8%, 74% and 81.1% respectively, depending on 
the methods used. 
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 In a study conducted by Pawar and Deshmukh [6] in 2015, 
84.48% success was achieved using Maximum Entropy 
method of the machine learning methods on the Twitter 
Sentiment Corpus dataset consisting of 5500 twitter messages.  

In a study carried out by Potdar and Phursule [7] in 2015, 
classification and sentiment analysis were performed with a 
success rate of 91% using Support Vector Machine and Naïve 
Bayesian methods on user comments obtained from Twitter. 

 In a study conducted by Kaushik and Mishra [8] in 2014, 
classification and sentiment analysis were performed with a 
success rate of 73.5% on Twitter user comments using 
dictionary-based approaches and Hadoop software. 

 In the study conducted by Shrivatava et al. [9] in 2014, 
classification and sentiment analysis were performed with a 
70.5% success rate through Support Vector Machine method 
with the help of LIBSVM tool using a dataset consisting of 
5000 twitter comments which were positive, negative and 
neutral. 

 In the study conducted by Gurkhe et al. [10] in 2014, 
classification and sentiment analysis were carried out in 
machine learning methods with an 81.25% success rate with 
the help of NLTK library using dataset consisting of 113971 
tweets, of which 56117 were positive, 56117 were negative 
and 1737 were neutral. 

 In the study conducted by Suchdev et al. [11] in 2014, in 
a system developed using a combination of machine learning 
methods and knowledge-based approaches, classification and 
sentiment analysis were performed with 100% success rate 
using the Sanders Analytical Dataset.  

In a study carried out by Haddi et al. [12] in 2013, 
sentiment analysis and classification were performed with 
93,5 % success rate in the Support Vector Machine method 
using D-1400 date set consisting of 700 positive and 700 
negative movie comments and D-2000 dataset consisting of 
1000 positive and 1000 negative movie comments. 

 In the sentiment analyses studies on Turkish Texts 
conducted by Çetin and Amasyali [13] in 2013, 2 datasets 
were used consisting of the tweets sent in relation to two 
companies in telecommunication industry.  There were 3040 
positive, 1847 negative and 1113 neutral messages in the 1st 
dataset and 2080 positive, 2316 negative and 1004 neutral 
messages in the 2nd dataset.  Within the study, with the help 
of the related datasets, Naïve Bayesian, Support Vector 
Machines, Decision Tree, Random Forest and K-Nearest 
Neighbour methods were utilized and Support Vector 
Machine method demonstrated the highest success rate, 65,3 
%.  

 In the study conducted by Seker and Al-Naami [14] in 
2013, Random Walk, RSI, MACD and Bollinger Band 
methods were used on a dataset consisting of 9871 news texts 
obtained from the web site of a Turkish Newspaper.  When 
the used methods were compared, Bollinger Band method 
demonstrated the highest success rate with 53,49 % success 
rate. 

 In the study conducted by Hamouda and Akaichi [15] in 
2013, on 260 comments obtained from Facebook users living 
in Tunisia, classification and sentiment analysis were 
performed with 75% success rate using Naïve Bayes and 
Support Vector Machine methods out of machine learning 
methods. 

 In the study conducted by Xu et al. [16] in 2011, a 61% 
success rate was achieved on datasets containing comments 
on Amazon using the multi-class Support Vector Machine 
method and the syntactic properties of the sentences. 

 In the study conducted by Xia et al. [17] in 2011, as a 
result of the classification and sentiment analysis made 
according to the common features, dependent features, 
unigrams and bigrams conditions of the sentences using Naïve 
Bayes, Maximum Entropy and Support Vector Machine 
methods, 85.5%, 85.4% and 86.4% success rates were 
achieved, respectively. 

 In the study conducted by Bai [18] in 2011, Naïve Bayes, 
combined with Information Gain and two-stage Markov 
Blanket classifiers were used simultaneously and as a result of 
the classification and sentiment analysis studies conducted on 
approximately 29,000 movie reviews and 600 news articles a 
success rate of 92% was achieved.  

Zhang et al. [19] conducted a study in 2011, with the help 
of a dataset consisting of 1800 comments, of which 900 
positive and 900 negative, on the website of a restaurant in 
Hong Kong called OpenRice, the classification and sentiment 
analysis were performed using Naïve Bayesian and Support 
Vector Machine methods with 93% and 90% success rates, 
respectively.  

In the study conducted by Somprasertsri et al. [20] in 2010, 
a 75.4% F-score was achieved using the Maximum Entropy 
method with the help of the dependency relationship of 
Amazon product comments and semantic-based approaches. 

 In the study conducted by Li and Liu [21] in 2010, a 
dataset containing 600 movie reviews, 300 positive and 300 
negative, was used. With the help of Term Frequency and 
Inverse Document Frequency (TF-IDF), a 66% success rate 
was achieved using symbolic techniques, 82% using K-means 
clustering based approaches and 78% using supervised 
learning methods.  

In the study conducted by Bozkır et al. [22] in 2010, a 
dataset was created by conducting a survey with 570 users to 
determine the frequency of Facebook users accessing 
Facebook and the factors affecting Facebook usage times. As 
a result of the study conducted using machine learning 
methods (SVM, ANN, C5, CART, CHAID) on the dataset, it 
was confirmed that the method classifying the access 
frequency of users to Facebook and the time periods they used 
on Facebook most accurately was Support Vector Machine 
(SVM) method with a 69% success rate. 

When the studies are investigated in the literature, it is seen 
that datasets created with data obtained from different media 
such as Twitter, Facebook, IMDb film commentaries, 
Amazon product comments are generally used and more 
machine learning based methods are preferred for sentiment 
analysis. 

III. MATERIAL AND METHOD 

Machine learning methods make a prediction for the future 
by modeling a problem in the light of historical data. The most 
commonly used machine learning methods are Naïve 
Bayesian, K-Nearest Neighbour, Support Vector Machine, 
Vector Space Model, Random Forest and Decision Tree 
models in machine learning.  

118



The aim of this study is to analyze the sentiments that the 
tweets in Turkish contain and classify as positive or negative 
with the help of Vector Space Model in Java environment. A 
dataset compiled from user comments on various social media 
platforms was created to be used to determine the success of 
the study.  

A. Gathering Data from Twitter and Pre-processing Stages  

In this stage, firstly the Twitter API [23] which provided 
by the program developers of Twitter was accessed through 
Twitter4J Java library [24] and the tweets in which the key 
words (labels) identified were obtained.  

From the content of the tweets obtained, the characters "#", 
"@" etc. which are mostly used in the tweets, unnecessary 
punctuation marks, stop words, as well as the numbers, 
pronouns, prepositions, and conjunctions were eliminated. 

B. Breaking Data into Words and Root Finding Process 

For the processes at this stage, Zemberek API [25], an 
open-source library developed for Turkish languages and used 
for Natural Language Processing (NLP), has been utilized. 
With the help of the Zemberek library, the tweets were first 
divided into individual words. Through analyzing of the 
words, the words containing negation articles were identified 
and labelled as ‘negative’. Then if the words have suffixes, 
they were cleared and these words were normalized by means 
of reducing to their root forms. These pre-processing stages 
are shown in Fig. 1. 

 

Fig 1. The Stages of getting tweets and preparation stage 

At the end of the pre-processing stages carried out as 
demonstrated in Fig. 1, the words were normalized and 
standardized to be used in Vector Space Model. 

C. Vector Space Model 

In Vector Space Model, documents are mathematically 
expressed in multidimensional space, given the weight value 
of the elements in the document content, which are called 
terms. In Fig. 2, the vector space model shows training 
documents and the query document expressed in vectors. 

 

Fig. 2. Positions of D1, D2 and Q sample doc. in vector space 

In Fig. 2, D1 and D2 represent training documents defined 
according to various properties, and Q represents a randomly 
generated query document to determine the closest training 
document (D1 or D2) using the Vector Space Model. The D1, 
D2, and Q documents shown in Table 1 are examples. 

TABLE I.  D1 AND D2 TRAINING AND Q QUERY DOCUMENTS 

Document Document Content 
D1 #Aç doymam, tok acıkmam sanır. @mobseclab 
D2 Aç ne yemez, #tok ne demez. 
Q #Aç tokun yüzüne bakmakla doymaz. 

 

As shown in the example in Table I, the training 
documents called D1 and D2 as well as Q query document were 
created to be included in the most similar ones out of these 
documents. 

In the study conducted, the terms within the documents 
were normalized and passed through the pre-processing stage 
in order to bring into a standard suitable for the machine 
learning model to be used. Following the pre-processing 
process, Vector Space Model were used to perform the 
classification process of the related query document. 

In Table II , related documents were shown to be cleared 
of punctuation marks and '#', '@mobseclab' elements which 
do not express sentiments. 

119



TABLE II.  ELIMINATION OF UNNECESSARY ELEMENTS 

Document Document Content 
D1 Aç doymam tok acıkmam sanır mobseclab 
D2 Aç ne yemez tok ne demez 
Q Aç tokun yüzüne bakmakla doymaz 

 

In Table III, the expressions containing upper case letters 
turned into lower case letters were shown. 

TABLE III.  MONOCASING/LOWERCASING 

Document Document Content 
D1 Aç doymam tok acıkmam sanır mobseclab 
D2 Aç ne yemez tok ne demez 
Q Aç tokun yüzüne bakmakla doymaz 

 

Shown in Table IV are the expressions in tweets broken 
down into words. 

TABLE IV.  BREAKING EXPRESSIONS INTO WORDS 

 
Document Content 

D1 D2 Q 

Breaking expressions 
into words 

aç aç aç 
doymam ne tokun 

tok yemez yüzüne 
acıkmam tok bakmakla 

sanır ne doymaz 
- demez - 

 

Shown in Table V are the words normalized by means of 
reducing to their roots to be converted to a standard structure 
for use in subsequent steps. 

TABLE V.  REDUCING WORDS TO THEIR ROOTS 

 
Document Content 

D1 D2 Q 

Reducing words to their roots 

aç aç aç 
doy ne tok 
tok ye yüz 
aç tok bak 
san ne doy 
- de - 

 

Table VI shows the ‘term frequency' values calculated for 
the terms in D1, D2 and Q documents. 

TABLE VI.  CALCULATION OF TERM FREQUENCY 

 Term Frequency (tfi) 
Term Q D1 D2 

aç 0.2 0.4 0.16 
doy 0.2 0.2 0 
tok 0.2 0.2 0.16 
san 0 0.2 0 
ne 0 0 0.33 
ye 0 0 0.16 
de 0 0 0.16 

 

Following the detection of the terms common to D1 and D2 
documents, the weight values (w) of these terms that were 
passed through pre-processing stages were calculated as in (1), 
(2) and (3). 

, (1)

, 
(2)

, 
(3)

Where, tfdi represent the number of mentions of the term i 
in document d, ni number of appears within the related 
document and n represent the total sum of all the terms within 
the related document (2). idfi is the Inverse Document 
Frequency of the term i, while D represents the total number 
of documents, dfi (Document Frequency) represents the term 
i appears in how many documents (3).   

The obtained term frequency, document frequency, 
inverse document frequency and the weight values calculated 
using these values are as shown in Table VII. 

TABLE VII.  CALCULATION OF TERM WEIGHTS 

Term (i) dfi D/dfi idfi 
wi (tfi*idfi ) 

Q D1 D2 
aç 3 0.66 0.18 0.036 0.072 0.03 

doy 1 2 0.3 0.06 0.06 0 
tok 2 1 0 0 0 0 
san 1 2 0.3 0 0.06 0 
ne 2 1 0 0 0 0 
ye 1 2 0.3 0 0 0.05 
de 1 2 0.3 0 0 0.05 

 

After calculating the weight values of the terms, the 
distance between the training documents D1, D2 and the query 
document Q was determined and which training document 
(D1, D2) is more similar to the query document (Q) is 
determined. For the similarity calculation in the study, 'Cosine 
Similarity Method' was used. According to this method, the 
cosine value of the angle between the vector representing the 
training documents in the vector space and the vector 
representing the query document is calculated and the distance 
values of these vectors are obtained (4). According to this 
distance value, the training document which the query 
document shows the most similarity is determined.  

The cosine of the angle between the two vectors is 
calculated by (4), (5) and (6). 

It is obtained through; 

,   (4)

, 
  (5)

ididi idftf=w ∗

n

n
=tf i

di

i
i df

D
=idf log

( ) ( ) ( )( )( )QiDQiD=QiD /.cos •

| | 
n

=i iw=iD
1

2)(
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, 
 (6)

Following the calculations above, cosine value of the 
angles between the D1 and Q as well as D2 and Q vectors are 
calculated as: 

cos(D1,Q) = 0.803,  

cos(D2,Q) = 0.203. Here, as cos (D1,Q) > cos(D2,Q), the 
query data Q is more similar to the class which the training 
document D1 belongs to. 

Similarity ratios are calculated in (7) and (8). 				 , = 100 ∗ ,, ,           (7) 

 If calculations are made as per (7); 

Similarity (D1,Q) = %79.8. , = 100 ∗ ,, ,        (8) 

 

If calculations are made as per the (8); 

Similarity(D2,Q) = % 20.2. 

As a result of the calculations in (7) and (8), the similarity 
ratio of query cluster Q to the class D1 was obtained as 79.8% 
and 20.2% to the class D2.  

 

IV. EMPIRICAL STUDY 

Within the scope of the study, a dataset was constructed 
containing 600 comments (300 positives and 300 negatives) 
made by social media users for products and services offered 
by the companies on various social media platforms. 
Sentimental values of these comments are determined by 
manually for using in Vector Space Model. From these 600 
comments, 400 comments (200 positive and 200 negative) 
were parsed to be used the training dataset and 200 comments 
(100 positive and 100 negative) are parsed to be used in the 
query dataset.  

The data in the training dataset has been passed through 
various training stages with the aid of the Vector Space 
described in detail above. Query dataset containing 100 
positive and 100 negative comments were classified by Vector 
Space Model and the performance ratios were calculated. 

The performance ratios of the study were determined 
according to the criteria of accuracy, precision and recall, in 
the light of the values in the complexity matrix. Accuracy is 
the ratio of the number of correctly classified samples to the 
total number of samples. Precision is the ratio of the number 
of correctly categorized positive samples to the total number 
of samples estimated positively. Recall is the ratio of correctly 
classified positive samples to the total number of positive 
samples. 

Table VIII shows a matrix of Real/Estimated complexity 
matrix resulting from the classification of each sample in the 
query dataset by Vector Space Model. In the related 
complexity matrices; the expressions of values are x: True 

Positive, y: False Negative, z: False Positive, and t: True 
Negative. 

TABLE VIII.  COMPLEXITY MATRIX OF VECTOR SPACE MODEL 

 Estimation 
Positive Negative 

Real 
Positive 80 (x) 20 (y) 
Negative 12 (z) 88 (t) 

 

As per the Complexity Matrix in Table VIII; 

Accuracy: (x+t)/(x+y+z+t)= 0.84,  

Precision: x/(x+z)= 0.87, 

Recall: x /(x+y) = 0.80 values would be obtained. 

 

V. CONCLUSION AND ASSESSMENT 

Sentiment analysis on social media; is used to measure the 
response of social media users on a specific subject and to 
determine the sentimental state of users. Sentimental values 
obtained through the analysis are utilized in making forward-
looking decisions on the related subject. 

In the study, sentiment analysis were performed on 
Turkish tweets by Vector Space Model. Calculations for these 
model, made on the training dataset containing 400 samples 
and the query dataset containing 200 samples. 168 samples of 
in the related query dataset were correctly classified with the 
help of Vector Space Model and 84% accuracy rate was 
achieved. 
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Özet—Veri madenciliğinin bir modeli olan 

sınıflandırma, basitçe bir veri kümesinde verileri tanımlı 
gruplar içerisinde dağıtmaktır. Sınıflandırma 
algoritmaları, eğitim kümesini kullanarak bir öğrenme 
modeli geliştirirler ve daha sonra bu model kullanılarak 
sınıfı belli olmayan veriler sınıflandırılmaya 
çalışılmaktadır. Dolayısıyla sınıflandırma sayesinde veriler 
arasındaki ilişkiler daha kolay incelenebilmektedir. Bu 
çalışmada optik çoğuşma anahtarlama verisi kullanılarak 
çok katmanlı algılayıcılar, destek vektör makineleri, k- en 
yakın komşuluk, naive bayes, kstar, karar tablosu ve 
rastgele orman sınıflandırma algoritmaları kullanılarak bu 
sınıflandırma algoritmalarının performansları 
değerlendirilmektedir. Sınıflandırma algoritmaları 
kullanılarak veri setleri sınıflandırıldığında sınıflandırma 
esnasında doğru olarak yapılan tahminlerin bütün 
tahminlere oranı olan doğruluk değerleri algoritmaların 
performanslarının değerlendirilmesi için bir ölçüt olarak 
kullanılmaktadır. 

 
Anahtar Kelimeler—knn, svm, naive bayes, kstar, karar 

tablosu, rastgele orman 
 

Abstract—Classification, a model of data mining, is 
simply to distribute data in defined groups in a data set. 
Classification algorithms develop a learning model using 
the training set and then try to classify the data that is not 
class specific. Therefore, the relationship between the data 
can be examined more easily. In this study, multilayer 
perceptron, support vector machines, k - nearset 
neighborhood, naive bayes, kstar, decision table, random 
forest classification algorithms performans are evaluated 
by using optical burst switching algorithms. When data sets 
are classified by using classification algorithms, accuracy 
values, which are the ratio of accurate estimates to all 
estimates during classification, are used as a criterion for 
evaluating the performance of algorithms. 

 
Keywords—knn, svm, naive bayes, kstar, decision table, 

random forest 
 
 
 
 

I. GIRIŞ 

Veri madenciliğinin önemli çalışma alanlarından biri 
olan sınıflandırma, gözetimli bir öğrenme metodudur. 
Gözetimli öğrenme metodunda, alanın uzmanı tarafından 
belirlenen bir veri seti için verilerin attribute değerlerine 
göre ayrıştırılma işlemi gerçekleştirilir ve bu ayrıştırılan 
veriler eğitim verisi olarak kullanılarak bir sınıflandırma 
modeli oluşturulur. Şekil 1’de gösterildiği gibi 
oluşturulan bu modelle eğitim verisindeki ortak attribute 
değerlerlerine sahip bir test verisinin hangi sınıfta ait 
olacağına dair bir karar verilebilmektedir. 

 

 
 

Şekil 1. Sınıflandırma modeli 
 
Veri madenciliğinin kullanıldığı endüstri, sağlık, 

temel bilimler, fınans ve bankacılık gibi birçok alanda  
sınıflandırma yöntemleri de kullanılmaktadır. 
Sınıflandırma; kredi başvurusu değerlendirme,  kredi 
kartı harcamasının sahtekarlık olup olmadığına karar 
verme,  hastalık teşhisi, ses tanıma, karakter tanıma, 
gazete haberlerini konularına göre ayırma, kullanıcı 
davranışları belirleme gibi pek çok konuda 
kullanılmaktadır.  

Sınıflandırma algoritmalarında önemli test 
seçenekleri olan cross validation (çapraz doğrulama) ve 
percentage split (belli bir orana göre bölme) için 
sınıflandırma başarıları ayrı hesaplanmaktadır. Cross 
validation belirlenen değerine göre veriyi kümelere 
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ayırmaktadır ve ilk kümeyi test için diğer kümeleri ise 
eğitim için kullanmaktadır. Percentage split ise 
belirlenen değeri kadar veriyi test için geri kalanını ise 
eğitim için kullanmaktadır.  

Optik Çoğuşma Anahtarlama(optical burst switching)   
günümüzde bilgisayar ağlarının önemli sorunlarından 
biri olan bant genişliği talebini karşılamak amacıyla 
kullanılan yöntemlerden biridir. Bu yöntemde elde edilen 
OBS veri seti üzerinden sınıflandırma algoritmaları 
karşılaştırılmaktadır. Bu çalışmada optik çoğuşlama 
anahtarlama ağ verisi üzerinden destek vektör 
makineleri, k en yakın komşuluk, çok katmanlı 
algılayıcılar, naïve bayes, rastgele orman, karar tablosu 
ve kstar sınıflandırma algoritmaları kullanılarak 
sınıflandırma algoritmalarının performanslarının 
değerlendirilmesi yapılmaktadır.  

II. MATERYAL VE METOT 

A. OBS veri seti  

Çoğuşma, bir paket dizisinin ilk düğümden başlayıp 
son düğüme kadar birlikte hareket etmesi ve ara 
düğümlerde de beraber anahtarlanması sürecidir. 

Şekil 2’de gösterildiği gibi bir paket dizisi çoğuşma 
oluşturmak üzere giriş düğüme geldiğinde yol boyunca 
bant genişliğini rezerve edecek kontrol kanalından bir 
kontrol paketi gönderilir. Bu gönderilme sürecinde offset 
adı verilen bir süre geçmektedir. Daha sorna çoğuşma 
oluşturmak üzere paket dizisi gönderilir [1]. Bu şekilde 
ağın kullanılması artırılmaktadır. 

 
 

 
 

Şekil 2. Optik çoğuşma anahtarlama[2] 
 
Optik çoğuşma anahtarlama, slotlanmış ve 

slotlanmamış şeklinde iki türde incelenir. Slotlanmış 
optik anahtarlama, senkron paketlerin sabit uzunuklu 
zaman slotlarında işlenmesine dayanır. Slotlanmamış 
türde ise, asenkron paketlerin uzunlukları sabit değil, 
değişken uzunluktadır [2]. 

B. Destek vektör makineleri 

Bir makine öğrenme çeşiti olan destek vektör 
makineleri sınıflandırma ve regresyon amaçlı 
kullanılmaktadır. Sınıflandırma amaçlı kullanımında veri 

setini uygun bir şekilde iki sınıfa ayıran bir hiperdüzlem 
kullanılmaktadır [3].  

Şekil 3’de görüldüğü gibi hiperdüzleme en yakın veri 
noktaları destek vektörlerini temsil etmektedir. Bu 
yüzden bu verilerin çıkartılması durumunda 
hiperdüzlemin konumu değişecektir. Bu sebeple destek 
vektörlerini oluşturan veri noktaları veri setinin önemli 
unsurlarını oluşturmaktadır. 

 

 
Şekil 3. Destek vektörlerinin gösterimi 

 
Destek vektör makineleri iki sınıflı doğrusal verilerin 

sınıflandırmasındaki başarısından sonra çok sınıflı ve 
doğrusal olmayan verilerin sınıflandırılması için de 
geliştirilmiştir [3]. 

C. KNN algoritması 

K en yakın komşuluk algoritması sınıflandırma 
amaçlı kullanılan gözetimli bir öğrenme çeşididir. KNN 
algoritması, bir veri setinde mesafe olarak birbirine yakın 
olan verileri aynı sınıfa almaktadır. Daha sonra bir test 
verisi geldiğinde test verisinin önceden sınıflandırılmış 
diğer verilere uzaklıkları hesaplanarak en yakınındaki k 
tane veri çoğunlukla hangi sınıfa ait ise test verisi de o 
sınıfta kabul edilir [4]. Bu durumda Şekil 4’de 
gösterildiği gibi a nesnesi X sınıfına dahil edilmektedir. 

 

 
 

Şekil 4. K en yakin komşuluğa göre siniflandirma 

D. Çok katmanlı algılayıcılar 

Çok katmanlı algılayıcılar genellikle sınıflandırma 
amaçlı kullanılmaktadır. Sınıflandırma gözetimli bir 
öğrenme çeşidi olduğundan bu amaçlı kullanımında ağın 
eğitilmesi gerekmektedir. 

 
Şekil 5’de gösterildiği gibi çok katmanlı 

algılayıcılarda ağ; giriş katmanı, ara katman ve çıktı 
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katmanı olmak üzere üç katmandan oluşmaktadır. Veri 
setinde eğitim seti olarak kullanılacak verilerin her biri 
giriş katmanına gönderilip daha sonra ara katmanda bir 
takım işlemlerden geçerek çıkış katmanına gönderilir. 
Böylece her bir verinin girdi değerine karşılık gelen bir 
çıktı değeri de oluşmaktadır [5]. 

 

 
 

Şekil 5.  Çok katmanli algilayicilar için ağ modeli 

 
Çok katmanlı algılayıcılarda kullanılan delta 

modeline göre ağın eğitilmesi, ağın çıktı değerlerinin 
hesaplandığı ileri doğru hesaplama ve ağırlıkların 
güncellendiği geriye doğru hesaplama olmak üzere iki 
aşamada gerçekleştirilmektedir.  

E. Naïve bayes sınıflandırıcıları 

Naive bayes sınıflandırma algoritması bayes istatistik 
teoremine dayanmaktadır. Bayes istatistik teoremine 
dayanan ve büyük veriler için kullanışlı olan naive bayes 
sınıflandırma algoritmasının uygulanabilmesi için tahmin 
edicilerin birbirine bağımlılığı olmamalıdır [6]. 

Naive bayes sınıflandırma algoritmasında eğitim 
verisi üzerinde yapılan olasılık işlemleriyle test 
verilerinin hangi sınıfa dahil olacağı tespit edilmeye 
çalışılmaktadır. Eğitim verisi ne kadar çok ise test 
verisinin gerçek sınıfını bulma olasılığı artmaktadır. 

Eğitim verisi üzerindeki olasılık işlemleri Denklem 
1’de ve Denklem 2’de olduğu gibi 
hesapalanabilmektedir. 

 P(c|x) = (x|c) ( )( )                                       (1) 

 P(c|x) = P(x |c) ∗ P(x |c) ∗ … ∗ P(x |c) ∗P(c)             (2) P(c|x) : x sınıfında c’nin olma ihtimalidir. 
P(c)  : c’nin olma ihtimalidir. P(x|c) : c sınıfında x’in olma ihtimalidir. 
P(x) : x’in olma ihtimalidir. 

F. Rastgele orman algoritması 

RO (rastgele orman) algoritmasının diğer 
sınıflandırma algoritmalarına göre eğitim aşamasında 

daha hızlı olması ve daha yüksek doğruluk sağlaması 
avantaj sağlamaktadır [7]. 

RO algoritması veri setinden rastgele seçilmiş alt 
kümelerle ürettiği birden fazla karar ağacını kullanarak 
sınıflandırma değerinde daha yüksek doğruluk sağlamayı 
amaçlamaktadır. Ağaç tipi bir sınıflandırıcı olan RO 
algoritması, benzer yöntemlerde olduğu gibi dallanma 
kriterini belirlemek için gini indeksini kullanmaktadır. 

RO sınıflandırma algoritmasıyla ile karar ağaçlarını 
oluşturmak için kullanıcı tarafından belirlenmesi gereken 
2 parametre vardır. Bu parametreler, en iyi bölünmeyi 
elde etmek için düğümlerde kullanılacak olan 
değişkenlerin sayısı ve geliştirilecek karar ağaçlarının 
sayısıdır [8]. 

G. Kstar algoritması 

Kstar algoritması uzaklık tabanlı bir sınıflandırma 
algoritmasıdır. Kstar algoritması her örnek için bütün 
sınıflara olan entropik uzaklığına göre bir benzerlik oranı 
tespit eder. Daha sonra örnekleri benzerlik oranına göre 
sınıflara dahil eder [9].  ( , , . . , ) = ∑ log                       (3) 

Denklem 3’de n toplam örnek sayısı olmak üzere H 
verilerin sınıflara olan entropi uzaklık değerlerini ifade 
etmektedir. 

H. Karar tablosu algoritması 

Karar tabloları karmaşık bir mantığı sistematik bir 
düzende ifade etmeyi sağlar. Normal şartlarda çok fazla 
sayıda kombinasyonun olduğu durumlarda bütün 
kombinasyonları test etmek verimli olmamaktadır. 
Ancak karar tabloları koşullar, koşulların 
kombinasyonları, eylemler ve sonuçlar olmak üzere 4 
bölgeli bir tablo oluşturur ve bu tablodan yola çıkarak 
akış şemaları ve koşul ifadelerini kullanarak mümkün 
olabilecek bütün kombinasyonları daha basite indirgediği 
için oldukça kullanışlı hale gelmektedir [10].  

I. Sınıflandırma değerlendirme metrikleri 

Kullanılan sınıflandırma algoritmalarının 
performanslarını değerlendirmek için karmaşıklık 
matrisinden yararlanılmaktadır.  

Karmaşıklık matrisinde doğru olarak tespit edilen 
pozitif değerleri temsil eden doğru pozitif, yanlış olarak 
tespit edilen pozitif değerleri temsil eden yanlış pozitif, 
doğru olarak tespit edilen negatif değerleri temsil eden 
doğru negatif ve yanlış olarak tespit edilen negatif 
değerleri temsil eden yanlış negatif olmak üzere dört 
farklı değer elde edilir. Elde edilen bu değerler 
kullanılarak bir takım başarım ölçütleri 
hesaplanmaktadır. 

Deneysel sonuçlar kısmında verilen tablolarda 
gösterilen değerler sınıflandırma algoritmalarının 
performanslarını değerlendiren ölçütlerdir. Bu ölçütleri 
aşağıdaki gibi ifade edebiliriz. 
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TP: Doğru tahmin edilen pozitif değerlerin sayısını 
vermektedir. Diğer bir ifadeyle gerçek sınıfın değerinin 
evet olduğu ve tahmin edilen sınıfın değerinin de evet 
olduğu anlamına gelir. 

FP: Gerçek sınıfın hayır olduğu ve tahmin edilen sınıfın 

evet olduğu durumların sayısını vermekedir. 

Precision: Hassasiyet, doğru tahmin edilen pozitif 
durumların toplam pozitif durumlara oranıdır. 

Recall: Geri Çağırma, doğru tahmin edilen pozitif 
durumların gerçek sınıftaki tüm gözlemlere oranıdır. 

F ölçütü: Hassasiyet ve geri çağırma'nın ağırlıklı 
ortalamasıdır. Bu nedenle bu puan hem yanlış pozitif 
hem de yanlış negatifleri dikkate alır. 

Accuracy değerleri: Doğruluk, en sezgisel performans 
ölçüsüdür ve doğruca tahmin edilen durumların toplam 
durumlara oranıdır. 

Mean absolute error: Ortalama Mutlak Hata, regresyon 
ve sınıflandırma modelleri ile kullanılan bir model 
değerlendirme ölçütüdür. Bir test kümesine ilişkin olarak 
bir modelin ortalama mutlak hatası, test setindeki tüm 
örneklerin üzerindeki bireysel tahmin hatalarının mutlak 
değerlerinin ortalamasıdır. 

Kappa Statistic: Kappa istatistiği çok sınıflı ve dengesiz 
sınıflandırma problemlerinde sınıflandırıcının 
performansını ölçer. 

III. DENEYSEL SONUÇLAR 

Çalışmada hedeflenen veri setiyle sınıflandırma 
algoritmalarının performans değerlendirmeleri Tablo 1 
ve Tablo 2’de gösterilmektedir. Tablo 1’ de elde edilen 
sınıflandırma değerlendirmeleri sınıflandırma 
algoritmalarında kullanılan test seçeneklerinden cross 
validation yöntemiyle elde edilmektedir. Bu çalışmada 
cross validation değeri için 10 kullanılmaktadır. Tablo 
2‘de de percantage split yöntemi kullanılarak değerler 
elde edilmektedir. Percentage split değeri için de %66 
değeri kullanılmaktadır. 

 

TABLO I. SINIFLANDIRMA DEĞERLENDİRİLMESİ (CROSS 

VALIDATION) 

 ÇKA SVM KNN NB RO K* KB 

TP Oranı 0.965 0.790 0.991 0.718 1 1 0.993

FP Oranı 0.220 0.138 0.005 0.120 0 0 0.006

Hassasiyet 0.965 0.787 0.991 0.738 1 1 0.993

Recall 0.965 0.790 0.991 0.718 1 1 0.993

F Ölçütü 0.965 0.786 0.991 0.719 1 1 0.993

Doğruluk 
Değerleri 

0.964 0.789 0.990 0.718 1 1 0.992

Kappa 
İstatistiği 

0.947 0.682 0.986 0.597 1 1 0.988

Ortalama 
Mutlak Hata 

0.027 0.267 0.005 0.140 0.005 0 0.214

 

TABLO II. SINIFLANDIRMA DEĞERLENDİRİLMESİ (PERCENTAGE 

SPLIT) 
 

ÇKA SVM KNN NB RO K* KB 

TP Oranı 0.959 0.811 0.981 0.710 1 0.986 0.934

FP Oranı 0.020 0.129 0.006 0.117 0 0.012 0.056

Hassasiyet 0.961 0.808 0.982 0.738 1 0.987 0.942

Recall 0.959 0.811 0.981 0.710 1 0.986 0.934

F Ölçütü 0.959 0.804 0.981 0.712 1 0.986 0.934

Doğruluk 
Değerleri 

0.959 0.810 0.980 0.709 1 0.986 0.934

Kappa 
İstatistiği 

0.939 0.715 0.971 0.588 1 0.979 0.900

Ortalama 
Mutlak Hata 

0.041 0.265 0.010 0.141 1 0.010 0.237

 

IV. SONUÇ VE DEĞERLENDİRME 

Tablo 1 ve Tablo 2’yi karşılaştırdığımızda Tablo 1’de 
çok katmanlı algılayıcılarda, k en yakın komşuluk 
algoritmasında, naive bayes, rastgele orman ve karar 
tablosu sınıflandırıcılarında cross validation test 
yönteminin kullanılarak elde edilen doğruluk değerleri 
Tablo 2’de percantage split kullanılarak elde edilen 
doğruluk değerlerinden daha başarılı olmuştur. Ancak 
destek vektör makineleri farklı olarak Tablo 2’de 
percantage split test seçeneğiyle kullanıldığında Tablo 1’ 
e göre daha başarılı doğruluk değerlerine sahip olmuştur. 
Rastgele orman algoritmasının ise diğer algoritmalara 
göre hem cross validation hem de percantage split test 
yöntemiyle daha başarılı olduğu ve bütün test değerlerini 
doğru olarak sınıflandırdığı görülmektedir. 
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 Özet—Çok değişkenli veriler bağlamında aykırı 

değerlerin tespit edilmesi, veri madenciliği için önemli bir 
konudur. Bu konuya çözüm getirmek için önerilen 
yöntemlerin çoğu verilerin dağılım merkezine olan 
mahalanobis mesafesine, Öklid mesafesine veya bir iz 
düşüm takibi yaklaşımına (projection pursuit) 
dayanmaktadır. Metasezgisel yöntemler, aykırı değerleri 
tespit etmek için kullanıldıkları uygulamalarda mesafe 
parametrelerini manuel olarak ayarlamak yerine otomatik 
olarak optimize etmektedir. Bu çalışmada, metasezgisel 
algoritmalar kullanılarak veri madenciliğinin önemli 
problemi ve konusu olan çok değişkenli veriler bağlamında 
aykırı değerler tespit edilmiştir. Aykırı değerlerin tespit 
edilmesi ve gerekirse veriden temizlenmesi hem orijinal 
verilerin kalitesini artırmak hem de veritabanlarındaki 
bilgi keşfi sürecinde belirsiz değerlerin etkisini azaltmak 
için önemlidir. Metasezgisel algoritmalardan parçacık sürü 
algoritması, genetik algoritma ve diferansiyel gelişim 
algoritması kullanılarak 6 farklı veri setinden elde edilen 
aykırı değerler tablolar halinde gösterilmiştir. 

Anahtar Kelimeler—Parçacık sürü, genetik, diferansiyel 
gelişim, aykırı değer, metasezgisel algoritmalar 

 Abstract—Detection of outliers in the context of 
multivariate data is an important issue for data mining. 
Most of recommended methods for solving this problem are 
based on mahalanobis distance, euclidean distance, which is 
the most common distribution of observations or it is based 
on projection pursuit approach. Metaheuristic methods 
automatically optimize distance parameters in applications 
where it is used to detect outliers, instead of manually 
adjusting them. In this study, metaheuristic algorithms 
were used to detect outliers in the context of multivariate 
data, which is an important problem of data mining. 
Detection of outliers and, if necessary, removal from the 
data is important both to improve the quality of the 
original data and to reduce the effects of ambiguous values 
in the database information discovery process. Outlier 
values obtained from 6 different data sets are presented in 
tabular form using meta algorithms in which particle 
swarm algorithm, genetic algorithm and differential 
evolution algorithm. 

Keywords—Particle swarm, genetic, differential 
evolution, outliers, metaheuristic algorithm 

 

I. GİRİŞ 

Veri madenciliğinde anormallik tespiti (aykırı değer 
tespiti), bir veri setinde beklenen bir kalıba veya diğer 
maddelere uymayan öğelerin, olayların ve gözlemlerin 
tanımlanmasıdır [1]. Genellikle anormal değerler banka 
dolandırıcılığı, yapısal bir kusur, tıbbi problemler veya 
bir metindeki hatalar gibi birtakım problemlere 
dönüşebilmektedir. Anormalliklere aykırı değerler, 
yenilik algılama, sapma ve istisnalar gibi tanımlamalar 
yapılmaktadır [2]. Veri madenciliğinde aykırı değerlerin 
tespit edilmesi için farklı yöntemlerle metasezgisel 
algoritmalar kullanılmaktadır. 

Günümüzde deterministik ve stokastik bağlamlarda 
sezgisel tabanlı arama teknikleriyle çalışan birçok 
optimizasyon algoritması bulunmaktadır. Optimizasyon 
yaklaşımının çeşitli problemlere uygulanabilirliğini 
arttırmada güçlü optimizasyon algoritmaları geliştirmek 
için doğal ve fiziksel ilkelerden ilham alınmaktadır. 
Evrimsel algoritmalar, benzetimli tavlama, karınca 
koloni optimizasyonu, memetik algoritmalar, parçacık 
sürüsü optimizasyonu bu tür algoritmalara örnektir [3].  

Optimizasyon bir amaç için belirtilen şartları 
sağlaması koşuluyla en uygun çözümü bulmayı 
amaçlamaktadır. Optimizasyon üzerine çalışmalar 
yapıldıkça farklı teknikler de ortaya çıkmaktadır. Yaygın 
olarak kullanılan tekniklerden bazıları genetik 
algoritmalar, diferansiyel gelişim algoritması, karınca 
kolonisi algoritması ve parçacık sürü algoritmasıdır. Bu 
teknikler doğadaki olaylardan esinlenerek geliştirilmiş 
popülasyon tabanlı sezgisel yöntemlerdir. Genetik 
algoritmalar, canlıların genetik yapısından esinlenerek 
geliştirilmiştir. Diferansiyel gelişim algoritması yapısı 
itibariyle genetik algoritmaya benzemektedir. 
Diferansiyel gelişim algoritması da canlıların genetik 
yapısından esinlenerek geliştirilmiştir. Karınca kolonisi 
algoritması, karınca sürülerinin yiyecek ararken 
yaptıkları davranışlarından esinlenerek geliştirilmiştir. 
Parçacık sürü optimizasyonu algoritması ise balık, kuş, 
böcek gibi hayvan sürülerinin davranışlarından 
esinlenerek geliştirilmiş popülasyon tabanlı stokastik bir 
optimizasyon yöntemidir. 

978-1-7281-3992-0/19/$31.00 ©2019 IEEE 
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Literatürde farklı yöntemlerle farklı optimizasyon 
algoritmaları kullanılarak aykırı değerler tespit edilmeye 
çalışılmıştır. Kelly D. Crawford ve Roger L. Wainwright 
aykırı değerleri tespit etmek için alt küme noktalarının 
seçimini yönetmede genetik algoritmalar üzerinde 
çalışmışlardır. Elde ettikleri bulgular, çoklu durumlarda 
aykırı değerleri tespit etmede genetik algoritmaların 
başarılı olduğunu göstermiştir [4].  

Breunig yaptığı çalışmada yoğunluğa dayalı bir 
yaklaşım kullanmıştır. Yerel komşuluklarına olan 
mesafeye bağlı olarak herhangi bir veri noktasına 
yönelik bir aykırılık değeri olarak LOF değeri (yerel 
aykırılık faktörü) atanmıştır [5].  Knorr ise çalışmasında 
uzaklığa dayalı bir yaklaşım kullanmıştır. Bu yaklaşımda 
sapmalar, özellik uzayında bir mesafe ölçüsü ile 
saptanmıştır [6].  

Ammar W Mohemmed ve arkadaşları aykırı değer 
tespitinde parçacık sürü optimizasyonu algoritmasını 
mesafe ölçümlerini optimize etmek için kullanmışlardır. 
PSO yönteminin yerel aykırılık faktöründen (LOF) daha 
etkili olduklarını tespit etmişlerdir [7]. Anne Ruiz-Gazen 
ve arkadaşları projeksiyon takibi (projection pursuit) 
bağlamında çok değişkenli aykırı değerlerin saptanması 
için tribes adlı yeni bir sezgisel optimizasyon 
algoritmasının kullanılmasını önermişlerdir [8].  

P.Vishnu Raja ve arkadaşları aykırı değerleri tespit 
etmede genetik algoritmalar yaklaşımını kullanmışlardır. 
Bu yaklaşımda aykırı değerler üretilen uygunluk 
değerine göre belirlenmiş olup, uygunluk değeri daha 
düşük olan nesneler aykırı değer olarak belirlenmiştir. 
Deneysel olarak, önerilen algoritmanın belirli bir zaman 
diliminde aykırı değerlerin hesaplanmasında iyi olduğu 
gösterilmiştir [9]. Lewis ve arkadaşları güvenlik 

yönetimi üzerine yaptıkları çalışmada, yapay bağışıklık 
sistemini (YBS) kredi kartı dolandırıcılık tespiti için 
modellemişlerdir. Önerdikleri bu sistem güvenlik 
yönetimi uygulamalarına yeni bir yaklaşım getirmiştir 
[10]. 

Bu çalışmada amaç, istatistiksel kutu grafiği yöntemi 
ve meta sezgisel algoritmalarla aykırı değerleri tespit 
etmektir. Bunun için metasezgisel algoritmalar 
tarafından verilerin dağılım merkezine olan Öklid 
uzaklıkları kullanılarak verinin en doğru şekilde 
kümeleme işlemi gerçekleştirilir. Daha sonra verilerin, 
kümelerin merkezlerine olan uzaklıkları kullanılarak 
istatistiksel kutu grafiği yöntemiyle aykırı değerler tespit 
edilir. 

II. MATERYAL VE METOT 

Uygulamada metot olarak metasezgisel 
algoritmalardan parçacık sürü algoritması, genetik 
algoritma ve diferansiyel gelişim algoritması 
kullanılmaktadır. Ayrıca aykırı değerleri tespit 
metotlarından da istatistiksel yaklaşımlar 
kullanılmaktadır. 

Uygulamanın kodu matlab programı 2011b sürümü 
kullanılarak geliştirildi. Geliştirilen bu kod windows 10 
Professional 64 bit işletim sistemin sahip Intel Core i7-
5500u,2.40 GHz işlemcili ve 8 GB RAM'li bir dizüstü 
bilgisayar üzerinde çalıştırılmıştır. 

Çalışmada Tablo 1’ de özellikleri verilen 6 farklı veri 
seti, 3 farklı metasezgisel algoritma ile ayrı 
kullanılmaktadır. Ve elde edilen değerler bulgular 
kısmında değerlendirilmektedir. 

 
TABLO I. UYGULAMADA KULLANILAN VERİ SETLERİ 

 
Veri Seti Veri setinin dağılım 

özelliği 
Veri sayısı Değişken 

sayısı 
Değişkenlerin özelliği Genel kullanım 

alanları 
Ecoli Çok değişkenli 336 8 Gerçel Sayı Sınıflandırma 

Blood Transfusion Service Center Çok değişkenli 748 5 Gerçel Sayı Sınıflandırma 

Liver Disorders Çok değişkenli 345 7 Gerçel Sayı, Tam sayı N/A 

Yeast Çok değişkenli 1484 8 Gerçel Sayı Sınıflandırma 

Haberman Çok değişkenli 306 3 Tam Sayı Sınıflandırma 

İris Çok değişkenli 150 4 Gerçel Sayı Sınıflandırma 

A. Parçacık Sürü Algoritması 

Parçacık sürü algoritması (PSO) 1995 yılında J.Kennedy 
ve R.C.Eberthart tarafından doğrusal olmayan problemlerin 
çözümü için geliştirilmiştir. Parçacık sürüsü optimizasyonu, 
yaygın olarak kullanılan diğer optimizasyon teknikleriyle 
karşılaştırıldığında, en yeni metasezgisel algoritmalardan 
biridir [11]. Parçacık sürü algoritmasında her bir parçacık, 
sürü içerisindeki her bir bireyi temsil etmektedir. Doğada 
sürünün hareket halinde olduğu kabul edilmekte 
olduğundan, problemde popülasyondaki parçacıklar 
başlangıçta rastgele dağılmaktadır. S konum vektörünü 
göstermek üzere her bir parçacığın ilk konumları, s= {xi1, 
xi2, ..., xin} şeklinde gösterilir. i, i.parçacığı temsil 
etmektedir ve n problemin kaç boyutlu yani kaç değişkenli 
olduğunu ifade etmektedir. Parçacıkların kaydedilen bir 

önceki en iyi pozisyonları pbest ile ifade edilir. Parçacığın 
pbest değerleri pi={pi1,pi2,pi3,pi4...pin} şeklinde gösterilir. 

Parçacıkların bütün iterasyonlar boyunca hareket 
halinde olduğu varsayılmaktadır. Bu durumda hız vektörü 
vi={vi1,vi2,vi3,..., vin} şeklinde tanımlanmaktadır. Hız 
vektörü her parçacığın sahip olduğu pbest değeri ve 
popülasyonun sahip olduğu gbest değeri dikkate alınarak 
her iterasyonda yeniden güncellenir.  Hız vektörü 
güncellenen parçacığın önceki konumu da dikkate alınarak 
yeni bir konumu oluşturulur. 

PSO’da maksimum hızı dengede tutmak için hız 
engelleme, eylemsizlik ağırlığı, sınırlama katsayısı ve k 
sabiti kavramları kullanılmaktadır. PSO için temel adımlar 
aşağıdaki gibidir: 
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1. Adımda, başlangıç popülasyonu oluşturabilmek için 
probleme uygun bir uygunluk fonksiyonu oluşturulmalıdır. 
Parçacık sayısı, sonlandırma kriteri ve kısıtlama kriterleri 
kullanıcı tarafından belirlenir. Parçacık boyutu da probleme 
göre belirlenir. Daha sonra her bir parçacığın rastgele hız ve 
konum vektörleri oluşturulur.  

2. Adımda, her parçacık için uygunluk değeri 
hesaplanır. D boyut sayısı olmak üzere her bir parçacık,  xi 

= ( xi1, xi2, … , xiD) şeklinde gösterilir. Ve n, popülasyon 
sayısı olmak üzere popülasyon, p= (x1, x2, …, xn) şeklinde 
gösterilir. Bu durumda uygunluk fonksiyonu f(x) olmak 
üzere her parçacık için uygunluk değeri f(xn) şeklinde 
bulunabilir. 

3. Adımda, mevcut uygunluk değeri pbest ile 
karşılaştırılır. Her parçacığın o ana kadar ki iterasyonlar 
boyunca hep tutulan bir en iyi değeri bulunmaktadır, buna 
pbest değeri denilir.  (Her bir parçacığın ilk pbest değerleri 
ilk iterasyondaki uygunluk değerleriyle aynı alınır.) 
İterasyonlar boyunca her parçacık için bulunan uygunluk 
değeri onun pbest değeri ile karşılaştırılır.  

 4. Adımda, karşılaştırmanın sonucunda uygunluk değeri 
eğer daha büyükse mevcut uygunluk değeri yeni pbest 
olarak atanır. Eğer uygunluk değeri daha büyük değilse 
önceki pbest yeni pbest değeri olarak tutulur. 

5. Adımda, en iyi parçacığın pbest değeri gbest olarak 
atanır. İterasyonda bütün parçacıkların pbest değerleri 
arasındaki en iyi pbest değeri iterasyonun gbest değeri 
olarak alınır. 

6. Adımda, aşağıdaki formüller kullanılarak her bir 
parçacığın hızı ve konumu güncellenir. V =  V + c rand pbest − x + c rand (gbest − x )                                          (1) 

 X = x +  V                                                  (2)                                            

7. Adımda, kullanıcının ilk adımda oluşturduğu 
sonlandırma kriteri kontrol edilir. Eğer kriter sağlandıysa 
uygulama sonlandırılır. Eğer sağlanmadıysa, her bir 
parçacığın güncellenmiş yeni hız ve konum değerleri 
kullanılarak 2. Adım’dan devam edilir. 

B. Genetik Algoritma 

Genetik algoritmalar (GA) John Holland tarafından 
1960'larda keşfedildi. Genetik algoritma diğer optimizasyon 
algoritmalarında olduğu gibi doğada gözlemlenen sürece 
benzer bir şekilde çalışan eniyileme yöntemidir. Genetik 
algoritmalar biyolojideki evrimsel süreci taklit ettiklerinden 
dolayı benzer temel kavramlara sahiptir. Bunlar gen, 
kromozom ve popülasyondur. Ayrıca genetik algoritma 
doğal genetik çeşitlilikten esinlenen operatörleri kullanarak 
belirli bir problem için aday çözümler popülasyonunu 
geliştirmektedir. Bu operatörler seçme, mutasyon ve 
çaprazlamadır.  

GA için temel adımlar aşağıdaki gibidir: 

1. Adımda, başlangıç popülasyonu oluşturmak için 
probleme özel bir uygunluk fonksiyonu tanımlanır. 
Popülasyon sayısına, mutasyon türü ve olasılığına, 
çaprazlama türü ve olasılığına ve durdurma kriterine karar 

verilir ve popülasyon sayısı kadar birey yani kromozom 
kodlanır. 

2. Adımda, popülasyonu oluşturan her bireyin uygunluk 
değeri hesaplanır. Tespit edilen uygunluk değerleri 
arasından en başarılı olanı iterasyonun sonuç değeri olarak 
kabul edilir. 

3. Adımda, durdurma kriteri kontrol edilir. Durdurma 
kriteri sağlandıysa o anki sonuç problemin sonuç değeri 
olarak alınır. Durdurma kriteri sağlanmadıysa uygunluk 
değeri başarılı bulunan bireylere (çoğalma şansını artırmak 
için) başarılılıkları oranında bir olasılık değeri verilir. 

 4. Adımda, seçme yöntemlerinden birine karar verilir 
ve bununla bazı bireyler seçilir. 

5. Adımda, seçilen bu bireyler çaprazlama işlemine tabi 
tutulur. Amaç, bir önceki iterasyondan daha kaliteli bireyler 
elde etmektir. 

6. Adımda, yeni oluşan bireyin genlerinde değişiklik 
yapmak amacıyla mutasyon işlemine tabi tutulur. Amaç, 
birey çeşitliliğini sağlamaktır. 

7. Adımda, mutasyon işlemi sonrasında yapısı değişen 
bireylerle birlikte yeni bir popülasyon elde edilir ve 
iterasyon sayısı bir artırılır ve 2. adımdan devam edilir. 

C. Diferansiyel Gelişim Algoritması 

Diferansiyel gelişim algoritması (DGA) algoritması, 
sürekli alanlar üzerinde optimizasyon problemleri için 
Rainer Storn ve Kenneth Price tarafından 1970’ de 
geliştirilen evrimsel programlamanın bir dalıdır. DGA’ nın 
diğer algoritmalara göre avantajları basit yapısı, kullanım 
kolaylığı, hızlı ve sağlam olmasıdır. DGA, pratik 
uygulamalar için hemen erişilebilen, faydalı bir tasarım 
aracıdır. DGA, uzman bilgisi veya karmaşık tasarım 
algoritmalarına başvurmadan çözülmesi zor olan sorunlara 
etkili çözümler bulmak için çeşitli bilim ve mühendislik 
uygulamalarında kullanılmaktadır [12]. 

Diferansiyel gelişim algoritmasında genetik algoritmaya 
benzer operatörler kullanılmaktadır. Bu operatörlerin temel 
amacı aday çözümler popülasyonunu geliştirmektir. Bu 
operatörler kısıtlama fonksiyonu, mutasyon ve çaprazlama 
gibi işlemlerdir. GA’ dan farklı olarak her bir operatör tüm 
popülasyona sırayla uygulanmamaktadır. 

D. Aykırı Değerleri Tespit Etmede İstatistiksel Metotlar 

Kümeleme için istatistiksel metotlarda olduğu gibi 
aykırı değer tespitinde de istatistiksel metotlar veri 
normalliği ile ilgili varsayımlar yapmaktadır. İstatistiksel 
yaklaşımlar bir veri setinde normal nesnelerin istatistiksel 
bir süreç tarafından üretildiğini varsaymaktadır. Sonuç 
olarak nesnenin istatistiksel modelin bölgesinde bulunma 
ihtimali yüksek ise normal bir nesnedir fakat bulunma 
ihtimali düşük ise aykırı bir nesnedir. Genellikle aykırı 
değer tespiti için istatistiksel metotlar iki temel kategoriye 
ayrılmaktadır. Bunlar parametrik ve nonparametrik 
metotlardır. Bu çalışmada parametrik metotlardan kutu 
grafiği yöntemi kullanılmaktadır. 

Parametrik metotlar, tek değişkenli ve çok değişkenli 
olmak üzere iki şekilde incelenir. Tek değişkenli aykırı 
değerlerin tespitinde sadece tek bir değişken ya da nitelik 
içeren veriler bulunmaktadır. Çok değişkenli aykırı değer 
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tespitinde ise iki ya da daha fazla değişken ya da nitelik 
içeren veriler bulunmaktadır. Çok değişkenli veriyi işlemek 
için birçok tek değişkenli aykırı değer tespit yöntemleri 
kullanılmaktadır. Temel fikir, çok değişkenli aykırı değer 
tespit görevini tek değişkenli aykırı değer tespit problemine 
dönüştürmektir [12]. 

Kutu grafiği yöntemi, aykırı değerleri yakalamak için 
parametrik bir istatistiksel model olarak kullanılmaktadır. 
Şekil 1’de görüldüğü gibi Q2, dizi şeklinde sıralanmış bir 
verinin orta indeksine sahip verinin değeridir. Q1 ve Q3 ise 
sırasıyla veri boyutunun ¼ ve ¾ indeksine sahip veri 
değerleridir.  

 
IQR=Q1-Q3 olmak üzere, 
Alt uç değer =Q1 - 1.5(IQR), 
Üst uç değer= Q3 + 1.5(IQR)  
 
şeklinde hesaplanmaktadır. Bu durumda alt uç değerden 

daha küçük uç değerler ve üst uç değerden daha büyük uç 
değerler aykırı değer olarak kabul edilmektedir.  

 
 

Şekil 1. Kutu grafiği gösterimi 
  

Algoritmanın kaba kodu için, P başlangıç popülasyonu 
ve n popülasyon sayısı olmak üzere, başlangıç popülasyonu 
P = {p1, p2, p3, … , pn} şeklinde gösterilebilir. Uygunluk 
fonksiyonu da F olmak üzere parçacıkların uygunluk 
değerleri F = {f1,f2,f3, … , fn} şeklinde gösterilebilir. 
Gbest popülasyonun elde ettiği en iyi değer olmak üzere, 
gbest. dmin değerleri de veri noktalarının küme merkezine 
olan en yakın mesafelerini tutmaktadır. Boxplot(gbest. 
dmin), popülasyonun elde ettiği en iyi değerdeki verilerin 
küme merkezine olan en yakın mesafelerini kullanarak kutu 
grafiği yöntemiyle aykırı değerleri tespit etmektedir. Bu 
durumda uygulamanın kaba Şekil 2’ de olduğu gibi 
değerlendirilebilir: 

 

 
 

Şekil 2. Uygulamanın kaba kodunun gösterimi 

III. BULGULAR 

Çalışmanın sonucunda elde edilen bulgular bu bölümde 
gösterilmektedir. 6 farklı veri seti için elde edilen sonuçlar 
ayrı değerlendirilmektedir. Parçacık sürü algoritması, 
genetik algoritma ve diferansiyel gelişim algoritması için 
her bir veri setinden 200 iterasyonda elde edilen aykırı 
değerlerin indeksleri değerlendirilmektedir. Daha sonra 
aykırı değerlerin normal değerlerden ayrıldığı, 3 boyutlu 
grafik üzerinde gösterilmektedir. Aykırı değerlerin grafiksel 
gösteriminde büyük koyu siyah ‘X’ işareti kümelerin 
merkezini göstermektedir. Kümelerin merkezinden diğer 
nesnelere göre daha uzak olan nesneler aykırı değer olarak 
kabul edilmektedir. Bu durumda aykırı değerler kabaca 
yuvarlak içerisine alınarak gösterilmeye çalışılmaktadır. 

 
 

Şekil 3. Ecoli veri seti için grafiksel gösterim 
 

Ecoli veri seti için PSO, GA ve DGA 16 tane olmak 
üzere {22, 144, 155, 189, 208, 214, 215, 218, 223, 252, 275, 
280, 281, 282, 283, 284} indeks değerine sahip veriyi aykırı 
değer olarak bulmaktadır. Bu buldukları değerler dışında 
PSO ile GA {183,224}, DGA ile GA {216} indeks değerine 
sahip verileri de aykırı değer olarak bulmaktadır. Son olarak 
GA diğer iki algoritmadan farklı olarak {258} indeks 
değerine sahip veriyi de aykırı değer olarak bulmaktadır. 
Şekil 3’ deki grafiksel gösterimde ecoli veri seti için aykırı 
değerler kabaca gösterilmektedir. 

 
 

Şekil 4. İris veri seti için grafiksel gösterim 
 

İris veri seti için PSO, GA ve DGA 8 tane olmak üzere 
{58, 61, 94, 99, 118, 119, 123, 132} indeks değerlerine 
sahip veriyi aykırı değer olarak bulmaktadır. Bu değerler 
dışında DGA {106,136} indeks değerlerine sahip verileri de 
aykırı değer olarak bulmaktadır. Şekil 4’ deki grafiksel 
gösterimde iris veri seti için aykırı değerler kabaca 
gösterilmektedir. 
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Şekil 5. Haberman veri seti için grafiksel gösterim 
 

Haberman veri seti için PSO, GA ve DGA 28 tane 
olmak üzere {10, 23, 25, 44, 60, 63, 76, 80, 86, 93, 97, 161, 
169, 175, 178, 182, 186, 189, 216, 224, 228, 241, 253, 255, 
261, 262, 288, 306} indeks değerine sahip veriyi aykırı 
değer olarak bulmaktadır. Bu buldukları değerler dışında 
GA ile DGA {305} ve DGA {239} indeks değerine sahip 
verileri de aykırı değer olarak bulmaktadır. Şekil 5’ deki 
grafiksel gösterimde haberman veri seti için aykırı değerler 
kabaca gösterilmektedir.      

 
 

Şekil 6. Yeast veri seti için grafiksel gösterim 
                                                                                                                                                                                                         

PSO, GA ve DGA yeast veri seti için 56 tane olmak 
üzere {5, 6, 32, 33, 52, 59, 60, 61, 74, 76, 80, 81, 85, 86, 94, 
104, 111, 113, 115, 116, 128, 130, 137, 146, 149, 170, 175, 
176, 180, 184, 204, 208, 210, 211, 251, 320, 334, 471, 501, 
502, 554, 559, 593, 599, 610, 721, 787, 989, 990, 991, 
1078, 1080, 1146, 1389, 1390, 1455} indeks değerine sahip 
veriyi aykırı değer olarak bulmaktadır. Bu buldukları 
değerler dışında PSO ile GA {50, 169, 1040}, PSO ile DGA 
{272, 489, 507, 708, 1288} ve GA ile DGA {842, 
1253,1453} indeks değerine sahip verileri aykırı değer 
olarak bulmaktadır. Son olarak PSO diğer iki algoritmadan 
farklı olarak {20, 230, 305, 434, 590, 740, 760} ve DGA ile 
{396, 882, 1106, 1214} indeks değerine sahip verileri aykırı 
değer olarak bulmaktadır. Şekil 6’ deki grafiksel gösterimde 
yeast veri seti için aykırı değerler kabaca gösterilmektedir. 

 
 

Şekil 7. Blood veri seti için grafiksel gösterim 
 

Blood veri seti için PSO, GA ve DGA 22 tane olmak 
üzere {1, 4, 5, 10, 11, 45, 56, 116, 242, 279, 342, 501, 502, 
503, 504, 505, 506, 507, 509, 518, 529, 678} indeks 
değerine sahip veriyi aykırı değer olarak bulmaktadır. Bu 
buldukları değerler dışında PSO ile GA {73, 97, 106, 244} 
ve DGA da {13, 23, 33, 63, 110, 176, 236, 396, 519, 520, 
524, 542, 564, 675} indeks değerine sahip verileri de aykırı 
değer olarak bulmaktadır. Şekil 7’ deki grafiksel gösterimde 
blood veri seti için aykırı değerler kabaca gösterilmektedir. 

 
 

Şekil 8. Liver disorders veri seti için grafiksel gösterim 
 

Liver disorders veri seti için PSO, GA ve DGA 17 tane 
olmak üzere {36, 85, 115, 123, 134, 157, 179, 190, 233, 
278, 286, 300, 316, 323, 331, 335, 342} indeks değerine 
sahip veriyi aykırı değer olarak bulmaktadır. Bu buldukları 
değerler dışında PSO ile DGA {317} ve DGA {20, 
183,337} indeks değerine sahip verileri aykırı değer olarak 
bulmaktadır. Şekil 8’ deki grafiksel gösterimde liver 
disorders veri seti için aykırı değerler kabaca 
gösterilmektedir.  

IV. TARTIŞMA VE SONUÇ 

Literatür araştırmaları dikkate alındığında sezgisel 
algoritmaların aykırı değerleri tespit etmede başarılı 
oldukları görülmüştür. 

Literatürde çok fazla sayıda farklı aykırı değer tespit 
modelleriyle PSO ve GA kullanılarak aykırı değer tespit 
çalışmaları yapılmıştır ancak DGA için aynı şeyi söylemek 
mümkün değildir. Literatürde DGA ile aykırı değer tespit 
çalışmalarına pek rastlanılmamıştır. DGA için elde edilen 
sonuçlar PSO ve GA ile karşılaştırıldığında, DGA’ nın da 
aykırı değerleri tespit etmede başarılı olduğu görülmüştür. 
DGA’ nın da PSO ve GA gibi başarılı olduğu göz önünde 
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bulundurularak diğer sezgisel algoritmalarla da aykırı değer 
tespit çalışmaları yapılabilir. 

Aykırı değer tespiti veri madenciliğinin önemli bir 
konusu ve problemi iken aykırı değer tespitinin sezgisel 
algoritmalarla başarılı bir şekilde çözülüyor olmuş olması 
veri madenciliğine büyük bir katkı sunmaktadır. Bu durum 
göz önünde bulundurulduğunda sezgisel algoritmaların, veri 
madenciliğinin diğer önemli konuları ve problemlerinde de 
başarılı olabileceği düşünülmelidir. 
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Özet—Yüz tanıma bina güvenlik sistemleri, biyometrik 

pasaport ve kimlik, gözetim sistemleri gibi birçok alanda 

kullanılan önemli bir biyometridir.  Bu alanlarda kullanılan 

sistemlerin hızlı olması gerekmektedir. Son yıllarda GPU’nın 

paralel işleme özelliğinden faydalanılarak birçok uygulama 

geliştirilmiştir. Bu çalışmada NVIDIA tarafından geliştirilen 

paralel hesaplama platformu ve programlama modülü olan 

GPGPU destekli CUDA ile yapılan yüz algılama ve yüz tanıma 

çalışmaları incelenmiştir. Bu zamana kadar CUDA ile yapılan yüz 

algılama ve tanıma çalışmalarının literatür taraması yapılmıştır. 

Çalışmanın sonucunda, CUDA’nın paralel işlem gücünden 

yararlanarak yapılan yüz algılama ve yüz tanıma işlemlerinin çok 

daha hızlı gerçekleştirilebildiği görülmüştür. Ayrıca, CUDA 

tabanlı yüz tanıma uygulamalarında derin öğrenme kullanılırsa 

çok daha kısa sürelerde yüz tanıma işlemleri yapılacağı sonucuna 

varılmıştır. 

Anahtar Kelimeler — Yüz Algılama, Yüz Tanıma, Paralel 

Hesaplama, CUDA 

Abstract—Face recognition is an important biometry used in 

many areas such as building security systems, biometric 

passports and identification, surveillance systems. Systems used 

in these areas need to be fast. In recent years, many applications 

have been developed by taking advantage of the GPU's parallel 

processing. In this study, face detection and face recognition 

studies with CUDA supported by GPGPU, which is a parallel 

computing platform and programming module developed by 

NVIDIA, are examined. To date, the literature on face detection 

and recognition studies with CUDA has been conducted. As a 

result of the study, it was observed that the face detection and 

face recognition operations performed by using the parallel 

processing power of CUDA can be performed much faster. 

Furthermore, it was concluded that if deep learning is used in 

CUDA based face recognition applications, face recognition 

operations will be performed in much shorter periods. 

Keywords— Face Detection, Face Recognition, Parallel 

Computing, CUDA 

I. GIRIŞ 

Yüz algılama, görüntülerden yüzleri tarayarak bulma 

işlemidir. Elektronik ticaret, video konferans, gözetim, insan-

bilgisayar etkileşimi, yüz tanıma, yüz ifadesi tanıma, insan-

robot etkileşimi, güvenlik sistemi, sosyal ağlar ve akıllı 

telefonlar gibi yüz tanıma sistemlerinin önemli bir parçasıdır. 

Söz konusu uygulamaların çoğu gerçek zamanlı olarak 

kullanıldığından, hızlı bir yüz algılama sistemine ihtiyaç 

vardır. Gerçek zamanlı bir nesne algılama yöntemi olan 

Viola-Jones algoritması [1], 2001 yılında Cambridge 

Üniversitesi'nde Viola ve Jones tarafından önerildi. Nesne 

tespitinde kullanılan algoritmanın; integral görüntü alma, 

AdaBoost algoritması [2] ile öğrenen sınıflandırıcı geliştirme 

ve sınıflandırıcı olmak üzere üç temel bileşeni vardır. Bu 

yöntem ilk başlarda CPU üzerinde yüksek bir algılama hızı 

elde etse de, günümüzde görüntü çözünürlüğünün sürekli 

artması ile CPU hızlı yüz algılamada beklentilerini 

karşılamamaktadır. İstenilen algılama hızını elde etmek için 

geleneksel olarak pahalı özel donanımlar kullanılmaya 

başlanılmıştır. 

Bilindiği gibi, paralelleştirme daha hızlı yüz algılamanın 

en iyi yoludur. Belirli bir görüntüdeki yüzü algılamak için 

görüntünün üzerinde bir alt pencere çalıştırmamız ve bu 

pencerede yüzün olup olmadığını kontrol etmemiz gerekir. 

Yüze yönelik bir alt pencereyi kontrol etmenin bu özel 

basamağı temel olarak her bir alt pencerede aynı komut 

dizisinin yürütülmesinden oluşur. Her bir alt pencerenin 

hesaplanması, herhangi başka bir alt pencereye bağlı 

olmadığından yüz algılamadaki işlemler paralel hesaplamaya 

uygun bir problemdir.  GPU, Tek Yönergeli Çoklu İş 

Parçacıklı (SIMT) işlemci olduğu için, bu hesaplamaları 

paralel olarak yapmak için çok uygundur. Bu yüzden son 

yıllarda GPU tabanlı paralel hesaplama teknolojileri ile yüz 

algılamayı hızlandırmak için paralel hesaplama 

yaklaşımlarını kullanılmaya başlanmıştır. Paralel hesaplama 

platformu ve programlama modülü olan GPGPU destekli 

CUDA [3, 4] 2007 yılında Nvidia tarafından geliştirildiği 

bilinmektedir. 

Bu çalışmada, pahalı özel donanım gerektirmeden gerçek 

zamanlı olarak çalışabilen CUDA destekli yüz algılama ve 

yüz tanıma algoritmaları incelenmiştir. 

II.  YÜZ ALGILAMA 

Yüz algılama yöntemleri özellik tabanlı ve görüntü tabanlı 
algılama olarak temelde ikiye ayrılabilir. Özellik tabanlı 
algılamada belli karakteristik özelliklere göre odaklanılırken, 
görüntü tabanlı algılama yönteminde ise görüntü piksellerine 
odaklanılır. 

A. Haar Benzeri Öznitelikler  

Haar benzeri öznitelikler (Haar-Like Features) 
görüntüdeki dikdörtgen bölgelerin piksel değerleri toplamının 
farkını alan özellik tabanlı bir yüz algılama yöntemidir. Şekil 
1'de, 4 farklı Haar benzeri öznitelik dikdörtgeni gösterilmiştir. 
Öznitelik dikdörtgeninin karakteristik değeri, beyaz bölgenin 
piksel değerleri toplamının siyah bölgenin piksel değerleri 
toplamından çıkarılması ile hesaplanır. Öznitelik 
dikdörtgeninin karakteristik değeri, yüz algılamada 
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kullanılabilir. Çünkü renk, şekil ve konum dağılımı açısından 
yüz özellikleri arasında belirgin bir fark bulunmaktadır.  

 

Şekil 1.  Beyaz dikdörtgendeki piksellerin toplamından gri dikdörtgendeki 

piksellerin toplamı çıkarılarak elde edilen Haar benzeri öznitelikler.  (a) ve 

(b) İki dikdörtgen öznitelik. (c) Üç dikdörtgen öznitelik. (d) Dört dikdörtgen 

öznitelik. [5]. 

B. İntegral İmge 

Haar benzeri öznitelikler dikdörtgen değerinin 
hesaplanması, görüntündeki yoğunluğa göre çok fazla zaman 
alabilmektedir. Bu nedenle hesaplamayı hızlandırmak için 
integral imge kullanılmaktadır. İntegral imge [6], bir 
görüntüdeki piksel değerlerinin toplamını hesaplamak için 
kullanılan bir yöntemdir.  

 
Şekil 2. İntegral imge 

Her bir pikselin integral imge değeri, o pikselin solundaki 

ve üstündeki pikseller arasında kalan piksellerin toplamından 

oluşmaktadır. Şekil 2’de gösterildiği gibi her piksel tek bir 

sefer hesaplanmaktadır. 

İntegral imgedeki x ve y noktasının değerleri, giriş 

görüntüsünün sol üstündeki piksel değerlerinin toplamına 

eşittir. Bu toplam değeri Denklem (1)’deki formülle 

hesaplanmaktadır. 

            𝑰𝒔 = ∑ 𝑰(𝒙′, 𝒚′)

𝒙′≤𝒙, 𝒚′≤𝒚

 

Burada Is integral imgeyi ve I(x',y') orijinal görüntüyü 

ifade etmektedir. 

 
Şekil 3. İntegral imge örneği 

Örneğin, Şekil 3’teki D dikdörtgeninin integral toplamı 

aşağıdaki şekilde hesaplanabilir: 

IS(d) + IS (a) – IS (b) – IS (c) 

Burada;   

IS (a) = A;    

IS (b) = A+B;   

IS (c) = A+C;   

IS (d) = A+B+C+D olduğundan, 

D = IS (a) – IS (b) – IS (c) + IS(d)  olarak hesaplanır. 

 

C. Kaskad Sınıflandırıcı 

Yüz algılama işlemi, kendi kendine eğitilerek değil, 
OpenCV [7, 8] açık kaynaklı yazılımın yüz sınıflandırıcısını 
kullanarak elde edilmektedir. Bu sınıflandırıcı, birden fazla 
birleştirilmiş aşamalı güçlü sınıflandırıcıdan oluşmaktadır. 
Güçlü sınıflandırıcının her aşaması da birkaç zayıf 
sınıflandırıcıdan oluşur ve her zayıf sınıflandırıcı iki özellikli 
dikdörtgen içerir. Sınıflandırıcının pencere boyutları genelde 
20×20'dir. Basamaklı sınıflandırıcı bir karar ağacı oluşturur ve 
güçlü sınıflandırıcının her aşaması, içinde yüz olmayan 
tarama penceresini mümkün olduğunca dışarda bırakır. 
Yalnızca güçlü sınıflandırıcının tüm aşamalarından geçen 
tarama penceresi, insan yüzü olarak algılanabilir. Yüz tanıma 
işlemi aşamaları Şekil 4'te gösterilmektedir. 

 
Şekil 4. Kaskad sınıflandırıcı şeması 

III. YÜZ TANIMA 

Son yıllarda, yüz tanıma biyometrik kimlik doğrulama 
yönteminde sıklıkla kullanılmaya başlanmıştır. Yüz tanıma, 
insan müdahalesi olmadan çalıştığı için bina ve kapı 
güvenliği, biyometrik pasaport ve kimlik, gözetim sistemleri 
gibi birçok alanda kullanılmıştır. Patil ve Deore'ye [9] göre 
yüz tanıma sistemleri; yüz doğrulama ve yüz tanıma olmak 
üzere iki ana görevi yerine getirirler. 

Genel olarak, tipik bir yüz tanıma sistemi, Şekil 5'te 
gösterildiği gibi üç ana işlemden oluşur [10].  

 
Şekil 5. Yüz tanıma blok diyagramı 

Yüz algılama: Bir yüz tanıma sisteminde, ilk önce resimde 
veya videoda yüzü algılamaktır. Bu adımın asıl amacı 
görüntüde bir yüz olup olmadığını bulmaktır. Eğer bir yüz 
bulunuyorsa sistem görüntüdeki yüzün konumunu tespit eder. 
Ayrıca görüntüde gürültüyü varsa bu aşamadan önce 
gürültünün giderilmesi gerekir. 

Öznitelik çıkarma: Yüz öznitelik çıkarımı, tespit edilen 
yüzdeki burun, göz, dudak, kulak ve ağız gibi yüz 
özniteliklerinin konumlandırılması işlemidir. Bu adım, farklı 
yüzlerin birbirinden ayırt edilmesini sağlamaktadır. 

Yüz tanıma: Sınıflandırma işlemi, görüntüden çıkarılan 
öznitelikler vektörünü veritabanındaki görüntüler vektörleri 
ile karşılaştırma yapılır. Yüz ile ilgili bir eşleşme bulunursa 
sistem yüzün kime ait olduğunu tespit eder. 

Yüz Algılama
Öznitelik 
Çıkarma

Sınıflandırma 
(Yüz Tanıma)
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IV. CUDA MIMARISI 

GPU'lar ilk başlarda bilgisayarlarda grafik işlemleri 
gerçekleştirmek için tasarlandı. Günümüzde ise, saniyede 
binlerce işlem yapabilen büyük işlem gücüne sahipler. Son on 
yılda, GPU'lar, yüksek güçlü paralel donanım mimarisi 
sayesinde karmaşık işleri çözmek için kullanılmıştır. Grafik 
işlemciler, görüntü işlemedeki paralel hesaplamalar için 
büyük bir hesaplama kapasitesine sahiptir.  

CUDA, grafik işlemcilerin paralel yönünü ve gücünü 
kullanmak için 2007 yılında NVIDIA tarafından geliştirilen C 
diline dayalı bir paralel programlama mimarisidir [11]. 
CUDA, görüntü işleme için birçok kütüphane içerir. CUDA 
özellikli bir GPU, her biri akış işlemcisi (SP) adı verilen bir 
dizi SIMD (Tek Yönergeli Çoklu Veri) işlemcisi içeren akışlı 
çoklu işlemci (SM) olarak adlandırılan birçok işlemciden 
oluşur [12-14]. Her bir SM; yerel, sabit, genel ve paylaşılan 
bellek olmak üzere dört çeşit bellekten oluşmaktadır. 

CPU hesaplamalarını seri bir şekilde gerçekleştirirken, 
GPU hesaplamalarını yapısal olarak paralel olması sebebiyle 
paralel bir şekilde gerçekleştirmektedir. Şekil 6’da seri işlem 
gerçekleştiren CPU ve paralel işlem gerçekleştiren GPU’nun 
donanımsal olarak karşılaştırılması gösterilmiştir. 

 
Şekil 6. CPU ve GPU mimarisi 

CUDA Yürütme Modeli: 
1. Host: CPU (Kodun seri kısmını çalıştırır) 
2. Cihaz (Device): GPU (Kodun paralel bölümünü 

çalıştırır) 
3. Çekirdek (Kernel): İşlev (cihazda yürütülür) 
4. SIMD : Tek komut çoklu iplik mimarisi 
5. Wraps : 32 iş parçacığı kümesi ve SIMD'de bir anda 

işlenmiş en küçük veri birimidir.  

CUDA'daki her bir program, Şekil 7'de gösterildiği gibi 
aşağıdaki sırayı takip etmelidir. 

 

Şekil 7. CUDA iş akışı 

V. CUDA ILE GERÇEKLENEN YÜZ TANIMA VE ALGILAMA 

ÇALIŞMALARI 

Sun ve diğerleri [15], CUDA platformundaki Viola-Jones 

kaskad sınıflandırıcısını temel alan bir paralel yüz algılama 

yöntemini geliştirdiler. CUDA, CPU ve Açık Kaynaklı 

Bilgisayarla Görme (OpenCV) programlarına kıyasla sırasıyla 

17.04, 3.22 kat daha hızlı olduğunu tespit ettiler. 

Meng ve arkadaşları [16], CUDA platformuna dayanan 

gerçek zamanlı bir yüz tanıma sistemi önerdiler. Viola-Jones 

kaskad sınıflandırıcı ile yüz tanıma aşamasında; görüntü 

integralinin yeni paralel metodolojileri geliştirdiler. 2000 

fotoğrafın eğitimi ve 40 görüntünün karşılaştırılması sırasında 

algılama aşamasında 22,42 kat hızlanma ve tanıma 

aşamasında 1668,56 zaman hızlanması elde ettiler. 

Patel ve Vajani [17] yüz tanımada giriş görüntüsündeki 
histogram hesaplamalarının CUDA ile daha hızlı yaptığı 
sonucuna vardılar. Histogram, yürütme süresi ve hızlanma 
faktörü Tablo 1’de gösterilmiştir. 

TABLO I.          YÜRÜTME SÜRELERI 

 
 

Omarov ve arkadaşları [18] yüz tanımada yapay sinir 

ağları geri yayılım algoritması için paralel bir eğitim 

gerçekleştirdiler. Yüz tanıma işleminin yüksek performansı 

için GPU'da CUDA mimarisini kullandılar. Deneysel 

sonuçlara göre, uygulama sürelerinde önemli bir düşüş ve seri 

uygulamalardan daha yüksek hız elde etmişlerdir. 

Devrari ve Kumar [19] gerçek zamanlı yüz algılamayı 

gerçekleştirmek için yeni ve hızlı bir yöntem önerdiler. 

Önerilen yöntem, gelişmiş Haar benzeri özellikler içermekte 

eğitim ve sınıflandırma için SVM'yi kullanmaktadır. 

NVIDIA CUDA kullanarak önerdikleri mimarinin yüksek 

çözünürlüklü görüntüler için iyi çalıştığını gördüler. Mimari, 

250x250 boyutunda bir görüntü için 1,6 ve 2592x1900 

boyutundaki görüntü için 2,5'ten daha yüksek bir hız sağladı. 

Yani giriş görüntülerinin boyutundaki artışla birlikte 

hızlanmanın arttığı görülmüştür. 

Woo ve arkadaşları [20] PCA (Temel Bileşen Analizi) 

tabanlı yüz tanıma algoritmasını paralelleştirme ile ilgili bir 

yöntem geliştirdiler. CUDA tabanlı yüz tanıma sistemi diğer 

yüz tanıma sistemlerine göre 30 kat hız daha çalıştığı 

görülmüştür. 

Kong ve Deng [21] Viola-Jones tabanlı bir yüz algılama 

sistemi için CPU-GPU işbirliğine dayalı bir uygulama 

sundular. Deney sonuçlarına göre bir grafik kartı üzerinde 

çalışan yüz algılayıcısı bir işlemciye kıyasla 20 kat daha hızlı 

olduğunu elde ettiler. 
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Bhutekar ve Manjaramkar [22] paralel olarak yüz 

algılama ve tanıma için görüntü işleme tekniği önerdiler. Yüz 

tanıma için Viola ve Jones'u ve yüz tanıma için PCA 

Eigenfaces algoritmasını kullandılar. Çalışmadaki görüntüler 

video karelerinden elde edilmiştir. Viyola ve Jones yüzlerin 

saniyede 15 kare işlendiği, CUDA ile geliştirilen yöntemde 

saniyede yaklaşık 109 kare işlenmiştir. 

Oro ve diğerleri [23] yüksek çözünürlüklü videolar 

üzerinde gerçek zamanlı olarak çalışan, son derece optimize 

edilmiş bir Haar tabanlı yüz dedektörü sundular. Yüz 

algılamayı uygulamak için, eşzamanlı olarak GPU doluluk 

oranını en üst düzeye çıkarmaya ve CPU ve GPU arasındaki 

bellek aktarma miktarını en aza indirmeye çalışan bir 

paralelleştirme yolu izlenmiştir. Seri ve eşzamanlı çekirdek 

yürütme diyagramı Şekil 8’de gösterilmiştir. 

 

Şekil 8. Seri ve eşzamanlı çekirdek yürütme diyagramı 

Li ve arkadaşları [24] hem CPU hem de GPU bilgi işlem 

gücünü verimli bir şekilde kullanan, son derece optimize 

edilmiş bir Haar tabanlı yüz dedektörü sundular. CPU 

çekirdeğinde çalışan görüntü küçültme ve integral görüntü 

hesaplama GPU ile paralel olarak çalıştırdılar. Yalnızca CPU 

kullanımına göre, önerilen GPU hızlandırmalı uygulama ile 

işlemcide % 50'den fazla güç azalması ve 3.07x hız 

kazandığını gösterdiler. CPU / GPU heterojen mimarisinde 

yüz algılama işlem süresini önemli ölçüde artırdığını tespit 

ettiler. 

Jeong ve arkadaşları [25] yüz algılama hızını arttırmak 

için AdaBoost ve dört aşamalı basamaktan oluşan GPU 

tabanlı bir yüz algılama sistemi önerdiler. GPU'da yüz 

algılama için CUDA kullandılar. Deneysel sonuçlara göre, 

önerilen sistem hızı CPU tabanlı bir sistemin hızından daha 

yüksek olduğu, CPU tabanlı bir yüz algılama sistemine 

kıyasla beş ile sekiz kat daha yüksek olduğu göstermiştir. 

Bhatia ve diğerleri [26] Viola-Jones algoritmasının seri 

bir şekilde yaptığı işlemleri paralel bir platformda 

uyguladılar. GPU'da CUDA ve OpenCV kullanılarak paralel 

uygulama yoluyla elde ettikleri algoritma ile hesaplama 

hızını arttırdılar sonra seri ve paralel uygulamalar arasındaki 

hesaplama sonuçlarının karşılaştırmalı analizini yaptılar. 

Paralel uygulama daha az işlem süresi aldığını ve algılama 

hız oranının, standart algoritmadan daha fazla olduğu 

sonucuna vardılar Ayrıca büyük verileri işlemek için GPU 

kullanmanın daha iyi olduğunu tespit ettiler. 

Oh ve arkadaşları [27] gömülü bir platformda hem çok 

çekirdekli bir işlemciden hem de bir GPU'dan yüksek 

derecede faydalanan gerçek zamanlı bir yüz dedektörü 

sundular. CPU’daki görevleri, GPU'da hem veri paralelliği 

hem de yüz algılamanın görev paralelliği kullanarak 

performansta büyük hız elde ettiler. Sonuç olarak, sadece 

işlemciden 5,54 kat daha hızlı ve sadece GPU'dan 1,69 kat 

daha hızlı yüz algılama sağladılar. 

Devani ve arkadaşları [28] GPU'nun gücünden yararlanan 

ve hesaplamalar için binlerce çekirdeğin faydasını kullanan 

süper hızlı bir paralel çözüm önerdiler. GPU'daki CUDA'yı 

kullanarak, yüz tanıma için ilk süper hızlı Paralel Eigenface 

uygulaması olan Parallel Eigenface'i hayata geçirdiler. 

Araştırmanın amacı en hızlı kütüphane işlevlerini kullanarak 

maksimum performans elde etmektir. Eğitim için farklı 

büyüklükteki veri setlerini kullanıp hızlanmada çok yüksek 

artışlar elde ettiler. 1000 eğitim görüntüsünün ağırlık 

vektörleri üretimi için 460X hız elde ettiler (bk. Şekil 9). 

Ayrıca aynı veri kümesinde toplam eğitim süreci için 73X 

hızlanma elde ettiler. Sonuç olarak paralel uygulamalarının, 

çeşitli video analitik uygulamalarında ve gerçek zamanlı yüz 

tanıma uygulamalarında uygun olduğunu kanıtladılar. 

 
Şekil 9. Ağırlık vektörleri üretim hızı 

Gaowei ve Cheming [29] Adaboost öğrenme sistemine 

dayanan Viola ve Jones algoritmasını, GPU’nun yüksek veri-

paralel hesaplama gücünü ve GPU’nun yüksek iç veri bant 

genişliğini kullanan tek bir GPU + CPU masaüstü yüz 

algılama sistemi geliştirdiler. Bir grafik kartı üzerinde çalışan 

sistemin, yüz algılama oranının %92’ye ulaştığını gösterdiler. 

Sharma ve arkadaşları [30] yüz algılama ve izleme yapan 

bir hızlandırılmış gerçek zamanlı ve sağlam yüz işleme 

sistemi geliştirdiler. Aydınlatma koşullarında yüzlerin takibi 

için, Adaboost’u ve görüntü tabanlı parametrik aydınlatma 

modelini birleştiren algoritmayı kullandılar. Yüz işleme 

sistemleri hem statik görüntü veritabanlarını hem de 

kameradan çekilen canlı kareleri kullanarak gerçek koşullar 

altında bir değerlendirme yaptılar. Paralel yüz dedektör ve 

izleyicileri, mevcut uygulamalara kıyasla çok daha yüksek 

algılama hızları elde ettiği göstermektedir. Ayrıca izleme 

sistemleri aşırı aydınlatma koşullarında da başarılı olduğunu 

kanıtladılar. 

 

 

 

 

136



TABLO II.        CUDA ILE YAPILAN YÜZ ALGILAMA VE TANIMA ÇALIŞMALARI 

Araştırmacılar Yöntem 
Hesaplama 

Hızı 

Yüz 

Algılama 

Hızı 

Yüz 

Tanıma 

Hızı 

Doğruluk 

Oranı 

Sun ve diğerleri [15] CUDA ile Viola-Jones kaskad sınıflandırıcısı  17,22x   

Meng ve arkadaşları [16] CUDA ile Viola-Jones kaskad sınıflandırıcısı  22,42x   

Patel ve Vajani [17] CUDA ile Histogram Hesaplama 3345,5x    

Omarov ve arkadaşları [18] CUDA ile YSA geri yayılım algoritmasının eğitimi 5,72x    

Devrari ve Kumar [19] CUDA ile Haar Benzeri Öznitelikler ve SVM 
sınıflandırma 

  2,5x  

Woo ve arkadaşları [20] CUDA ile TBA paralelleştirme   30x  

Kong ve Deng [21] CUDA ile Viola-Jones kaskad sınıflandırıcısı  20x   

Bhutekar ve Manjaramkar [22] CUDA ile Viola-Jones kaskad sınıflandırıcısı ve 
PCA Eigenfaces algoritması 

 7,64x 2,3x  

Oro ve diğerleri [23] CUDA ile Haar Benzeri Öznitelikler ile HD videoda 

yüz algılama 
 2,5x   

Li ve arkadaşları [24] CUDA ile Haar Benzeri Öznitelikler  3,07x   

Jeong ve arkadaşları [25] CUDA ile AdaBoost algoritması  5-8x   

Bhatia ve diğerleri [26] CUDA ile Viola-Jones kaskad sınıflandırıcısı  3x   

Oh ve arkadaşları [27] CUDA tabanlı yüz dedektörü  5,54x   

Devani ve arkadaşları [28] CUDA ile Paralel Eigenface Ağırlık vekörü 

hesaplama 
73x    

Gaowei ve Cheming [29] CUDA ile Viola-Jones kaskad sınıflandırıcısı  4,7x  92 % 

Sharma ve arkadaşları [30] CUDA ile Adaboost algoritması  9,09x  81% 

Tablo 2 incelendiğinde yapılan çalışmalar yüz 

algılamada genellikle CUDA ile Viola-Jones kaskad 

sınıflandırıcısı kullanılmıştır. Yüz algılamada ortalama 7 

kat hız artışının sağlandığı görülmüştür. Ayrıca yüz 

tanımada ise ortalama 2,5 kat hız artışı sağlandığı 

görülmüştür. 

VI. SONUÇLAR 

Bu çalışmada NVIDIA CUDA kullanılarak yapılan yüz 

algılama ve yüz tanıma çalışmaları incelenmiştir. 

CUDA’nın paralel işlem gücünden yararlanarak yapılan 

yüz algılama ve tarama işlemlerinin çok daha hızlı 

gerçekleştirildiği sonucuna varılmıştır. Yapılan 

araştırmaların çoğu yüz algılamada kullanılan Viola ve 

Jones algoritmasının hesaplamalarını CUDA ile 

yapmışlardır. Ayrıca CUDA ile yapılan yüz tanıma 

çalışmalarına az sayıda rastlanmıştır. Yüz tanıma 

işlemlerinde derin öğrenme kullanılırsa çok daha hızlı yüz 

tanıma gerçekleşeceği için ilerde yapılacak yüz tanıma 

uygulamaları çok kısa sürelerde işlem yeteneğine sahip 

olacaktır. 

CUDA kullanan GPU’lar büyük boyutlu görüntülerde 

yüz algılama konusunda CPU’ya göre 5-8 kat daha hızlı 

olduğundan gönümüzdeki yüksek çözünürlüklü 

görüntülerde çok kısa sürede yüz algılaması yapan 

uygulamalar geliştirilebilir. CUDA tabanlı yürütme süresi 

az olan uygulamalar yapılarak çok daha hızlı yüz algılama 

ve yüz tanıma sistemleri hayatımızın her alanında 

kullanılabilir. Ayrıca CUDA gerçek zamanlı yüz algılama 

ve tanıma imkanı sağladığından bireylerin kameralar arası 

geçişleri çok rahatlıkla tespit eden bir ağ oluşturulabilir.  

Yapılan literatür araştırmasında Türkçe CUDA ile yapılan 

yüz algılama ve yüz tanıma üzerine bir çalışma 

bulunmadığından bu alanda çalışmalar yapılabilir. 
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Abstract— Many popular quadrotor controllers are based 

on PID controllers. This study compares the behavior of a 

quadrotor when its controller is the proportional (P) only, 
proportional (P) and derivative (D), and all terms of the PID 

controller which is tuned by a Particle Swarm Optimization 

(PSO) implementation. A P, PD, and PID controller integrated 

quadrotor model is used with realistic parameters while 

conducting experiments in simulation. Our goal is to find out if 
it is worth to use PID or some of its terms is enough to get a 

stable system. According to the preliminary results of the 

experiments, the statistical difference of results shows that PID 

is better than both P and PD for the given model. 

Keywords— PID, PD, PSO, optimization, control systems, 

natural computing, evolutionary computing, quadrotor, flying 

robot. 

I. INTRODUCTION 

The main body of a quadrotor mostly includes a power 
source, 4 motors, 4 motor controllers, 4 propellers, and 1 

control card which includes other necessary modules like 
microcontroller, wireless module, GPS, etc. Using 

quadrotors in relat ively critical missions like transportation 

or surveillance requires them to be reliable. The first step to 
ensuring such reliability is applying a control system to 

correct the attitude (roll, pitch, yaw) of the quadrotor without 
continuous human interaction. However, the parameters of 

the control system is very important since they directly affect 
the stability of the quadrotor. To provide the necessary 

calculations to maintain the system as stable as poss ible, 
there are proposed control system algorithms such as  [1-7]. 

We are focusing the control system algorithm proposed in 

[7] which is called Proportional Integral Derivative (PID). 

PID is a control system algorithm which consists of 3 

terms. The first term is the proportional (P), the second is the 
integral (I) and the third is the derivative (D). Proportional 

term provides the most basic error correction feature which 
outputs some proportion of the calculated error of the 

system. Integral term sums up the error from the start time 

until now and outputs some proportion of that sum. Finally, 
derivative term returns a proportion of the difference 

between current and previous errors of the system. After 
getting the results of these terms, all of them sum up to a 

single number and this number is fed to the actuators of the 
system. The important thing is how much of the output of 

these terms should be used to correct the system without 

overwhelm the actuators and the system.  

In our work, we will compare P, PD and PID in terms of 

time to tune and stability. While tuning these gains Particle 
Swarm Optimization (PSO) is used. PSO should be a very 

suitable candidate for such a mission because of its 
simplicity and relatively low computational costs. 

II. BACKGROUND 

A. Proportional Integral Derivative 

One of the most popular control loop feedback 

mechanism is the PID controller [8]. PID algorithm works 

with two essential inputs. One is the feedback from the 
overall system response and the other one is the set point 

(desired) value. These  inputs are used later to calculate the 
system error. A generalized system diagram with a feedback 

control algorithm is given in Fig. 1. 

The output of the control algorithm feeds the actuators of 

the quadrotor model. In our case, the actuators are the motors 
which provide the necessary angular velocity to the 

propellers to change the quadrotor's stance. 

The overall PID controller consists of 3 terms as shown 
in  (1). 

𝑢(𝑡) = 𝑃(𝑡) + 𝐼(𝑡) + 𝐷(𝑡) (1) 

𝑃(𝑡) is the proportional (P) term, 𝐼(𝑡) is the integral (I) 
term and 𝐷(𝑡)  is the derivative (D) term. There is an 

important reason that why (1) consists of 3 terms. That 

reason is a control system which is made up of only P cannot 
reach a static oscillation free steady state. To increase the 

success of whole controller and cancel out all or most of the 

static steady state oscillations I and D terms are introduced in 
addition to the P term. 

In (1), all terms of PID are in  time domain  and depends 
on system error. The system error is defined as the difference 

between set-point and the measured process variable (actual 
sensor value) as shown in (2). 

𝑒(𝑡) = 𝑦𝑠𝑝
(𝑡) − 𝑦(𝑡) (2) 

𝑦𝑠𝑝 (𝑡)  is set-point value and 𝑦(𝑡)  is sensor value or 

current attitude of the quadrotor. Set-point is the attitude 
value which we desire how the quadrotor is positioned in 3-

dimensional space. 

The first term of PID is the P term which is shown in (3). 

𝑃(𝑡) = 𝐾𝑃 ∗ 𝑒(𝑡) (3) 

The proportion gain is called 𝐾𝑃 . This constant needs to 

be tuned to get proper reactions from the system. 𝑒(𝑡) is the 

system error. Overall, the proportional term is the system 
error multiplied with a gain (proportion). 

The next term is called I term. It is the integral of the 
system error as shown in (4). 

𝐼(𝑡) = 𝐾𝐼 ∗ ∫ 𝑒(𝑡) 𝑑𝑡
𝑡𝑓

𝑡0

 (4) 
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The effect of the I term to a system is reducing the steady 

state error [8]. The I term provides output even the system is 
currently stable at steady state because of its dependency on 

the past. The gain of the I term is held in a constant called 𝐾𝐼 . 

This constant also needs to be tuned if the I term is used in 
the controller. 

The final term of PID is the D term. It is shown in (5). 

𝐷(𝑡) = 𝐾𝐷 ∗
𝑑𝑒(𝑡)

𝑑𝑡
 (5) 

The D term is the some proportion of rate of change of 

the system error. In other words derivative of the error, 
multiplied with a constant 𝐾𝐷 . This constant is the gain of the 

D term. The effect of the D term to a system is observed as a 
damping factor. It delays the effect of the P term. As a result, 

the system is damped and always converges to a steady state 

when the 𝐾𝑃  and 𝐾𝐷  terms are positive numbers [8]. 
However, there will be some side effects such as overdamp 

or underdamp, if the constants of the terms are not adjusted 

carefully. Both overdamp and underdamp increase the 
system error until the system reaches to steady state. 

Overdamp occurs if the gain of derivative term is relatively 
high with respect to the gain of the P term. In that state, the 

system will converge very slowly. On the other hand, if the 
constant of the D term is low and the constant of the 

proportional term is relat ively high, then the system is under-

damped. As a result, the system will again converges lately 
to an oscillation free steady state. 

In this paper, we use some combination of terms of the 
PID controller such as P, PD, and PID as our controller. To 

tune the gains we proposed a natural computational method 
called Particle Swarm Optimization (PSO). 

B. Particle Swarm Optimization 

Eberhart and Kennedy proposed  Particle Swarm 

Optimization (PSO) [10]. As the name suggests, there are 
particles which have positions and velocities. The search 

process in PSO is made by moving the particles in the search 

space. Positions of particles are mapped to the solutions of 
the problem and modified by velocity of the particle. The 

velocities of particles are calculated as shown in (6) [11]. 

𝑣𝑖𝑑
(𝑡 + 1) = 𝑤 ∗ 𝑣𝑖𝑑

(𝑡)

+ (𝑐1 ∗ 𝑟𝑎𝑛𝑑 (0, 1)

∗ (𝑝𝐵𝑒𝑠𝑡𝑖𝑑 − 𝑥𝑖𝑑
(𝑡)))

+ (𝑐2 ∗ 𝑟𝑎𝑛𝑑 (0, 1)

∗ (𝑔𝐵𝑒𝑠𝑡𝑖𝑑 − 𝑥 𝑖𝑑
(𝑡))) 

(6) 

𝑣𝑖𝑑 (𝑡 + 1) is the velocity of the ith particle in dimension 

d at time 𝑡 + 1. w is called inertial weight and it is the weight 
of the previous velocity to the current velocity. 𝑐1 and 𝑐2 are 

cognition and social weights of the particles’ velocity. 𝑐1 is 

the weight of personal best and 𝑐2  is the weight of global 

best. 𝑟𝑎𝑛𝑑 (0, 1)  function generates a random number 
between 0 and 1. x is the position of ith particle in  dimension 

d. pBest is the personal best position of that particles 

obtained so far. gBest is the best position that is found in the 
swarm so far. 

Positions of particles are are evaluated by a function 
called fitness function to decide whether or not the found 

solution is acceptable. 

A group of particle which have same fitness function is 

called swarm. Swarms have a me mory called global best 

(gBest). This is the index of a particle which gives the best 
solution obtained so far in the swarm. 

After the velocities are calculated, positions of particles 
are updated as shown in (7). 

𝑥 𝑖𝑑
(𝑡 + 1) = 𝑥 𝑖𝑑 (𝑡) + 𝑣𝑖𝑑 (𝑡) (7) 

𝑣𝑖𝑑 (𝑡) is the velocity of particle i in dimension d at time 
t. 𝑥 𝑖𝑑 (𝑡) is the position of particle i in dimension d at time t. 

𝑥 𝑖𝑑 (𝑡 + 1) is the position of particle i in dimension d at time 

𝑡 + 1. 

A pseudo-code is given in Algorithm 1 which intercepts 

the previously defined equations and methods. 

The algorithm starts with initializing particles. The 

initialization process assigns random velocities and positions 
to all of the particles in that swarm. Then a loop is defined 

which repeats until max iteration count is reached. The 
iteration count of the loop specifies the stop condition of the 

algorithm. After that, positions of the all particles are 

evaluated to decide the personal bests and global best. Then, 
according to personal bests and the global best the new 

velocities and positions are recalculated with some 
randomness (𝑟1 , 𝑟2 ) in them. Then the whole process is 

repeated again until the specified iteration count is reached. 

III. QUADROTOR MODEL 

To apply the previously mentioned control system and 

keep track of the behavior of the quadrotor, it  is necessary to 
derive a dynamic model. In this work, we developed our 

quadrotor model based on the model proposed in [5]. To 
implement the model in MATLAB, we modified the 

implementation presented in [12] to suit our objectives. The 
dynamic model in [5] is summarized as follows: 

𝑥̈ =
1

𝑚
(cos 𝜙 sin 𝜃 cos 𝜓 + sin 𝜙 sin 𝜓)𝑢1 −

𝐾1𝑥̇

𝑚
 (8) 

Algorithm 1 Pseudocode for Particle Swarm Optimization 

P ← InitalizeParticles() 

for i←0 to maxIterations do 

    for all p ∈ P do 

        fp ← fitness(p) 

        if fp is better than fitness(pBest) then 
            pbest ← p 

        end if 

    end for 

    gBest ← best p in P 

    for all p ∈ P do 

        v ← w* v + 𝑐1 * 𝑟1  * (pBest – p) + 𝑐2 * 𝑟2  * (gBest - p) 

        p ← p + v 

    end for 

end for 

 
Fig. 1. Block diagram of a feedback controlled process. 
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�̈� =
1

𝑚
(cos 𝜙 sin 𝜃 sin 𝜓 + sin 𝜙 cos 𝜓)𝑢1 −

𝐾2�̇�

𝑚
 (9) 

�̈� =
1

𝑚
(cos 𝜙 cos 𝜃)𝑢1 − 𝑔 −

𝐾3�̇�

𝑚
 (10) 

�̈� = �̇��̇�
𝐼𝑦 − 𝐼𝑧

𝐼𝑥

+
𝐽𝑟

𝐼𝑥

�̇�Ω 𝑟 +
𝑙

𝐼𝑥

𝑢2 −
𝐾4𝑙

𝐼𝑥

�̇� (11) 

�̈� = �̇��̇�
𝐼𝑧 − 𝐼𝑥

𝐼𝑦

+
𝐽𝑟

𝐼𝑦

�̇�Ω 𝑟 +
𝑙

𝐼𝑦

𝑢3 −
𝐾5𝑙

𝐼𝑦

�̇�  (12) 

�̈� = �̇��̇�
𝐼𝑥 − 𝐼𝑦

𝐼𝑧

+
𝑙

𝐼𝑧

𝑢4 −
𝐾6

𝐼𝑧

�̇� (13) 

The Euler angles [𝜙, 𝜃, 𝜓]  are the roll, p itch and yaw 

respectively. 𝐾𝑖 are the drag coefficients. 𝑢1 is the total force 

applied and calculated as in (14). 

𝑢1 = 𝐹1 + 𝐹2 + 𝐹3 + 𝐹4  (14) 

Ω𝑟  is the angular velocity of the whole quadrotor body 

and can be calculated from the individual angular velocit ies 

of the propellers as shown in (15). 

Ω𝑟 = Ω1 − Ω2 + Ω3 − Ω4 (15) 

Ω𝑖 is the angular velocity of the propeller i. The rolling, 

pitching, and yawing forces are defined as follows 

respectively: 

𝑢2 = (−𝐹2 + 𝐹4 ) (16) 

𝑢3 = (−𝐹1 + 𝐹3 ) (17) 

𝑢4 = 𝑑(−𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 )/𝑏  (18) 

The constants presented in Table I are gathered from 
[12], [13]. 

There are four degrees of freedom (DoF) in our case. 
They are: 

1. Roll (𝜙) 

2. Pitch (𝜃) 

3. Yaw (𝜓) 

4. Altitude (z) 

As a result, since each control algorithm has its own gain, 

there are 4 different control systems. 

IV. AN IMPLEMENTATION OF PSO FOR TUNING GAIN OF THE 

TERMS OF PID 

In the tuning problem, decision variables are the gains of 
the controller terms. In PSO terminology, the array of gains 

is called the position vector of a particle. The position 

vectors of a particle can be shown as (19), (20), and (21) for 
a P, PD, and PID controller respectively. 

𝑃 = [𝐾𝑃
1 𝐾𝑃

2  𝐾𝑃
3  𝐾𝑃

4 ] (19) 

𝑃 = [𝐾𝑃
1  𝐾𝐷

1 𝐾𝑃
2  𝐾𝐷

2  𝐾𝑃
3  𝐾𝐷

3  𝐾𝑃
4  𝐾𝐷

4 ] (20) 

𝑃 = [𝐾𝑃
1 𝐾𝐼

1  𝐾𝐷
1 𝐾𝑃

2  𝐾𝐼
2  𝐾𝐷

2  𝐾𝑃
3  𝐾𝐼

3  𝐾𝐷
3  𝐾𝑃

4  𝐾𝐼
4 𝐾𝐷

4 ] (21) 

Superscripts denote the controller index. For example, 𝐾𝑃
1  

means the proportional gain of the roll controller. 

To evaluate these positions a fitness function is needed. 
The fitness function is sum of mean absolute errors of each 

DoF for some interval of time. For this problem, fitness 
function (in other words cost function) is defined as in (22) 

[13]. 

𝑆𝐸 = ∑ ∫ 𝑒𝑖
2(𝑡) 𝑑𝑡

𝑡𝑓

𝑡0

4

𝑖=1

 (22) 

𝑒𝑖 (𝑡)  is the system error as defined previously in (2). 

Index i is the controller index from 1 to 4 since we have 4 

degrees of freedom (DoF). 

The flow of the algorithm is shown in Fig. 2. Flow starts 

from the PSO by generating random positions and velocities 
for particles. The position of the best particle is given to the 

TABLE I.  QUADROTOR MODEL PARAMETERS. 

Variable  Value  Units 

𝑚 2.0 kg 

𝐼𝑥 = 𝐼𝑦  1.25 Ns
2
/rad 

𝐼𝑧  2.2 Ns
2
/rad 

𝐾1 = 𝐾2 = 𝐾3 0.01 Ns/m 

𝐾4 = 𝐾5 = 𝐾6  0.012 Ns/m 

𝑙 0.20 m 

𝐽𝑟  1 Ns
2
/rad 

𝑏 2 Ns
2 

𝑑 10 N ms
2 

𝑔 10 m/s
2 

 

 

Fig. 2. Tuning flow diagram of the quadrotor controller. 

TABLE III.  𝐾𝑃 VALUES THAT ARE OBTAINED FROM THE DEFAULT 

HYPER-PARAMETER VALUES AT T ABLE II. 

Sln. 𝑲𝑷
𝟏  𝑲𝑷

𝟐  𝑲𝑷
𝟑  𝑲𝑷

𝟒  

1  3.88   2.82   0.32   4.57 

2  3.86   3.42   2.19   3.80 

3  3.15   2.78   0.39   5.24 

4  6.98   4.10   0.50   5.63 

5  4.20   1.68   0.28   5.07 

6  3.71   2.60   2.30   3.79 

7  3.78   2.82   2.81   3.78 

8  3.83   0.77   1.29   5.11 

9  3.36   3.50   0.06   5.34 

10  3.34   3.80   0.41   4.51 

 

TABLE II.  PSO HYPERPARAMETERS. 

Variable  Default Value  Ranges 
Number of particles 10 [5, 10, 15, 20] 

𝑐1 2 - 

𝑐2 2 - 

𝑤 0.9 - 

Iteration count 100 - 

𝑉𝑚𝑎𝑥  2 - 
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controller as tuned gains. Then, the quadrotor model is run 

for 15 seconds for each gain. Then, the cost is calculated by 
using (22). Finally, the whole process is repeated until a  stop 

condition is satisfied. In our case, the stop condition is 
number of iterations. 

To compute the results, the hyper-parameter values of the 
PSO is chosen by trial and error as Table II. 

V. RESULTS & DISCUSSIONS 

In order to compare the success of P, PD, and PID terms 

as a controller, three separate controller implementations are 
made. Each controller implementation is tuned 10 times with 

the same hyper-parameter values to see if it is consistent. 

After finding the best performing combination of PID terms, 
the number of particles are changed within the range that is 

given in Table II to see the effect of particle count to the 
solution. All tests run in a computer with an Intel i7-7500U 

2.90GHz processor and 16GB of RAM.  

The PSO algorithm outputs 4, 8, and 12 values which are 

the gains of the P, PD, and PID terms respectively. These 

values are formed as the vectors in (19), (20), and (21). Then, 
we input these vectors into the respected quadrotor control 

algorithm. After completing the computations, the quadrotor 
model controller outputs the total errors of each DoF 

according to (22) and generates a flight trajectory in 4 axes. 

The initial conditions are given as follows: 

 The initial angles and height: 𝜙 = 0∘ , 𝜃 = 0∘ , 
𝜓 = 0∘, 𝑍 = 0m 

 The desired angles and height: 𝜙 = −0.2∘ , 

𝜃 = −0.2∘, 𝜓 = 0∘ , 𝑍 = 5m 

 The cost function takes integral from 𝑡0 = 0s to 
𝑡𝑓 = 15s with 𝑑𝑡 = 0.01s. 

A. Comparison of the P, PD, and PID Controllers 

Table III shows the gains found by PSO for a P only 

controller with default hyper-parameter values. Fig. 3 shows 
the square error (SE) versus the number of iterations for each 

individual run. Each value in Table III is given to the 

quadrotor model separately as a candidate solution. Using 
each candidate solution, the quadrotor model calculates the 

respected errors of 4 DoF. This process is repeated for all of 
the remaining controllers. 

According to the generated flight trajectories, none of the 
tuned P only controllers converge. Fig. 6 shows the flight 

trajectory of the P only controller with the min imum square 

error for a 30 seconds flight. The desired conditions are same 
as with the used in tuning process. 

Similarly, Table IV shows the gains found by PSO for 
PD controller. Again this one is also tuned with default 

hyper-parameter values. The desired conditions  are same 
with the P only experiment. Fig. 4 shows the SE curves and 

Fig. 7 shows the flight trajectory of the best one from the 

table. 

All of the above processes for P and PD controllers are 

repeated for the PID controller. SE curves can be seen in Fig. 
5 and flight trajectory for a 30 seconds flight is presented in 

Fig. 8. 

To see which controller setup performs better, mean and 

standard deviation (SD) of the errors are calculated at the 
bottom of tables. One can be accurately deducted the PID 

controller outperforms both P only and PD controller for this 

specific model. With this information in mind, PID controller 
is used in following tests. 

B. Impact of Number of Particles to the Error 

We also want to see if the quality of results are changed 

or not when we  change particle count in the swarm. To 
understand the effects of number of particles to the errors got 

from the quadrotor model and calculation time, we fixed all 
the other hyper-parameter values to default values except 

number of particles. 

It can be seen that average error of the system is slightly 

decreases as the number of particles increases. The increase 

in number of particles also increases the calculation time. 
However, the decrease in average error is much slower than 

the increase in the calculation time. 

C. Discussions 

The impact of number of particles on the observed total 
error is calculated by difference in error divided by 

difference in time. The difference in average error is 4.8564 

TABLE IV.  𝐾𝑃 AND 𝐾𝐷 VALUES THAT ARE OBTAINED FROM THE 

DEFAULT HYPER-PARAMETER VALUES AT T ABLE 2. 

Sln. 𝑲𝑷
𝟏  𝑲𝑫

𝟏  𝑲𝑷
𝟐  𝑲𝑫

𝟐  𝑲𝑷
𝟑  𝑲𝑫

𝟑  𝑲𝑷
𝟒  𝑲𝑫

𝟒  

1 2.98 5.91 5.46 1.65 0.76 3.97 8.09 1.71 

2 2.69 1.01 1.25 0.50 1.12 0.97 8.28 1.74 

3 3.42 2.76 4.85 6.13 3.98 5.80 8.17 1.63 

4 3.46 0.72 0.55 0.72 1.16 4.13 0.04 2.59 

5 1.70 0.75 0.93 0.98 0.60 0.61 0.92 2.68 

6 5.36 2.03 1.69 7.20 3.42 8.12 7.87 1.48 

7 3.16 2.09 1.87 1.52 1.79 0.86 8.03 1.73 
8 1.20 1.78 3.84 0.73 2.21 0.19 7.39 1.94 

9 3.43 0.79 2.40 2.42 1.11 2.27 8.11 1.74 

10 1.85 1.56 3.16 2.71 2.41 0.40 7.68 1.92 

 

TABLE V.  𝐾𝑃, 𝐾𝐼, AND 𝐾𝐷 VALUES THAT ARE OBTAINED FROM THE DEFAULT HYPER-PARAMETER VALUES AT T ABLE 2. 

Sln. 𝑲𝑷
𝟏  𝑲𝑰

𝟏 𝑲𝑫
𝟏  𝑲𝑷

𝟐  𝑲𝑰
𝟐 𝑲𝑫

𝟐  𝑲𝑷
𝟑  𝑲𝑰

𝟑 𝑲𝑫
𝟑  𝑲𝑷

𝟒  𝑲𝑰
𝟒 𝑲𝑫

𝟒  

1 2.72 0.05 3.21 0.44 3.55 3.16 2.57 1.20 0.77 3.85 3.51 1.71 

2 1.44 0.81 1.24 3.66 1.86 2.33 3.21 3.52 2.03 3.90 3.46 1.79 

3 4.01 1.76 3.22 2.24 1.52 1.14 1.93 0.42 1.58 3.21 3.10 1.68 

4 0.65 3.52 3.66 0.64 1.33 1.64 2.71 3.78 2.46 4.03 3.84 1.82 

5 1.39 3.59 3.33 1.12 1.67 1.77 2.33 0.78 1.94 3.51 3.37 1.78 

6 1.74 1.17 1.86 3.59 4.26 1.52 1.43 0.73 4.87 3.26 3.37 1.83 

7 5.07 2.47 2.14 2.57 3.62 1.32 3.55 1.50 2.40 3.85 3.91 1.88 

8 0.75 0.59 4.24 1.96 4.05 3.37 3.37 0.05 3.29 4.53 3.58 1.76 

9 3.83 3.75 3.18 0.27 0.47 1.17 2.02 0.24 1.47 3.96 2.79 1.60 

10 0.54 0.34 2.45 2.50 1.19 2.78 0.67 4.42 2.35 4.51 3.91 1.86 
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Fig. 3. Square error curves of each individual run of P only 

controller. 

 
Fig. 4. Square error curves of each individual run of PD controller. 

 
Fig. 5. Square error curves of each individual run of PID controller. 

 
Fig. 6. Flight trajectory of the best found gains with P  only controller 
for 30 seconds. 

 
Fig. 8. Flight trajectory of the best found gains with PID controller 

for 30 seconds. 

 
Fig. 7. Flight trajectory of the best found gains with PD controller for 

30 seconds. 

between 5 particles and 20 particles. On the other hand, 
difference in time is 78.6589 seconds. We have an error to 

time ratio of 0.0279. The decrease in average error is not 
worth to the increase in time. However, by looking the 

decrease in standard deviation we can say that as the particle 

count increases the accuracy of the results are increasing. 

VI. CONCLUSIONS & FUTURE WORKS 

In this preliminary  work, we analyzed the impact of the 

P, PD, and PID controllers on the quadrotor stability. We 
used a PSO algorithm to optimize the gains of the P, PD, and 

PID controllers. We found that PID controller gives better 

results compared to the results provided by the P and PD 
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TABLE VI.  SQUARED ERRORS OF T HE MODEL WITH A P  ONLY 

CONTROLLER 

Sln. φ 

Error 

θ 

Error 
ψ 

Error 
Z 

Error 
Σ 

Error 
1  0.58   0.49   6.32   118.27   125.66 

2  0.76   0.61   0.50   136.13   138.00 

3  1.17   0.90   6.85   113.24   122.15 

4  0.71   1.60   12.59   126.02   140.92 
5  1.37   2.80   12.38   116.63   133.18 

6  0.32   0.50   0.06   145.60   146.49 

7  0.37   0.52   0.06   151.43   152.39 

8  1.38   1.87   5.09   127.37   135.72 

9  1.35   1.30   5.35   104.71   112.71 

10  0.72   0.30   3.16   121.57   125.76 

Mean  0.88   1.09   5.24   126.10   133.30 

SD  0.39   0.76   4.35   13.85   11.35 

 

TABLE VII.  SQUARED ERRORS OF T HE MODEL WITH A PD 

CONTROLLER 

Sln. φ 

Error 

θ 

Error 

ψ 

Error 

Z 

Error 

Σ 

Error 
1  0.00   0.03   0.10   35.92   36.05 

2  0.06   0.03   0.09   35.24   35.41 

3  0.02   0.00   0.00   35.40   35.43 

4  0.03   0.02   0.01   306.70   306.77 

5  0.03   0.04   0.01   309.90   309.98 

6  0.02   0.00   0.01   36.44   36.47 

7  0.02   0.01   0.03   35.68   35.75 

8  0.03   0.10   0.25   37.37   37.75 

9  0.04   0.01   0.01   35.50   35.56 

10  0.01   0.02   0.05   36.70   36.79 

Mean  0.03   0.03   0.06   90.49   90.59 

SD  0.01   0.03   0.07   108.91   108.89 

 

TABLE VIII.  SQUARED ERRORS OF T HE MODEL WITH A PID 

CONTROLLER 

Sln. φ 

Error 

θ 

Error 
ψ 

Error 
Z 

Error 
Σ 

Error 
1  0.00   0.03   0.00   8.24   8.27 

2  0.01   0.01   0.00   7.85   7.87 

3  0.01   0.03   0.01   8.40   8.44 

4  0.15   0.03   0.02   8.42   8.62 

5  0.06   0.02   0.03   8.44   8.55 

6  0.02   0.02   0.00   7.67   7.71 

7  0.01   0.03   0.00   7.30   7.34 

8  0.01   0.01   0.00   8.26   8.29 

9  0.01   0.04   0.00   8.86   8.90 

10  0.01   0.01   0.01   7.73   7.75 

Mean  0.03   0.02   0.01   8.12   8.18 

SD  0.04   0.01   0.01   0.44   0.46 

 

TABLE IX.  AVERAGES, STANDARD DEVIATIONS OF ERRORS FOR 

DIFFERENT PARTICLE COUNTS. THE COMPUTATION TIMES ARE ALSO 

GIVEN. 

 5 Part. 10 Part. 15 Part. 20 Part. 
Mean 11.55 9.90 7.68 7.64 

SD 8.45 4.15 0.62 0.51 

Time (s) 144.67 280.99 428.51 571.57 

 

controllers. In fact, P only controller did not converge at any 

point in time at all. The most affected DoF was the altitude 
and the least affected one was the yaw. 

In future, we are planning shortening the computation 
time so that it will be an acceptable solution to an online 

tuning application. 
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Abstract— This paper introduces an approach to uniform 
modeling and testing of hardware and software systems and 
their faults. As an example, for hardware under consideration, 
designs at a behavioral level will be used, implemented in 
Hardware Description Language (HDL). For software, an 
example will be borrowed from a graphical user interface 
design. Both examples will be modeled by finite state machines. 
The mutation of these models leads to lucid hardware and 
software fault models, respectively. Original models and their 
mutants will then be used to generate test cases for positive 
testing and negative testing, respectively, forming a holistic test 
strategy. A positive test is supposed to validate the system 
under legal (expected, regular) circumstances, whereas a 
negative test checks the behavior of the system under illegal 
(unexpected, irregular) situations. Non-trivial examples are 
used to validate and analyze the approach with respect to 
uniform modeling and testing capability. 

Keywords—System/Fault Modeling, Finite State Machine, 
Validation, Holistic Testing, Mutation Testing 

I. INTRODUCTION AND RELATED WORK 
The automata-theoretic approaches are popular for modeling 
and testing of hardware systems back to the fifties of the last 
century [2], [3], [7]. For those systems, a finite state machine 
(FSM), or similarly, a finite state automaton (FSA), provides 
an abstract artifact to avoid unnecessary (irrelevant) features 
of the system under consideration (SUC). Thus, focusing on 
the relevant features of complex systems becomes easier.  
The development of integrated circuits usually starts with a 
specification provided by the customer. A designer then im-
plements it in behavioral level in HDL (hardware description 
language) that is used for pre-silicon validation. After fixing 
errors, the developer converts it to an Register Transfer 
Level (RTL) design. The FSM model can be extracted from 
the HDL program that implements the sequential circuit 
under consideration. 
Modeling software systems by FSA [1] started tentatively; 
nowadays FSA-centric models are popular, for example, 
state diagrams of UML [24]. Graphical user interfaces 
(GUIs) are good examples that can be modeled by FSA, be-
cause they usually form strictly sequential processes and 
systems. FSA-based approaches to modeling GUI are event 
sequence graphs [9] and, slightly stylized, event flow graphs 
[23].  
Holistic, model-based testing, proposed by Belli [9], [10] for 
software testing, introduces an integrated view 
encapsulating positive and negative testing. In positive 
testing, the system is validated against legal (correct, 
regular) inputs that are expected data generated from the 
original (supposedly fault-free) model, which is the 
conventional way of testing. In negative testing, the system 
is validated against illegal (faulty, irregular) inputs that are 
unexpected data generated from a faulty (mutant) model. 
Belli [9] also proposes FSA and regular expression, having 

equivalent expressive power (forming type-3, regular 
languages) and test generation capability for modeling and 
testing graphical user interfaces. The holistic strategy is 
applied also to modeling and testing of web service 
composition [10], web application [11], interactive systems 
[12], hardware designs [5], and android applications [13]. 

 
Mutation testing, introduced by DeMillo et al. [13] and 
Hamlet [15], is a fault-based testing technique (Fig. 1). 
Mutants, that is, faulty versions, will be generated applying 
mutation operators to the SUC.  Tests can then detect (kill) 
mutants. The effectiveness of a given test set can be 
determined by the mutation score, that is, the percentage of 
the killed mutants [16]. Recently, the idea has been 
extended to the model level, leading to model-based 
mutation testing [17], [18], [19].  
This paper proposes FSM for modeling and testing both 
hardware and software in a uniform way. Fault models, 
namely mutants, and tests are generated using specifically 
defined mutation operators. Tests are carried out in a holistic 
way by positive and negative testing checking the SUC 
under expected and unexpected situations, respectively 
(Section II). Non-trivial examples, reaching a 100% fault 
coverage (Section III), illustrates the approach and are used 
to self-critically analyze its features (Section IV). 

II. PROPOSED APPROACH 
As an introduction to this section, Fig. 2 depicts the 
proposed approach that consists of three steps: (i) modeling 
by FSM, (ii) mutation to automatically construct fault 
models, and (iii) holistic testing using the test sequences 
generated from these models.  
Software is a graphical user interface (GUI) that enables 
user and computer interaction by providing specific events 
in the proposed approach. An FSM model can automatically 
or manually generated from the GUI. Hardware is a Very 
Large Scale Integration (VLSI) design at behavioral level of 
abstraction. The design is implemented in Verilog Hardware 
Description Language (HDL) to specify any VLSI 
hardware. Proposed approach automatically generated an 
FSM model from the Verilog HDL of hardware. After 
obtaining the FSM model from either GUI or HDL, 
proposed approach generates mutant FSM models by 

Fig. 1: Mutation Testing 
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utilizing mutation operators. Then, the proposed approach 
generates test sequences from both original (fault-free) and 
mutant FSMs to utilize positive and negative testing shown 
in Fig. 2.  

 
Fig. 2: Concept of the proposed approach 

Finite State Machine (FSM) are used for modeling both 
correct and faulty behavior of the System Under 
Consideration (SUC). 
Definition 1: Finite State Machine (FSM) [21] is 
represented by 5-tuples <S, Σ, δ, q0, F> where these are; 

S: A finite set of states 
Σ: A finite set of symbols (alphabet) 
δ: A state transition function represented by a table; 
q0: An initial state is an element of Q 
F: A finite set of final states is a subset of Q. 

A. Modeling SUT and Faults 

The set of test sequences generated from fault-free FSM, 
forming a test suite, are run on mutant programs to realize 
positive testing. Test suites generated from mutant models 
are run on the fault-free program to realize negative testing. 
SUT is modeled by means of the FSM in a uniform way. 
Also, mutant FSM models represent behavioral fault in 
SUC. A behavioral fault affects input and output 
combination of SUC and may cause either failure or 
malfunction.   

B. Mutation Operators 

Following, mutation operators used in the approach (Table 1) 
will be defined. 

TABLE 1: MUTATION OPERATORS 

Operators Types 
Insertion (I) Transition (T) 

State (S) 
Omission (O) Transition 

State 
Replace (R) Transition 

State 

Definition 2: Transition Insertion (TI) inserts a transition 
into the FSM, that is, TI(si, e, sj)δ: δ → δ ∪ (s , e, s ), where 
the transition e ∈ δ(Q) is inserted between states si , sj ∈ S, 
where  δ, Q, and S are defined as in Definition 1. 

Definition 3: State Insertion (SI) inserts a state into the FSM 
model, that is, SI(sk,e1, sl, e2 , sm)δ: Q → Q ∪ (s ) and δ → δ 
∪ {(s , 𝑒 , s ), (s , 𝑒 , s ), where the state sl is inserted 
between states sk and sm with transitions e1 and  e2. 

Definition 4: Transition Omission (TO) omits a transition 
from the FSM model, that is, TO(si, e, sj)δ: δ → δ ∖ (s , e, s ), 
where the transition e is omitted between states si and sj. 

Definition 5: State Omission (SO) inserts a state into the 
FSM model, that is, SO(sk,e1 sl, e2 , sm)δ: Q → Q ∖ (s ) and δ 
→ δ ∖ {(s , 𝑒 , s ), (s , 𝑒 , s ), where the state sl is omitted 
between states sk and sm with transitions e1 and  e2. 

Definition 6: Transition Replace (TR) replaces a transition 
from the FSM model, that is, TR(si, e, sj)δ: TO(si, e, sj)δ and 
TI(si, e, sj)δ, where the transition e is replaced between states 
si and sj. 

Definition 7: State Replace (SR) replaces a state from the 
FSM model, that is, SR(sk, e1, sl, e2 , sm)δ: SO(sk,e1 sl, e2 , sm)δ 

and SI(sk,e1, sl, e2 , sm)δ, where the state sl is replaced between 
states sk and sm with transitions e1 and e2. 

C. Holistic Testing 

The model (FSM) will be mutated by means of mutation op-
erators. The original model and its mutants will then be used 
to generate test sequences, using a FSM-based test 
generation tool, for example, GraphWalker [4] that 
generates random test sequences from the given FSM model 
or PQ-RanTest [6] from equivalent regular expression 
model. 
In positive and negative testing, the test sequences generated 
from fault-free and mutant models, and then are executed on 
fault-free and mutant programs, respectively.  Thus, 
appropriate tests are run on the SUC with respect to 
corresponding models. 

III. EXAMPLES AND EXPERIMENTS  

A traffic light controller (TLC) and a commercial web 
service (ISELTA) are used to explain the approach and 
analyze its critical features. The hardware example, TLC, is 
represented in HDL at the behavioral level. An excerpt from 
the graphical user interface (GUI) of an Internet portal for 
touristic services forms the software example [7].  

A. Example 1: Modeling Hardware And Their Faults  

The TLC used as an example has four traffic signals for four 
pathways (Fig. 3). Every pathway is provided with lights 
Red, Yellow, and Green. The TLC, implemented in Verilog 
HDL, is operated on Xilinx Basys 3 Artix-7 FPGA develop-
ment board using the Vivado 2017.4 design suite [20]. 

 
Fig. 3: Block view of TLC 

Fig. 4 represents a fraction of the HDL Verilog code for the 
TLC hardware.  

The HDL code declares the main module of the controller, 
called “Lights”, in line three, including the main variables. 
The “always” block defines procedures of this main module 
and is triggered by a clock signal. The “begin” block 
executes the “case” statement depending on the “state” 
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variable that defines current, next state of the hardware and 
corresponding status of outputs, called “output light status” 
in line 14 for the state “0000”. There are nine states in the 
HDL code and 16 transitions as depicted in Fig. 5. 

1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

`timescale 1ns / 1ps 
... 
module Lights (n_lights,s_lights,e_lights,w_lights,clk,btn); 
   ... 
 always @( clk_point1hz ) 
  begin   
      case (state) 
      4'b0000: begin 
         $display ("The value of input: %h, state   
               %d", input_light_status,state) ; 
         segment = 7'b0000001; 
         if (btn==0) begin 
 state = 4'b1000;  
                      output_ligth_status = 16'h1444; 
                      n_lights = 3'b001; 
                      s_lights = 3'b100; 
                      e_lights = 3'b100; 
                      w_lights = 3'b100; 
                 end 
          …. 
      4'b0111: 
       ... 
      4'b1000: 
       ...         
      endcase // case (state) 
  end 
endmodule 

Fig. 4: A fraction of the HDL code for TLC 

1) Modeling TLC  
The FSM model in Fig. 5 is extracted from the HDL code of 
TLC using JFLAP as a tool [22]. Table 2 depicts the be-
havior of TLC; the input/output combinations are encoded 
and identified by symbols. The FSM model for TLC 
has nine states and 18 transitions. 

 
Fig. 5: FSM of the original (fault-free assumed) TLC 

In Table 2, the symbol “g” stands for the light “green” , “y” 
for “yellow”, and “r” for “red” that are coded in the circuit 
by “001”, “010”, and “100” in binary format, respectively.  

TABLE 2. ENCODING OF TRANSITIONS 

Sym* Com** Sym* Com** Sym* Com** 
a grrr 0 / yrrr g rrrg 0 / rrry n xxxx b - rrgr 

0 / rrrr 
b yrrr 0 / rgrr i rrry 0 / grrr o xxxx b - rryr 

0 / rrrr 
c rgrr 0 / ryrr j xxxx b - grrr 

0 / rrrr 
p xxxx b - rrrg 

0 / rrrr 
d ryrr 0 / rrgr k xxxx b - yrrr 

0 / rrrr 
r xxxx b - rrry 

0 / rrrr 
e rrgr 0 / rryr l xxxx b - rgrr 

0 / rrrr 
s xxxx 1 / rrrr 

f rryr 0 / rrrg m xxxx b - ryrr 
0 / rrrr 

h xxxx 0 / grrr 

*Sym: Symbol, **Com: Combination 

2) Fault Modeling through Mutation 

Exemplary, three mutants are constructed using the mutation 
operators (Table 1) in Section II.B (Definition 2 through 7). 
These mutants embody typical faults and will be used for 
test generation (Section III.C). 

 
Fig. 6: Mutant one of TLC 

The first mutant (Fig. 6) models the fault that occurs as a 
combination of the omission of a state and the insertion of 
transition (Table 3). This fault depicts a sequence of events, 
that is, the symbol “c” correctly occurs after the symbol “b”. 
However, the symbol “d” follows the symbol “b” in the cor-
rupted sequence.  So, the correct sequence is “bcd”, the 
faulty one is “bde”. 

TABLE 3: MUTATION OPERATORS TO CONSTRUCT MUTANT ONE OF TLC 

Order Operators 

1 SO(s2,c, s3, d, s4)δ: Q → Q ∖ (s ) and δ → δ 
∖ {(s , 𝑐, s ), (s , 𝑑, s ) 

2 TI(s2, d , s3)δ: δ → δ ∪ (s , d, s ). 

The second mutant, shown in Fig. 7, models the fault that 
occurs as a combination of omission and insertion of transi-
tions. This mutant represents a corruption in the input/output 
sequence.  The inserted transitions are u, v, and y that repre-
sent “ryrr 0/rrgg”, “rrgg 0/ rrgr”, and “xxxxx – rrgg 0/ rrrr”, 
respectively. 

 

Fig. 7: Mutant two of TLC 

Table 4 lists the mutation operators to acquire Mutant two: 
one state omission and three transition insertions operators, 
applied consecutively to the original model. 
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TABLE 4: MUTATION OPERATORS TO CONSTRUCT MUTANT TWO OF TLC 

Order Operators 

1 TO(s3, d, s4)δ: δ → δ ∖(s3, d, s4). 

2 SI(s3,u, s9, v , s9)δ: Q → Q ∪ (s ) and δ → δ 
∪ {(s , u, s ), (s , v , s ) 

3 TI(s9, y , s0)δ: δ → δ ∪ (s , y, s ). 

B. Example 2: Modeling Software And Their Faults  

ISELTA (Isik’s System for Enterprise Level Web-Centric 
Tourist Applications) is a commercial Internet portal for 
hotel providers to market tourist services, for example 
online reservations. It is a cooperative work between a travel 
agency (ISIK Touristic) and University of Paderborn, 
implemented in PHP. Following, the “Specials” module of 
the ISELTA is used as an example that enables providers to 
market their specific and periodical offers (Fig. 8). 

 
Fig. 8: The opening window of “Special” module for ISELTA 

1) Modeling ISELTA  
The FSM in Fig. 9 models the GUI of “Specials” module, 
constructed using the graph designer JFLAP [22] as already 
used for the FSM of TLC (see Section 2).  

 
Fig. 9: Original (fault-free) FSM of “Specials”  

Table 4 lists the letters that symbolize actions of the user, for 
example, for filling an input box, clicking a button, or 
removing a text from an input box. 

TABLE 4. GUI ACTIVITIES ON THE GUI OF “SPECIALS”  

Symbol Action Symbol Action 

k Click edit z Set description text 

l Click save r Remove all text 

v Click Add t Remove title input 

u Set title text p Remove price input 

x Set number value n Remove number input 

y Set price value   

2) Fault Modeling through Mutation 

Again, the mutation operators defined in Section 2 will be 
used to generate typical faults as mutants of “Specials”.  
TABLE 5: MUTATION OPERATORS TO CONSTRUCT MUTANT ONE OF 

“SPECIALS”  
Order Operators 

1 TO(s0, u , s9)δ: δ → δ ∖ (s , u, s ) 

2 TO(s3, u , s4)δ: δ → δ ∖ (s , u, s ) 

3 TI(s8, z , s4)δ: δ → δ ∪ (s , z, s ). 

4 TI(s2, z , s4)δ: δ → δ ∪ (s , z , s ). 

Fig. 10 shows a mutant of the original FSM. The tester 
needs to consecutively apply the mutation operators given in  
TABLE 5 to acquire mutant one. 

 
Fig. 10: Mutant one of “Specials” 

Fig. 11 illustrates the Mutant two of the original FSM, 
which will be constructed by consecutively applying the 
mutation operators given in TABLE 6. 

TABLE 6: MUTATION OPERATORS TO CONSTRUCT MUTANT TWO OF 

“SPECIALS”  
Order Operators 

1 TR(s0, k, s6)δ: TO(s0, k, s6)δ and TI(s0, k, s5)δ. 

2 TR(s5, k, s6)δ: TO(s5, k, s6)δ and TI(s5, k, s5)δ. 

 
Fig. 11: Mutant two of “Specials” 

C. Test Generation From Models and Testing 

Holistic testing requires the generation of test sequences 
from both fault-free model and its mutants for positive and 
negative testing, respectively. Graphwalker [4] offers 
options also for test generation and coverage criteria 
selection. Exemplary, random test generation option and 
edges (transition) coverage criterion is chosen. The edge 
coverage criterion is set to %85 to avoid excessive run times 
of the tool.  
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1) Test Generation TLC 

For the fault-free model of TLC (Section III.A.1), 
Graphwalker [4] generates a test suite, a subset of which is 
listed in TABLE 7. These test sequences will be executed on 
mutants of the HDL program (Fig. 4) for positive testing. 

TABLE 7: A TEST SUITE FOR TLC (SEE TABLE 2 FOR SYMBOLS OF THE TEST 

SEQUENCES) 

 Test Sequence 
1 hablss 
2 habcdeo 
3 habcdefgiabcdefgijss 
4 habcdnsss 
5 habcdefgiabcmss 

Similarly, a set of test sequences are generated from the 
three mutant models and executed on a fault-free HDL 
program for negative testing. 

2) Test Generation ISELTA 

Graphwalker will be used also for positive and negative test-
ing of “Specials” module of ISELTA (TABLE 8 ).  

TABLE 8: A TEST SUITE FOR “SPECIALS” OF ISELTA 

 Test Sequence 
1 kxlkzuyxl 
2 yxzuv 
3 yxzuvklkuyl 
4 yxzuv 
5 xyzuvkzuyl 

D. Tests and Results 

In positive testing of the examples, sets of test sequences 
generated from the original model of TLC and ISELTA 
execute on mutant HDL and GUI programs, respectively. In 
positive and negative testing, the test sequences generated 
from fault-free and mutant models are executed on fault-free 
and mutant programs, respectively.  To validate the actual 
programs of TLC and ISELTA with respect to 
corresponding models, test sequences generated from these 
models are executed on TLC and ISELTA. In negative 
testing, the sets of test sequences generated from three 
mutant models of TLC and ISELTA execute on fault-free 
HDL and GUI programs. TABLE 9 shows the results 
collected from the experiments for positive and negative 
testing. Test sequences executes automatically on ISELTA 
using Selenium [29] test automation environment and on 
TLC using Xilinx Vivado [30] by means of simulation.  

E. Discussion of the Results 

Although only 85% transition coverage was selected, the 
fault coverage is 100% for both positive and negative testing 
of TLC and ISELTA for three mutants that model specific 
faults. A fault is detected if any test sequence generated 
from the corresponding model fails while running the 
corresponding program. The length of test suites defines the 
number of symbols contained in the set of test sequences. 
This length is 1354 for the original model of TLC, as 
random tests usually generate a great number of test 
sequences. The length results depend also on the structure of 
the model. For example, the length of the original model of 
the “Specials” module of ISELTA is just 99 because a less 
complex of model of ISELTA is chosen than the model of 

the TLC. This fact affects the results of the test suite length 
of mutant models.  

TABLE 9: RESULTS OF POSITIVE AND NEGATIVE TESTING OF THE EXAMPLES 
 TLC ISELTA 
 PT NT PT NT 
Fault Coverage 100 100 100 100 
Length of Test 
Suite (number of 
symbols) 

1354 813* 99 66* 

Test Generation 
Time (seconds) 

15 16* 14 15* 

*Average of three mutants, PT: Positive Testing, NT: Negative Testing. 

TABLE 9 shows the average results for the length of test 
suites and test generation time for negative testing. 
However, surprisingly, the test generation time for both 
TLC and ISELTA are close to each other, about 15 seconds 
in positive and negative testing. Despite this closeness of the 
test execution times (both about 15 seconds), the length of 
the test suite of TLC is almost 10 times greater than the 
length of the test suite of “Specials” module of ISELTA.  

A drawback of testing experiment is selection small set to 
calculate metrics given in TABLE 9. However, the results 
provide preliminary observation of usefulness of the 
approach proposed. To calculate more realistic metrics, we 
plan to generate random mutants with proper amount to 
evaluate effectiveness and generality of the approach.      

F. Threats to the Validity 

Current work proposes a uniform modeling hardware and 
software systems including their faults. This uniform model 
is supposed to be a deterministic FSM. The faults are then 
represented by mutants of this FSM obtained by mutation 
operators. However, an operator, or a combination of 
operators, may lead to a nondeterminism, allowing more 
than one option for transferring a state to another one. This 
would lead to a threat to internal and external validity.  

The examples used in this paper do not contain 
nondeterminisms. This cause, however, no limitation of the 
approach, because for any nondeterministic FSM an 
equivalent, deterministic one can be constructed [21].  

Further, the original model will be supposed to be fault-free. 
This assumption is of crucial importance, not only for the 
approach introduced in this paper, but for any fault-oriented 
validation method, because the model of the SUT will be 
used as a reference for generating test cases (oracle 
problem, [25]). Several techniques have been suggested for 
ensuring the correctness of the model, for example model 
checking [26].  

Finally, the used mutants provide model-based mutation ex-
amples carried on model domain. However, the mutants lead 
special types of fault models which also can be utilized by 
code-based mutation. The reader may refer to [7] for code-
based mutants of ISELTA. Moreover, the current paper 
utilizes mutation testing for generation of fault specific 
models and programs instead of qualification of test suites 
as it is in conventional usage.  

IV. RESULTS AND CONCLUSION 

This paper proposes a uniform modeling approach to hard-
ware and software systems under consideration (SUC). 
Finite state machines (FSM) are exemplary used for 
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modeling both integrated circuits, implemented in HDL, and 
for modeling graphical user interfaces (GUI), implemented 
in PHP. Faults are modeled by mutants using novel, 
formally defined mutation operators. 

Two non-trivial, real-life examples illustrate the approach, 
and enable tool-supported experiments to analyze its critical 
features, such as performance of the test generation and test 
execution times, fault detection capability. Although a rela-
tively low coverage criterion is chosen, a 100% fault detec-
tion could be achieved. 

The domains of the selected fault models for hardware and 
software are mapped into the code domain by using code-
based mutation operators. However, the codes of the 
mutants corresponding to the model-domain faults of the 
software example are publicly available [7]. 

Future work is planned to extend the formal foundation of 
the approach by considering more powerful modeling tech-
niques, for example by advanced (colored) Petri nets and 
pushdown automata. This theoretic work is to immediately 
be accompanied by empirical validation. Moreover, it is 
possible to encounter problem of state explosion if the 
program or model becomes very complex and large. To 
cope with this problem, in our future work, we plan to use 
the techniques for model refinement [26] and/or model 
decomposition [28] to increase the scalability of the 
proposed approach. 
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Abstract—We can use developing technology to make 
people's lives easier and to respond to their needs accurately 
and effectively. Therefore, the focus of most of the work is on 
people and facilitating people's lives. Many studies focusing 
on people have examined human movements; human 
movements were detected and identified. The act of falling 
between different human movements can cause serious vital 
problems for people, especially for the elderly. When the fall 
occurs, first aid must be delivered to the falling individual 
quickly. We can use technology to accurately and effectively 
detect falls and provide emergency first aid to falling 
individuals. In this study, we examined human movements for 
effective and efficient detection of fall action, and we 
performed fall detection using one-dimensional LBP (1D- 
Local Binary Pattern) and ELM (Extreme Leaning Machine) 
method. Although only acceleration data is used in our 
application, these methods have achieved very good results 
and these results are presented at the end of the article. 

Keywords - human activity recognition, fall detection, Local 
Binary Pattern, Extreme Learning Machine 

I. INTRODUCTION 

Health problems can be the cause of falls, as well as falls 
can cause serious health problems. Especially in the elderly, 
the rate of falls is quite high in individuals for 65 years old 
and over [1]. Falling can cause serious damage to 
individuals' bodies, and even falls can be the cause of death 
[2]. Considering the fact that the majority of societies are 
mostly elderly people, necessary and urgent solutions to the 
problems caused by falls should be produced [3].  

When the literature is analyzed, the main aim was to 
perceive the person's movements and to correctly 
distinguish between daily activities and falling activities [4]. 
Generally, fall detection were detected by using sensors 
such as wearable sensors and perimeter sensors. Huynh et 
al. [5] developed a system based on a sensor system placed 
in the center of the chest consisting of a three-axis 
accelerometer and a gyroscope. In their studies, an 
optimized fall detection algorithm was developed by 
collecting acceleration and angular velocity data and critical 
fall threshold values were used to detect falls. Another 
example of wearable sensor is mobile devices. Since today, 
many mobile devices include sensors such as acceleration 
and gyroscope sensors. S. V. Georgakopoulos et al. [6] have 
proposed a study on real-time fall detection with 
accelerometers of mobile devices. Falls were detected using 
cumulative total statistical data mining algorithm and signal 
change detection. An example of systems which is placed in 
the environment is camera based systems. Mivielle et al. [7] 
have developed a camera-based system. In their studies, the 
background extractor, Kalman Filter and optical flow are 
combined as input to the machine learning decision system 
to identify fall events. In controlled environments, the 

system operates at 96% accuracy rate. However, due to the 
limited resolution of the camera, it is not desirable to have a 
distance over 10 m between the subject and the camera. 
When a fall is detected with a device that uses an 
acceleration sensor, the continuous carrying of the sensor 
reduces the comfort of the user. Color camera-based fall 
detection systems can also cause problems regarding the 
privacy of the monitored person. Against these difficulties, 
Khan et al. [8] proposed a system based on acoustic sensors. 
In their study, two microphones and source separation 
method were proposed. Resistance to acoustic sounds in the 
background has been increased by removing the 
interference caused by other sound sources by means of 
source separation method. Lei Yang et al. [9] conducted a 
fall detection study with depth images obtained by using 
Kinect sensor in the room environment. The depth images 
are pre-processed by median filtering. With a simple 
subtraction from the background frames, the silhouette of 
the moving person is obtained. To find fall event, the center 
of the human body and the angle between human body and 
the ground are calculated. If these calculated values exceed 
some threshold values, a fall event is detected. Using only 
depth images can have an important role in protecting the 
privacy of the person being monitored. However, since the 
threshold value is a natural choice, it is open to debate how 
appropriate the threshold value is selected. In order to detect 
the event of a fall, systems such as cameras placed on the 
environment or sensors such as Kinect and wearable sensors 
have been developed. In this regard, Kwolek and Kepski 
[10] proposed a fall detection based on fuzzy inference 
using the Kinect sensor and body-mounted accelerometer. 
A fuzzy system was used to validate the fall event, and a 
threshold-based algorithm was used to initiate this system 
in case of a potential fall. Efficient results have been 
demonstrated. 

In this study, we aimed to develop a system that 
perceives falling action correctly, quickly and efficiently in 
order to provide fast and effective assistance to the falling 
individuals. For this purpose, we have proposed a system 
that distinguishes between normal activities and falling 
activities by using one dimensional Local Binary Pattern 
(1D- LBP) method and trains the data obtained from feature 
extraction with the Extreme Learning Machine (ELM) 
method. The proposed method extracts sufficient features 
from accelerometer sensor by using 1D-LBP method. The 
obtained features are given to ELM and fall/not fall actions 
are classified.  
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II. 1D-LBP AND ELM BASED METHOD RECOMMENDED 

FOR FALL DETECTION 

The proposed method uses three axis accelerometer 
data. First, three-dimensional acceleration data is obtained. 

The magnitudes of the acceleration data are calculated and 
a feature signal is obtained in preprocessing step. 1-D LBP 
method is used to extract feature and histogram of the result 
data is obtained. By using the ELM method, Fall/not fall 
action are separated.  Fig. 1 shows the application steps.

Fig. 1. Flow diagram of the proposed LBP and ELM based fall detection 

A. 1-D LBP Feature Extraction 

LBP is a gray scale invariant [11] . It is efficient in image 
processing applications [12]. Ojala et al. [11] is presented a 
two-level version of the method which is presented by 
Wang and He. Wang and He proposed a texture analysis 
method based on texture unit. In that method, texture unit  is 
consisting of eight elements, each of which is represented 
by 0, 1 or 2 and obtained from a 3x3 pixel neighborhood. In 
the 3x3 neighborhood method, Wang and He offer 36561 possible texture units which is describing spatial 
three-level patterns, while the two-level version of Ojala et 
al. offer 2  256 possible texture units with defining pure 
local binary patterns. In the binary case, the central value in 
texture units of size 3x3 is a threshold value for its 
neighbors. As shown in the Fig. 2, starting from the upper 
left corner, the neighboring values are compared with the 
threshold value which is in the center pixel of 3x3 pattern. 
If the neighboring value is less then threshold, the value is 
found at that position is 0, otherwise the value is found at 
that position is 1. As a result, all the found values in the 
binary are combined side by side and value of this combined 
number is calculated in base of decimal. The result of 
calculation is the new value of the center value. Fig. 2 
illustrates the solution of a sample data window with values 
of x = {58, 64, 2, 93, 78, 115, 7, 3, 128} with 1D-LBP. f k 2  (1) 

f k  = 
1							,			 	 		0							,			 	 			 (2) 

Here, in the neighborhood of 3x3 pixels, n = 8. In the 
above formula (2),   represents the gray level value of the 
central pixel and  represents the value of the pixel 
surrounding the center. 

 

 

 

Fig. 2. Calculation of LBP code 

B. Extreme Learning Machine 

Extreme Learning Machine which is abbreviated as 
ELM makes learning extremely fast and produces good 
generalization performance, which tends to reach the 
smallest weight error as well as the smallest weight norm 
[13, 14]. ELM is a feed forward neural network with one 
hidden layer that selects random nodes and determines the 
output weights of the network analytically. ELM has good 
generalization performance for feed-forward neural 
networks. First of all, the neural network is inspired by the 
neural cells, interconnections and interactions of the human 
brain [15]. Neural networks have many processing 
elements. In the input layer, the input sequence is given. 
Each processing element in this input layer, the first layer, 
receives a component of the input sequence and processes it 
according to the transfer function. The simple output 
resulting from the processing is transferred to the processing 
elements in the next layer. The result of these operations is 
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an output sequence. Inputs and weights may vary with time. 
The network adapts and learns [15]. The ELM network used 
is roughly shown in Fig. 3. 

 
Fig. 3. A simple single latent layered artificial neural network with 

neurons 

The algorithm of ELM is described below: ℵ = { (x ,	t ,) | Let x ,∈R 	,  t  ∈ R  , i = 1,  … , N } 
given training set, get the activation function g(x) and the 
number of hidden nodes is . 

Step 1: Assign the random input network  and assign 
the bias  and let i = 1, 2, …,	  . 

Step 2: Calculate the hidden layer output matrix (H) 

 
H , … , , , … , , , … ,   

= 

g . 	 … 	g . 	.												…												 ..												…												 .g . 	 … 	g . 	       (3)  

 

Step 3: Calculate the output weight β 

 β = 	T (4) 

where, 

	 ⋮ 	 	      and     T 	 ⋮ 	 	 	 (5) 

In our study, the histogram of 1D-LBP is given to ELM 
as inputs and two actions called fall and not fall are 
classified.  

III. APPLICATION RESULTS 

For the fall detection, the acceleration data obtained 
from the 3-axis acceleration sensor were used in our study 
[16]. Acceleration data of 70 different movements are used. 
Of these 70 data, 40 are normal daily activities and 30 are 
fall activities. We first took the data of daily normal and fall 
activities and labeled them with class labels to distinguish 
between normal and fall activities. Three axis acceleration 
data were taken and the magnitudes of these data were 
calculated. The magnitude of the 3-axis acceleration data is 
calculated by (6). 

_ _ _   (6) 

Fig. 4 represent the acceleration data in the dimensions 
of x, y, z in the act of sitting on the chair and the magnitude 
data of these data. 

 
Fig. 4. The acceleration data for three dimensions and its magnitude for 

seating activity 

In Fig. 5, four samples showing the magnitude 
acceleration values of daily normal activities are given. 

 
Fig. 5. Acceleration data of some normal activity movements 

As shown in Fig.5, although the magnitude of the 
different activities is different, there is no sudden change in 
the feature signal. The magnitudes of two different falling 
events are given in Fig. 6.  

 

Fig. 6. Acceleration data of some falling movements 
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In Fig. 6, the magnitude of acceleration sensor has a 
sudden change and this knowledge can be used to 
discriminate the normal and falling activities. We 

performed feature extraction with 1D-LBP pattern 
descriptor method. Some histogram data of the resulting 
normal and fall activities are shown in the Fig. 7. 

 

 
(a) 1D-LBP acceleration data and histogram graphs of some normal activities 

 

 
(b) 1D-LBP acceleration data and histogram graphs of some fall activities 

Fig. 7. 1D-LBP data and histograms for some daily and fall activities 

After making feature extraction of raw acceleration data 
by using 1D-LBP method, we trained our data with ELM 
method. Table I shows the results obtained from ELM, 
support vector machines (SVM) and artificial neural 
network (ANN) methods. The positive ratio of the complex 
matrix obtained from the train data in the ELM method was 
found to be 98.3%. We compared our results with both 
ANN and SVM algorithm. When we tested the acceleration 
data with the artificial neural network, we obtained a 
complex matrix value of 80 percent accuracy. When we 
train our data with SVM machine learning algorithm, we 
achieved 82.9% accuracy. 

 

 

TABLE I.  RESULTS OF ELM AND OTHER CLASSIFIERS  

Methods Accuracy 

ELM 98.3 % 

SVM 82.9 % 

ANN 80 % 

 

Finally, we tested the accuracy of our training and test 
data separately by ELM method. The comparison results are 
shown in Table II.  We obtained 100% accuracy of the 
training data and 90% accuracy of the test data. In Table II, 
our proposed method for the detection of falls and some 
other studies in the literature are compared. In [10], they 
detect the fall with acceleration data and depth data from the 
Kinect sensor. A threshold-based algorithm initiates the 
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fuzzy system to verify the fall event in the event of a 
potential fall, based on data from the accelerometer. We 
used only the accelerometer data, and feature extraction 
with the 1D-LBP method and trained our data with the ELM 
classifier. Although we used only accelerometer data, we 

separated the fall activity from non-fall daily activities with 
an accuracy of 98.3%. 

 

TABLE II.  COMPARISON OF ELM METHOD RECOMMENDED FOR FALL DETECTION AND OTHER STUDIES 

Methods Sensors Feature extraction Accuracy Reference 

ELM 3 axis Accelerometer 
Total Sum Acceleration Vector( ) and 

1D-LBP 
98.3% 

Proposed 
Method 

Thresholds for Feature Signals 
3 axis Accelerometer and 

Gyroscope 
 , UFT and LFT Thresholds Average 96% [5] 

Thresholds and Online-
Calculated Parameters 

tri-axis acceleration sensor and 
orientation sensor  Average 73% [17] 

 supervised Random Forest Floor Sensor 
Fourier Transform, minimum or maximum 

values, average, variance 
94.4% [7] 

 One Class Support Vector 
Machine (OCSVM)  

Two Microphones 
Source Separation(SS) Technique, 

Mel-frequency cepstral coefficient (MFCC)  
Average 95% [8] 

Threshold and Fuzzy Logic Accelerometer and Kinect 
, Ground Plane Extraction, H/W , 

H/Hmax , D, max(σx, σz) 
97.14% [10] 

 

IV. CONCLUSIONS 

Many people may face fall. It is frequently seen 
especially in the elderly due to the loss of power that occurs 
with aging. It is essential that emergency first aid be 
provided to the falling individuals as soon as possible. 
Because the fall event can cause serious life and health 
problems in the falling individuals. In order to overcome 
these problems, firstly, the fall must be detected and 
identified correctly and efficiently. The aim and focal point 
of this study is to determine the fall accurately and 
efficiently. In our study, firstly the importance of fall is 
mentioned and many examples from literature are given to 
the fall detection studies and sensors used. In the proposed 
method, we used the one-dimensional Local Binary Pattern 
(1D-LBP) method for feature extraction and the Extreme 
Leaning Machine (ELM) method for training. We tested fall 
data with support vector machines (SVM) and artificial 
neural network (ANN) and compared their efficiency with 
the proposed method. As a result, we have proved that the 
method we recommend achieves more efficient results. We 
also compared our method with some studies for fall 
detection in the literature. We have shown that we have 
achieved efficient results. 
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Abstract— Throughout history, people have always 
wondered whether a word or writing is real. Whether or not 
that word was true depends on the person who spoke it. While 
the word of a trusted person was respected, the word of an 
unreliable person was believed to be rumor. Today, with the 
development of social networks, the amount of information 
circulating on the internet has increased rapidly. However, 
the reliability of this data is disputable. It is an undeniable fact 
that there will be gossip in the environment with so many 
unconfirmed data. Thus, efficiently detection of rumor is an 
important and hot topic. In this study, the detection of rumor 
in online social media is modeled as a classification problem, 
and the success of supervised machine learning methods in 
real data is assessed. OneR (One Rule), Naive Bayes, ZeroR, 
JRip, Random Forest, Sequential Minimal Optimization, and 
Hoeffding Tree algorithms are applied on rumor detection 
problem and comprehensive evaluation is provided. 

Keywords—rumor detection, machine learning, social 
network, text classification  

I.    INTRODUCTION 

Today, the most popular information access 
environment is undoubtedly social networks. This is due to 
an enormous amount of data and huge social network 
relationships. While studying social networks, scientists try 
to solve some problems arising from the rich relationships 
that social networks contain [1]. One of these problems is 
the detection of rumor. Rumor is an event that has not yet 
occurred, spreading from mouth to mouth as if it had 
occurred, reaching large masses. Social networks, which are 
a great news-gathering environment, have turned into a 
rumor tool on any subject and become a tremendous tool for 
manipulating people. There are many negative reflections of 
rumor which is a social problem. The reputation of the 
company and individuals may be damaged and good 
relations may deteriorate. People, families, companies and 
even countries can suffer serious financial damage. In recent 
years, gossip events have become a serious problem in 
social networks and many people have suffered serious 
losses. 

The phenomenon of socialization exists in human 
nature. In today's societies, especially among young people, 
this is happening through online networks over the internet. 
Facebook, Twitter, and Instagram are the most popular 
social networks. Therefore, compared to other social 
networks, the most content is produced by them. Most 
popular news sites or websites of newspapers are not as 
popular as Facebook. No news channel can spread any news 
faster than a tweet. When online networks are examined in 
this aspect, the rumor problem and its detection become an 
important situation. 

In real life, people are actually hesitant to smear the 
reputation of the people they know closely, make their 
rumor. Because they know that, those who have lost this 
reputation will reach out to them and harm them or sue 
them. However, the same people do not hesitate to gossip 
on the internet and think that everything will go unpunished. 

Studies aiming to increase the success rate in terms of 
all different metrics in solving the problem of detecting 
rumor in social networks are ongoing. In this study, 
experiments were performed in terms of accuracy, 
precision, sensitivity, F-measure, ROC area and PRC area 
metrics. 

The organization of this paper is as follows: Section 2 
briefly reviews the related works on rumor detection 
problem. In Section 3, text classification processes and 
machine learning algorithms used in experiments are 
mentioned. Section 4 presents the results of the 
experimental studies, and finally, conclusions and further 
works are given in Section 5. 

II.    RELATED WORKS 

In the literature, many models of rumor detection have 
been proposed. We briefly summarize some of the existing 
rumor detection research approaches and their outcome. 
Takahashi and Igata proposed a system which detects 
candidates of rumor from Twitter. They proposed an 
algorithm with acceptable accuracy. They extracted a clue 
keyword from the records of rumor, and confirmed that the 
keyword works to find other rumors as well [2].  

Shirai et al. modeled the spread of rumors. They found 
some characteristics of rumors on Twitter however, they did 
not mentioned how to detect rumor [3].  

For the first time, Yang et al. conducted a study on the 
detection of rumor on Sina Weibo. Sina Weibo is the largest 
micro-blog site in China. Yang et al. used information such 
as number of retweets, location, content type of Tweets to 
detect rumor. Yang et al. examined automatically detect 
rumor from a mixed set of true and false information [4]. 

Gupta et al. identified over six thousand malicious 
accounts on Twitter during the Boston event, that were later 
suspended by social media. They identified closed 
community structure and star formation in the interaction 
network of these suspended profiles amongst themselves 
[5].  

Aggrawal presented a comprehensive study on rumor 
detection. In terms of high accuracy measure, cosine 
similarity method is more successful than adjective 
similarity method as 94% and 74%, respectively. Aggrawal 
developed a more successful lexical classifier than rule 
based Naive Bayes [6].  
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Jin et al. proposed a interpretable and reliable method 
for detection rumor tweets by matching them with verified 
rumor articles. Using 5 algorithms, 8 million tweets 
collected from Twitter were analyzed with 94.7% rumor 
prediction rate [7]. 

Hamidian and Diab adopted a supervised rumor 
classification task using standard datasets. By employing 
the Tweet Latent Vector (TLV) feature, which creates a 
100-d vector representative of each tweet, they increased the 
precision of rumor retrieval task up to 0.972. They also 
proposed the belief score and study the belief change among 
the rumor posters between 2010 and 2016 [8]. 

III.    RUMOR DETECTION MODEL 

In this study, the detection of rumor in online social 
media is modeled as a classification problem. Basic text 
classification procedures (identifying individual words, 
term normalization, removing unnecessary words, deleting 
words of a certain number of characters, finding roots) were 
applied to the data set. After the calculation of the number 
of terms and the formation of the document matrix, 
classification operations were performed using machine 
learning algorithms and the results were compared in terms 
of evaluation metrics. Rumor detection model is shown in 
Fig. 1.  

            Data Pre-Processing 
1- Tokenization
2- Removing stop words
3- Stemming

                      Feature Exraction
1- Computing Term Frequency
2- Creating Document Term Matrix

               Selecting  the Model
1- Selection of machine learning algorithm
2-Testing the selected machine learning 
algorithm

               Evaluation of the Model
Evaluation of the suitability of the selected 
machine learning algorithm to the Rumor 
Detection Problem

Rumor Detection Model

 
Fig. 1. Rumor detection model 

In this study, One Rule (OneR), Naive Bayes, ZeroR, 
JRip, Random Forest, Sequential Minimal Optimization 
(SMO), and Hoeffding Tree gossip detection system were 
used as a classification model. Comparison of algorithms in 
precision, recall, F-measure, accuracy, ROC area and PRC 
area metrics are presented. 

OneR is a simple and fast algorithm proposed by Holte 
[9]. In this method, simple rules based on a single attribute 
are generated. The algorithm chooses one rule which has the 
minimum error rate for prediction.  

Naive Bayes greatly simplify learning by assuming that 
features are independent given class. Although 
independence is generally a poor assumption, in practice 
Naive Bayes often competes well with more sophisticated 
supervised learning algorithms [10]. 

ZeroR is the simplest classification algorithm that relies 
on the target and gives least importance to the attributes. It 
only predicts the majority class correctly [11].  

The principle of Random Forests is to aggregate many 
binary decision trees built on several bootstrap samples 
drawn from the learning records [12]. 

SMO was developed by Platt in 1998 at Microsoft 
Research. SMO is a method that is believed to solve the 
optimization problem for the training of Support Vector 
Machines (SVM) [13].  

Classes are examined in increasing size and an initial set 
of rules for the class is generated using incremental reduced 
error in JRip method. JRip proceeds by treating all the 
samples of a particular judgment in training data sets as a 
class, and finding a set of rules that cover all the members 
of that class [14]. 

Hoeffding Trees are used for processing high-speed 
massive data streams. It is based on an incremental, anytime 
decision tree induction algorithm. This method exploits the 
fact that a small sample can often be enough to choose an 
optimal splitting attribute [15].  

IV.    EXPERIMENTAL RESULTS 

The S1 data set used during the experiments was 
publicly obtained from Twitter data and was collected by 
Kwon et al. [16]. This data set consists of tweets labeled 
rumor and non-rumor. 18571 data were used during the 
experiments. The properties of the classification algorithms 
used during the experiments were determined by default. No 
further adjustment was made. In this study, commonly used 
evaluation metrics were used to test supervised machine 
learning algorithms. These metrics are accuracy, F-measure, 
precision, recall, PRC area, and ROC area. In the first 
experiment, the whole data set is used as training, and the 
results obtained from the algorithms are shown in Table 1. 
It is used for many metric measurements in social network 
analysis, but the most important metrics are precision and 
accuracy. When Table 1 is examined, it is observed that 
Random Forest classification algorithm has the highest 
accuracy and precision ratio. ZeroR classification algorithm 
gives the lowest rates in terms of all evaluation metrics.  

TABLE I.  RESULTS OF THE FIRST EXPERIMENT USING THE ENTIRE 
DATA SET AS TRAINING DATA 

Classification 
Algorithms 

Evaluation Metrics 

Precision Recall F-
measure 

Accuracy ROC 
Area 

PRC 
Area 

JRip 0,995 0,980 0,988 98,309 0,994 0,995

ZeroR 0,686 0,726 0,814 68,590 0,500 0,686

Naïve Bayes 0,994 0,989 0,991 98,777 0,999 1,000

Random Forest 0,998 0,996 0,997 99,580 1,000 1,000

SMO 0,994 0,993 0,994 99,13 0,990 0,992

OneR 0,713 0,738 0,833 72,424 0,561 0,713

Hoeffding Tree 0,983 0,981 0,982 97,533 0,997 0,998

TABLE II.  RESULTS OF THE SECOND EXPERIMENT 

Classification 
Algorithms 

Evaluation Metrics 

Precision Recall F-
measure 

Accuracy ROC 
Area 

PRC 
Area 

JRip 0,967 0,997 0,982 97,522 0,964 0,967

ZeroR 0,676 0,718 0,806 67,564 0,500 0,676

Naïve Bayes 0,992 0,988 0,990 98,617 0,999 1,000

Random Forest 0,991 0,982 0,991 99,779 0,999 1,000

SMO 0,991 0,990 0,990 98,689 0,985 0,988

OneR 0,702 0,724 0,825 71,297 0,558 0,702

Hoeffding Tree 0,994 0,971 0,982 97,648 0,999 0,999

In the second experiment, the data set was randomly 
allocated as 70% training, and the remaining 30% as test 
data. Table 2 shows the results obtained from the 
classification algorithms. According to the results presented 
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in Table 2, it is seen that the highest accuracy rate was 
obtained by Random Forest classification algorithm and the 
highest precision rate was obtained by Naive Bayes 
classification algorithm. ZeroR classification algorithm has 
the lowest rates in terms of all evaluation metrics. The 
results of the third experiment in which the cross-validation 
test was performed are shown in Table 3. 3-fold cross-
validation was selected during the experiment.  When Table 
3 is examined, it is seen that the highest accuracy rate was 
obtained from SMO classification algorithm and the highest 
precision rate was obtained Naive Bayes classification 
algorithm. It is seen that ZeroR classification algorithm has 
the lowest result in all evaluation metrics except Recall 
metric. In terms of Recall metric, the lowest result was 
obtained by OneR classification algorithm. 

TABLE III.  3-FOLD CROSS-VALIDATION RESULTS 

Classification 
Algorithms 

Evaluation Metrics 

Precision Recall F-
measure 

Accuracy ROC 
Area 

PRC 
Area 

JRip 0,979 0,988 0,983 97,716 0,982 0,986

ZeroR 0,686 0,726 0,814 68,590 0,500 0,686

Naïve Bayes 0,993 0,989 0,991 98,761 0,999 1,000

Random Forest 0,990 0,993 0,991 98,770 0,995 0,996

SMO 0,991 0,991 0,991 98,783 0,986 0,988

OneR 0,713 0,724 0,833 72,424 0,561 0,713

Hoeffding Tree 0,994 0,968 0,981 97,415 0,998 0,999

The results of the fourth experiment in which the cross-
validation test was performed are shown in Table 4. 5-fold 
cross-validation was selected during the experiment. When 
Table 4 is examined, it is seen that the highest accuracy rate 
has Random Forest classification algorithm and the highest 
precision rate have Random Forest and SMO classification 
algorithm. When Table 4 is examined, it is seen that ZeroR 
classification algorithm gives the lowest result in all 
evaluation metrics except Recall and F-Measure metrics. In 
terms of Recall and F-Measure metrics, the lowest result 
were obtained by OneR classification algorithm. 

TABLE IV.  5-FOLD CROSS-VALIDATION RESULTS 

Classification 
Algorithms 

Evaluation Metrics 

Precision Recall F-
measure 

Accuracy ROC 
Area 

PRC 
Area 

JRip 0,990 0,980 0,985 97,905 0,992 0,993

ZeroR 0,686 0,728 0,814 68,590 0,500 0,686

Naïve Bayes 0,988 0,988 0,988 98,793 0,999 0,999

Random Forest 0,991 0,993 0,992 98,896 0,999 0,999

SMO 0,991 0,991 0,991 98,740 0,985 0,988

OneR 0,803 0,724 0,639 72,224 0,561 0,688

Hoeffding Tree 0,992 0,980 0,986 98,110 0,999 0,999
 

V.    CONCLUSIONS 

The rapid expansion of social networks has led people 
to prefer these networks as a means of accessing 
information. In this study, rumor detection problem in social 
networks is modeled as a classification problem. For this 
purpose, natural language processing methods and text 
mining preliminary operations were applied to the data set. 
Then supervised machine learning algorithms; OneR, Naive 
Bayes, ZeroR, JRip, Random Forest, SMO, and Hoeffding 

Tree were adapted as a classifier for the rumor detection 
problem. The machine learning algorithms used during the 
experiments were compared in terms of precision, recall, F-
measure, accuracy, ROC area and PRC area evaluation 
metrics. 

When the experiments were examined, Random Forest 
and SMO classification algorithms generally gave higher 
accuracy than other classification algorithms. In terms of 
precision metric; Random Forest, SMO, and Naive Bayes 
classification algorithms had higher values in terms of all 
metrics than other classification algorithms. When all tests 
were examined in general, it was found that ZeroR was the 
classification algorithm with the lowest accuracy rate. 

All of these classification algorithms are run with default 
parameters. Parameter analysis can be used to determine the 
most appropriate parameters of the classification algorithms 
for the rumor detection problem. Meta-heuristic 
optimization techniques can be applied to achieve higher 
rates for all metrics. 
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Abstract— The social media has become one of the most 
widely used communication tools for people to share their 
opinions with others. The irony, with a simple definition, is the 
creative use of language, and it has recently attracted the 
attention of computer scientists. There is a vast amount of raw 
data, collected from social media resources, containing ironical 
statements. It is very difficult to analyze the rapidly growing 
data manually. Additionally, the character size limitations and 
typographical errors of online social media tools make the 
traditional methods of classification insufficient for detection 
task. In this study, the detection of irony in online social media 
is modeled as a classification problem, and the success of 
supervised machine learning methods in real data is assessed. 
Bayesian Network (BayesNet), OneR, Stochastic Gradient 
Descent (SGD), Logistic Model Tree (LMT), Multi-Layer 
Perceptron (MLP), Radial Basis Function Networks (RBF), 
Voted Perceptron, IBk, Randomizable Filtered Classifier 
(RFC), Isolation Forest, Fuzzy Lattice Reasoning (FLR), and 
Bagging algorithms are applied for the first time on irony 
detection problem and a comprehensive evaluation is provided. 

Keywords—irony detection, machine learning, social network 
analysis  

I.    INTRODUCTION 

People mostly use social media platforms, microblogs, and 
e-commerce sites to share their opinions and feelings on 
diverse amount of topics. Nowadays, trade, entertainment, 
communication, education, work, and many other fields are 
connected through social which have emerged as an exciting 
and popular field of research. The social media data is 
interesting because it also contains information on social 
relations. Social network analysis, which contains problems 
such as analyzing the data and revealing relationships between 
them, becomes an active research area [1]. 

Türk Dil Kurumu (Turkish Language Association, 
General Turkish Dictionary) defines irony as “mocking a 
person or situation by looking at the opposite meaning of what 
is told”. Irony transforms the polarity of expression into its 
opposite direction. Although there are various definitions of 
irony, almost all of them agree on a common definition as 
“opposition between the seen (or heard) and actual reality (or 
meaning).” Besides, there are Socratic, dramatic, cosmic, and 
romantic types of irony. While these types create a distinction, 
it is common that the irony always includes a critical attitude, 
an intellectual dimension. Furthermore, irony is implicitly, 
indirect, allusive, and sarcastic. Lapp states that irony is an 
essential type of oral communication methodology since 
ancient times, and he specifies the purpose of irony usage as 
[2]: 

• To mean the opposite of what you want to say, 

• To mean something different from what someone 
thinks, 

• Seem to be praising something wrong, 

• Creating a ridiculous situation and having fun with it. 
The semantics of an ironic discourse may differ depending 

on whether the narration is verbal or written. For example, in 
verbal irony, we pay attention to the facial expression and to 
the tone of voice to determine the intention of the speaker. In 
a written ironic statement, as there are no facial expressions 
and tones of voice, the text reveals different problems in 
understanding the actual meaning [3]. For documents, the 
author's intention about the subject, the attitude, and the 
political and social conditions become effective instead of 
visual signs to extract the meaning of the document. 

Irony detection is one of the new topics of interest for 
social network researchers. There are already several studies 
in this research area. It is important to note that ironies mislead 
the emotion analysis algorithms because they are opposed to 
the structural and semantic polarity. Therefore, to increase the 
success rate in emotion analysis classification studies, the 
irony in the text must be determined [4]. In this case, the 
problem of emotion analysis or idea mining becomes 
complex, as shown in Fig. 1, and further, it requires the 
solution of the problem of irony. 

  
Fig. 1. Combining irony detection with sentiment analysis. 

Irony can be realized by telling the contrary to apparent 
facts without any signs. The detection of irony has recently 
attracted the attention of computer scientists. In oral discourse, 
irony can be understood by emphasizing certain words in the 
sentence. It can be easily identified if someone is making irony 
while talking as it is stated before. However, the automatic 
detection of irony in written discourse is not easy. Some 
specific traces are explored to see if the sentence contains 
irony or not. The author does not need to include any hints or 
traces of irony in the text. The subject of this study is the 
determination of irony in written expressions collected from 
online social media.  

Some clues have been searched in the literature for 
determining the irony in the text. Some of these clues vary 
from language to language, and the rest can be evaluated as 
similar. For this reason, the language to be studied should be 
examined well, and irony patterns should be extracted first. 
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There are several studies that have been carried out to extract 
different features, including language-specific irony. This 
study follows the philosophy of finding better results in terms 
of different metrics so that irony detection was modeled as a 
classification problem, and the success of different machine 
learning algorithms was examined.  

The remainder of this paper is organized as follows. 
Section 2 briefly reviews the related work on Irony Detection 
problem. In Section 3, we present the details of the 
methodology. Section 4 presents the results of the 
experimental studies, and finally, conclusions are given in 
Section 5. 

II.    RELATED WORKS 

One of the online social network problems is the Irony 
Detection problem. Irony and sarcasm are treated similarly in 
most of the studies. Pozzi et al. stated that the primary purpose 
of the detection of irony was to distinguish between ironic and 
non-ironic texts [5]. The irony is a common phenomenon in 
philosophy and linguistics, and it has been described in 
various ways in the literature. Different theories on linguistics, 
psychology, and philosophy have been proposed. None of 
these theories alone has played a dominant role in 
interdisciplinary academic research on irony. The irony is 
defined as negativity that does not contain any negative 
markers (most of the words that contain irony are positive, and 
speakers who do irony use an indirect negation). According to 
traditional approaches, an irony is a form of speech that 
conveys the opposite of what is told. For example, a speaker 
who says, "What a beautiful party!" actually means "What a 
terrible party" [6]. 

Due to the complexity of the language, the use of irony in 
written texts and verbal statements has become an everyday 
use. From a business perspective, when opinions and 
comments are full of irony and cynicism, the determination of 
irony becomes crucial in an understanding context such as 
product reviews, film popularity, social opinions. 
Furthermore, businesses may face the risk of distributing the 
context to the false categories. The irony, as a special form of 
communication in which the implicit meaning differs from the 
obvious, cannot be effectively detected by using traditional 
data mining algorithms alone [6]. 

Reyes et al. explained the importance of temporal 
imbalance, contextual imbalance, and emotional polarity 
features for the determination of irony in the text [7]. 
According to this study, the irony detection problem becomes 
more and more important as social network is becoming more 
widespread. In their research, they identified several textual 
features to recognize the irony at a linguistic level, especially 
in short texts created via tweets. Their experiments were 
conducted on four data sets that were freely received and 
generated from Twitter using content words (e.g. “Toyota”) 
and user-generated tags (e.g. “#ironi”). A new irony detection 
model, which is evaluated in two dimensions as representation 
power and conformity, has been constructed. The preliminary 
results were positive, and the study provided valuable 
information on figurative issues related to processes such as 
emotion analysis, decision-making, and assessment of online 
reputation. 

Vanin et al. realized an irony classification on Twitter for 
the Portuguese language [8]. In this study, smiley expressions, 
emojis, exact expressions (“only”, “good”…), punctuation 
marks, adjectives, markers, adverbs, and some patterns are 

used. As a result of the classification, emoji, smiley 
expressions, quotes, and exclamation marks were the most 
revealing patterns of irony. In another study, Buschmeier et al. 
researched the irony in the Amazon interpretations [9]. In this 
study, emotional polarity imbalance, exaggeration, quotation 
mark, punctuation mark patterns, some exclamations, emojis 
and similar irony markers are investigated as they can be used 
to emphasize irony. Buschmeier et al. concluded the 
importance of emotional polarity attribute [9]. 

In another study [10], a new language-driven set of 
features is proposed to detect irony in the Twitter. These 
features are extracted from structures such as frequency, 
written/verbal differences, emotions, uncertainty, intensity, 
and synonymy. Many of these features are designed to model 
an essential irony feature called “unexpectable.” Controlled 
experiments were conducted on the current set of tweets with 
and without irony by using classifiers trained with word bag 
characteristics and irony-specific features. It was determined 
that the model performed better than the word bag approach 
for that context. It has also been shown that the model 
achieves the latest technological performance [10].  

When the studies are examined, the irony detection 
classification depends on the text features is summarized in 
Fig. 2. 

III.    THE METHODOLOGY 

The full irony dataset was constructed by searching 
Twitter for the hashtags #irony, #not, and #sarcasm. All tweets 
were collected between 01/12/2014 and 04/01/2015 and 
represent 2,676 unique users [11]. The dataset used in this 
study consists of 734 ironic and 808 non-ironic tweets that 
were manually labeled using a fine-grained annotation scheme 
for irony [12].  

The irony detection system used in this study consists of a 
combination of natural language processing and machine 
learning algorithms, and its model is depicted in Fig. 3. After 
obtaining the related data set, the problem was studied as a 
text classification problem, and the necessary preprocessing 
steps of the data were performed. These preprocessing steps 
are; identifying individual words, term normalization, 
eliminating unnecessary words, deleting words of a certain 
number of characters, and finding roots. After the feature 
extraction steps, including the term frequency weighting and 
document term matrix creation steps, the relevant machine 
learning algorithms models were constructed. The irony 
detection system was modeled as a classification problem, and 
unlabeled social media data was given as an input to the 
model. The results of the machine learning algorithms were 
compared in terms of evaluation metrics.  

In this study, supervised machine learning models such as 
Bayesian Network (BayesNet), OneR,  Stochastic Gradient 
Descent (SGD),  Logistic Model Tree (LMT),  Multi-Layer 
Perceptron (MLP), Radial Basis Function Networks (RBF), 
Voted Perceptron, IBk, Randomizable Filtered Classifier 
(RFC), Isolation Forest, Fuzzy Lattice Reasoning (FLR), and 
Bagging are used in the irony detection classification model. 
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Fig. 2. The classification of irony detection based on used text features 

Bayes theorem based BayesNet [13] is a probabilistic 
graphical model used to represent conditional dependencies 
between multiple sets of variables. It implements learning in 
two stages. First, it learns a network structure, then learns the 
probability tables. OneR (One Rule) is a fast and 
straightforward algorithm proposed by Holt [14]. In this 
method, simple rules based on a single attribute are generated. 
The algorithm chooses one rule which has the minimum error 

rate for prediction. SGD classifier implements stochastic 
gradient descent for learning various linear models and uses 
randomly selected samples to evaluate the gradients [15]. 

LMT combines decision tree learning and logistic 
regression to obtain a single tree. It builds 'logistic model 
trees,' which are classification trees with logistic regression 
functions at the leaves [16]. MLP is a supervised learning 
method that uses backpropagation to learn a multi-layer 
perceptron. The network can be built by hand or set up using 
a simple heuristic [17]. RBF uses the k-means clustering 
method to provide the basis functions and learns either a 
logistic regression or linear regression [18]. Voted Perceptron 
is proposed by Freund and Schapire and combines Warmuth's 
leave-one-out method and Rosenblatt's perceptron algorithm 
with Helmbold. It globally replaces all missing values and 
transforms nominal attributes into binary ones [19].  

The IBk algorithm is inspired by the nearest neighbor 
algorithm (kNN). It selects an appropriate value of k based on 
cross-validation [20]. RFC is a simple variant of the 
FilteredClassifier that instantiates the model with a 
randomizable filter, more specifically, RandomProjection, 
and IBk as the base classifier [21]. Isolation Forest [22] is a 
model-based algorithm that explicitly isolates anomalies 
instead of profiles normal points. FLR classifier uses the 
notion of Fuzzy Lattices for creating a Reasoning 
Environment [23]. Breiman proposed the Bagging algorithm 
in 1994. It is a method of retraining the basic learner by 
deriving new sets of training from an existing training set. 
During training, substituting sampling is performed [24].  
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Fig. 3. Irony detection in social media 

IV.    EXPERIMENTAL RESULTS

In this study, commonly used evaluation metrics were 
used to test supervised machine learning algorithms. These 
metrics are accuracy, precision, recall, and F-measure. In 
the first experiment, the whole data set is used as training, 
and the results obtained from the algorithms are shown in 

Table 1. Values in this table are given as weighted average 
depending on classes. Table 1 shows that when the whole 
data set is used as training data, the best result in terms of 
all evaluation criteria is obtained by the IBk and RFC 
algorithm. FLC and Isolation Forest produced the worst 
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results. The comparative graph of the results is shown in 
Fig. 4.  

TABLE I.  RESULTS OF EXPERIMENT1 
 

Classification 
Algorithms 

Evaluation Metrics 

Accuracy Precision Recall F-measure
BayesNet 0,669 0,670 0,669 0,669 

OneR 0,674 0,674 0,674 0,674 

SGD 0,674 0,674 0,674 0,674 

LMT 0,678 0,678 0,678 0,677 

MLP 0,670 0,680 0,680 0,678 

RBF 0,665 0,665 0,665 0,665 

VotedPerceptron 0,678 0,678 0,678 0,677 

IBk 0,683 0,683 0,683 0,682 

RFC 0,623 0,683 0,683 0,682 

IsolationForest 0,447 0,449 0,447 0,429 

FLR 0,476 - 0,476 - 

Bagging 0,674 0,674 0,674 0,674 

 

 
Fig. 4. The results obtained from the algorithms when all of data set is 

used as training. 

In the second experiment, the data set was randomly 
allocated as 70% training, and the remaining 30% as test 
data. The results obtained from the algorithms are shown in 
Table 2. RBF method produced the best results according to 
accuracy. The best result in all other metrics was generated 
by the Voted Perceptron. The comparative graph of the 
results obtained for this experiment is shown in Fig. 5. 
Similar to the first experiment, FLC and Isolation Forest 
methods produced the worst results. 

In the third experiment, cross-validation was applied. 
The results from the 10-fold cross-validation are 
demonstrated in Table 3. It is seen from the table that the 
best result is obtained from the Voted Perceptron. The 
comparative graph of the results obtained from the 
supervised machine learning algorithms for the 10-fold 
cross-validation is shown in Fig. 6. In this experiment, FLC 
and Isolation Forest were the lowest-performing methods in 
all metrics.  

 

 

TABLE II.  RESULTS OF EXPERIMENT II 

Classification 
Algorithms 

Evaluation Metrics 

Accuracy Precision Recall F-measure
BayesNet 0,661 0,661       0,661    0,658 

OneR 0,661 0,661 0,661 0,661 

SGD 0,661 0,661 0,661 0,661 

LMT 0,663 0,663 0,663 0,663 

MLP 0,657 0,658 0,657 0,652 

RBF 0,667 0,667 0,667 0,666 

VotedPerceptron 0,664 0,669 0,670 0,668 

IBk 0,650 0,651 0,650 0,647 

RFC 0,648 0,649 0,648 0,644 

IsolationForest 0,445 0,449 0,445 0,429 

FLR 0,542 0,567 0,542 0,439 

Bagging 0,660 0,662 0,661 0,657 

 

 

Fig. 5. Results obtained from algorithms when the 70% of the data is 
used as test data. 

TABLE III.  RESULTS OF EXPERIMENT III 

Classification 
Algorithms 

Evaluation Metrics 

Accuracy Precision Recall F-measure
BayesNet 0,669 0,670 0,669 0,669 

OneR 0,674 0,674 0,674 0,674 

SGD 0,674 0,674 0,674 0,674 

LMT 0,671 0,671 0,671 0,671 

MLP 0,671 0,671 0,671 0,671 

RBF 0,660 0,660 0,660 0,660 

VotedPerceptron 0,676 0,676 0,676 0,676 

IBk 0,668 0,668 0,668 0,667 

RFC 0,669 0,668 0,669 0,667 

IsolationForest 0,446 0,448 0,446 0,428 

FLR 0,504 0,506 0,505 0,505 

Bagging 0,672 0,672 0,672 0,672 
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Fig. 6. Experimental results with 10-fold cross-validation 

V.    CONCLUSIONS 

In this study, the problem of detecting irony in online 
social networks is considered as a classification problem. 
For this purpose, preprocessing was performed by using 
natural language processing methods on real data. 
Subsequently, the supervised machine learning algorithms 
Bayesian Network (BayesNet), OneR, Stochastic Gradient 
Descent (SGD), Logistic Model Tree (LMT), Multi-Layer 
Perceptron (MLP), Radial Basis Function Networks (RBF), 
Voted Perceptron, IBk, Randomizable Filtered Classifier 
(RFC), Isolation Forest, Fuzzy Lattice Reasoning (FLR), 
and Bagging are used for detecting irony from the 
transformed tagged data. The algorithms were compared in 
terms of Accuracy, Precision, Recall, and F-measure 
metrics. In the experiments, which are conducted using 
three different test data determination methods, Voted 
Perceptron, IBk, and RFC algorithms produced the best 
results according to all evaluation criteria. When the whole 
data set was used as training data, the best results were 
obtained with IBk and RFC algorithms. The Voted 
Perceptron yielded the best result for evaluation metrics 
except for Accuracy when 70% of the data set was allocated 
as training and the remaining as the test. When 10-fold 
cross-validation was used, it was found that the best result 
for all metrics was obtained from the Voted Perceptron. 

These algorithms are run with their default parameters. 
Hyperparameter analysis could be realized to determine the 
most appropriate parameters of the algorithms for this kind 
of problem. For future work, hybrid methods are planned to 
be proposed by integrating artificial intelligence 
optimization algorithms to these methods. 
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Özet—Bu çalışmada Türkçe e-postalar için makine öğrenmesi 
teknikleri ile sınıflandırma uygulaması geliştirilerek spam olan 
Türkçe e-postaların tespit edilmesi hedeflenmiştir. TurkishEmail 
veri setinden alınan e-postalar eğitim ve test verisi olarak 
kullanılmıştır. Doc2Vec kütüphanesine ait algoritmalar 
kullanılarak e-postalar sayısallaştırılmış, sonrasında özellik 
çıkarımı yapılmıştır. Bu özellikler üzerinden test verileri çeşitli 
sınıflandırma algoritmaları ile sınıflandırılarak analiz edilmiş ve 
sonuçlar tartışılmıştır.  

Anahtar Sözcükler—Makine öğrenmesi, Doğal dil işleme, Metin 
sınıflandırma, Spam filtreleme, E-posta sınıflandırma, Doc2Vec. 

 

Abstract— In this study, it was aimed to determine the Turkish 
e-mails which are spam by developing the application with 
machine learning techniques for Turkish e-mails. E-mails 
received from the TurkishEmail data set were used as training 
and test data. Numerical representation of the e-mails was 
obtained by using the algorithms of Doc2Vec library and then the 
feature was extracted. Test data were analyzed by various 
classification algorithms and the results were discussed.  

Keywords—Machine learning, Natural language processing, 
Text classification, Spam filtering, E-mail classification, Doc2Vec. 

I. GİRİŞ  

İş süreçlerinin git gide daha çok dijitalleştiği günümüz 
dünyasında haberleşmenin en önemli teknolojilerinden birisi 
elektronik posta(e-posta)’lardır.  E-postaların genel yapısına 
bakıldığında verilerin binary kodlara dönüştürüldüğü ASCII 
metin formatında bilgiler içermektedir. Ayrıca, bir e-posta 
içerisine düz metine ek olarak, resim, medya, çalıştırılabilir 
dosyalar ve internet adresleri ilişkilendirilebilir. Bu kapsam ne 
kadar artarsa e-postanın işlenmesi ve güvenliği de o kadar risk 
oluşturmuş olur. 

Spam filtreleme işlemi genel anlamda istenmeyen e-
postaların (promosyon, reklam, spam, oltalama vb.) gelen ve 
giden yönde belirlenen kriterlere bağlı kalarak ayıklanmasıdır. 
Özellikle kurumsal e-posta servisi veren işletmelerde bu türden 

e-postaların zaman, para ve işgücü kayıpları oluşturması 
nedeniyle daha bir önem kazanmaktadır. 

İstenmeyen e-postalarla başa çıkmanın temel adımı, 
sunucuya erişirken ve sunucudan çıkarken e-postanın bir filtre 
ile süzülmesidir. Bu aşamada daha önceki e-posta adresinin 
güvenirliği, karantina listesi, uluslararası e-posta siyah-gri-
beyaz listelerinin kontrolü ve öğrenen algoritmalarla 
oluşturulmuş bazı filtrelerin sisteme dâhil edilmesiyle 
gerçekleştirilebilir.Bir e-posta kullanıcısının özellikle gelen e-
postalara güvenip onu açması için bazı kriterleri sağlaması 
yeterli gibi görülmektedir. Bu kriterler arasında 

• Gelen e-posta adresinin bilinen ve güvenilir bir 
kaynağa ait olması, 

• Daha önce kararlaştırılmış bir kullanıcıdan beklediği 
ve güvendiği bir bilgiyi içermesi, 

• Daha önce aynı kişi ya da kurumdan benzer e-postalar 
alması, 

• Risk içermediğini düşünmesi 
bulunmaktadır. Kullanıcı bu kriterlerden birinin veya 
birkaçının sağlanması durumunda e-postayı açar ve içeriğini 
incelemeye başlar. Bu sırada gereksiz olup olmadığına ve 
zararlı içerik olup olmadığına tecrübe ile karar vermiş olur. 
Ancak bu tecrübe pahalıya mal olabilir. Çünkü e-postanın 
gelmesi sırasında sunucuda gereksiz bir trafik oluşur, 
kullanıcının zamanını alır ve daha sonrasında oluşabilecek 
risklere karşı savunmasız bırakmış olur. Bu türden oluşabilecek 
olumsuz durumlara karşı mutlaka bir filtreleme kullanılması 
gerekir. 

Bu çalışmada, Türkçe e-postalar üzerinde Doc2Vec 
kütüphanesi kullanılarak spam analizi yapılmıştır. 

Çalışmanın 2. bölümünde alanda yapılmış ilgili 
araştırmalar, 3. bölümünde veri setinin düzenlenmesi ve 
işlenmesi, 4. bölümünde yöntem hakkında ayrıntılı bilgi, 
ardından 5. bölümünde bulgular ve son olarak sonuçlar kısmı 
yer almaktadır.  

II. İLGİLİ ÇALIŞMALAR 

Literatürde e-posta analizi içeren birçok çalışma mevcuttur. 
Özgür vd. [1]’deki çalışmalarında, yapay sinir ağları (Artificial 
Neural Network- ANN) kullanarak çeşitli e-posta adreslerinden 
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topladıkları e-postalar üzerinde sondan eklemeli diller için 
spam filtresi geliştirmişlerdir. Karamollaoğlu vd. [2]’deki 
yaptıkları çalışmada TurkishEmail veri setini kullanarak 
Türkçe e-postalar için Naive Bayes (NB) ve Vektör Uzay 
Modeli ile spam filtresi geliştirmiş ve bu iki yöntemin 
performans sonuçlarını karşılaştırmışlardır. Yapılan çalışmada 
Naive Bayes  sınıflayıcısının Vektör Uzay Modeline göre daha 
başarılı sonuçlar verdiğini tespit etmişlerdir. Rathod vd. [3]’de 
Gmail’den topladıkları 4600 e-posta üzerinde geliştirdikleri 
spam filtresi ile NB sınıflandırıcılar ile spam analizi 
yapmışlardır. Eryiğit vd. yaptıkları çalışmada [4] LINGSPAM 
veri seti üzerinde üç farklı metodu karşılaştırarak e-postaları 
sınıflandırmışlardır. Destek Vektör Makineleri (Support Vector 
Machines- SVM), hafıza tabanlı öğrenme (Memory Based 
Learning- MBL) ve NB tekniklerinin karşılaştırıldığı çalışmada 
maliyetler de göz önüne alındığında en iyi sonucun SVM 
tarafından sağlandığını belirtmişlerdir. Qi vd. [5]’deki 
çalışmada e-postaların semantik yapılarını da inceleyerek SVM 
ve NB ile spam analizi gerçekleştirmiştir. Zhan vd. [6]’daki 
yapmış olduğu çalışmada hibrit bir spam filtresi tasarlamış ve 
gerçekleştirdiği testler sonucu hibrit filtrenin daha başarılı 
sonuçlar verdiğini belirtmiştir. 

Literatür incelendiğinde Doc2Vec ile Türkçe veri setleri 
üzerinde gerçekleştirilen çalışmaların duygu analizi ve 
sınıflandırma üzerine yapıldığı görülmüştür. [7]’deki çalışmada 
Doc2Vec ile Türkçe ve İngilizce Twitter verileri üzerinde 
Doc2Vec kullanılarak duygu analizi gerçekleştirilmiştir. 
[8]’deki çalışmada ise Doc2Vec ile Türkçe metinler için 
sınıflandırma uygulaması gerçekleştirilmiştir. [9]’daki 
çalışmada yine metin sınıflandırma gerçekleştirilmiş ve 
Doc2Vec ile diğer algoritmaların performansı 
karşılaştırılmıştır.   

 

III. VERİ SETİNİN DÜZENLENMESİ 

Bu çalışmada veri seti olarak TurkishEmail [10] veri seti 
kullanılmıştır. Tablo 1’de gösterildiği gibi veri seti 400 adet 
normal e-posta ve 399 adet spam e-posta olmak üzere 799 adet 
e-posta içermektedir.  

TABLO I.    TURKISHEMAIL VERI SETI 

Normal E-Posta Spam E-Posta 
400 399 

 
Veri seti üzerinde model oluşturmadan önce veriler 

işlenmeye uygun hale getirilmiştir. Veri setindeki e-postalar 
gönderici, alıcı ve e-posta içeriğinden oluşmaktadır. İlk olarak 
gönderici ve alıcı bilgileri e-postalardan temizlenmiştir. 
Ardından ayrı ayrı dosyalarda bulunan e-postalar tek bir 
dosyada birleştirilmiştir. Ardından her bir e-postaya ait olan 
etiket e-postanın sonuna eklenmiştir. Normal e-postalar için 
‘+0’ etiket değeri eklenirken spam e-postalar için ‘+1’ etiketi 
eklenmiştir. Ayrıca e-posta içerisindeki tüm noktalama 
işaretleri ve rakamlar kaldırılmıştır. 

Veri seti incelendiğinde birçok yazım yanlışı olduğu 
gözlemlenmiştir. Bu durumun spam analizi başarısını olumsuz 
etkileyeceğinden dolayı yazım yanlışları giderilmiştir. Bu 
aşamada Zemberek-NLP [11] doğal dil işleme 

kütüphanesinden faydalanılmıştır. Veri setindeki tüm kelimeler 
kontrol edilerek yazım yanlışı olup olmadığı tespit edilmiştir. 
Hatalı yazılan kelimeler zemberek kütüphanesinin önerdiği 
şekilde düzeltilmiştir. Yazım hataları giderildikten sonra 
kelimeler yine zemberek kütüphanesinden faydalanılarak kök 
haline getirilmiştir. Kök haline getirilen kelimelerden anlama 
etki etmeyen kelimeler tespit edilerek e-posta içeriğinden 
çıkarılmıştır.  

Yapılan düzenlemelerin ardından veri setindeki her bir e-
posta şu alanları içermektedir: 

• id- Her bir e-posta için tanımlı tekil bir değeri temsil 
eder. 

• mail- E-postanın içeriğini temsil eder. 
• label- E-postanın etiketini temsil eder. Normal e-

postalar için 0, spam e-postalar için 1 değerini alır.  
Şekil 1’de veri setindeki bütün e-postaların geçmiş olduğu 

ön işlem adımları gösterilmiştir.  
 

E-posta etiketinin 
eklenmesi

Noktalama işaretlerinin 
kaldırılmas ı

Yazım hatalarının 
düzeltilmesi

Kelime köklerinin 
bulunması

Etkisiz kelimelerin 
temizlenmesi

 
Şekil 1. Veri Ön İşleme Adımları 

Veri seti ön işlemden geçirildikten sonra %80’i eğitim verisi 
olarak ayrılmıştır. Geri kalan veriler ise test esnasında 
kullanılmak için ayrılmıştır.  

IV. DOC2VEC  

Word2Vec, büyük veri setlerindeki kelimelerin vektör 
gösterimini hesaplamak için geliştirilmiştir [12]. Bu sayede 
kelimeler vektöre dönüştürülerek aralarında benzerlik 
kurulabilmektedir. Word2Vec, kelimeleri vektörize edebilmek 
için Continues Bag of Words (CBoW) ve Skip-Gram (SG) 
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algoritmalarını kullanır. Şekil 2’de bu algoritmalar 
gösterilmiştir. 

 
Şekil 2. Word2Vec Algoritmaları [7] 

Değişken boydaki metin parçaları içerisindeki cümle ve 
belgelerin vektörel gösterimini gerçekleştirebilmek için 
Doc2Vec geliştirilmiştir [13]. Doc2Vec yine Word2Vec gibi 
iki farklı algoritma içermektedir. Bu algoritmalar sırası ile 
Distributed Bag of Word (DBoW) ve Distributed Memory 
(DM) olarak adlandırılır. Word2vec’deki CBoW algoritması 
Doc2Vec için DBoW olarak, SG algoritması ise DM olarak 
güncellenmiştir. Şekil 3’de gösterildiği gibi Doc2Vec için 
düzenlenen algoritmalar incelendiğinde, Doc2Vec için 
Word2Vec algoritmalarına ek olarak ‘Document ID’ 
eklenmiştir.  

Doc2Vec algoritmaları kullanılarak birçok uygulama 
geliştirilmiştir. Bu uygulamalara örnek olarak yazar profili 
analizi [14], duygu analizi [16] ve metin sınıflandırma [16] 
gösterilebilir. 

 
Şekil 3. Doc2Vec Algoritmaları [7] 

Çalışmanın bu kısmında ön işlemden geçen veriler, 
Doc2Vec algoritmaları ile modellenmiştir. İlk olarak DBoW 
modeli ve DM modeli geliştirilmiştir. Ardından bu iki model 
birlikte kullanılarak DBoW+DM modeli önerilmiştir. Tüm veri 
ön işleme ve modelleme aşamaları Python dilinde yazılan 
program ile gerçekleştirilmiştir.  

V. TEST VERİLERİNİN SINIFLANDIRILMASI VE SPAM ANALİZİ 

Doc2Vec ile oluşturulan farklı modeller üzerinden test 
verileri farklı öğrenme algoritmaları ile sınıflandırılmıştır. 
Sınıflandırma işlemi yine Python dilinde gerçekleştirilmiştir. 
Şekil 3’de spam analizi için tasarlanan algoritmanın akış 
şeması gösterilmiştir.  

E-posta içeriğinin 
temizlenmesi

Doc2Vev ile özellik çıkarımı

Sınıflandırma

Spam analizi
 

Şekil 4. Spam Analizi Akış Şeması 

 

Doc2Vec ile oluşturulan DBoW, DM ve DBoW+DM 
modelleri test verileri üzerinde 6 farklı algoritma ile test 
edilmiştir.  

 

TABLO II.    TEST SONUÇLARI  

Algoritma Model Başarım oranı (%) 
Logistic Regression DBoW 64.375 

DM 69.37 
DBoW+DM 73.12 

Naive Bayes DBoW 59.37 
DM 78.12 

DBoW+DM 78.12 
Decision Tree DBoW 59.37 

DM 61.25 
DBoW+DM 59.37 

Random Forest DBoW 65.00 
DM 68.75 

DBoW+DM 60.62 
SVM DBoW 68.75 

DM 78.12 
DBoW+DM 78.75 

K-NN DBoW 63.12 
DM 77.50 

DBoW+DM 78.12 

 
 
Tablo 2’de Doc2Vec algoritmaları ile elde edilen modellere 

ait sonuçlar gösterilmiştir. DBoW modeli ile gerçekleştirilen 
testlerde başarı oranının daha düşük olduğu tespit edilmiştir. 
DM algoritmasının DBoW’a göre daha başarılı olduğu 
görülmüştür. Deneyler sırasında en başarılı spam tespiti ise bu 
iki modelin beraber kullanımı ile elde edilen DBoW+DM 
modellinde olmuştur. Modeller üzerinde en başarılı olan 
algoritma ise SVM olmuştur.  
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VI. SONUÇ 

Yapılan bu çalışmada Türkçe e-posta veri seti kullanılarak 
Doc2Vec kütüphanesi ile üç farklı model oluşturulmuştur. Bu 
üç modelden faydalanılarak mevcut algoritmalar ile 
sınıflandırma başarımları gözlemlenmiştir. Tablo 2’deki 
sonuçlar incelendiğinde, DBoW ve DM modellerinin beraber 
kullanıldığında genel olarak daha başarılı sonuçlar verdiği 
görülmüştür. En başarılı sonuç, olarak DBoW+DM modeli 
üzerinde uygulanan SVM algoritması ile %78.75 olarak elde 
edilmiştir. 

İlerideki çalışmalarda ilk olarak mevcut veri setinin 
geliştirilmesi hedeflenmektedir. Farklı e-posta adreslerinden 
elde edilecek spam ve normal e-postalar, Türkçe e-posta veri 
setinin büyümesine ve diğer çalışmaların gelişimine katkı 
sağlayacaktır. 
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Abstract—Autonomous technologies have been rapidly 
replacing the traditional manual intervention nearly in every 
aspect of our life. These technologies essentially require robots 
to carry out their automated processes. Nowadays, with the 
emergence of industry 4.0, robots are increasingly being 
remote-controlled via client-server connection, which creates 
uncommon vulnerabilities that allow attackers to target those 
robots. The development of an open source operational 
environment for robots, known as Robot Operating System 
(ROS) has come as a response to these demands. Security and 
privacy are crucial for the use of ROS as the chance of a 
compromise may lead to devastating ramifications. In this 
paper, an overview of ROS and the attacks targeting it are 
detailed and discussed. Followed by a review of the ROS 
security and digital investigation studies.  

Keywords—Cyber-security, digital forensics, robot operating 
system, vulnerabilities 

I. INTRODUCTION  

The past few decades have witnessed major 
breakthroughs in scientific developments. These 
breakthroughs have rapidly increased automated initiatives in 
many fields. Among the very popular automated applications 
is the robotics industry. The reason behind such popularity is 
mainly motivated by the transformation towards industry 4.0. 
The robotic industry has not only increased production 
efficiency but also inspired their adaptation in many practical 
and scientific realms. Nevertheless, this is achieved at the 
cost of accepting certain vulnerabilities that robotic systems 
exhibit. Even though robots can be human-operated, it is 
quite often to find fully automated robots, where 
computerized processes control them. Like other 
computerized systems, robots have their own operating 
systems, which are commonly referred to by Robot 
Operating System (ROS). However, unlike computing 
systems, ROS was originally produced as a response to the 
high demand for a faster processing industry, which made 
their security a secondary concern [1, 2]. 

Recently, many industrial applications have put their 
target to achieve seamless connectivity, especially with 
networks such as the internet, or more specifically Internet-
of-Things networks. In this regard, ROS can properly use the 
deployed communication protocols, which are essentially 
insecure over these networks. Therefore, ROS may suffer 
from the same cyber-attacks, if not worse, which other 
computing systems face. In such a case, different types of 
attack can be applied by exploiting possible communication 
vulnerabilities. The consequences here may range from basic 
malfunction to serious harmful operational processes made 
by the robot. For large industries, any successful compromise 
may lead to catastrophic results. This concern should be 
seriously tackled, as the idea here is not only to tackle 
availability, confidentiality and integrity issue, but also the 
sanity of the robots and their own operating systems [3].  

Apart from the common traditional security measures, 
ROS may have a further step that enhances its own security, 
namely the forensic investigation. The aim of digital 
investigation here is extracting, preserving and documenting 
digital evidence from a computer crime scene. This 
procedure is usually carried out by forensically tracing 
digital trails on any memory parts of a computing system. 
Digital forensics has been widely adopted by many 
specialists as a way for combating cyber and computer 
crimes [4, 5]. Thus, applying ROS digital investigation and 
forensics is a useful and plausible procedure. Nevertheless, 
in order to conduct a valid ROS forensics, both robotic 
systems’ orientation and digital forensics principles have to 
be well addressed and understood.  

The organization of this paper flows as follows: Section I 
provided a brief introduction on robots, their relevant 
operating systems and the need for a digital forensics 
procedure to improve their security. Sections II presents the 
background of ROS and its possible vulnerabilities, and it 
discusses available tools to inspect these vulnerabilities. 
Section III discusses the available research attempts on ROS 
forensics and it presents their pros and cons. Finally, Section 
IV provides the concluded remarks and recommendations for 
further research directions. 

II. ROBOT OPERATING SYSTEM 

ROS is a specially designed software aimed to operate 
autonomous cyber-related systems. Unlike known operating 
systems, which operate on their own, ROS is composed of 
various libraries and tools enable the software to be installed 
on popular operating systems such as Linux and Windows. 
Historically, ROS started in 2007; however, currently, ROS 
is officially deployed in both academic and industry. In 
addition, recently, the concept of Cyber-Physical System 
(CPS) has been rapidly deployed using ROS, which allows 
the inclusion of very flexible components, such as human 
robots and mechanical arms [6]. 

The initial matured version of ROS, released as alpha 
code 3Q2015 and known as ROS 2, was introduced in 2014. 
Yet, this version was found inadequate in terms of security 
measures. As a response, a successor version, ROS 2, was 
developed with some improved features to enhance its both 
deployability and security. The used standard in ROS 2 is 
called Data Distributed Services (DDS), which is in a 
continuous improvement process; the available ROS 2, 
releases, up-to-date, are ascendingly listed below [7]: 

1. alpha1 – alpha8: Release on August 31st, 2015. 

2. beta1: Released on December 19th, 2016. 

3. beta2: Released on July 5th, 2017. 

4. beta3: Released on September 13th, 2017. 

5. Ardent Apalone: Released on December 8th, 2017. 
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6. Bouncy Bolson: Released on July 2nd, 2018. 

7. Crystal Clemmys: December 14th, 2018. 

In the last few versions of ROS 2, security extensions 
were incorporated to the implementation of DDS to ensure in 
motion data protection; these are referred to by Real-Time 
Innovations (RTI). RTI has also its own releases; however, 
the most recent ROS 2 versions’ implementation is based on 
RTI 5.3. 

A. ROS 2 Security Features 

The recent developments of ROS 2, which incorporate a 
specialized security extension, allow in motion data 
protection. Generally, the deployed security extension uses 
hash and both asymmetric and symmetric cryptography for 
Public Key Infrastructure (PKI). This PKI is composed of 
X509 certificate-A, Registration Authority (RA), and 
Certificate Authority (CA). Thus, both authentication and 
encryption features are included with a relatively tight level. 
In addition, data transformation between ROS participants is 
done based on Real-Time Publish Subscribe Protocol 
(RTPS), which further permits a higher level of security [1, 
8].  

B. ROS 2 Vulnerabilities  

Some researchers group ROS 2 vulnerabilities into the 
following broad categories [1, 3]: 

• Application Programming Interface (API) 
misuse: including Denial of Service (DoS), 
evasion, and insertion. 

• Data manipulation/observation: including any 
sort of eavesdropping, and data alteration. 

• Data acquisition: including any sort of data or 
traffic sniffing. 

• Flow control: including issues related to buffer 
overflow as well as garbage collections. 

• Race conditions: including both DoS and side 
channel. 

• Security issues: including access control, 
authentication, authorization, and cryptography. 

• Unvalidated input: including the validation 
procedure for both scheme and parameter. 

Fig. 1. Vulnerabilities of Robots deploying ROS [6] 

 

The listed vulnerabilities can be further grouped into 
invasive, non-invasive, and semi-invasive. Once data is 
acquired by any means, the group of security vulnerabilities 
can be referred to invasive. On the other hand, any sort of 
data manipulation or observation without causing any 
physical harm to the robot is categorized under non-invasive 
security vulnerabilities. There can be some cases, where the 
application of invasive and non-invasive scenarios are 
combined; these are known as semi-invasive [9, 10]. A 
summary of these vulnerabilities and their existence relative 
to the applicable layer is given in Fig. 1 [6]. 

Apart from vulnerabilities, threats can be initiated from 
the cognitive layer, hardware, and software. Cognitive layer 
attacks are based on manipulating the sensing ability of a 
robot by contaminating or changing input parameters. This 
can potentially create erroneous decisions made by the robot. 
In addition, both evasion and poison attacks on the machine 
learning algorithms used in ROS have been reported [11, 
12]. Sometimes, software components themselves are 
exploited to attack robots. In such cases, attackers attempt to 
leverage the insertion of malicious code to the operating 
system, which ultimately allows the attacker to eavesdrop 
and/or hijack the system. Further, robots commonly deploy 
actuators and sensors in their mechanical body. These parts 
enable data collection for processing purpose. The main 
threat here is caused by the fact these mechanical parts are 
highly influenced by spoofing. Here, it is possible to spoof a 
sensor by sending an anomaly representing the right signal to 
detected [13].  

III. ROS DIGITAL INVESTIGATION AND FORENSICS WORKS 

ROS forensics is a premature area of research. Despite its 
importance, a very limited number of studies can be found in 
the literature. Yet, the studies that cover ROS security issues, 
vulnerabilities, and threats are generally more common. 
Nevertheless, it is speculated that within the next few years, 
the number of available ROS forensics research will be 
rapidly increased.   

One of the early studies on ROS security measures, 
vulnerabilities, threats and what can be obtained for its 
digital investigation is presented in the work of McClean et 
al. In their work, the authors emulated different cyber-
physical challenges generated by the use of a car-like robot. 
They applied different types of attacks and scenarios, and 
they attempted to digitally investigate and analyze them. One 
of the main results the authors came up in this work is that 
difficulty in differentiating the effect of a bug and a 
deliberate attack. In this regard, such a conclusion is very 
useful in digital forensics studies, as the concern here is 
guided to only tracking attacks, not system bugs. In addition, 
the authors recommended that the security of ROS, back 
then, had to be re-evaluated and re-established [14]. This 
recommendation was obviously taken into consideration, as 
different improved ROS versions have been released since 
then. In addition, Dieber et al provided two similar, but more 
extensive, security evaluation approach for ROS. In their 
work, they discussed the most common vulnerabilities, 
attack vectors exploiting these vulnerabilities, and methods 
to secure ROS. In addition, they also provided analysis for 
the current ROS communication scenarios and possible ways 
for improvement [1, 3].  

In 2017, Abeykoon et al. presented a forensic 
investigation of ROS. In their work, the authors detailed 
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issues needed for performing memory acquisition of ROS 
systems. They deployed three tools for achieving the 
required memory forensics, namely DD command, LiME, 
and Volatility memory framework. Their experiment was 
based on a simulated environment using a Linux virtual box. 
The authors used Kali Linux for applying elementary 
breaches and at the same time, they obtained live memory 
acquisition. Once memory images were collected by both 
DD command and Lime, the authors used Bdsum5 command 
for verifying these images. Then, a short comparison was 
made between live response and memory image analysis. It 
was noted that live response affected the operational process 
of ROS, which is not recommended. On the contrary, for the 
image forensic case, the impact was much less, promoting 
better digital evidence integrity [15]. Besides, Abeykoon and 
Feng detailed an article on acquiring the forensic image of 
ROS. The ultimate aim was to develop a ROS forensic 
framework, which assists the investigators in retrieving 
digital evidence from such systems [16].  

DeMarinis et al. provided a created approaching on 
studying ROS security. In their work, they scanned the 
whole internet space based on IPv4 addresses for all active 
instances of ROS. The main question authors addressed is 
that if ROS instances are connected to the internet, will they 
be secure? Moreover, if are insecure, can they be hacked? In 
an attempt to answer these questions, the authors had 
discovered a number of ROS instances on the public domain 
of the internet. Then, for the scientific research sake, and 
with consent, they retrieved image sensor data from a 
research group robot in a US university. The authors also 
provided detailed recommendation for improving the 
security of ROS, where they suggested the deployment of 
exposure detection, firewall, proper isolation, Virtual Private 
Network (VPN), and Rosbridge. Besides, the authors 
produced very useful quantitative results achieved by their 
scanning experiment for all possible ROS instance, spanning 
28 countries [17].    

Apparently, Vilches et al. further uttered ROS 
investigation, where they also applied volatile memory 
forensics for ROS. In this work, the authors deployed 
linux_rosnode plugin that enables volatility investigation for 
ROS. They created a complete ROS volatility project, 
considering digital evidence collection from the volatile 
memory of robots. It was also demonstrated in this work that 
using a Linux-based system, certain attacks on ROS could be 
tracked with the developed plugin. It is worth mentioning 
that the authors focused, in their study, on a specific 
component in ROS that is the cognition device. It was 
possible for the authors to collect digital evidence, which 
assisted in discovering whether or not the system had been 
tampered with [18]. Unlike the work of Abeykoon et al., this 
work is well structured and supported by clear and firm 
methodologies and outcomes.  

IV. DISCUSSION AND CONCLUSION 

With the emergence of industry 4.0, the rapid increase of 
robotic and autonomous systems has become a hot research 
area. Therefore, robots and their operational process and 
systems have become a major concern. Among the 
breakthrough in the robotic industry is the development of 
ROS, which has been very versatile and flexible for this 
purpose. The notion of having an operating system for robots 
implies that there can be a security risk, similar to other 

computing systems. The early days of the robotic industry 
did not face serious security challenges; however, recently, 
with the ubiquitous connectivity and various public domains 
deployments, the security of robotic systems is on the line. 
This implication has stimulated researches to investigate 
ROS security issues.  

Since its development in 2007, ROS has been 
progressively developing to suit up-to-date demands. Thus, 
various ROS versions have been released where a number of 
improvements were added to the newer releases. Despite the 
plethora of research activities in the field of ROS, the studies 
that consider its digital investigation filed are extremely 
limited. Up to the authors’ knowledge, the listed studies 
cover almost all aspects that have been uttered in the 
literature with respect to their matter. Nevertheless, such a 
popular system, which is open-source, widely deployed and 
critical to the industry should have more share in the 
scientific investigation. Consequently, it is thought that this 
overview will contribute to the ROS literature by serving as a 
summary of various key-points and security challenges and 
vulnerabilities. On the hand, it is hoped that this work will 
increase the awareness on the research gap and extreme lack 
of extensive ROS forensic investigation studies. 
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Abstract— Significant increases have been observed in the 
number of scientific publications in recent years. Every year 
thousands of researchers participate in academic life. 
Researchers share their studies and results with other 
researchers. This sharing is very important for academic 
progress. One of the most important platforms where 
publications reach other researchers is journals. Journals 
periodically publish articles. Some journals also publish special 
issues. These issues can be about a current topic, event or 
important person. In our study, a method for creating a special 
issue from the articles that are not published in the regular 
issues is proposed. In some cases, too many articles are sent to 
journals and these articles accumulate because all of them 
cannot be published in regular issues. The aim of this study is to 
determine the ones on similar topics and to create a special issue. 
The similarity of the articles to each other, i.e. the probability of 
being on a common topic, is found by the Doc2Vec method 
which is one of the deep learning methods. A special issue is 
created by selecting a certain number of articles with high 
similarity. The title of the special issue is determined from the 
common topic of the articles. In this way, both the authors' 
waiting time for publication of their articles is reduced and a 
special issue is created from the available articles in popular 
topic. The articles in this issue, belong to a current topic 
published by many researchers, will get more attention and be 
highly cited from other researchers. 

Keywords—deep learning, document similarity, doc2Vec, 
special issues 

I. INTRODUCTION  

With the rapid development of information technology, 
digital information volume has increased rapidly in recent 
years. Studies are carried out by many researchers in every 
field of science. The studies and their results are shared with 
other researchers through academic publications. As a result 
of the advancement in science, researchers from all over the 
world publish many research articles for the worldwide 
dissemination of scientific findings. Researchers share their 
publications on digital platforms as free or fee-based for 
exchange of information. The number of academic 
publications is increasing day by day. This is an indication of 
academic progress. Thanks to academic publications, the 
situation achieved in every field and the results obtained are 
an important source of information for other researchers. 

Every year, many articles are published in conferences 
and journals by researchers from around the world. Journals 
are one of the important forums where researchers publish 
their comprehensive work. Journals are periodical 
publications which aim to support the development of science 
by publishing new studies in academic publishing. There are 

journals in many fields such as computer science, 
engineering, economics, medicine, etc.  

Some journals publish special issues as well as regular 
issues. The printing of these issues is not always something 
that happens, and when it will happen is not in the regular 
calendar of the journal. Special issues attract more attention 
than regular issues. Because these numbers are for a specific 
topic or purpose. There are 2 reasons for publishing special 
issues. 

• Symposium/Conference Special Issues 

Journals publish a special issue by selecting the articles 
that meet the minimum quality standards of the journal 
among the articles presented at some prestigious conferences. 
This special issue is published with the name of the 
symposium/conference. 

• Topic Special Issues 

Sometimes journals may decide to publish a special issue 
on a particular topic. In such issues, only articles written on 
that subject are published. The topic special issues are 
announced to the concerned by the journals a certain time 
before publication. Submissions are evaluated taking into 
account a procedure different from the normal procedure and 
those eligible for the special issue are accepted. 

Special issues have many advantages for authors and 
journals. The main advantage of special issues for authors is 
the rapid evaluation process. While a normal journal 
evaluation process takes an average of 1 year, the evaluation 
process for special issues can be reduced to 1 month. The 
advantage of special issues for journals is that it increases the 
recognition of the journal. Through the 
symposium/conference special issues, the journals introduce 
themselves to the participants of the event and find the 
opportunity to print the best among the articles of the 
participants. The topic special issues also will attract the 
attention of people interested in the topic of the special issue. 
Thus, the effect factor can be increased by the scientists who 
are working on the topic of the issue by citing the publications 
in the journal.  

This study was carried out considering the advantages of 
special issues for authors and journals. It is aimed to create a 
special issue from articles that are sent to journals but not yet 
published in regular issues. Articles for the special issue are 
determined according to their similarities. The Doc2Vec 
method, which provides fast and effective results, is used to 
find similarities. The contributions of the study are as 
follows: 
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• Researchers study on popular topics. Therefore, the 
special issue of articles submitted will be an 
interesting topic. 

• Journals do not wait for authors to submit articles 
because a special issue is created from available 
articles. 

• For regular issues, the evaluation period is longer. In 
special issues publication of articles submitted for 
regular issues reduces the waiting time for authors to 
publish their articles. 

• Articles published in special issues will receive more 
citations as they will be more noticeable. This is more 
advantageous for both the authors and the journal. 

The rest of the paper is organized as follows. Section II 
gives related work on document similarity. Section III defines 
the proposed method and details of the study. Finally, Section 
IV includes conclusions. 

II. RELATED WORK 

One of the most important issues of text processing is 
document similarity. Document similarity is a measure of the 
relationship degree between texts. It is an interesting topic 
lately. Document similarity is used in many areas such as 
plagiarism detection, finding thesis similarities, and 
recommendation systems. 

In finding document similarity, vector representation of 
texts is generally used. Each word in the texts is the element 
of vectors. Different weighting methods can be used when 
creating vector from text. In binary weighting, it is important 
that the words are expressed as available or unavailable for 
the vector. In weighting with term frequency, the number of 
words is important. Term Frequency - Inverse Document 
Frequency (TF-IDF) method, which takes into consideration 
both the frequency of the words and the effect in the whole 
cluster, is commonly used in vector weighting. In the 
weighting method with TF-IDF, the term frequency is a 
measure of the importance of a term in a text that is more 
frequent than other terms. Inverse document frequency is a 
criterion that shows the distinctive feature of a term seen in a 
smaller number in texts. According to the TF-IDF method, 
the words with the highest weight are selected as decisive 
words for that document and then similarity is calculated 
using these words. Cosine similarity [1,2] is one of the 
methods that find the similarity of documents with TF-IDF 
weighting. It is a frequently used method and has been 
applied in many studies. 

Traditionally, statistical methods and vector space-based 
approaches have been used to find document similarity. 
Recently, however, neural network-based methods have been 
used for document representation. These methods include 
word embedding [3], Doc2Vec [4], skip-thought vectors [5], 
recursive neural network-based methods [6], LSTM 
architectures [7,8], and convolutional neural networks [9]. 

N-gram [10] is one of the methods used in the literature 
for document similarity. N-gram is n character or word slice 
of a string sequence. The n character or word in front of a 
word or character is taken into account. The N-gram method 
is a method of calculating similarity based on the frequency 
of use of n-gram characters or words within the document. N-

grams can be used in different lengths such as 2-gram, 3-
gram, 4-gram. 

The BOW method [11] is a method used to extract 
features from the document. The extracted features are used 
for training machine learning algorithms. It uses fixed-length 
vector representation. It is found unique words in documents 
and the frequency of each word in each document is 
expressed as a vector. However, this method does not take 
into account the word order. Thus, different sentences 
containing the same words may have the same vector 
representation. This disadvantage has been solved by the 
deep learning-based Word2vec method which provides faster 
and more accurate results in text processing. Word2Vec is an 
unsupervised and prediction-based model that tries to express 
words in vector space. 

One of the deep learning-based methods used to find 
document similarities is the Word2Vec model. The basic idea 
of the method is that words in the same context have a similar 
meaning. Very successful results have been obtained by 
creating a model on this assumption. Word2Vec is a 
frequently used method for processing big text documents 
[12]. In addition, finding of semantic similarity of long 
documents, keyword extraction, recommendation systems, 
sentiment analysis, classification are sample studies used 
Word2Vec [13-17]. 

The Doc2Vec method is a deep learning method based on 
Word2Vec [18]. The difference between Word2Vec and 
Doc2Vec, Doc2Vec keeps documents as vectors instead of 
words. This method has been used in many studies such as 
sentiment analysis, keyword extraction, author profiling, 
document classification, and topic recommendation [19-23]. 

III. PROPOSED METHOD 

Word2Vec method has received wide interest in natural 
language processing. Using the deep learning structure has 
made it a preferred method. Word2Vec converts each word 
in the document into an n-dimensional word vector. Then to 
find the semantic similarity of the document, the similarity 
vector space is calculated between word vectors (usually by 
cosine similarity). Word2Vec uses two training models to 
train term vectors: Continuous Bag-of-Word Model (CBOW) 
and Skip-Gram Model. CBOW model predicts the target 
word from context words, while skip-gram model predicts the 
context words from the target word [24].  

Word2Vec takes document as input and creates 
corresponding word vectors quickly and efficiently with 
training. Since the word vector captures the semantic 
characteristic between words, these generated word vectors 
can be used for many applications in natural language 
processing. Word2Vec enables you to vectorize words 
according to their meaning and usage place. It produces 
vectors close to the words of the same category or used 
together. Looking at the cosine similarities between the 
vectors assigned to words, the Word2Vec model produces 
high similarity values for similar meaningful words, and low 
similarity values for different meaningful words. Thus, 
Word2Vec provides the vectorization of the distance between 
words. 
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The purpose of the Doc2Vec method is to create a 
numeric representation of a document, regardless of its 
length. This method is based on the Word2Vec model. 
However, unlike words, it is necessary to represent the 
documents. Therefore, a paragraph id vector has been added 
to the Word2Vec model. 

The Doc2Vec method uses two models: Distributed 
Memory Model of Paragraph Vectors (DMPV) and 
Distributed Bag of Words version of Paragraph Vectors 
(DBOW) [25]. 

 

Fig. 1. Distributed Memory Model of Paragraph Vectors (DMPV) 

 

In Figure 1, the DMPV structure is given. W represents 
word vectors; D represents the document vector. While 
training with word vectors, document vector is also trained. 
At the end of the training, D holds the numerical 
representation of the document. This model is similar to the 
CBOW model of the Word2Vec algorithm. However, instead 
of using only words to predict the next word, another feature 
vector specific to the document has been added. It acts as a 
memory that remembers what is missing in the current 
context or as the subject of the paragraph. While the word 
vectors represent the concept of a word, the document vector 
represents the concept of a document. Each paragraph is 
mapped to a unique D vector, and each word is mapped to a 
unique W vector. Paragraph vector and word vectors are 
averaged or concatenated to predict the next word in a 
context. Generally, concatenation is used for combining 
vectors. 

 

 
Fig. 2. Distributed Bag of Words version of Paragraph Vectors (DBOW) 

Figure 2 shows the DBOW structure. This model is 
similar to the Skip-gram model of the Word2Vec algorithm. 
In the DMPV model, the paragraph vector is combined with 
word vectors to predict the next word in a text window. In the 
DBOW model, the context words in the input are ignored and 
the model is provided to predict randomly sampled words 
from the paragraph in the output. 

The Doc2Vec method works faster and uses less memory 
space than Word2Vec because it does not store word vectors. 
In addition, in the Doc2Vec method, it has been seen that the 
DBOW model outperformed the DMPV model and gave 
more efficient results [26]. 

The DBOW model of the Doc2Vec method is proposed 
for this study. Gensim 3.4 and python 3 technologies are 
used. The contents of available articles are used for similarity. 
First, the contents of the documents are extracted. These 
contents go through preprocessing (remove punctuations, 
stopwords, to lower). The vector representation of each 
document is then obtained by the Doc2Vec method. By 
comparing these vectors with each other, the similarity of 
each document with the other documents is calculated. After 
the similarity scores are calculated for all documents, these 
scores are ranked from big to small. The number of articles 
required to be included in the special issue n is determined. 
By selecting the top-n document, the articles to be included 
in the special issue are determined. The stages of this study 
are shown in Figure 3. 

 
Fig. 3. Stages of special issue creation 

Information Sciences journal was chosen to test the 
approach presented. It is aimed to create special issues from 
the articles in press of this journal. For this purpose, 102 
articles in press were used. Each issue of the journal generally 
includes between 25 and 30 articles. Therefore, 4 special 
issues were created. Each special issue contains 25 articles. 
The similarity scores of the articles in each special issue were 
calculated and a general similarity score was found for each 
issue. The results obtained are given in Table 1. According to 
these results, it is seen that the created special issues have 
high similarity rates. In order to confirm the success, 
interviews are conducted with the editorial office of the 
journal. 
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TABLE I.  SIMILARITY SCORE OF ISSUES 

Issues Similarity Score 

Special Issue 1 0.86 

Special Issue 2 0.91 

Special Issue 3 0.82 

Special Issue 4 0.83 

 

The fact that the articles have a high similarity score 
indicates that these articles belong to a common topic. In this 
way, it is found articles recently written by researchers on a 
topic of choice. Current and remarkable topics are selected 
for topic special issues. With this application, a special issue 
is created that addresses this purpose. 

IV. CONCLUSION 

Considering academic development, thousands of articles 
are published annually by academicians. For academic 
progress, sharing these publications with other researchers 
through various platforms is very important. Journals are an 
important forum for scholars, academicians, and students to 
share information. Journals publish high-quality research 
articles. However, when too many articles are sent to 
journals, not all of these articles can be published in regular 
issues. In this study, it is aimed to create a special issue from 
unpublished articles. For this purpose, many articles that are 
not published by journals are examined according to their 
similarities. Articles with high similarity are determined. 
Researchers publish articles on current issues. Therefore, the 
articles with high similarity found are articles of a current and 
common topic. In this way, using the similarity of articles, a 
special issue is created from the articles written by the 
researchers on a popular topic. Some journals publish special 
issues about a remarkable topic, event or person. This study 
will be useful for such journals. In addition, the proposed 
deep learning-based Doc2Vec method gives faster and more 
accurate results than creating a special issue manually. 
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Abstract— It is difficult for researchers to access useful 
scientific articles from an excessive number of articles. This 
difficulty has led to article recommendation systems. Many 
studies have been conducted on the article recommendation. 
Article recommendation studies in the literature generally do not 
take into account the interest of users. The innovation of this 
study is to propose research articles by using bibliography and 
creating a user profile. The proposed approach aims to 
personalize scientific recommendations based on article-
bibliographic relationships and user profile. In our study, 
candidate recommendation articles were clustered by K-Means 
clustering method according to their bibliographies. In our study, 
K-NN algorithm is used to determine which cluster is closer to 
the user's profile. Once the cluster to which the user belongs is 
determined, other articles in the cluster are recommended to the 
user. Experimental results show that the method is successful. 

Keywords—user profile, citation, bibliography, article 
recommendation.  

I. INTRODUCTION 

The literature is expanding with an increasing amount of 
information. This cause made it easier to conduct scientific 
studies in different fields. There is an excessive number of 
publications in conferences and journals. According to Madian 
and C. Lee, there are 25 million scientific documents in various 
sources. The number of scientific publications in the literature 
doubles every ten years [1]. More than one million articles are 
added to a field each year. This increase makes it difficult for 
researchers to follow the literature. 

The excessive number of studies made it difficult to access 
accurate information. There are many studies on big data 
processing. For example, Müngen et al. [2] conducted the 
process of constructing the keywords and abstract sections that 
are missing in the academic publications by using text 
summarizing methods. Doğan et al. [3] conducted a deep 
learning-based text production with LSTM in Turkish and 
other languages. 

Recommendation systems have been developed to solve the 
problem of detecting useful data from an excessive number of 
data. The purpose of article recommendation systems is to 
facilitate the work of researchers and to reduce the time the 
researcher loses while searching for the article. 

Recommendation systems are a widely studied topic today. 
Article recommendation systems use hybrid approaches such 
as content-based filtering, collaborative filtering, standard 
quotations, and bibliographic matching. 

Content-based recommendation systems are made by 
looking at the similarity of information in the article, such as 
summary keywords and content. Donghui Wang et al. [4] 
proposed the chi-square method and the article 
recommendation system. 

Collaborative article recommendation systems make 
recommendations based on feedback from researchers or 
scoring from researchers.  Feng Xia et al. [5] proposed an 
approach examining co-author relationships of scientific 
papers. Recommendation systems based on co-author 
relationships assume that researchers often search for articles 
published by the same authors.  Disadvantages of 
recommendation systems based on co-author relationship are 
that all researchers are not equal in the number of articles in the 
research field and the number of co-authors is variable. There 
is a cold start problem in collaborative article recommendation 
systems. The first stage of the recommendation process is 
difficult because the researcher does not have any articles that 
he reads or scores when he first signs up. 

Some scientific article recommendation systems 
recommend articles to researchers by combining two or more 
recommendation techniques to improve the accuracy of 
recommendation results and achieve better performance [6]. 
This approach is a hybrid approach. The main advantage of the 
hybrid approach is that it combines the combination of 
different advice techniques and information from many 
sources. 

The researcher can search by keywords in search engines 
like Google Scholar or CiteSeer to find related articles. 
However, the user should look at all search results and choose 
the one that is most appropriate for him or her. The citation 
suggestion technique has been proposed for the user to find 
suitable articles [7]. There are many studies on the citation 
proposal [8]. Citations were used as a practical resource in 
article recommendation systems. 

Scientific research outputs can be analyzed and 
relationships between scientific users can be established by 
identifying the user's interest. Identifying the user's interest is 
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the basis of personalized advice. Therefore, many studies have 
focused on identifying users' interest. Jayarathna et al. [9] 
proposed an Interest Profile Manager (IPM) system to combine 
implicit and semi-open user engagement and multi-layered 
implicit and semi-open relevance predictive power in multiple 
applications to model user interest. The application was tested 
in the environment and the system was evaluated. 

In this study, we propose a recommendation system 
approach specific to the user profile. Determining the level of 
interest of the researcher is very important for our study. Our 
proposed method aims to find the level of interest of the 
researcher based on the articles written by the researcher. Our 
approach focuses on the bibliography and citations of the 
researcher's articles. The superiority of our study over other 
studies is that it focuses on the user profile and is a 
bibliography based approach. Chapter II is a literature review. 
The system architecture is explained in Chapter III. Chapter IV 
is the experimental results, and Chapter V is the discussion. 

II. RELATED WORKS 

Article referral systems are a popular topic. There are many 
techniques in referral systems. The first of these techniques is 
the one that calculates evaluations that find close users. This 
technique is called a collaborative filtering approach. These 
techniques are quite powerful. Many studies have been 
conducted in the literature starting from this approach [10]. 
They do not need any information about the recommended 
articles. Despite these advantages, there are some difficulties 
that limit the use of collaborative filtering technique in the 
recommendation of scientific papers. 

The first and foremost of these limitations is the “cold 
onset” problem - articles without a user rating cannot be 
recommended [11], and there are too many articles in the 
literature that do not have user ratings. Another limitation is 
that the article is popular and needs a proper rating scope to 
receive many citations.  This requirement will be challenging 
to achieve in areas where there are many articles in the 
scientific literature but with few ratings. The biggest problem is 
to collect enough researcher points. Unless there is a large 
publisher, scoring resources are challenging to obtain. Since 
publishers rarely share their data, it is difficult to develop 
methods using the usage data of articles. 

Another recommendation system is content-based methods 
that match features-based elements rather than content [7]. 
Context-based recommendation systems are ideal for data sets 
with a small number of researchers and a few articles, but there 
are great difficulties in the automatic feature extraction phase 
of large data sets The term term frequency-inverse document 
frequency (TF-IDF) is used in referral systems. This technique 
is widely used [7]. In addition, this approach has some major 
drawbacks in the scientific literature, where synonym words 
are a problem. It is a problem to get usage data and full texts 
from articles from publishers. 

Many article recommendation approaches work with 
citation. According to their objectives, there are three kinds of 
citation advice systems. Work in the first category attempts to 
complete a citation list of an introductory text, some of which 

is already quoted by the author. For example, McNee et al. [11] 
proposed a recommendation system with collaborative 
filtering. The recommendation algorithms in the collaborative 
filtering category analyze the quote graph and generate 
different rating matrices. 

Torres et al. [12] conducted a hybrid study. Their work is a 
combination of collaborative filtering and context-based 
filtering algorithms. [13]. He presented different techniques to 
create this system. According to the results of their studies, 
hybrid approaches are more successful than non-hybrid 
approaches. The system takes an input text as a parameter and 
suggests a quote. 

Strohman et al. [14] proposed a two-step recommendation 
approach. In the first step, this work produces a list of 
candidates. The second stage is to rank the candidates to 
identify the best ones from the list. A linear combination of 
text-specific characteristics such as the year of publication, the 
number of citations received and the Katz distance [15], and 
the quality of the citation graph quality are sorted by syllable. 
The results of their studies have shown that the measurement of 
the distance in the graph, that is, the Katz distance, is the most 
important feature. 

Bethard et al. [16] conducted a study of subject similarity 
and author behavior. He used some of the features that he 
mentioned in his works by creating a model to collect citations 
in the input text. The weights of these properties are obtained 
by a learning algorithm. 

The study of He et al. [17] consists of two steps: formation 
and sequencing of the candidate cluster. The nominee cluster is 
produced through a kind of heuristic scanning that looks at 
features such as co-authors and abstract similarity. Sorting is 
sensitive to the content between the input text and the text of 
each publication in the candidate set. Recommendation is made 
by paying attention to textual similarity. Another citation 
category recommendation system offers citation for specific 
parts of the input text. In addition to providing an algorithm for 
the global proposal, He et al. proposed an approach that 
proposes references to specific places marked with the string 
“?” in the input. The approach creates a cluster of candidates 
for the article, like global advice. However, a ranking is made 
according to the similarities between the citation contexts in 
the introductory text (ie the text around the “?” Sign) and the 
publications of the candidate cluster. They further expanded 
their work, so that quotation marks (?) were not required in the 
input text, and the suggestion algorithm was able to find 
suitable locations for the citations according to an introductory 
model, each sentence in the introductory text is important after 
references are proposed for the entire introductory text. 
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III. SYSTEM ARCHITECTURE 

Figure 1 depicts the flowchart of the proposed 
recommendation system. 

 

 
 
Fig.1. General architecture of article recommendation system 

 

A. Dataset 
For this study, a data set was obtained by collecting articles 

from many scientific databases. The data set was compiled 
with articles collected from The DBLP Computer Science 
Bibliography, IEEE Xplore Digital Library, ACM Digital 
Library (Association for Computing Machinery) and Pubmed 
databases. Databases and the number of articles received are 
shown in Table I. 

TABLE I.  DATABASE 

Database Article 
DBLP 762,180 
IEEE 1,092,316 
ACM 1,599,641 
PubMed 626,441 

 
Metadata and bibliography of the articles were collected by 

the web spider we created. The meta-data we receive from the 
articles we create data sets are: 

i. Title of the article, 
ii. Authors of the article, 
iii. Year of publication of the article, 
iv. Keywords of the article, 

      vi. References for the article 
Our data set was created with the meta-data received. The 

data set consists of candidate articles that we recommend. 
 

B. Data Preprocessing 
Real world data may be missing, noisy, and inconsistent. 

Processing with real data is difficult, and the success rate will 
be low [18]. Therefore, a preprocessing of the data is essential 
before using it in the system algorithm. Assists in data 

preprocessing, data cleanup, data reduction, and data parsing. 
In our study, words were cleared from the suffixes in order to 
increase the success rate. For example, the words "played" and 
"playing" are taken as "play."  

 
C. Creating User Profile 

One of the most essential parts of our work is the profile of 
the user. The best way to determine the user's area of interest 
and interest is to look at the articles written by the user. 
According to the interest of the researchers, a user profile was 
created to make article recommendations. The user profile was 
created from articles written by the user [19]. 

In the study, the profile of the user and the title, authors, 
publication year, keywords information of the user's articles 
were created. 

 
D. Clustering of Data 

The article information in the user profile created from the 
meta-data of the articles the user wrote was clustered for a 
recommendation. The articles in the bibliography of the articles 
in the data set containing the candidate articles were divided 
into clusters by K-Means clustering method. 

The K-Means algorithm is a clustering algorithm that is 
frequently used in data mining. it is commonly used for 
clustering large data sets. It was first proposed by Macqueen in 
1967. The initial proposal was a very simple and uncontrolled 
learning algorithm. The algorithm first selects k objects as the 
center of the set and then calculates the distance between each 
object and the center of each set, then the object is discarded as 
the distance to the closest set, updating the averages of all sets, 
and so on until the entire object belongs to the appropriate sets. 

The K-Means Algorithm works in the following order. 
1.The cluster centers are determined 
2. Objects outside the center are included in the closest 

cluster based on distances. 
3. The cluster centers are determined again according to the 

new cluster. 
4. Repeat steps 2 and 3 until all objects belong to the 

appropriate clusters. 
 
E. Algorithm 

The first step of the algorithm is to profile the user in 
section 3.3. The user profile is obtained from the meta-data of 
the articles written by the user. 

The bibliography, one of these metadata variables, is 
clustered in Section 3.4. Which cluster the user profile is closer 
to is determined by the K-NN algorithm. K-NN algorithm is 
one of the supervised learning methods used for classification 
purposes. (K-Nearest Neighborhood) Algorithm. After 
deciding which cluster the user profile was closer to, the 
process continued with the articles in the included cluster. 
Bibliographies of candidate articles in the cluster were 
collected. In this set of bibliography, the most frequently 
mentioned n = 10 articles were recommended to the user. In 
these approaches, it is accepted that the most frequently cited 
articles in the bibliography are the most cited articles in the 
field, ie, they are better articles than other articles. 
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IV. EXPERIMENTAL RESULTS 

For the experiment results, the system sent e-mail to 
doctoral students studying in Turkey. In the first semester of 
2019, a total of 1000 articles were sent to 50 postgraduate 
students.  

The proposed method was compared with precision, recall, 
and F1-metric best N recommendation. Top N 
recommendation means N recommendations provided by 
suggestion systems. 

 

                      (1) 
 
The precision value Eq. 1 is the ratio of the number of correct 
recommended articles to the total number of recommended 
articles. 
 

                    (2) 
 
The recall value Eq. 2 is the ratio of the correct number of 
articles recommended to the number of articles preferred. 
 

                                                            (3) 
Usually, precision and recall measurements are used to 

evaluate the quality of recommendations showing different 
results. However, when the proposed articles increase, the 
recall value will increase, but the recall value will decrease. 
Since precision and recall are critical measurements for 
evaluating the experimental result, the F-1 metric is used as the 
harmonic mean of precision and recall to combine these two 
measurements at equal weight. Calculation of F-1 score is in 
Eq. 1. 

The test results are shown in Table II. Each of the ten 
articles sent to users was averaged. For example, in Table II, 
the value of TopN is 1, which is the average of the first of the 
articles recommended for 50 users. That is, the average value 
of Article 1 recommended to each user. 

TABLE II.  EXPERIMENTAL RESULTS OF THE PROPOSED METHOD 

Top N Precision Recall F-1 
1 0.716 0.565 0.631 
2 0.716 0.582 0.642 
3 0.735 0.633 0.680 
4 0.730 0.654 0.689 
5 0.716 0.684 0.699 
6 0.696 0.684 0.689 
7 0.698 0.710 0.703 
8 0.694 0.725 0.709 
9 0.690 0.740 0.714 
10 0.692 0.766 0.727 

 
To increase the success rate of the study, candidate articles 

in the database were filtered. Researchers are particularly 
interested in academic publications in recent years and want to 
be informed about the latest developments. In our study, the 
publications in the database are listed according to years to 
attract more attention of the researcher. Candidate articles were 
ranked by years, and the success rates were recalculated based 
on the recommendation of the last 60% of the articles to the 
user. 

Table III is a table of success criteria that is recalculated as 
a result of more recommended publications in recent years by 
filtering publications by years. 

 

TABLE III.  EXPERIMENTAL RESULTS AFTER YEAR FILTERING 

Top N Precision Recall F-1 
1 0.721 0.672 0.695 
2 0.722 0.685 0.703 
3 0.734 0.637 0.682 
4 0.738 0.652 0.692 
5 0.725 0.695 0.709 
6 0.704 0.686 0.694 
7 0.702 0.724 0.712 
8 0.705 0.727 0.715 
9 0.697 0.749 0.722 
10 0.696 0.775 0.733 

 
 

V. CONCLUSION 

Our approach recommends personalized articles to users 
and recommends articles with a combination of user profile 
and bibliography. It has been observed that the accuracy of the 
proposed method decreases with the increase in the number of 
Top N predictions, but the Recall value increases. The F-1 
metric increased as the N value increased. The F-1 metric is a 
harmonic average of the Precision and Recall measurements. In 
this study, between 1 and 10 recommendations were made, and 
Precision, Recall, and F-1 metrics were calculated for each 
value. Table II shows that the F-1 metric increases as the N 
number increases. For this reason, it is concluded that it is 
more accurate to recommend Top 10 articles that the F-1 
metric is higher. Filtering candidate articles by years have 
increased the success criteria. 
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Abstract— Image resizing is a frequently used phenomenon 
in both image processing applications and adaptation to 
different aspect ratio. Using conventional resizing approaches 
like uniform scaling and cropping does not satisfy the needs of 
visual perfection expectations since they may cause distortions 
and data or importance loss in foreground objects. To 
overcome these deficiencies, researchers are looking for 
content-aware image resizing methods recently. Seam carving 
is the starring method to serve the purpose. It is a retargeting 
method which considers the images in a semantic manner for 
resizing to bring them to target aspect ratio. In this paper, 
seam carving is searched in detail and the studies in the 
literature are examined under three groups. Also, some further 
research topics are mentioned to help researchers who want to 
work on seam carving. 

Keywords— Seam carving, content-aware image resizing, 
image retargeting. 

I. INTRODUCTION  

Converting images to different aspect ratio is a basic and 
useful process for many image processing applications. 
Saving foreground objects and image content during resizing 
is one of the popular research topics in image processing 
field. Traditional resizing methods like cropping and 
homogenous scaling cause data losses and significant 
distortions in image content, and so they may not satisfactory 
results for a proper resizing. Avidan and Shamir proposed an 
efficient approach for content-aware image resizing [1]. 
Their method involves removing unimportant pixel paths one 
by one to reduce image size and to add artificial pixel paths 
for enlargement. This approach removes many 
disadvantageous of traditional scaling methods and provides 
better visual quality. Content-aware image resizing (or 
retargeting) is frequently used in smart phones, monitors and 
web where the images are resized dynamically. The images 
may also be downsized or enlarged by traditional scaling and 
even their aspect ratio can be changed by different ratios. But 
since scaling is applied equally to all objects in the image, 
some of the objects may lose their significance. Resizing by 
inserting/removing optimal pixel paths (seams) save image 
content considerably. 

A seam is an optimal 8-connected pixel path for which 
the optimality is defined by an energy function [1]. The logic 
behind seam carving (SC) is to add/remove pixel paths for 
image enlargement/downsizing. This method removes the 
most negligible pixels while protecting fundamental features 
of the images. A sample image is shown in Fig. 1. Vertical 
and horizontal seams in the figure are presented in random 
colors. Removing one pixel from row and one pixel from 
column by a seam protects rectangular shape of the images. 
Since some computations are carried out during seam 
carving, it is a slower method when compared to other 
resizing methods. Cropping is the fastest image resizing 
method, because it removes every pixel outside the cropping 
window without any computation. As for scaling, 
interpolated pixels are placed between the neighboring pixels 
for enlargement and some pixels are combined for 
downsizing. SC is much more complex than these two 

resizing methods. First, an energy map must be extracted and 
this usually increases the complexity. After the optimal seam 
is removed, other pixels are shifted from left to right or from 
top to bottom. The performance may change according to 
some parameters inside the algorithm. 

SC is also used for other purposes besides retargeting. 
For example, it is used to enhance the photos aesthetically 
[2]. For a photograph to be nice aesthetically objects inside it 
must be in their optimal positions and it must present a good 
composition [2]. Saliency value of every pixel is measured 
by the energy function and the pixels to be added (or pixels 
to be removed) are decided for the purpose. Instead of 
cutting the objects and pasting them to recommended places, 
the objects are brought to their optimal positions via SC. So, 
the images are aesthetically enhanced without any loss in 
resolution. For a different purpose, SC is used to identify 
palm print [3]. Instead of finding least important seam paths, 
the most important pixel paths are found and those seams are 
matched with palm prints. [4] used seam carving to extract 
text lines in documents. Gray distance and signed distance 
transformations are used to obtain energy map for gray scale 
and binary images respectfully. Intermediate and separating 
pixel paths are calculated for every line. Intermediate pixel 
paths cross over the texts and separating pixel paths pass 
through upper and lower borders of text lines.  

This paper is organized as follows: Section II gives the 
detail of seam carving algorithm, Section III mentions about 
the seam carving studies in the literature and group them, 
Section IV makes an evaluation of the literature, and Section 
V concludes the paper. 

II. SEAM CARVING BASED IMAGE RETARGETING 

An m×n digital image can be represented by a 2D grid of 
pixels with m rows and n columns and each pixel encodes its 
color or intensity information [5]. For a color image a pixel 
carries information about red, green and blue channels, while 
a pixel of a gray scale image represents an intensity value. 
Image retargeting is defined in [5] as follows: Given an 
image I of size m×n. I` is the retargeted image of size m`×n` 
which is a good representative of I. Being a good 
representative of an image is not clearly defined yet, but 
Shamir and Sorkine [6] define three main objectives of 
retargeting as I` reflects important content of I, I` shows 
important structure of I, there is no visual artifact in I`. 
Satisfying these requirements for a proper retargeting is 
mostly very difficult especially in case of uncertain 
background-foreground, crowded or complex images. To 
satisfy the requirements at maximum for SC, there are many 
efforts since the algorithm is proposed.  

Seam carving , as a popular image retargeting technique, 
may serve to different purposes besides image resizing [7]–
[12] like image enhancement [2] and object removal. The 
method finds an optimal seam and removes or inserts it one 
by one until the desired image size or stopping criteria is 
satisfied. A seam lies along top to bottom or left to right and 
the optimality is defined by evergy function. Once the energy   
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Fig. 1. Original image on the left, several vertical and horizontal seams in the middle and resized image image on the right 

map is obtained, its minimum cumulative energy map 
(MCEM) is established. Energy map mostly shows the 
edges, foreground or salient objects inside the image. 
Different energy functions are available to obtain the energy 
map like L1 and L2-norm of gradient, saliency measure [13], 
Harris-corners measure [14], e1 error, entropy, segmentation, 
Histogram of Gradients, and many other edge detection 
filters [1]. MCEM is composed of the summation of the 
pixel’s value with the values of the minimal upper 
neighbours for a vertical seam. Similarly, the values of the 
upper, middle and lower values are used cumulatively for a 
horizontal seam. Optimal seam is chosen as a path with 
minimum cumulative energy to prevent from removing 
pixels inside important regions.  

III. SEAM CARVING STUDIES 

Since seam carving algorithm is one of the best image 
retargeting methods of today, there are many studies related 
to it. These studies are divided into three groups as visual 
enhancement, computation time enhancement, and seam 
carving detection in this paper. The purpose of grouping is to 
look seam carving from three important perspectives and to 
make the deficiencies of these important points clearer. The 
studies related to making seam carving satisfy the criterion 
mentioned in [6] are given in this part. Also, the efforts 
related to one of important challenges of today’s 
applications, time complexity problem, is stated here. Last 
but not least, the studies related to detecting seam carved 
images are given in detail. This is very important since seam 
carving perfectly achieves its duty with no or few traces 
behind and detection of a seam carved image is quite 
difficult in comparison to other resizing methods. Its success 
may be easily used by the falsifiers and therefore the 
detection of seam carving based resizing accurately is vital 
for image forensics. 

A. Visual Enhancement 

      Seam carving is visually enhanced in [15] by using 
importance diffusion. Sequentially removed unimportant 
pixel paths may cause stretching effect. To eliminate this 
effect the importance value of every removed pixel is 
diffused to its neighbors. Therefore, stretching and 
discontinuity distortions in images after seam carving are 
reduced. In [16], the visual distortions caused by using 
single operator during resizing is tried to be eliminated 
through using multiple operators. Seam carving, cropping 
and scaling are used together and visual enhancement has 
been provided. All operators are combined in an ordered 
array and the experiments are hold with different 
combinations of the operators. 

In case of vertical and horizontal resizing together, 
multi-operator methods may cause shrinking and stretching. 
Luo et al. tried to eliminate these effects through combining 
direct and indirect seam carving [7]. The proposed multi-
operator method decides the appropriate time for changing 
the operator according to a new image distortion metric. 
Also, there is a new enhancement to seam carving to protect 
image structure. Seam carving is first applied until some 
distortions appear (direct seam carving) while reducing 
image width. Then, vertical pixel paths are added to image 
and this addition continues until distortions reach to certain 
level. The degree of distortions is determined by the 
distortion metric. Lastly, the image is scaled to its initial 
size and saliency based cropping is applied. Xu et al. [17], 
image diffusion is combined with seam carving to eliminate 
the visual distortions of seam carving. The image diffusion 
method used in [17] is edge protection based adaptive ICC 
(Intervening Contour and Color) method [18]. First the 
dispersed pattern in an image is smoothened by this method 
and then seam carving is applied. The image structure is 
protected by combining color and contour components and 
also the dispersed pattern is smoothened. 
     Visual deteriorations of seam carving are generally 
caused by the energy function because there is no such an 
energy function that produces perfect solutions for every 
kind of image. [19] evaluated the effects of different edge 
detection filters used as energy function visually. It is shown 
that Canny filter produces better SC results in most cases. A 
new adaptive saliency model is proposed and combined with 
L1 norm of gradient to be used as an energy function [20]. 
As opposed to the traditional methods, 3D features of the 
images are used instead of 2D features. L1 norm of gradient 
and different characteristic features of the saliency in image 
definition have increased the performance of SC. Matrix 
resolution of low-degree representation is made in [21]. The 
feature matrix which represents data about object borders in 
an image is separated as low-degree matrix and sparse 
matrix. Sparse matrix is used as an energy function.The 
examinations realized on 1000 images show the power and 
the effectiveness of the method.  

A new saliency detection method and a new seam 
criterion are proposed by Wang et al. [22]. The proposed 
saliency detection method produces a secure image 
importance map and this map protects salient images from 
SC. As for a new seam criterion, its purpose is to 
disseminate pixel paths on the image. Therefore, line or 
trapezoidal structures are preserved. It is shown that the 
method detects salient objects accurately even in 
complicated backgrounds and reduces the deteriorations in 
large scale geometrical structures after SC. In Saga et al.'s 
work, instead of detecting only object edges for SC, borders 
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of the important objects in images are surrounded. Level set 
based Chan Vese image segmentation algorithm [23] and 
Delta Bar Delta learning algorithm with constant 
convergence ratio are used for detection. After extracting 
important objects in this manner, SC is applied and better 
visual results are obtained. 

On the contrary to many image resizing approaches, 
[10]developed a method based on supervised learning. SC is 
applied after important borders are decided as in the 
previously mentioned studies. So, reducing the number of 
seams that pass through important objects are minimized. 
ROI (Region of Interest) is learned from the images in 
training set. Then, the borders of the input image are used as 
a key while applying SC to obtain target image. [24] tried to 
reduce the distortions caused by SC by the filters. [25] 
reduced the protection of the edges are enhanced and the 
distortions seen as refraction. In the proposed approach, 
local gradient information is used together with a 
thresholding method and leads to seam selection. In 
addition, there is a mechanism to stop SC in case of 
undesirable distortions. Refraction distortions are eliminated 
using anti-refraction filters. A new energy definition is made 
in [26] to suppress zigzag distortions. Seam definition is 
also changed and the seams in this method are not forced to 
be connected. [27] investigated the resizing of stereo images 
by SC. Handling images one by one and applying SC 
separately distort geometrical structure and preclude 
perceiving the scene in 3D. To solve it, visibility relations 
between the pixels in image couples are considered. This 
method is tested by large number of indoor and outdoor 
stereo image. Wavelet analysis is used in [28] for the 
extraction of energy map since it is compatible with human 
visual system. Semantic coherence is protected while the 
images are transformed into their new sizes and better visual 
results are obtained when compared with other resizing 
methods like scaling and other classical content-aware 
resizing methods. [29] applied SC together with a new 
importance detection method. In this method, edge 
information and visual saliency is considered. First the 
compressibility of the image is evaluated and proper seam 
number is assigned for both directions. Lastly, classical 
scaling is performed to bring the image into desired sizes 
and better visual results are obtained. Another importance 
measure is developed in [30] to make seams pass not over 
important objects so that the structure of the important 
objects is preserved. [30] uses a Kinect depth camera and 
combines this depth map with a saliency map. This saliency 
map is based on Just Noticeable Difference (JND) model. 
Their method achieves visually better results thanks to the 
depth information gathered by Kinect camera. The method 
tries to remove fewer seams from foreground objects and 
remove from background objects as much as possible not to 
lose importance of image content. A different depth map is 
proposed by [31] to improve scene consistency in seam 
carved images. A user defined relative depth map is used for 
this purpose. Objects are labeled with respect to their depth 
order. Although the method produces well-processed 
images, it is not applicable for many applications since it 
requires user interaction. The researchers stated that 
defining a depth map for an image takes minutes. When 
hundreds or thousands of images are to be seam carved 
instantly for a dynamic web application, the importance of 
time requirement will leap out. [32] proposes a new energy 
function to preserve straight lines and regular shapes. The 

curvature inconsistency between the neighboring pixels after 
seam removal is measured by this energy function. It also 
includes orientation and magnitude of gradient for the 
pixels. Forward gradient differences in x and y directions 
are computed by nine operators, each operator represents a 
seam pattern. An optimization is performed by dynamic 
programming like in the original SC algorithm [1], but in 
this method they use nine energy maps to find the optimal 
seam in each step. This optimization is based on multiple 
cumulative cost matrices. Although a visual improvement is 
provided by this method, it is quite slower than the original 
SC. Visual saliency map is combined by gradient vector 
flow (GVF) features in [33]. Optimal seams are determined 
by the properties of GVF not to cause any distortion in the 
resized image. Visual saliency map of [34] is used to better 
select optimal seam. First, the seams are generated by 
considering GVF, and then the seam selection is done based 
on the saliency values of the pixels. Cost of a seam is 
determined by sum of the saliency values of every pixel in 
the seam path. Shadows are also taken into account for 
visual enhancement of seam carved images. A new shadow 
detection algorithm is proposed including a saliency map 
and gradient map [35]. A low-pass filter is used for 
removing the optimal seam not to have any visual 
distortions. The proposed approach is tested on a wide range 
of images with shadow inside and its performance is shown 
to be better than the state-of-the-art. [36] divides images into 
several strips in a content aware fashion and apply non-
continuous seam carving to prevent seams passing through 
the key objects. Every strip is resized considering the seam 
context and target size. Scaling is also applied when the 
artifacts reach to the threshold. Combination of saliency 
map, depth map, and gradient map is used as an energy map 
before applying SC in [37] and as in the previous paper, 
they used scaling besides SC to preserve important parts of 
image structure. Preserving reflection symmetry is also 
considered in terms of visual enhancement [38]. 

B. Computation Time Enhancement 

      [39] showed that computational complexity highly 
depends on the energy map in seam carving algorithm. 
Computation times are shown to increase for 768x1024 
sample images when edge detection methods which enhance 
visual quality are used. [40], used SC with wavelet tree for 
computational efficiency. Hierarchical structure of wavelet 
trees is utilized to gradually remove pixel paths of 
unimportant wavelet trees in a scale recursive manner. It is 
emphasized that the proposed algorithm is more 
advantageous in case of higher resolution images. Wavelet 
coefficients are used as saliency features and so visually 
better results are obtained. A new non-cumulative SC 
method is proposed in [41] to eliminate time losses caused 
by complex computations and memory accesses of seam 
carving. Since the value in minimum cumulative energy 
matrix for every pixel is calculated by dynamic 
programming in SC algorithm, it is required that the 
cumulative values of upper neighbors of the pixel must be 
calculated in advance while a pixel’s cumulative energy 
value is being calculated. Therefore, maintaining the things 
in parallel becomes harder. For this purpose, energy map is 
extracted using pixel’s own value instead of its cumulative 
value. This operation can be realized concurrently and so, it 
becomes available for parallelizing. Computation time is 
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improved ten times when compared with using one GPU. 
Besides, CPU application of original seam carving 
algorithm is accelerated maximum 103 times thanks to 2-
GPU system. Instead of removing one pixel at a time, [24] 
removes many seams at a time to increase computation 
speed. Large scale filters are used to achieve this and the 
computation time is reduced. 

C.  Detection of Seam Carving Based Resizing 

The first seam carving detection efforts have been started 
two years after the algorithm is proposed.  [42] is the first 
which tackles SC algorithm in terms of forgery detection. 
They developed a machine learning based detection method. 
The detection is realized by 324 dimensional Markov 
features and 2D histograms in DCT (Discrete Cosine 
Transformation). An SVM (Support Vector Machine) is 
trained by the extracted features. In case of seam insertions, 
they assumed that every pixel is a linear combination of its 
neighbours. [43] proposes a pattern recognition approach. 
For this purpose, an SVM is trained by four groups of 
features. Features are extracted based on the gradient 
histogram of the images. The feature groups are energy-
based, seam behaviour based, higher order statistics based, 
and second seam carving based. The most prominent 
inference in this study is that pixel paths found in image 
pieces are discontinuous in seam carved images while pixel 
paths in parts of the images are continuous in intact images. 
This study claims also that seam carving affects statistics of 
the images and uses wavelet absolute moment features. [44]  
detected seam carving via edge information attached to the 
images. The attached information is based on visual words 
representation of SIFT (Scale Invariant Feature Transform). 
This method detects not only whether seam carving is 
applied or not, but also determines where and how much it is 
applied. The distances between consequent SIFT points are 
calculated for detection. Positive difference shows seam 
carving and negative difference shows seam insertion. 
Although the method provides high detection accuracies, it is 
not suitable for many cases since it is not a blind method, i.e. 
it requires information about the original image. 

Ryu et al. [45] detected seam carving (SC) using the 
features of SC algorithm. SC algorithm removes low energy 
pixel paths and so the remaining average energy of the image 
increases after SC. This study relies on this truth and extracts 
fourteen statistical features related to image energy. These 
features are trained and tested by SVM. Correlation between 
the neighbouring pixels is used for the detection of seam 
insertion. [46] proposed a patch analysis based approach for 
seam carving based resizing detection. The images are 
divided into 2×2 sub images (mini squares) and nine patches 
are established from those mini squares. The patches are 
established by interpolation between neighbours. Also, there 
is a referee pattern which decides the appropriate patch using 
cosine similarity. After the patches are established, patch 
transition probability matrices (PTPM) are constituted, that 
connect mini squares in vertical, horizontal and reverse 
diagonal directions. A 252-D feature matrix that includes 
probabilities of nine patches and the inputs of PTPM is used 
for training and testing of SVM. [47] improved [45] by 
adding four new features related to the noise of the images. 
Based upon the idea that seam carving affects noise level of 
the images, the noise of the images are extracted using 
Wiener filter and mean, standard deviation, skewness and 
kurtosis of the noise matrix are calculated.  [46] is expanded 

in [48]. The details of the patch analysis are given and the 
results of forward and backward SC are compared. It is 
shown that forward SC is detected easier than the backward 
SC since the pixel paths expand wider. Besides, the transition 
probabilities of the patches are evaluated and optimal patches 
of mini squares are shown to be concentrated in type 0, 4, 
and 8. Euclidean similarity metric is tried and hot regions in 
images are analyzed. Some scores are assigned to mini 
squares and low-score mini squares are ignored. High-score 
ones indicate hot regions in the images. [49] uses patch 
analysis for seam insertion detection. The same method is 
used, but Euclidean distance is used for comparison of 
referee pattern and patches instead of cosine similarity.  

[50] proposes another blind seam carving detection 
method based on BACM (Blocking Artefacts Characteristics 
Matrix). BACM reveals regular symmetrical shapes. The 
regular symmetric feature of BACM is destroyed in scaled 
images. In this study eighteen features are extracted from 
BACM of JPEG images and they are used in training of 
SVM. For the detection of seam carving in videos, [51] 
proposed a forensic based distortion detection and 
positioning approach. The method finds SURF (Speed-Up 
Robust Feature) points and shows matching surfaces. The 
amount of the removed pixel paths can be determined 
exactly and the position is determined sketchy. The length 
of the hash plays an important role in this determination. It 
is also shown that extracting SURF points instead of SIFT 
contributes to computation time efficiency significantly. J 
[52] shows superiority of SURF on SIFT in terms of 
computation speed and robustness. The computation time is 
much more important when dealing with videos. Also, some 
alterations like rotation and brightness are not the matters to 
be thought. Therefore, using SURF instead of SIFT is 
shown to be more appropriate for SC detection in videos. 
The experiments are realized for high scaling ratios, i.e. the 
detection performance is not tested for low scaling ratios 
like 10%. This method is not useful for the same reason 
stated for [44].  

BACM based SC detection method is detailed in [53]. 
The symmetry of BACM is described by extracting twenty 
two features from the matrix. A classification model is 
established by training an SVM with these features. The 
image is divided into 8x8 blocks and then every block is 
divided into seven regions. The symmetry of these regions 
is evaluated in first eight features. The probability of 
existing central pixel in other six regions adds another 
feature. Besides, difference arrays are calculated in vertical, 
horizontal, diagonal, and reverse diagonal directions and 
their means added to feature vector. Lastly, four features 
related to distortion in block borders are added and twenty 
two features are given to SVM in total. JPEG compressed 
images with different quality factors are used in the 
experiments. The best detection is obtained from the images 
compressed with QF100, but compression with QF100 
before feature extraction increases computation overhead 
significantly. In another paper, SC based resizing is tried to 
be detected by a recurrent SC operation. An evaluation is 
realized based on the similarity, energy, and the distance 
between the optimal pixel paths of prior and seam carved 
image. These three groups of features are trained by SVM.   

Different from the above studies, [54] used a visual 
descriptor to make the distortions caused by SC more 
explicit. All the images in the training set are converted into 
Local Binary Patterns (LBP) domain and the local 

185



distortions are revealed. Since seam carving (SC) algorithm 
removes optimal seam path and shifts the remaining paths, 
the distortions occur over the neighbouring pixels of the 
optimal seam. That is, the distortions arise not all over the 
image, but in its local regions. Therefore, using a local 
visual descriptor is logical for SC detection. The method 
extracts eighteen features of [47] from LBP images. Also, 
six new features are added related to the upper half of the 
image. The logic behind using the features of half image is 
that the optimal seam of the full image is different from the 
optimal seam of the half image. So, removing the optimal 
seam of the whole image causes distortions in the upper half 
and the features of this part of the image may reveal SC 
operation. Twenty four features in total are trained by an 
SVM and the tests are hold for different scaling ratios. This 
method produces good detection performances in both 
horizontal and vertical seam carving [55], but there is some 
decrease in detection performance when the image 
resolution increases [56]. [57] uses local derivative pattern, 
Markov transition probabilities, and subtractive pixel 
agency model. To reflect the relationship between more 
neighbours, LDP is preferred instead of LBP in this study. 
Number of features has been reduced by linear SVM based 
recursive feature elimination andup to 10 % improvement 
obtained for low scaling ratios when compared with LBP 
based approach in [54]. Other feature extraction and 
machine learning based classification method uses 
histogram features of uniform LBP [58], histogram features 
of Weber Local Descriptor and LBP [59], statistical features 
after applying Sobel filter [60], features of LDP encoders 
[61], features indicating the variation in energy and pixel 
[62]. Further, Convolutional Neural Networks is also used 
for the detection of SC based resizing in [63] and [64]. The 
effects of smoothness, noise, and compression attacks[42] 
and second SC or insertion operation[65] are also evaluated. 
More efficient detection methods are also proposed, which 
use  Linear SVM [66]  and Kruscal-Wallis statistics [59]. 

IV. CONCLUSIONS 

 In this paper, a comprehensive overview of the literature 
related to SC is given. The existing works are grouped for 
the purpose of taking a look to seam carving in different 
perspectives and to reveal the deficiencies of the algorithm. 
Seam carving algorithm achieves a good visual performance 
because of inserting or removing pixels to or from 
unimportant parts of the images. But there may be some 
artefacts when scaling ratio is increased. It may cause 
stretching or zigzag effects. It is understood from the visual 
enhancement studies stated above that the visual artefacts 
can be reduced by using more effective saliency measures, 
i.e. energy functions. But there is no global energy function 
that creates perfect visual results after SC. Therefore, the best 
visual solution can be obtained by combining several 
importance measures or user interaction. As for time 
complexity of SC, parallelizing the operation seems to be the 
best solution to reduce the time required for SC. The problem 
here is to decide which parts can be parallelized and which 
parts are not suitable to parallelize. To achieve the goal 
number of parallelizable operations must be increased 
somehow. Dependency of the operation steps must be 
reduced and less complex energy functions must be used. 
Lastly, the detection of SC is quite important. Although, 
there are several papers related to detection of SC, they are 
not capable of making an acceptable detection in case of low 

scaling ratios (less than 10%) and detecting SC based object 
removal. SC can be easily used by imposters since it leaves 
no or few traces behind. Detection of SC is realized mostly 
by feature extraction and SVM classifier. For this kind of 
detection determining the important features and using only 
these may increase detection accuracy. In the detection 
methods, image resolution should also be considered. 
Detection in high resolution images can be more difficult and 
this should be used as a metric for detection. Going from low 
resolution to high resolution for SC detection is also 
important in terms of time complexity. For example, feature 
extraction on high resolution images is an uphill task for 
detection. 
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Abstract— As the telecom sector developed, the importance 
of cooperative communication is over increased with time as 
well. In long term evolution advanced (LTE-A) systems, 
cooperative communication helps to reduce the bit error rate 
(BER) by utilizing the services of nearby nodes. In this process, 
different relaying protocols are used to transmit the data from 
source to destination via relay nodes; however, amplify and 
forward (AF) relaying protocol achieves higher performance 
while having less computational complexity. This paper 
examines the performance analysis of numerous relay nodes in 
a cooperative network in an increasing manner by using AF 
relaying protocol. At the destination node, the Maximal Ratio 
Combiner (MRC) method is used while receiving the 
transmitted signal via relay nodes as well as directly from the 
source. Two modulation techniques such as binary phase-shift 
keying (BPSK) and quadrature phase-shift keying (QPSK) are 
used with additive white Gaussian noise (AWGN) channel. 
Moreover, k numbers of relay nodes in the cooperative wireless 
network are considered for performance analysis in terms of bit 
error rate (BER) vs signal to noise ratio (SNR). Simulation 
results show when the number of relay nodes increases the 
system performance gets improved. Also, modulation 
techniques affect the performance of the system. 

Keywords—long term evolution advanced (LTE-A), 
cooperative communication, amplify and forward (AF) protocol, 
relay nodes (RN), maximal ratio combiner (MRC). 

I. INTRODUCTION  
In the next fifth-generation (5G) wireless networks, the 

demand for high data rate raised due to the rapidly increased 
in the number of subscribers. Among other approaches, 
cooperative communication is one of the popular techniques 
used to achieve high data rates in a long term evolution 
advanced (LTE-A) system by deploying extra small cells [1]; 
however, the reliability of the system is very crucial and vital 
in cooperative communication [2]. Moreover, wireless 
communication comes across different challenges such as 
distortion, shadowing, multipath propagation, fading, etc. [3]. 
To tackle these challenges, various types of diversity 
techniques such as time diversity, frequency diversity, and 
spatial diversity are used in the wireless communication 
system. In terms of spatial diversity, multiple input multiple 
output (MIMO) methods are used to improve the performance 
of the system. However, due to several practical dynamics 
such as equipment size, weight, power utilization, and cost, 
etc. limits the benefits of MIMO system [4]. These limitations 
of a MIMO system can be restrained by employing virtual 
MIMO approach which is renowned in cooperative 
communication [5]. 

Cooperative communication is one of the promising 
techniques for achieving high data rates in the future 5G 
wireless networks [6]. In addition, by using cooperative 

communication technique, many advantages can be achieved 
such as spectral and energy efficiency, network installation 
cost, data enhancement, and extension in the coverage area, 
etc. [7]. Based on numerous advantages the cooperative 
communication become a very attractive and effective 
technique used in the wireless networks [8]. 

In cooperative communication, various relaying protocols 
are used to transmit the required information (data) from 
source to destination through different relay nodes. The three 
main relaying protocols are amplify and forward (AF), decode 
and forward (DF), and coded cooperation (CC) [9]. Each 
relaying protocols has its own advantages and disadvantages 
in terms of complexity and delay. However, the transmission 
delay of the AF relaying protocol is quite low due to the less 
computational complexity. Similarly, deploying the relay 
nodes are cost-effective and energy-efficient [10]. Therefore, 
AF can be used to improve the performance of the system in 
an effective way. 

In recent years, among other emerging technologies 
cooperative communication with AF relaying protocol 
occupied a key role in assisting and achieving high data rates. 
In LTE-A networking system, cooperative relaying nodes are 
used to cover the shadow areas of the cellular network [11]. 
Moreover, the challenges faced by mm-wave reliable 
communication can overcome with the effective approach of 
cooperative communication [12]. Moreover, in device to 
device and vehicle to vehicle communication, the relay nodes 
with different protocol make communication more reliable 
and efficient [13]. 

This study presents the performance analysis of k number 
of relay nodes in the cooperative network by using amplified 
and forward relaying protocol. Moreover, two modulation 
techniques binary phase-shift keying (BPSK) and quadrature 
phase-shift keying (QPSK) are used with additive white 
Gaussian noise (AWGN). The transmitted information from 
all the relay nodes as well as form source is combined by 
maximal ratio combiner (MRC) at the receiver or final 
destination. The performance is analyzed in terms of the signal 
to noise ratio (SNR) and bit error rate (BER). Similarly, 
different modulation techniques have different performance 
outcomes. The comparison has drawn between two 
modulation schemes with a number of relay nodes. It is shown 
that increased in a number of a relay node in the cooperative 
network has better performance. 

The remainder of this paper is organized as follow. Section 
II presents an overview of cooperative communication. 
Section III describes the system model. Section IV explains 
the simulation results and the performance of the system. 
Section V is the conclusion section. 
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II. COOPERATIVE COMMUNICATION  
 The basic concept of cooperative communication was first 
derived and analyzed by Gamal [14]. The simplest 
cooperative communication network consists of a source and 
a relay node which transmit the similar information to the 
specific destination. In multi-nodes, cooperative network k 
number of relay nodes are considered with k number of 
channel and one source channel. The relay nodes channel is 
considered as indirect channel while form source to final 
destination channel is considered as a direct channel. Hence 
the total number of channel form all relay nodes including 
source to destination are (k+1 channels). In terms of deep feed 
during communication, the cooperative communication has 
the aptitude to overcome this situation because k number of 
relay channel have different paths, which improve reliability 
as well as better performance. The brief overview of 
cooperative communication is illustrated in Fig. 1. There are 
three nodes, i.e., source node, a relay node and final 
destination. Similarly, one direct channel and two indirect 
channel between the source node and destination are 
considered. The information signal is forwarded from source 
node to all relay nodes as well as destination with the addition 
of noise. In the final stage, all required signals are received at 
the destination and combine together which generate diversity 
and achieve better performance. 

III. SYSTEM MODEL 
In this study, we consider one source node (S) and k 

number of cooperative relay nodes (Rk) with one final 
destination node (D) as shown in Fig. 2. The information (z) 
signal is broadcast from (S) to all (Rk) including (D). The 
cooperative mode deliberated as half duplex, and 
acknowledgment of channel state information (CSI) is known 
to final (D). The transmitted information signal is received to 
all Rk in the cooperative network as well as at final (D) that are 
represented as follows: 

 

where, Y0 is the received signal at D that is a direct path 
between S and D without any assistance of relay node. The 
channel gain between S and D is h0(S→D) with the addition of 
AWGN, i.e., no in the channel. 

 

Equation (2), Yi shows the transmitted signal (z) form S 
node is received by k number of R nodes, where hi(S→Rk) is the 
channel gain between all the R nodes and S node. The 
cooperative relay nodes then perform the function of 
amplified and forward on the received signal (z) and then 
forward it to the final destination. This relaying protocol is 
also known as a booster or layer one relaying protocol [15]. 
AF has less computational complexity and forwarding of 

information has a lesser delay. However, the major drawback 
in this relaying protocol is while processing the received 

signal the noise is correspondingly amplified in it which 
originate different complications between S and D channel. 
The mathematical form of AF is as following [16] 

 

wherein (3), f is the function of amplified and β is the Rk nodes 
transmit power. 

 

The β can be further as shown in (4), where Pr is a constant 
average power of Rk nodes and E is the energy of the symbol 
[17].  

 

Equation (5), can be further explained by implementing 
the AF cooperative relaying protocol on Rk nodes which is all 
follow 

 

The function of AF is applied on the Rk nodes in 
cooperative network as shown in (6), where hk(Rk→ D) is the 
channel gain between all the Rk nodes to final D. Furthermore 
the complex additive white noise Gaussian noise at the Rk 
relay node is mentioned as  and 
similarly from S node to final D mentioned 
as . Moreover from number of relay 
nodes Rk to D noise denoted as  where 
zero is the mean and No is the variance of the noise. 

 

The channel gain between a number of relay nodes Rk and 
the final D can be written as in (7). 

 

Equation (8), shows the  gain between Rk node to final 
D and Es is the average energy per symbol. 

 

The probability of error in BPSK modulation is shown in 
(9), where dmin is the cancellation points which is equal to 2A, 
for two transmitted signals in this modulation. 

 R 

S D 

Channel 2 Channel 3 

Channel 1 

Fig. 1 Cooperative Relay Channel Model. 
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Equation (10), shows the QPSK modulation that 
comprises two BPSK modulation schemes, where γs is 
Eb/N0.In the final stage, all the transmitted signal from k 
number of relay nodes as well from source node are received 
at the final destination D. There are different techniques and 
method that are applied on the receiver side to detect the 
transmitted information [18]. The detection is depending upon 
the reliability and computational complexity of the system. In 
this study, we are using MRC for receiving the required 
information signals for all relay nodes including source. The 
end to end SNR can be calculated as shown in (11). 

 

where ,
 and  are the instantaneous 

SNR. 

Fig. 3, shows the block diagram of our simulation analysis 
in which firstly the bits are generated and then encoded. We 
are using two types of modulation schemes in it i.e. BPSK and 
QPSK. The transmitted signal is faded by Rayleigh fading and 
addition of AWGN in it. The number of relay nodes including 
source node transmitting the information signals that are 
processed by MRC at the receiver side. 

 
Fig. 3. Block Diagram of Cooperative Relay Network 

Furthermore, the process of demodulation and decoding 
are performed at the receiver side to acquire the required 

information. In the next section, we analyze the performance 
of  different number of relay nodes in the cooperative network. 

IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS 
The simulation results that are generated and process base 

on the above mentioned mathematical calculations. In this 
study, we are considering first six relay nodes to make the 
cooperative network which is not so complex and with low-
level intersymbol interference (ISI). We will discuss the 
impact of performance by adding the number of relay nodes 
in the network. The channel is considered as Rayleigh fading 
with two modulation schemes and the addition of AWGN 
which zero mean and variance σ2. Total transmit power is 
considered as 1, whereas the cooperative relay nodes power 
considers as half of it. 

Fig.4, shows the performance analysis of first six 
cooperative relay nodes network as well the direct 
communication channel between source and destination. It is 
clear analyzed that performance is much better while 
increasing the number of the node. Indirect communication, 
the performance is lesser as compared to first relay node with 
BPSK modulation, mentioned as Relay 1B. Similarly in Fig. 
5, shows the performance analysis of first six number of 
cooperative relay nodes including the source to final 
destination without any assistance of relay node. The bit error 
probability is gradually improving while increasing the relay 
nodes in the network.  

In Fig.6, the combine performance analysis was drawn 
between the numbers of cooperative relay nodes with two 
modulation techniques. It is shown that the performance of 
direct channel between sources node and final destination is 
almost same in both modulation techniques. However, the 
performance difference starts from Relay 1B and Relay 1Q 
and similarly keep moving on. Moreover, the performance 
analysis of Relay 6B is near to performance analysis of Relay 
4Q that shows that increase in a number of relay nodes even 
with low order modulation scheme achieve good performance 
and vice versa.  

 
Fig. 4. Performance Analysis of six relay nodes with BPSK 

The 6th number of cooperative relay node mentioned as 
Relay 6Q shows better performance than all other cooperative 
relay nodes in the cooperative network even comparing with 
Relay 6B. 

Rk 

S D 

Fig. 2 Scenario of k number of Relays. 
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Fig. 5.  Performance Analysis of six cooperative relay nodes 

 with QPSK 

Fig. 6. Performance Analysis of first six relay nodes with BPSK 

  and  QPSK modulation 

V. CONCLUSION 
Cooperative communication is one of the useful 

methodologies used for achieving high data rates in the next-
generation 5G wireless network. In this study, we evaluated 
the performance of a total of six cooperative relay nodes with 
two different modulation techniques by using the MRC 
technique for combing all required signal at the receiver. It is 
shown that less bit error rate probability and better SNR can 
be achieved by increasing the number of relay nodes in the 
cooperative wireless network. However, the performance is 
not accelerating so much if we increased the number of 
cooperative relay nodes after some extent. In our future 
proceeding work, we will focus to determine the optimal 
number of relay nodes for the maximum performance with 
other combing techniques at the receiver such as equal gain 
combing and selective combing, etc. Moreover, we will 
investigate the optimal relay selection technique which is 
necessary for achieving higher performance in the cooperative 
wireless networks. 
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Abstract—Cooperative diversity is one of the most promising
techniques for next-generation wireless networks for accomplish-
ing high signal quality even in the degrading fading environment.
Various cooperative techniques can be employed to achieve
desired performance according to given scenarios. This study
evaluates the performance of two different cooperative relay
networks, i.e., a cooperative network and multi dual-hop network,
in which non-regenerative relaying protocol is assumed to work
at relay nodes. A moment generation function (MGF) based
performance analysis is carried out for both cases of a relay
network. The analytical and simulation results with regard to the
varying number of relay nodes are presented. The results show
that cooperative network is robust to multi dual-hop cooperative
network.

Keywords—cooperative network, moment generating function,
multi dual-hop, outage probability

I. INTRODUCTION

In the next generation wireless network, different techniques

and methods are being used for achieving high data rates and

to utilize limited resources [1], [2]. Moreover, the number of

mobile subscribers are also exponentially increasing with the

demand of more high data rate. However, wireless communica-

tion comes across different challenges such as distortion, shad-

owing, multipath propagation, fading, etc. while transmitting

and receiving of the information [3]. To overcome such type

of different challenges, various types of diversity techniques,

e.g., time diversity, frequency diversity and spatial diversity is

used in wireless communication. In terms of spatial diversity,

the multiple input multiple output (MIMO) method is used,

which is more robust against fading as well as to achieve

better performance. However, due to several practical issues

such as equipment size, weight, power utilization, cost etc.,

limits the overall benefits of MIMO at the user end [4]. These

limiting factors of MIMO can be tackled by another approach

of Virtual MIMO renowned as Cooperative communication in

a more appropriate manner [5].

The cooperative diversity is one of the most promising method

for achieving high data rates in the next generation wireless

networks even in the degrading fading environment [6]. Km. et

al. [7] analyzed the performance of the multi cooperative relay

network over various fading channels for maximizing end to

end performance. Young. et al. [8] derived the exact symbol

error rate by using a regenerative relaying protocol to achieve

better performance. Yawgen. et al. [9] considered two receive

techniques diversity Maximal ratio combing (MRC) and Se-

lection combining (SC) for evaluating the performance of the

dual-hop cooperative network. Salama. et al. [10] studied the

performance of the multi-node cooperative network by using

a very efficient approach of the moment generating function

(MGF) and analyzed it for symbol error rate over Rayleigh

fading channel. In [11] the probability density function (PDF)

and cumulative density function (CDF) are used to derive

closed-form expression for analyzing the outage probability

performance over various fading channels by only considering

the cooperative network.

This study presents both cooperative diversity network model,

i.e., cooperative network and multi dual hop network for

analyzing and comparing the performance. The signal to noise

ratio (SNR) at the destination node is derived by using MGF

for each case, and then outage probability is obtained by using

the Euler’s summation method.

The remainder of this paper is organized as follow. Section

II presents the system model for both cases. In Section III

the closed-form expression of MGF for instantaneous SNR

is derived at the destination node. Section IV explains the

simulation and analytical results for analyzing the performance

of both networks. Conclusion is given in Section V.

II. SYSTEM MODEL

We consider two different cases of cooperative diversity, i.e.,

Cooperative Network and Multi dual-hop network as shown in

Fig. 1 and Fig. 2, respectively. The basic difference between

these two networks is that in the cooperative network, the

source node can transmit the required information to all the

connected relay nodes inside the network as well as to the

destination node. However, in multi dual-hop, the destination

node is not directly reachable or accessible only to source

node due to the various technical reason for sharing of the

information.

The system model for each case consists of one source node

S, destination node D and multiple relay nodes Rm (m = 1, 2,

3,...,M) in the network. The channel between all the connected

978-1-7281-3992-0/19/$31.00 © 2019 IEEE

192



 

 

 

 

 

S D 

Half Duplex 
Mode 

First Step 

Second Step  

Fig. 1: Cooperative network.

nodes considered as Rayleigh fading channel and the receiver

has complete channel state information in both cases. The

sharing of information assumed to be completed in two steps,

i.e., a half duplex mode in the networks. In the first step, the

S broadcast the message signal z that is received by Rm and

also by D as Ysrm and Ysd, respectively, in case of cooperative

network which is given by,

Ysrm =
√

Eshsrmz + ηsrm , (1)

Ysd =
√

Eshsdz + ηsd, (2)

where hsrm and hsd are the channel gain coefficients, Es

denotes the average energy per symbol in the message signal,

ηsrm and ηsd are the complex additive white Gaussian noise

with noise variance N0. Whereas, in multi dual-hop network

case only relay node Rm received the information as Ysrm that

is conveyed by S however, D is unaware of this information

in step one.

In the second step Rm processed the received signal by using

a non-regenerative relaying protocol and then forward it to D.

In both cases D received this signal which is shown as

Yrmd = Gm

√
EshrmdYsrm + ηrmd, (3)

where Gm is the amplification gain factor at Rm, which is

given as,

Gm =

√
Es

Es|hsrm |2 +N0

. (4)

III. PERFORMANCE MEASUREMENTS

In both cooperative diversity network cases, we consider

that all the links follow Rayleigh distribution. Hence the PDF

and CDF of the received signal SNR [12] can be shown as,

fγk
(γ) =

1

γk

exp

(
−
(

γ

γk

))
, (5)

Fγk
(γ) = 1− exp

(
−
(

γ

γk

))
, (6)

 

 

 

 

S D 

First Step Half Duplex 
Mode 

Second Step 

Fig. 2: Multi dual-hop network.

where k ∈ {sd, srm, rmd} are the link index and γk is

the instantaneous SNR. The MGF of the instantaneous SNR

received via S → D link is given as [13],

Mγsd
(s) =

1

(1 + γsds)
. (7)

The PDF of S → Rm and Rm → D, links can be obtained

by its CDF. Assuming the links as i.i.d and by using equation

(6) the CDF of both links can be shown as,

Fγm
(γ) = 1− exp

(
−
(

γ

γum

))
. (8)

where

γum
=

γsrmγrmd

γsrm + γrmd

. (9)

using equation (8) and taking the derivative of the CDF with

respect to γ the PDF of both links can be written as

fγm(γ) =
1

γum

exp

(
−
(

γ

γum

))
. (10)

Hence the MGF for S → Rm and Rm → D, links can be

obtained as,

Mγm
(s) =

1

(1 + γum
s)
. (11)

In the case of multi dual-hop, the required MGF for S →
Rm and Rm → D, links is already obtained because there

is no direct link between S → D. However, in the case of

cooperative network both S → D and S → Rm → D, links are

required for calculating total end to end SNR γtc. Assuming

all the links as i.i.d the total MGF Mγtc
can be obtained as,

Mγtc(s) = Mγsd
(s)

M∏
m=1

Mγm(s) (12)
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Thus, by inserting equation (7) and equation (11) into equation

(11) the Mγtc can be rewritten as,

Mγtc
(s) =

1

(1 + γsds)

M∏
m=1

1

(1 + γum
s)

(13)

A. Outage Probability

In a fading environment outage probability Pout is an

important metrics to find out the performance that falls below

the well define value of the threshold γϑ. In this study for both

cases, the Pout is derived by Euler’s summation method as

Pout = Pγtot(γϑ, C, L,Q)

= 2−QeC/2

γϑ

∑Q
q=0

(
Q

q

)
∑L+q

l=0
(−1)l

ϕl
R
{

Mγtc

(
−C+2πjl

2γϑ

)
C+2πjl

2γϑ

}
+E(C,L,Q),

(14)

where

ϕl =

{
2, l= 0

1, l= 1, 2 , . . . L

}
,

C = 10 ln � 23.02, L = 21, Q = 15 and R {·} represents

real part respectively, as given in [14].

IV. NUMERICAL AND SIMULATION RESULTS

In this section, the analytical and simulation results for

outage probability is presented, by using derived PDF and

MGF for both cases of cooperative diversity, i.e., multi dual-

hop network and cooperative network. The derived MGF

expression in equation (11) and equation (13) are substituted

separately into equation (14) to obtained analytical results by

considering 16 QAM modulation technique and the threshold

value γϑ = 10 for both case respectively. Moreover, the Monte

Carlo simulation is used in order to verify the accuracy of the

results.

In Fig. 3 the outage probability is analyzed by considering

three number of relay nodes and a direct link between S → D
as well as relay link S → Rm → D, for the cooperative

network case. The simulation and analytical results well agree

with each other on the various value of Es/N0 . A significant

decrease in the value of Pout is observed by an increasing

number of relay nodes as well as increasing the value of

Es/N0 in the network. At Pout = 10−4, almost 10 dB gain

is observed when the number of relay nodes increased from

M=1 to M=3.

Fig. 4, presents the outage probability of a multi dual-hop

network as second case study by considering the number of

relay nodes as well as S → Rm → D link. It can be observed

that better performance could be achieved by increasing the

number of relay nodes in the network even when there is no

direct link between S → D. However, by closely examining

and comparing with the cooperative network as shown in Fig.

3, similar performance cannot be achieved due to missing one

of the dominant factor of S → D link in the network.
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Fig. 3: Pout vs Es/N0 in cooperative network.
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Fig. 4: Pout vs Es/N0 in multi dual-hop network.

V. CONCLUSION

Cooperative diversity is a promising approach for achieving

better end to end performance in the wireless network. The

various models considered in cooperative diversity have their

own befits and drawback. In case of cooperative network

better performance can be achieved by adding more number of

relay nodes in the network whereas, in case of multi dual-hop

similar performance cannot be achieved even by considering

the same number of relay nodes in the network. The direct

channel between S → D contribute well for decreasing

the value of outage probability with better performance. In

order to achieve the same performance while considering the

same number of relay nodes in multi dual-hop network more

efficient techniques and methods are required. However, in
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both cases, the reliability factor of cooperative diversity in

the wireless network can trigger a better end to end reliable

performance as compare to the non-cooperative network.

REFERENCES

[1] M. Agiwal, A. Roy, and N. Saxena, ”Next Generation 5G Wireless
Networks: A Comprehensive Survey” in IEEE Communications Surveys
and Tutorials, vol. 18, no. 3, pp. 1617-1655, third quarter 2016.

[2] S. A. Khan, A. Kavak, S. A. Colak, and K. Kucuk, ”A Novel Frac-
tional Frequency Reuse Scheme for Interference Management in LTE-A
HetNets” in IEEE Access vol. 7 pp. 109662-109672 (2019).

[3] Z. Pang, M. Luvisotto, and D. Dzung, ”Wireless High-Performance
Communications: The Challenges and Opportunities of a New Target,”
in IEEE Industrial Electronics Magazine, vol. 11, no. 3, pp. 20-25, Sept.
2017.

[4] C. Song, K. J. Lee, and I. Lee, ”Designs of MIMO Amplify-and-Forward
Wireless Relaying Networks: Practical Challenges and Solutions Based
on MSE Decomposition,” in IEEE Access, vol. 5, pp. 9223-9234, 2017.

[5] M. Asshad, A. Kavak, K. Kucuk, and S. A. Khan, ”Using Moment
Generating Function for Performance Analysis in Non-Regenerative
Cooperative Relay Networks with Max-Min Relay Selection” In AEÜ
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Abstract— Parkinson's disease is a neurological disorder 

that has significant social and economic impacts affecting the 

patient's quality of life. Combined Parkinson's disease 

assessment scale is used together with clinical observations and 

evaluations in the diagnosis of the disease. However, this method 

may be insufficient especially at the beginning of the disease. 

Using data mining for analyzing of Parkinson’s disease data can 

lead to the identification of similar patients, with the aim to 

assist the clinicians to respond more promptly and in a more 

personalized fashion to the changes of the patients’ status. The 

majority of the studies within Parkinson disease are related to 

the classification task of data mining. However, association rules 

mining is one of the most common data mining problems used 

to find interesting and valuable associations that often occur in 

large data sets. There are very few studies on association 

analysis of Parkinson disease. To the best of our knowledge, 

there is not any study about multi-objective optimization for 

association analysis in real Parkinson data sets. In this study, 

multi-objective association analysis of Parkinson disease with 

MOPNAR and QAR_CIP_NSGAII that aims to automatically 

find the association rules with related intervals by optimizing 

many conflicting objectives such as support, confidence, lift, 

certainty factor, netconf, yulesQ, and coverage simultaneously. 

Keywords— numerical association rule mining, multi-

objective optimization, Parkinson disease 

I. INTRODUCTION  

Parkinson's disease is a slow progressive neurological 
disease caused by damage to cells that secrete dopamine in the 
brain [1]. However, although there are many hypotheses about 
the cause of this damage, none of these have yet to be proven 
[2]. Because of the gradual appearance of Parkinson's disease, 
it is difficult to diagnose early and is the second most common 
neurological disease after Alzheimer's disease [3]. Parkinson's 
patients commonly show signs of tremor at rest, slow motion, 
muscle stiffness, and loss of balance [4, 5]. In addition to these 
symptoms, signs of mental changes, speech disorders, sleep 
disorders and depression are frequently observed and may 
worsen over time [6]. Speech disorders are very common 
among Parkinson's patients, and this symptom occurs in about 
90% of patients [7]. In addition, these patients may include 
signs of speech impairment, such as incorrect pronunciation, 
low voice, dull speech, difficulty starting to speak, difficulty 
in maintaining loudness, and decreased fluency [8]. 

Currently, there are no biomarkers that can be detected by 
laboratory tests for the diagnosis of Parkinson's disease [9]. 
Therefore, the diagnosis is made by neurologists according to 
certain criteria based on evaluation of clinical symptoms. 
Disease progression is also observed in the clinical signs and 
symptoms related to dopamine deficiency. However, these 
clinical motor symptoms do not occur until the loss of 
dopaminergic neurons, the main pathology of Parkinson's 
disease, reaches 60-80% [10]. Current research suggests that 
when clinical motor symptoms are very mild, speech and 

speech disturbances occur, and even acoustic analyzes can 
detect these distortions before a pronounced, perceptible 
dysarthria occurs [11]. 

Because acoustic measurements provide valuable early 
findings, researches for early and differential diagnosis of 
Parkinson's disease have come to the fore in the literature [11, 
12]. There are many studies in the literature about voice and 
speech disorders, which is one of the secondary symptoms of 
Parkinson's disease.  

Acoustic measurements of sounds of Parkinson's patients 
can be easily performed without harming the patient. In the 
literature, many different methods of acoustic measurement of 
sounds have been proposed. Examples of these are the short-
term irregularities in the basic frequency of the patient's 
syllables, the use of acoustic measurements such as jitter, 
shimmer [13], and the use of the harmonic noise ratio 
parameter of the measurement of hoarseness [14]. In addition, 
Mel frequency kepstrum coefficients [15], linear prediction 
modeling [16, 17], auditory modeling [18] and kepstral peak 
significance measurements [19] were used in acoustic 
measurements of sound. Recently, analysis methods are 
derived from nonlinear dynamics to determine the intensity of 
dysphonic sound [20, 21]. Little et al. recommend the analysis 
of nonlinear dynamics as a valid method for identifying sound 
disturbances [22, 5]. 

However, diagnosis and treatment of voice and speech 
disorders require a multidisciplinary study. In developed 
countries, language and speech therapists are involved in the 
multidisciplinary team in the evaluation and treatment of 
motor speech disorders. While neurologists are responsible for 
the diagnosis and medication of neurological diseases, 
language and speech therapists are involved in the differential 
diagnosis of dysarthria and speech therapy. Early diagnosis of 
Parkinson's disease, which is one of the most common 
neurodegenerative diseases of our age, is of great importance 
in terms of minimizing communication problems by 
intervening in speech disorders early as well as an effective 
treatment. Therefore, there is a need to elucidate the voice and 
speech characteristics of Parkinson's disease in detail [23]. 

In this study, in order to be useful in further studies and to 
form phoniatric reduction method for Parkinson's patients, by 
analyzing the sound abnormalities in Parkinson's patients, it 
was analyzed the common associations in this disease data in 
order to obtain more successful results in the diagnosis. In this 
way, it is aimed to automatically and automatically extract the 
association rules in Parkinson's data containing large and 
numerical data in different metrics. The problem was 
approached as a multi-objective optimization problem and 
MOPNAR and QAR-CIP-NSGAII algorithms were adapted 
to this problem and the rules were extracted and metrics were 
presented in comparative tables.  
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II. STUDIES ON THE DIAGNOSIS OF PARKINSON’S DISEASE 

WITH VOICE 

Disorders in voice production and speech in Parkinson's 
patients are caused by the negative effect of the dopamine 
deficiency on movement mechanism of facial, mouth, larynx, 
and pharyngeal muscles and decreased mobility [24].  The 
uniformity of tone, decrease in stresses, irregularity of sound 
level, vocalization of words, short sentence constructions, 
forked sound, thinning of the pitch and sometimes 
pronouncing too fast or slow to speak words are among the 
important symptoms of speech and speech disorders in 
Parkinson's errors [25]. 

With the development of technology, many methods have 
been developed to assist physicians in the diagnosis and 
diagnosis of the disease. Voice and speech disorders have 
attracted the attention of many researchers in terms of easy 
data acquisition and applicability. Little et al. used 31 subjects, 
23 of whom had Parkinson's disease, in their studies based on 
grading the severity of the disease [1]. Speech tests were 
performed to detect features such as rapid fluctuations in 
sound, vibration, sound level and harmonicity that can be used 
to diagnose and determine the stage of Parkinson's disease and 
a success rate of 91.4% was achieved. Their method was based 
support vector machines with gauss radial based kernel 
functions.  

In their study [26], Tsanas et al. aimed to estimate the rate 
of progression or regression change in the disease by 
incorporating approximately 6,000 audio recordings from 42 
Parkinson's patients with speech processing algorithms and 
characterizing the feasible features in speech. 

Revett et al. [27] analyzed the data of Little et al. using a 
rough set approach. The obtained data were first screened by 
filtering algorithms and 90% success was achieved by 
applying the results of the classification algorithm. 

In another study, Tsanas et al. [28] were interested in 
converting audio signals logarithmically. The results of this 
self-test at home were matched to the United Parkinson's 
Disease Rating Scale (BPRS) used by experts to determine the 
diagnosis and the degree of the disease. It has been found that 
logarithmically converted audio signals do not provide much 
better clinical information than raw audio signals. 

Sakar and Kursun applied a common knowledge based 
attribute selection in order to determine the relationship 
between the attributes and the BPRS score and created a 
classification model by giving the selected attributes to the 
support vector machine classifier. They also tried to increase 
the objectivity of the system by using leave-one-out cross 
validation method. The performance of the systems was 
measured with ROC curve (receiver operating curve), true 
positive and false negative ratios [29]. The classification 
success rate was 92.75%. 

Using the OPENSMILE [30] tool from the various data 
obtained from 168 Parkinson's patients, Bayestehtashk et al. 
extracted 1582 attributes, used leave-one-out cross validation 
method and examined the success of different regression 
methods in classification. As a result, ridge regression analysis 
performed better than lasso and support vector regression [31].  

Sakar et al. obtained 26 attributes based on the basic 
frequency of sound with PRAAT acoustic analysis software 
from 26 sound recordings consisting of daily sentences, 

numbers, simple words and extended vocals from 40 
individuals, 20 healthy and 20 patients and they examined the 
performance of k-EYK and LibSVM classification process. In 
addition, they investigated the effect of their special leave-
one-out, which is based on the central spread and distribution 
criteria, and leave-one example-out cross-validation methods 
on classification success, and achieved a success rate of 85% 
with their proposed method [32]. 

In their study, Cantürk and Karabiber applied four 
different feature selection and six different classification 
algorithms on the data set created by Sakar et al. and made 
comparison of k-fold and leave-one example-out cross-
validation methods for the accuracy of the model. As a result, 
it has been seen that the features selected with LASSO have 
better success with 10-fold cross-validation method in support 
vector machines [33]. 

Li et al. made Parkinson's disease classification with voice 
analysis by combining fuzzy logic-based nonlinear 
transformation method and support vector machines method. 
They achieved a classification success rate of 93.47% [34]. On 
the other hand, Eskidere performed a study comparing sound 
analysis [5]. In this study, the results were evaluated according 
to the validation methods and in addition to the literature 
comparison, DVM-RFE classification method was applied to 
the problem of Parkinson's diagnosis by voice analysis and 
classification success rates were given. 

III. DATASETS AND METHODS 

The data used in this study were collected from 188 
patients with Parkinson's disease (81 women and 107 men) 
with ages ranging from 33 to 87 (65.1±10.9) at the Istanbul 
University, Cerrahpasa Faculty of Medicine, Department of 
Neurology. During the data collection process, the 
microphone is set to 44.1 KHz and following the physician’s 
examination, the sustained phonation of the vowel /a/ was 
collected from each subject with three repetitions [35]. 
Various speech signal processing algorithms, including 
Time-Frequency Features, Wavelet Transform based 
Features, Mel Frequency Cepstral Coefficients, TWQT 
Features, and Vocal Fold Features have been applied to the 
speech recordings of Parkinson's disease patients to extract 
clinically useful information for Parkinson's disease 
assessment. Overview of the attributes set is listed in Table 1. 

Association rules mining (ARM) is one of the most 
studied data mining problems in order to find interesting 
associations that often occur in large data sets. The binary 
ARM algorithm, which operates on market data, has been 
first introduced by Agrawal et al.  namely Apriori [36]. The 
Apriori algorithm and the proposed algorithms afterward are 
composed of two stages for ARM. In the first stage, frequent 
itemsets are found and in the second stage, rules are 
discovered from these frequent itemsets. Although the rules 
of binary association are meaningful, most real-world data 
sets are categorical and numerical. Therefore, numerical 
ARM (NARM) algorithms have been proposed. Evolutionary 
algorithms seem the best alternative methods for NARM [37-
39]. In this paper, MOPNAR and QAR_CIP_NSGAII 
methods have been adopted for multi-objective association 
rules mining within the Parkinson dataset. 
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TABLE I.  OVERWIEW OF THE ATTRIBUTE SET [35] 

 

MOPNAR is proposed to discover a small number of 
negative and positive numerical association rules. The 
method is based on a multi-objective evolutionary method 
based on decomposition and performs evolutionary learning 
of the ranges of attributes and condition selection for each 
rule. It proposes a restarting process and an external 
population to store all non-dominated rules and to improve 
diversity. The algorithm considers three objectives: 
comprehensibility, interestingness, and coverage [40]. 

QAR_CIP_NSGAII is one of the best known and most 
frequently used multi-objective evolutionary methods in the 
literature. NSGA-II uses an evolutionary model that is similar 
to other evolutionary methods, however has two distinct 
features that make it a high-performance multi-objective 
evolutionary algorithm. One of them is the fitness assessment 
based on Pareto rankings and crowding criteria of each 
solution, and the other is an elite population update procedure 
[41]. 

IV. EXPERIMENTAL RESULTS 

Performance analysis on the Parkinson data of MOPNAR 
and QAR-CIP-NSGAII, one of the multi-objective 
optimization algorithms, was performed in NARM. The 
parameters of the analyzed algorithms are demonstrated in 
Table 2. The algorithms were run 5 times. These two 
algorithms were compared in terms of the number of rules 
(#R), average support (Avsup), Avconf), average lift (Avlift), 
average conviction (Avconv), average certainty factor (Avcf), 
average netconf (Avnetconf), average yulesQ (AvyulesQ), and 
coverage percentage (%Tran) metrics for the ARM problem 
in the Parkinson's disease data consisting of numerical 
attributes. The results obtained from these experiments are 
shown in Table 3. 
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TABLE II.  DEFAULT PARAMETERS OF THE ALGORITHM 

Algorithm Parameters 

MOPNAR 

Number of objectives: 3, Number of evaluations: 
100000, H control parameter: 13, Weight vectors in 

neighborhood: 10, Probability parent solutions are 

selected from the neighborhood: 0.9, Max solutions 
replaced by each child solution: 2, Probability of 

mutation: 0.1, Factor amplitude: 2.0, Difference 

threshold: 5.0 

QAR-CIP-

NSGAII 

Number of objectives: 3, Number of evaluations: 
100000, Population size: 100, Probability of mutation: 

0.1, Factor amplitude: 2.0, Difference threshold: 5.0 

 
When Table 3 is examined; MOPNAR's average support, 

confidence, cf, yulesq, and trans values seem to be better. 
QAR-CINSGAII only gives better results at average lift 
value. When two algorithms are compared, it can be observed 
that MOPNAR gives better results in Parkinson's data. The 
rules obtained in MOPNAR are shown in Table 4. Boxplot of 
the support, confidence, CF, netconf, yulesq, and trans% 
values for the Parkinson data set is shown in Fig. 1. Average 
support and confidence values are shown in Fig. 2. 

TABLE III.  COMPARATIVE EXPERIMENTAL RESULTS 

Algorithm #R 𝑨𝒗𝒔𝒖𝒑 𝑨𝒗𝒄𝒐𝒏𝒇 𝑨𝒗𝒍𝒊𝒇𝒕 𝑨𝒗𝑪𝑭 𝑨𝒗𝒏𝒆𝒕𝒄𝒐𝒏𝒇 𝑨𝒗𝒚𝒖𝒍𝒆𝒔𝑸 Trans% 

MOPNAR 64.400 0.286 0.944 10.7 0.930 0.810 0.994 98.338 

QAR-CIP-NSGAII 27.800 0.036 0.912 336.762 0.888 0.820 0.952 22.520 

TABLE IV.  OBTAINED RULES FROM MOPNAR 

MOPNAR Rule Conf Supp 

1 det_entropy_shannon_9_coef ∈ [-62962.4552, -1.058] ⇒ det_entropy_shannon_7_coef ∈ [-1158382.112, 3.1511] 1.00 0.85 

2 
det_entropy_shannon_1_coef ∉ [-1.274710035E7, -17220.193300000003]˄ Ed2_6_coef ∉ 

[0.0019332000000000002, 0.011606] ⇒ det_TKEO_mean_5_coef ∉ [4619.9746000000005, 49545.354] 
1.00 0.87 

3 
std_3rd_delta_delta ∉ [0.033826, 0.07084] ˄ tqwt_kurtosisValue_dec_6 ∉ [2364.8359, 6810.2903] ˄ 

tqwt_kurtosisValue_dec_22 ∉ [7.3431, 12.2256] ⇒ meanIntensity ∉ [39.98410852, 55.63835751] 
1.00 0.83 

4 
det_LT_entropy_log_8_coef ∉ [-61.698699999999995, -15.8307] ⇒ app_det_TKEO_mean_1_coef ∉ 

[8260.4798, 25708.6105] 
1.00 0.96 

5 ed2_7_coef ∉ [3.4711999999999997E-4, 0.016704] ⇒ det_LT_entropy_shannon_4_coef ∉ [-1.9752, 2.8541] 1.00 0.91 

 

   

   

Fig. 1. Boxplot of the support, confidence, CF, netconf, yulesq, and trans% values for the Parkinson data set  

 

199



  
 

Fig. 2. Average support and confidence 

V. CONCLUSIONS 

Since it is an easy and cost-effective, non-invasive 
method for its availability and applicability, many 
researchers have applied to voice analysis in the diagnosis of 
Parkinson's disease since it does not cause any problem 
during diagnosis within the patient. In this study, for the first 
time, multi-objective optimization algorithms were used for 
the automatic discovery of association rules that will help the 
specialists in separating patients and healthy individuals by 
making use of the musical characteristics of the audio signals 
received from the patients. For this purpose two multi-
objective evolutionary methods, MOPNAR and QAR-CIP-
NSGAII, were adapted. The MOPNAR algorithm gave good 
results in terms of average support, confidence, cf, yulesq, 
and trans metrics.  

As a further study, it is aimed to create a real-time model 

by collecting more data via mobile phone or voice recorder 

and to develop this model. In addition, although this study 

was targeted only for Parkinson's disease; the next step of this 

study is that muscular properties can be used effectively in 

other neurodegenerative diseases affecting the central 

nervous system such as multiple sclerosis, Huntington's 

disease, amyotrophic lateral sclerosis. 
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Abstract—At the present time, machine learning methods
have been becoming popular and the usage areas of these
methods have also increased with this popularity. The
machine learning methods are expected to increase in the
cyber security components like firewalls, antivirus software
etc. Nowadays, the use of this type of machine learning
methods brings with it various risks. Attackers develop
different methods to manipulate different systems, not
only cyber security components, but also image detection
systems. Therefore, securing machine learning models has
become critical. In this paper, we demonstrate a data
poisoning attack towards classification method of machine
learning models and we also proposed a defense algorithm
which makes machine learning models more robust against
data poisoning attacks. In this study, we have conducted
data poisoning attacks on MNIST, a widely used character
detection data set. Using the poisoned MNIST dataset,
we built classification models more reliable by using a
generative model such as AutoEncoder.

Keywords—data poisoning, support vector machine, ma-
chine learning, optimization

I. INTRODUCTION

In recent years, with the rapid advances in technology,
there has been a tremendous increase in the usage of
systems and the data produced by these systems [1].
With this increase in the rate of produced data, the data
can now be accessed by the systems directly and the
systems are able to use these produced data without
being programmed in detail. Systems are able to provide
meaningful results by learning the data on their own
and they are provided by machine learning methods
which are an artificial intelligence application and these
methods are now used in cyber security areas [2].

Moreover, with the increase in cybercrime, machine
learning methods are used to detect malicious behavior in
systems, malware, and malicious traffic on the network
[3]. These and similar machine learning solutions in the
field of cyber security are also being used in commer-
cial products. Some of these products are; Exabeam,
Fortscale, E8 Security. Attackers have begun to use

adversarial machine learning methods to avoid such
detection methods and to violate the security of relevant
areas by using gaps in machine learning techniques.

The adversarial machine learning has been used to
describe the technique employed in the field of machine
learning which attempts to fool models through mali-
cious input in either training time or decision time. The
methods of adversarial machine learning are divided into
two according to the time of the attack:

• Data Poisoning Before Model Training: The at-
tacker changes some labels of training data set
before the model learns.

• Data Preparation According to Trained Model: The
attacker enforces model to produce inverse of true
output data after model is trained.

Both types of attacks are extremely dangerous consid-
ering the consequences and effects. When we examine
commercial machine learning products, it is seen that
data poisoning attacks creates a greater threat. Almost
all commercial products require the training data set
from the installation organization itself. For attackers,
poisoning these datasets can be quite easy.

In the scope of this study, we first proposed an
algorithm that acknowledges that the attacker has access
to data, and he conducts a data poisoning attack prior
to model training. Before model training, the attacker
manipulates data by changing the labels of the malicious
samples with labels of normal samples, and he shows
malicious samples as normal samples. Then, the attacker
adds these manipulated data samples in the training data
set, so that he manipulates the data before the model
is trained. On the other hand, we proposed a defense
mechanism to reduce the impact of this data poisoning
attack and to make the model robust to these types of
attacks.

The rest of the paper is organized as follows: The
related work is presented in Section II. Section III gives
brief preliminary information. Section IV presents our
system model in details. Our model evaluation and real
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system test results are presented in Section V. The
concluding remarks are given in Section VI.

II. RELATED WORK

By controlling several devices, attackers are able to
manipulate the data that is created for machine learning
applications [4]. Within the scope of such attacks,
Biggio et al. performed the first systematic poisoning
attack against the linear regression model and proposed
the TRIM algorithm, which is a stronger algorithm than
the classical models used for the detection of poisoning
points on the training data [4].

Khalid et al. identified potential machine learning
threats and presented examples of training data
poisoning and adversarial machine learning attacks from
these threats. They also recommended a training data
poisoning attack that has less impact on accuracy [1].

Paudice et al. proposed a data poisoning attack that
changed the labels of labeled data and influences the
ability to classify classification method from machine
learning algorithms. They then proposed a defense
mechanism based on the K-NN algorithm to ensure
label clearance against this attack that aimed to identify
data labels which are manipulated by the attacker [5].

In the Internet of Things (IoT) area, products collect
data dynamically and they learn these data online [6].
Therefore, products in the IoT area are particularly
vulnerable to data poisoning attacks. In their study,
Nathalie et al. presented a new methodology for
identifying and filtering malicious data to train a
supervised learning model in the IoT field [6].

III. PRELIMINARY INFORMATION

In this section, we will briefly describe the methods
we have used in the context of our study.

A. Data Poisoning Attack

There is a need for a data set that has reached a certain
volume and a machine learning model suitable for this
data set to use learning methods in a system, device
or product. For this reason, in commercial products,
the model is created according to the customer data, so
there is no ready model for each type of data. Thus,
when a product which uses machine learning methods is
sold to a customer, the data structure of the customer is
monitored at a certain time interval in order to generate
a model according to the customer data and needs. With
this way, the usual structure of the data is profiled by
the product.

In this study, we assume that the attacker has access to
the data and he can manipulate instances where normal

behavior is learned and he shows abnormal behavior
data as normal behavioral data. In this way, the attacker
enables the machine learning algorithms to perform the
learning function on the manipulated data.

B. Auto-Encoder

Auto-encoder is a generative model of the artificial
neural network that reproduces the data by learning the
structure of the data with no labels. The structure and
features of the data are learned with this model and
the data is tried to be re-created. Figure 1 shows an
auto-encoder model. Details of an auto-encoder model
is given at Figure 1.

Fig. 1: Auto-Encoder model

C. Support Vector Machines

Support Vector Machines (SVM) is a supervised ma-
chine learning algorithm which can be used for both
classification and regression problems. In this study, we
have used the classification version of SVM algorithm.
This algorithm is used for binary classification problems
which are consisting of two different classes of the target
value (i.e. yi ∈ {−1,+1}) [7].

Consider a data set (x1, y1), (x2, y2) · · · (xn, yn) into
two different classes, where input instances are n-
dimensional feature vectors xi ∈ Rn and yi ∈ {−1,+1}.
If the input data set with two classes can be separated by
a linear hyperplane w ·x+ b = 0. After solving optimal
values of w and b using Lagrange multipliers, then the
classifier hypothesis becomes

f(x) = sign

(
m∑
i=1

αiyiK(xi,x) + b

)
(1)

where αi and b are calculated by using an SVM algo-
rithm.

IV. SYSTEM MODEL

In this research, firstly labeled data was obtained.
Then, an optimization-based data poisoning attack
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was performed on the data set. After that, with the
auto-encoder model, a defense mechanism against this
attack was proposed. The general steps of the study are
shown in Figure 2.

Fig. 2: General steps of the study

This study was prepared using Python programming
language and included the Python libraries Keras, Scikit-
learn, Scipy, Numpy and Mathplotlib.

A. Manipulated Data

In this study MNIST data set is used. The MNIST data
set contains 28×28 pixel image of handwritten instances
from 0 to 9. Figure 3 shows an example of MNIST data .

Fig. 3: Example of MNIST data image

The number of features is 784 (d = 28× 28 = 784).
In this research, each feature (pixel value) is normalized
by dividing 255, because of gray-scale representation.
In addition, we need to create a data set where the
target value was composed of two different classes and
these classes were determined as −1, 1. Because SVM
classification algorithm builds only binary models. In
order to convert the MNIST data set to the binary data
set where the target (class) values are labeled as −1,+1,
number 5 is selected as the target and the labels which
are equal to 5 are labeled as +1, and all remaining
values which are 0, 1, 2, 3, 4, 6, 7, 8, 9 labeled as −1. By
using this conversion, the multi-class MNIST dataset has
been transformed into the detection of a single number
for the purpose of using the binary classification
problem. Eventually, 92 of 1000 input instances
are equal to 5, therefore they are labeled as +1, and
remaining 908 of 1000 input instances are labeled as −1.

The solution speed of the optimization problems on
large volume data is directly proportional to the hardware
capabilities. For this reason, in our study, we have se-
lected only 1000 input instances containing all numbers
from 0 to 9 with their labels from MNIST data set
according to our hardware capacity, and we have divided
these 1000 samples into 2 parts and marked 600 samples

as training data and the remaining 400 samples as test
data set for our experiments.

B. Capability of The Attacker
We assumed that the main purpose of the attacker

is to manipulate the data collection phase to poison
the training data set. After manipulating the collected
data, the attacker can convert some abnormal behavioral
samples as normal behavioral samples. Therefore, the
classification model learns abnormal behavioral samples
as normal behavioral samples. For this purpose, the
attacker replaces the abnormally behaved data label of
the test data set with the normal behaved data label, and
poisons the data by adding the manipulated data to the
training data set before the model is in training step.

However, in order to prevent this manipulation from
being noticed, an optimization problem occurs for the
attacker to decide which of the abnormally behaved
data must be changed. By solving this optimization
problem, the attacker aims to reduce the classification
performance on the manipulated data as much as
possible while increasing the classification performance
on the manipulated data that the product has.

In order to solve this optimization problem; the cost
function of the true data is minimized and the cost
function of the manipulated data is maximized. Equation
is as follows;

argmin
w

 ∑
xi∈D(1)

l(yi, f(xi))−
∑

xi∈D(2)

l(yi, f(xi))


(2)

The total data set consists of two different sets,
D = {D(1) ∪ D(2)} . The D(1) data set consists of
samples whose class label is not modified. The attacker
changes the label of samples with +1 to −1 in the D(2)

data set. But the attacker can do this operation within
a budget, B. Accordingly, the cost of each sample (xi)
which the class label is changed is bi. If bi is 0, it shows
that the class label of the relevant example has not been
changed; If bi = 1, it shows that the class label of the
corresponding example has been changed. Therefore, the
constraint of the attacker’s optimization problem can not
exceed this budget. The new optimization problem using
this constraint is as follows;

argmin
B

 ∑
xi∈D(1)

l(yi, f(xi))−
∑

xi∈D(2)

l(yi, f(xi))


s.t.

i=|D(2)|∑
i=1

bi ≤ B

(3)
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With the solution of this optimization problem, the attack
is successfully accomplished by finding the poisoning
points to reduce the classification performance on the
manipulated data, which improve the classification per-
formance of the security product on the manipulated
data.

C. Creation of Auto-Encoder Model

The auto-encoders derive the identity function,
hw(x) ≈ x, which will produce very similar results,
x̂ ∈ Rm, to the input vector, x ∈ Rm. The binary
cross entropy function is used as the loss function when
creating the auto-encoder model. With this function,
the loss calculated for each vector component is not
affected by other components. The formulation of the
corresponding function is as follows;

l =

C′=2∑
i=1

tilog(f(si))

= −t1log (f(s1)) + (1− t1)log (1− f(s1))

(4)

s1 and t1 are the score and basic reality tag for C1

class respectively. In this study, the compression ratio of
the auto-encoder model was fixed to 0.8 and 4 differ-
ent activation functions were used separately and their
effects on the model were investigated. The activation
functions used are Sigmoid, ReLu, Tanh and Softsign.
The results obtained with the usage of different activation
functions are given in Experimental Results section.
Furthermore, the effect of the difference in compression
ratios on the model was measured while the auto-encoder
model was created. In this respect, activation function
was fixed as sigmoid and 10 {0.1, 0.2, 0.3...., 1}, differ-
ent compression ratios were tried. The related results are
given in the Experimental Results section.

V. EXPERIMENTAL RESULTS

Firstly, the data set was trained by using the Support
Vector Machines algorithm and the accuracy on the test
data set was observed as 1.0. Then, the data poisoning at-
tack on the test data set was performed and the poisoned
data (changed labels) were added to the training data set.
In the context of this study, we proposed a mechanism
for the data poisoning attack and we passed the training
data set to the auto-encoder model regardless of when
the attack was carried out in the scope of the proposed
mechanism. In this way, we enabled the auto-encoder
model to learn the natural structure of true data.

After the natural data was learned by the auto-encoder
model, the structure of the poisoned data was estimated
by the auto-encoder model. Then, the accuracy of the
poisoned data set with the data set estimated by the
auto-encoder model was measured and the result was

found as 0.40. As it can be seen from these two values,
although the attack was successfully carried out, the
auto-encoder model marked 0.60 of the data as different
from the poisoned data. Which means that the negative
(normal behavior) values of 0.60 were predicted as
positive (abnormal behavior) by auto-encoder model.

In addition, the performance of this defense
mechanism against the attack was monitored in
accordance with the activation and compression ratios
in the auto-encoder model. Figure 4 shows the training
histories of different activation functions and the loss
values of each auto-encoder model are measured
according to the activation function. When the related
results are examined, it can be seen that the loss value
of SoftSign activation function is converged faster than
other activation functions.

Figure 5 shows the training history of the different
compression ratios and the accuracy of the auto-coder
model in each epoch. In this way, the value that the auto-
coder model predicts the closest to the original data was
measured. It was observed that compression ratio which
gives the best accuracy rate was 1.0.
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Fig. 4: Training history of different activation function

VI. CONCLUSION AND FUTURE WORKS

With this study, we performed an optimization based
data poisoning attack which manipulated the training
stage of the classification method from machine learning
models. Before the training phase of the classification
model, we were able to add manipulated data on the
true data so that the model could learn the manipulated
data as well. We then proposed the auto-encoder model
to make the classification models more robust to such
attacks, and by observing the classification performance,
we showed that the model marked the manipulated data
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(b) Compression ratio:0.2
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(c) Compression ratio:0.3
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(d) Compression ratio:0.4
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(e) Compression ratio:0.5
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(f) Compression ratio:0.6
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Fig. 5: Training history of different compression ratio

as it should be. In future studies, we suggest that auto-
encoder model diversity and gradient-based optimization
can be studied.
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Abstract— There is an assumption that Agile principles are 
sacrosanct and therefore Agile movement is in some ways 
accepting few criticisms. As a result, academic studies providing 
evidence about persistent difficulties, deterioration situations or 
even complete failure in this regard are still scarce. Although, 
there is a limited number of studies on the limitations, context 
dependencies and assumptions of the Agile Software 
Development and the Agile Manifesto in particular, the number 
of studies on the imperfections of the manifesto is very few. 
Holding the aim of opening gates to questioning of the 
underpinning “sacrosanct” Agile principles for the sake of 
agility itself, this study puts forwards that the manifesto has 
some imperfections. For the investigation of the imperfections, a 
reading was made by the author on the Agile Manifesto. The 
study then exposes and comprehensively discusses the identified 
issues along with their reasoning, to fulfill the gap emerging 
from the lacking resources on the area.  

Keywords—Agile, software, project, Scrum, limitation, 
assumption, context, imperfection 

I. INTRODUCTION 

Traditional software development, with its Waterfall 
Methodology instance, has been dominating the sector for 
several decades [1]. On the other side, the traditional approach 
is criticized due to some drawbacks and shortcomings in its 
nature [2], especially in today's turbulent business 
environment. In response to the problems of this approach, 
Agile approach has appeared [3] to meet the need for faster 
time to market, shorter development cycles, lower 
development cost, and the ability to move and change quickly 
[4]. Agile Software Development (ASD) promises an ability 
to change requirements more frequently, the capacity to 
resolve client issues through dialogue rather than litigation, 
and a focus on producing working software rather than other 
traditional deliverables such as supporting documentations 
[5]. 

However, the agile world evangelizes the original ideas of 
the Manifesto for Agile Software Development (from now on 
referred to as Agile Manifesto) more and more with 
commercial concerns [6] and it causes polished success stories 
and a bias in evaluations. Moreover, there is an assumption 
that agile principles are sacrosanct and there exists a tendency 
to add practices to resolve problems that arise in specific 
contexts as an appropriate solution [7] without changing the 
“sacrosanct” part of it.  Combined with the effect of that the 
Agile movement is in some ways accepting few criticisms [8], 
as a result, academic studies providing evidence about 
persistent difficulties, deterioration situations or even 
complete failure in this regard are still scarce [9]. However, it 
is fact that there are already some widespread assumptions, 

accompanying limitations and context dependencies 
underlying the Agile development [7, 8, 10, 11, 12] mostly 
springing from the Agile Manifesto itself [13].  

Assumptions are mostly hidden [11] and theoretically 
falsifiable; if the positive side of these (mostly hidden or 
occasionally apparent) assumptions is not realized, 
corresponding limitations emerge. Limitations lead to 
corresponding context dependencies. Having context 
dependencies means to work well only within particular 
conditions that are surrounded with limitations.   

For instance, by having some limitations, ASD provides 
limited support for distributed environments, large, highly 
risky projects, safety-critical domains and large teams [14]. 
Surrounded by such limitations, Agile methods work well for 
projects within particular contexts: small; co-located teams; 
high customer involvement; requirements that change over 
weeks or months; variable scope/ price contracts; and few 
legal or regulatory constraints on development processes [15]. 
This is mainly a result of underlying assumptions made in the 
manifesto such as “customer teams are available for frequent 
interaction when needed by developers”, “developers are 
located in time and place such that they are able to have 
frequent, intensive communication with each other”, “cost of 
change does not dramatically increase over time” [13] and 
many more as listed in study [13]. 

Addition to limitations, context dependencies and 
assumptions, this study puts forwards that the manifesto has 
some imperfections. Imperfections are similarly a kind of 
negative facts yet valid for all conditions (different from 
limitations, context dependencies and assumptions). They are 
not necessarily to exist, yet people create them (different from 
limitations and contexts that are naturally default to exist yet 
limiting boundaries). The Fig. 1 depicts the relations between 
those concepts. 

 
Fig. 1: Relations between the concepts 

207



 

Although there exists a limited number of studies on the 
limitations, context dependencies and assumptions of ASD, 
and the Agile Manifesto in particular, the number of studies 
on the imperfections of the manifesto is very few. This study 
opens gates to questioning of the underpinning “sacrosanct” 
Agile principles for the sake of agility, by focusing on the 
imperfections. Thus, it firstly puts forward Agile Manifesto 
has imperfections then exposes and discusses them in order to 
fulfill this gap emerging from the lacking resources on this 
area. Accordingly, the research question (RQ) was identified 
as: “What are imperfections underlying the Manifesto for 
Agile Software Development?” To answer this RQ, a reading 
was made by the author on the Agile Manifesto and topics are 
identified and comprehensively discussed along with their 
reasoning. 

The remaining of this work is organized as follows. We 
provide an overview of the manifesto in Section 2 and the 
previous related work in Section 3. As relevant to RQ, in 
Section 4, we show the topics that the manifesto bears as 
imperfections. In Section 5, the subject is evaluated with 
discussions, and finally in Section 6, limitations and future 
work are mentioned. 

II. BACKGROUND: THE MANIFESTO 

ASD is underpinned by Agile Manifesto [16]. The 
manifesto sets out the philosophy of ASD that the various 
ASD approaches ascribe [5]. It comes first before the practice, 
making it more appropriate to start with. This invites us 
revisiting Agile values and principles to undermine the causes 
of the imperfection as a means to clarifying the origins, first 
and foremost. 

By definition, ASD is a way of working in an agile manner 
according to Agile values and principles, using Agile methods 
and more specially Agile practices [14]. ASD was formally 
presented to the software engineering community in 2001 by 
seventeen software professionals through “Agile Manifesto”. 
The initial idea of the manifesto aims at uncovering “better 
ways of developing software” emerging from the core ideas 
of different light-weight programming methods [17].  It has 
four core values and twelve principles listed below:  
Values: 

V1: Individuals and interactions over processes and tools 
V2: Working software over comprehensive documentation 
V3: Customer collaboration over contract negotiation 
V4: Responding to change over following a plan 

Principles: 

P1:  Our highest priority is to satisfy the customer 
through early and continuous delivery of valuable 
software. 

P2: Welcome changing requirements, even late 
in development. Agile processes harness change for  
the customer's competitive advantage. 

P3:  Deliver working software frequently, from a couple 
of weeks to a couple of months, with a preference to 
the shorter timescale. 

P4:  Business people and developers must work together 
daily throughout the project. 

P5:  Build projects around motivated individuals. Give 
them the environment and support they need, and 
trust them to get the job done. 

P6:  The most efficient and effective method 
of conveying information to and within a 
development team is face-to-face conversation. 

P7:  Working software is the primary measure of 
progress. 

P8:  Agile processes promote sustainable 
development. The sponsors, developers, and users 
should be able to maintain a constant pace 
indefinitely. 

P9:  Continuous attention to technical excellence and 
good design enhances agility. 

P10:  Simplicity--the art of maximizing the amount of 
work not done--is essential. 

P11: The best architectures, requirements, and 
designs emerge from self-organizing teams. 

P12: At regular intervals, the team reflects on how to 
become more effective, then tunes and adjusts its 
behavior accordingly. 

III. RELATED WORKS 

Relating our subject, study [6] aims to identify the 
evolution of interpretations of the statements in the manifesto 
and future directions from the original contributors’ point of 
view. The manifesto authors states no need for changing the 
wording of the manifesto except Arie van Bennekum who 
would like to change the wording of “software” with 
“solutions”. It also points out many people misinterpret the 
basic claim of the manifesto caused by politics, imagination, 
and economic interest. This study shows that the authors of 
the manifesto do not find any imperfections in the manifesto, 
but instead seek a flaw in those who try to interpret and 
implement the manifesto.  

Study [17] seeks for answers for the questions of “which 
parts of the manifesto would you skip or change today?”, “are 
there necessary new concepts and adjustments for the 
manifesto”. To do so, they asked the contributors of the 
manifesto to answer the questions. Results from the eleven of 
the seventeen contributors by e-mail and a skype conference 
with one of the contributors are parallel to those of study [6], 
most probably because of the source of the data being same 
for the both research. 

Study [11] focuses on the values presented in the Agile 
Manifesto as a means to clarifying the origins and impact of 
ASD. It criticize the manifesto in terms of the language used.  
It points out the creators of the manifesto intended some 
specific terms such as process, documentations to refer to a 
specific context such as large or bureaucratic process as 
opposed to simply a process. However, the study states this 
usage of the terms by the authors are not explicit and 
terminology misconceptions are prone to emerge. 

Relating our subject, study [18] claims that some 
statements named as principles in the manifesto are not 
principles in definition rather they are assertions, practices or 
platitudes. 

IV. EVALUATION OF THE AGILE MANIFESTO 

For the investigation of the imperfections underlying the 
Agile Manifesto, a reading was made by the author on the 
Agile Manifesto. The following subjects are identified and 
discussed to answer the research question of this study. 
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A. The Agile Manifesto Against to the Agile Manifesto 

The Agile Manifesto was designed about two decades ago, 
in the year of 2001. Proposing possible updates to the 
manifesto to come up with today’s solutions supporting agility 
needs should be investigated. As mentioned, “At regular 
intervals, the team reflects on how to become more effective, 
then tunes and adjusts its behavior accordingly”. However, 
within such a “regular interval” or not, during almost two 
decades, there is no intention to review the manifesto. 
According to study [6], the manifesto authors do not deem it 
is necessary to update the manifesto and they have no 
intentions for any update. 

The manifesto is developer-focused [6] and developer-
minded. A basic sign of this is seen in the expressions of the 
manifesto reduced to the view of a developer perspective, not 
including those of a business side, even a software analyst or 
tester. There are for instance obsessive “working software” 
expressions as a clear sing of developer point of view. Even 
though the manifesto states that “Business people and 
developers must work together daily throughout the project… 
The sponsors, developers, and users should be able to 
maintain a constant pace indefinitely”, the manifesto authors 
does not include people from business side. Thus, the 
development of the manifesto with the business point of view 
based on an agreed “Definition of Done” is missing. 

B. The Agile Manifesto Against to the Agility 

Kruchten [19] defines agility as “the ability of an 
organization to react to changes in its environment faster than 
the rate of these changes”.  This definition leads us to the 
point; agility is not only the right of a certain zone or 
organizations of a certain size or kind. On the other hand, 
Agile Manifesto was designed for relatively smaller teams and 
application of it to the small-scale is such called as “agile 
sweet spot” [20] resulting in a “comfort zone”. Then, it fits 
and is most likely to succeed only within its own "home 
ground" [21]. 

There rationally may exist places where agility may be 
naturally needed, beyond such a “comfort zone” or “agile 
sweet spot”. This is why, although Agile methods enjoy their 
comfort zone, some organizations have already started to push 
agility in software development outside of this out-of-box 
comfort area [15, 22]. Leaving this comfort zone to reach 
broader areas is necessary if the agility is regarded to be a right 
of organizations regardless of their size. 

Apart from reaching the broader areas, Agile Manifesto 
was not developed with a pure agile mindset providing the full 
power of agility. Instead of providing the full power of agility, 
there are views to the manifesto as the packaging and structure 
of certain earlier concepts, with new terminology [5, 18] and 
as a reaction to elder development models. This issue is 
elaborated under the next titles named as “Erosion in the 
Transitions” and “Hegel's Dialectics”. 

C. Erosion in the Transitions 

The universe and the living creatures in it live with pure 
agility capabilities by default. Cells, animals and all living 
things are born and live with the agility abilities they need. 
Reactions of eyes to light or of vessels to temperature is a kind 
of it. However, there is a potentially possible gap between the 
agility in this absolute sense and the perception of agility in a 
human mind (Erosion Point 1). As an indicator of this, each 

human mind creates its own agility perception, most probably 
different from those of other people. Assuming that a human 
mind is able to fully reflect the real agility, it has not been 
technically assured that the manifesto reflects the real agility 
as it's supposed to be (Erosion Point 2). This chain of erosion 
continues in the transition from the agility definition and 
capacities of the manifesto to a particular Agile framework 
such as Scrum (Erosion Point 3) and from this particular 
framework to an actual implementation (Erosion Point 4). The 
whole chain is depicted in the Fig. 2. Thus, at the last end of 
the implementation, agility definition and capacities are 
candidate for questioning. Within the scope of this study, 
Erosion Point 1 and 2 are intrinsic, default and inevitable 
imperfection points related to the manifesto.  

 
Fig. 2: Erosion points in the transitions 

D. Hegel's Dialectics 

“Hegel’s dialectics” relies on a contradictory process 
between opposing sides. Similarly, Agile approaches have 
generally been seen as the contrary to traditional 
(heavyweight, disciplined, predictive, plan-driven) 
approaches due to opposing viewpoints of [2, 11, 21]. A 
common example is the paradigmatic assumption in the Agile 
world that the Agile Manifesto is more about a replacement of 
traditional methods especially with its four underpinning 
values [12]. The manifesto states “We are uncovering better 
ways of developing software”, implying “better than 
traditional ways”, rather than delivering a pure statement of 
“agile ways of developing software”. Arie van Bennekum 
points out, during the development of the manifesto “they [the 
manifesto authors] all share two common treats: the aim to 
diminish bureaucracy and a focus on valuable deliverables” 
[6]. Consequently, the manifesto comes with a definition 
based on a counterpart, instead of defining itself 
independently and originally. 

There exist examples of the unintended dichotomy 
resulting from the attempt of defining agility through an 
opposing concept. For instance, it is unfortunate the 
juxtaposition of the terms Agility and Discipline, in the title of 
Boehm and Turner’s work [24], as it carries with it the implicit 
suggestion that ASD is something that may not be disciplined 
or which may not require discipline [5]. This unintended 
language implication and concomitant emerged ambiguity can 
also be seen in this statement from [6]; “there is no basic issue 
against documentation…basic issue is [the use of] documents 
[which is] one of the old paradigms”. This is an unintended 
language implication from the perspective of the original 
authors [5]. However, the mentality of Hegel’s dialectics 
behind this language opens gates to such interpretations.  

Through such a mentality, this case emerges “black and 
white” segregation and has created a dual polarization 
between these two edges. As a result, the left hand side 
expunges the right side of the manifesto by overriding it [11]. 
One may purport that “the manifesto does not prohibit 
documents or processes, the users should just value them less 
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than individuals or working software” [6]. Such a limitation 
applied to documents or processes is not a pure requirement 
of being agile, it is just a basic result of a requirement of such 
a dialectic. Someone else may also purport that the users 
should be able to value documents or processes as much as 
needed based on their own context. At the end of the day, 
agility is only one of the adjectives in the universe and 
disciplined, sustainable, mature, stable, strong are some 
others. From a higher point of view, users should be able to 
strike a balance between these adjectives (abilities) according 
to their needs, which is an ability of having pure agility. This 
approach is also parallel to the view of Conboy and Fitzgerald 
whom study of experts’ opinion on Agile methods notes that 
“the very name agile suggests that the method should be easily 
adjusted to suit its environment” [25]. 

E. Design Issues 

Some statements named as principles in the manifesto are 
not principles rather they are assertions or practices [18]. P6 is 
a kind of practice [18] and assertion that is falsifiable (the false 
case is also possible; the most efficient and effective method 
of conveying information to and within a development team 
may not be face-to-face conversation). Similarly, P7, P9, P11 
are assertions (Working software may not possibly be the 
primary measure of progress or the best architectures, 
requirements, and designs may not be emerging from self-
organizing teams). In P10, definition of simplicity is wrong, it 
rather defines something else [18]. 

Values of the manifesto prefer working software to 
comprehensive documentation [6]. However, documentation 
is not equivalent to software. Such misleading comparison 
leads to the misconception that the documentation matters can 
be solved by early software delivery. In addition, in Agile 
methods, it is not possible to do comprehensive 
documentation in short iterations that do not allow it or do not 
need it. Moreover, with the expression stating that working 
software is more valuable than documentation is nothing new. 
At any point in time (in 1970s or 2020s), this statement is 
valid. By using this ‘newly’ introduced language, it is thus 
prone to follow the agile values as an excuse to hack 
undocumented, poorly designed code [26]. 

In fact, the notion of “software” does not provide the full 
frame. An information technology (IT) delivery to the users 
usually covers an entire solution that can be software, 
hardware, service or a combination of them, along with the 
supporting documents, trainings etc. For instance, in the case 
of hardware delivery, it may not be fully possible to produce 
a shippable increment at the end of each (short) iterations. 
Thus, if the software statement in the manifesto is adequate it 
does not cover the all spectrum of IT. If the software statement 
should be replaced with a broader one, some other parts of the 
manifesto would not be compatible with its current form. 

F. Planning 

People do plans, always, at strategic, tactic and operational 
levels. For instance, crossing a road starts with making a plan, 
at an operational level. The plan is revised, if necessary, 
according to the actual situation happening. In general, 
planning serves as a bridge between present and future and 
people cannot live even their daily lives without this bridge. 
The same is also valid for tactical and strategic level planning. 
Naturally and consequently, the Agile methods have planning 

phenomenon. They have continued to experience planning, 
with different dimensions, not the same way as the traditional 
methods do, but the 'plan' part in the Agile methods cannot be 
ignored [3]. At least, “sustainable development”, “a constant 
pace”, “regular intervals” require planning. Any software 
development inevitably requires planning in order to deliver 
working software [5]. 

Planning the future in an exact manner would mean to 
know all the relevant parameters and corresponding actions 
that will affect the time in the future, which is impossible.  The 
essential and main reason for this is that the time advances 
linearly, but future is not linear; unexpected conditions lead to 
the path to come off the tracks on the linear line. It is a fact 
that due to the evolutionary nature of software projects, 
changing markets and evolving technology [27], change 
usually becomes inevitable in many aspects of projects 
including requirements, circumstances, and stakeholders [28]. 
Software development, in addition to other factors, has a 
human factor inside, which is one of the most challenging 
elements to estimate at the front because human does not 
behave linearly. For such reasons, adaptation of the plans to 
the reality is a must. 

Instead of diminishing the need for a plan as declared in the 
manifesto, the project/process can start at a high level and with 
initially vague defined plans and as much as the details are 
clarified over a time of period, plans may evolve towards 
versions that are in more detail. The course of plans can also 
be gradually introduced in an adaptive manner when things 
get closer. By this way, “responding to change” can be 
possible by “following a plan” that is adaptive. This is what 
people do as a necessary part of the life.  

G. Self-Organization 

Self-management is a central principle in Agile Manifesto. 
However, with multiple tasks running in parallel, especially in 
the large-scale, it is hard to perceive what related groups are 
doing at any given time [7]. Becoming more dependent upon 
other teams’ practices as a result of inherent dependencies of 
projects/organizations makes teams hardly self-organizing 
[7]. Another key issue in this regard is how to balance inter-
team coordination and self-management in multi-team 
developments [29]. Difficulties in simultaneously 
standardizing across and preserving some local flexibility [32] 
arise opposing forces for the teams. Simply saying, the goal of 
being self-organized for each individual team appears to be in 
opposition to organizing themselves with the consideration of 
other teams. The emergence of dependencies between teams 
indicates that the ability of teams to act independently and in 
a self-organized manner is not valid. Then, the naive idealistic 
assumption of agile teams in self-management is in question. 

H. Process 

If a process can be defined as “the sequence of steps 
required to develop or maintain software [5], then, having 
certain types of processes even in applying the manifesto itself 
is a must. For example, the answer to how exactly individuals 
interact as they go about the task of developing software calls 
for a kind of process establishment [5]. It may be the case that 
the creators of the manifesto used the term “process” to refer 
to a large or bureaucratic process as opposed to simply a 
process [5] yet this subject is still an issue to overcome. 
Otherwise, when considered that “Scrum is a process 
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framework” [23], rigorously following Scrum to be agile 
becomes a contradiction to the manifesto, if interactions and 
individuals should be focused on in order to be agile rather 
than strictly following the planned (Scrum) processes (with all 
its meetings etc.) [17]. 

One way or another, there is an apparent disadvantage in 
devaluing the contribution of processes in this complex and 
interconnected activities of software development [5].With 
complex interdependencies intrinsic to software development, 
agile projects still requires to lean on steady practices of 
processes. 

I. Physical Dependencies 

Agile Manifesto is designed to leverage physical co-
location and extensive face-to-face interactions [30] 
especially during the meetings. Face-to-face communication 
mandates, naturally, two limitations: synchronizing people in 
terms of same time and place. From time perspective, one of 
the most prominent features of such a communication method 
is that it limits capabilities to the present time only. Meetings 
that are a means of communication are a derivative of the 
present time. Thus, abilities relevant to the past and future time 
decline. Addiction to a same place requires the teams to be 
close together. This has led to the conclusion that Agile 
methods are appropriate for co-located teams [22]. Aside from 
this, the manner of face-to-face talks, which are advised as a 
communication tool [6], is a kind of challenge even for co-
located teams, as it requires the same place at the same time 
for all relevant actors of multiple simultaneous teams and 
parties. Thus, the Agile’s nature depending on meetings and 
face-to-face communication on physical platforms manifests 
itself as a factor inhibiting flexibility and accompanying 
agility. The Agile Methods must also keep pace with the 
requirements of the digital age and benefit from the advanced 
digitization capabilities of this era (such as e-collaboration, 
electronic boards [15]), by utilizing appropriate 
documentation, process and tool capabilities. 

J. The Full Picture with Black and White 

Any framework does not make a person trustful by default 
or it is not a silver bullet in this regard. From this point of view, 
the proposal of the manifesto, “Give them [individuals] the 
environment and support they need and trust them to get the 
job done”, is an optimistic assumption and represents only one 
side of the coin (the white side of the yin yang). The manifesto 
does not consider the full picture along with the black side of 
the yin yang. It only provides “happy path” and poses a 
vulnerability by not considering the “else case” such as in the 
implications of team's avoidance of conflict and making 
criticism and providing negative feedbacks [31]. As another 
case, there is no balancing approach of agile teams against 
non-motivated team members or of the organization against 
non-motivated teams. Within this “happy path”, particular 
team members or teams may easily create a comfort zone for 
their benefits. Given the negative effects of the non-motivated 
team member [31], this issue is likely to put agile teams and 
more generally Agile methods at risk.  

V. DISCUSSION 

Such challenges in this work may lead to questioning the 
Agile Manifesto in terms of providing “the real agility”. 
However, the illusion of staying at the comfort zone continues 
to lead to thinking that the Agile method has universal value 

and represents some ultimate recipe and the holy grail of 
software engineering [19].  Sticking to this believe, while 
Agile evangelists exhort teams to adopt their methods whole, 
in such every project following a particular method must adopt 
every practice, as described in the manuals, books and courses 
[15], we challenge this assertion by this study. 

As an improvement, some updates to the manifesto may 
prevent from possible erroneous readings and correct the 
perceptions that have been formed over time due to these 
erroneous readings. A common one is the paradigmatic 
assumption in the Agile world that say the Agile Manifesto is 
more about a replacement of classic approach especially with 
its four underpinning values [7]. With effects of the manifesto 
not defined precisely but with a high level of abstraction [11], 
the Agile world has led to a set of misconceptions such as that 
it is forbidden to document or to plan within Agile Methods 
[11]. It therefore seems to be the case that there is some room 
for improvement in the language adopted in the Agile 
Manifesto itself [5]. 

This study thus proposes to normalize the Agile 
Manifesto’s biased position, springing from its radical 
approach to the traditional approaches. If “…there is value in 
the items on the right” as stated in the manifesto, then this 
study comes with the idea of bringing the values on the right 
to the surface, to consider them for more sustainable and 
broader agility. 

As a reengineering, this study implies a need for an 
endeavor for re-designing the Agile Manifesto even though 
the original authors emphasize the importance to preserve the 
origin of the manifesto [6]. Such initiation would not probably 
come from the original authors as some authors stop focusing 
on the future trends of the manifesto [6]. However, agility is 
not a monopoly of a certain coterie but a common property of 
the whole community. If it is believed that agility is a need of 
organizations, responsibility of improving the manifesto 
belongs to the whole community. 

In this reengineering, the organizations should consider 
that while ‘agility’ in the current state of software 
development enjoy its comfort zone, organizations today still 
need to have some other abilities that the Agile world 
intentionally or unintentionally ignores. We suggest searching 
for a proper integration and harmony of agile mindset, 
mentally, theoretically and practically with other realities and 
needs of organizations. Agile is one of the adjectives in the 
universe and disciplined, sustainable, mature, stable, strong 
are some others. To help to define such adequate process or 
set of practices outside of the “agile sweet spot” and in order 
to profit from the real agility, cold-headed and impartial 
investigation is required even though such research is 
generally not very easy to conduct [19].  

In 2011, Philippe Kruchten wrote [8] “The Agile 
movement is in some ways a bit like a teenager; very self-
conscious, checking constantly its appearance in a mirror, 
accepting few criticisms. Only interested in being with its 
peers, adapting fads and jargons, at times cocky and arrogant 
but I have no doubts that it’ll mature further, become more 
open to the outside world, more reflective and also therefore 
also more effective.” The discovery of problems can be 
considered as part of the solution and it is hoped that this work 
will contribute in this manner by addressing the points to 
improve in Agile Manifesto, to become more mature, more 
open to the outside world, more reflective and more effective. 

211



 

VI. SUMMARY, LIMITATION AND FUTURE WORK 

The main contribution of this study is a thorough 
identification of imperfection points of the Agile Manifesto. 
We believe this is an important contribution especially for 
practitioners before diving into an Agile implementation. In 
terms of the imperceptions, the current literature covers 
limited contents. For the academia, hopefully, this work serves 
to fill this gap and would shed some light on areas that deserve 
further investigation. 

Pertaining to this study, the fact that study was carried out 
mainly desk-based, staying theoretical and leaning only on the 
author’ analyses, creates a threat to the validity of its results. 
There are also several avenues of the future work for the 
research. It is a need to provide a justification of the identified 
imperfection points in this work within practice and then 
proposing possible updates to the manifesto to come up with 
solutions supporting more suitable agility. 
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Abstract— Successful stock traders have been using support-
resistance lines for their trading decisions for decades. At the 
same time, correctly identifying these imaginary lines is one of 
the greatest challenges that they constantly face due to the 
complex and mostly inconsistent nature of this phenomenon. 
Still, these lines are considered among one of the most important 
technical indicators for designating buy-sell points. It is very 
difficult, if not impossible to determine the best support-
resistance lines for any given stock; hence most of the time, the 
traders manually draw these imaginary lines on stock charts 
and implement their trading strategies accordingly. In this 
study, our aim is automatically identifying these lines through 
an evolutionary optimization algorithm (PSO) and using these 
support-resistance points for deciding the optimum buy-sell 
points. The proposed strategy is compared against Buy & Hold. 
The results indicate using optimized support-resistance lines 
can be used for identifying buy-sell points, meanwhile if we only 
decide to use these automatically-generated lines, no significant 
improvement was observed when compared to Buy & Hold 
strategy. However, this is a preliminary study and more analyses 
need to be performed. If the model is used as one of the multiple 
inputs to a more comprehensive trading system along with other 
technical/fundamental indicators, better results might be 
achieved. 

Keywords— Stock market; algorithmic trading; support-
resistance; technical indicators; technical analysis; evolutionary 
algorithms (EA); particle swarm optimization (PSO) 

I. INTRODUCTION 

Computational intelligence has been used quite 
extensively for constructing stock market trading models and 
other financial applications [1]. Among these studies, there are 
studies that directly use financial time series prediction 
models with relevant features [2,3], but there are also various 
evolutionary computation models, mostly used for technical 
analysis parameter optimization [4,5], portfolio allocation [6], 

options strategy development [7] or algorithmic trading 
optimization [9,10]. 

Technical indicators have always been part of many 
algorithmic trading systems [11,12]. However, in practice, 
most of these are used based on sometimes optimized pre-set 
rules [5] without the overall high level view of the underlying 
asset. There have been some attempts on creating 
representative images through feature transformations [2,3]. 
However, even though these images provide valuable 
information for the associated learning models, it was still 
very difficult, if not impossible for a human to distinguish 
between the images.  

However, technical traders generally rely on more basic 
and obvious trigger signals for their trade decisions. For that 
purpose, they read the charts and decide when to buy and sell 
from the overall look of the charts. However there are still 
ambiguities about how the chart will be interpreted. In one 
study, a computational intelligence based trading system is 
proposed using bar charts as inputs [13]. However, most 
traders prefer combining the chart information with relevant 
technical indicators for more informed and accurate trade 
decisions. 

Meanwhile, among the technical indicators, support-
resistance lines are one of the most widely preferred tools by 
the technical traders using charts (chartists). It would have 
been nice to come up with a computational intelligence model 
that can reliably create these support-resistance lines for the 
traders. However, unlike other technical indicators, support-
resistance lines do not have clear formulas; they are subjective 
imaginary lines, so it is very difficult to generate them. In this 
study, we developed a model to automatically generate 
support-resistance lines, detect breakout points and buy-sell 
points through evolutionary optimization. 

Fig. 1. An example for support-resistance lines 
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The basics of the support-resistance lines are described in 
Section 2. The evolutionary algorithm that is used to optimize 
the required parameters, Particle Swarm Optimization (PSO), 
is introduced in Section 3. In Section 4, the developed 
algorithm is explained followed by Section 5, which includes 
the results. Finally, conclusions and discussions are provided 
in Section 6. 

II. SUPPORT-RESISTANCE LINES 

Support-resistance lines are commonly used by traders for 
identifying the channels that the stock price is assumed to stay 
in. Technical analysis supporters believe stocks oscillate 
between these lines. Once the stock price comes close to any 
of these lines, it is assumed that the price reverses its direction 
and stays in the aforementioned channel. Hence, it might be 
beneficial for a trader to be able to identify these lines before 
entering or exiting a trade. 

However, not only these lines are imaginary and 
subjective, but also depending on the time period, several 
different, sometimes conflicting lines can be drawn at the 
same time. A support-resistance line example is demonstrated 
in Fig. 1.   

Since these lines do not exist in reality, different traders 
might draw different lines. As a result, it is very difficult, if 
not impossible, to draw the optimum support-resistance lines 
for a given chart. Another difficulty arises from the fact that 
most of the technical indicators do not provide concrete 
outcomes. For any trade, there exists a buffer region where the 
stock price might be indecisive within a range of a few 
percentage points. In other words, even if the indicator signals 
a buy (or sell) point, the price might still go down (or up) 3-
5% percent before moving in the other direction. Due to this 
uncertainty, it will not be clear where the exact turning point 
for a stock is. As a result, even if we identify the support-
resistance lines, exact validation of these lines will not be 
possible. 

Even though practitioners commonly use support-
resistance lines, not many academic studies exist for automatic 
generation of these lines. In one study, Carol Osler developed 
a support-resistance line-based model to predict trend 
reversing points of exchange rates [14]. The main motivations 
of our study are two-fold: To analyze the profitability potential 
of automatically generated support-resistance lines from a 
practical point of view and to provide an evolutionary 
optimization model for this particular problem from 
researchers’ perspective. 

III. PARTICLE SWARM OPTIMIZATION (PSO) 

Particle Swarm Optimization (PSO) is first introduced in 
1995 by Eberhart and Kennedy [15]. Although there are many 
optimization algorithms in literature, PSO is efficient enough 
to provide a satisfactory solution. 

PSO is an optimization method based on the social 
interactions of a swarm. Every member of a swarm, called 
particle, has a location Xi and velocity Vi in the solution space 
(See Equations 1,2). The solution space is a n dimensional 
space such that every dimension has a lower bound and an 
upper bound. Each particle has a cost value on every location 
in the solution space. The fitness value is a value that is 
calculated with a function using the location of each particle. 
The cost value is the opposite of the fitness value thus where 
the fitness value is greater, the cost value is smaller. Particles 
remember their best location Pi where the cost value is their 

minimum result. Particles also interact with each other and 
they know the global best location G among all particles 
where the fitness value is the global minimum of all particles. 

Initially, each particle has a random location and velocity. 
Every Pi is initialized as Xi. G is computed by comparing every 
Pi and their cost value. A new particle is created, called the 
swarm particle, and given the location G. After every iteration, 
if G changes, the swarm particle is updated to a new location. 
The PSO algorithm ends when a predetermined number of 
iterations is reached or some efficiency level on the cost value 
is obtained. 

Particles move inside of the search space to find an 
optimum location where the cost value of G is minimized. 
Each swarm particle’s movement is computed with a formula 
having 3 components. The first component is the particle’s 
previous velocity multiplied with a constant w, called the 
inertia weight. The second component is calculated by 
subtracting Xi from Pi and multiplying with the constant a1, 
called the personal speeding. The third component is 
calculated by subtracting G from Xi and multiplying with the 
constant a2, called the global speeding. In addition, the second 
and third components are multiplied with different random 
numbers from 0 to 1 to add randomness to the formula. ( ) = × ( − 1) + × × ( − ( − 1) +× × ( − ( − 1))          (1) ( ) = ( − 1) + ( )         (2) 

After each iteration, new locations are set for each particle 
using the previous location and the velocity calculated in the 
current iteration. The new location is checked whether it is in 
the search space, because it may have crossed the borders. If 
any particle has gone out of borders in any dimension, the 
particle is moved to a random valid point. In addition, the two 
pairs are related with each other. To calculate the critical 
points in the given days, ResistanceMaxGap cannot be larger 
than (ResistanceMinPeriod/4). Likewise, SupportMaxGap 
cannot be larger than (SupportMinPeriod/4). After each 
iteration of the particle swarm, these constraints are enforced 
and if they are not satisfied, they are replaced by new particles 
and the constraints are rechecked again. 

One of the crucial points is selecting w, a1 and a2 correctly. 
If w is selected high, then the particles tend to move to similar 
directions to their previous direction and if it is selected low 
then the previous velocity information will be lost and there 
will be no “searching direction”. If a1 is selected high, the 
particles would be stuck in their local best positions and if it 
is selected low, the particles lose their best position. If a2 is 
selected high, the particles move towards to one fixed point on 
the search space: the global best location. If it is selected low, 
the particles will not be affected by the global best position. 

PSO has been used in many financial applications. For 
instance, Fei Wang et al. developed a model to optimize 
moving average and trading range break-out parameters [16] 
and they find optimal parameters. Ucar M. et al. have used 
PSO to optimize two level covered call option model and got 
better results compared to Buy and Hold strategy [8]. Bhanu 
et al. proposed a PSO based model for option pricing [17]. 

In this study we decided to assign w = 1.15, a1 =2.15 and 
a2 = 2.15. Another import issue is determining the swarm size, 
which has a serious effect on large search spaces. We have a 
search space with 6 dimensions thus the swarm contains 1000 
particles. The bounds of each dimension are given in Table 1. 
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Table 1 PSO Search Space - Bounds of dimensions 

Dimension Name Min. Max 

0 ResistanceMinPeriod 20 100 

1 SupportMinPeriod 20 100 

2 ResistanceMaxGap 5 25 

3 SupportMaxGap 5 25 

4 SellPercentage -0.05 0 

5 BuyPercentage 0 0.05 

 

For each particle, the model described in Part 4 is applied 
and the profit is used as the fitness value of the particle. In 
addition, we used cross validation and iteration limit to stop 
PSO training. 64% of the data is used as training data, 16% of 
the data is used for cross validation and the remaining part 
(20%) is used to test the whole model. Optimization process 
is stopped after 250 iterations or when the fitness of the cross-
validation part is not increased after 10 iterations. 

IV. MODEL DESCRIPTION 

The developed model has 3 main parts; generating 
support-resistance lines, checking the validity of the lines and 
the trading strategy. 

A. Generating support-resistance lines 

For the first days of the data and right after breakouts, 
model tries to generate new support-resistance lines. As a first 
step, linear regression is applied to close prices of the last n 
days to detect the trend line. If it is the first time to generate 
the line, the number of days equals to the range from the first 
data date to the current date. If the model is generating a new 

line because of a breakout then the number of days equals to 
“from minimum number of days for resistance period before 
the last breakout to the current date” for the resistance lines 
and equals to “from minimum number of days for support 
period before the last breakout to the current date” for the 
support lines. 

Working on trendless data improves the performance on 
oscillator-based trading algorithms [5]. To clean the data 
from the trend, the corresponding value at the regression line 
is subtracted from the price for each day in the last n days.  

Local extreme points are the main focus of support-
resistance lines. Local maximum points for the resistance 
lines and local minimum points for the support lines are 
detected with the windowing method. In the windowing 
method, each day is tested to determine whether it is a local 
extreme point or not. If the trendless price at that day is 
lower/higher than every other day in the given period, then it 
is a local extreme point. In this study, the window width 
(period) is optimized with PSO (Resistance Maximum Gap 
and Support Maximum Gap dimensions) and the local 
minimum points are used in the support lines when local 
maximum points are used in the resistance lines.                  
After detecting the local extreme points, one of the following 
3 situations can happen; there may be zero or one extreme 
point; there may be 2 extreme points; there may be more than 
2 extreme points. The first case is interpreted as “there is no 
support or resistance line”. In the second case, the line 
passing through these 2 extreme points is accepted as the 
support or resistance line. The last case is more complex. 
Linear regression is applied to the extreme points as the first 

Fig. 2. Developed GUI Software for Automatic Support-Resistance Line Generation using PSO 
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step. The distance from the point to the regression line is 
calculated for each extreme point. The outermost extreme 
point is selected and the line that is parallel to the regression 
line and passing through selected extreme point is selected as 
the support or resistance line. 

When a new resistance line is generated, two separate lines 
(Sell trigger line and no-approach detection line) which are 
parallel to the resistance line, but inside the channel are also 
generated. When the price signal crosses the Sell trigger line 
from below, the system waits until it crosses again this line 
back again downwards. Then the model sells the asset (if we 
have any). The distance from the resistance line to the sell 
trigger line is optimized with PSO, it is equal to the current 
price multiplied with the Sell Percentage parameter. Lastly, 
the distance from the resistance line to no-approach detection 
line is set as twice the distance from the resistance line to the 
Sell trigger line. The no-approach detection line will be 
explained in the next subsection. 

Similar lines for the support line are also generated. These 
lines are used in the trading system and checking support-
resistance lines validity. Some screenshots are provided for 
demonstrating the model development process. (Fig. 2 and 3). 

B. Checking the validity of the lines 

The support-resistance lines’ validity may fail in two 
ways; the price would pass the line, or the price would never 
reach the line. If the price crosses the resistance line (without 
the sell trigger) then a new resistance line is generated while 
the existing support line is maintained. Similarly, if the price 
crosses the support line then a new support line is generated. 

The resistance line means “price will approach to this line 
but will not exceed”. So, when the price of the asset 
approaches to the support line, the trader should buy after buy 
trigger and when it approaches to the resistance line after sell 
trigger, the trader should sell.  

Sometimes the price of the asset does not approach either 
of the support-resistance lines and neither buy nor sell signal 
is generated. This case is detected with the no-approach 
detection line. In each day, for the resistance line, the last date 
the price was above no-approach detection line is detected. 
From that day to the current day, sum of the differences 
between the resistance line and the price is calculated. If the 
summation is more than 61% of the current price, then a new 
resistance line is generated assuming with the previous line, 
we are quite far away from the resistance line and as a result, 
we cannot generate any trade, so we cannot make profit. 
Similar process is also applied to the support line. Implicitly 
we always want to stay in a tight channel between support and 
resistance lines, so there will be many trade possibilities by 
bouncing back and forth between the lines. 

C. Trading Model 

For each day, the existence of the resistance line is 
checked. If the resistance line is not available, then a new line 
is generated, and its validity is checked. If the resistance line 
is available and valid then sell Threshold Price is calculated 
as follows: If the support line is valid then sell Threshold 
Price equals to the average of the resistance price and the 
support price. If the support line is not valid then sell  
Threshold Price is optimized with PSO: sell Threshold Price 
equals to price * (1 + Sell Percentage). 

If the current stock price is higher than sell Threshold 
Price and there is an open position, short and long positions 
are closed. If not, and slope of the resistance line is negative 
then a short position is taken with the value of half of the 
capital in the portfolio. Lastly, if a short position was taken 
previously and the fall in the stock price is more than 5% then 
stop profit strategy is applied and the short position is closed. 

After the operations about the resistance line, the support 
line’s validity is checked. If not valid, then a new support line 
is generated, and its validity is checked again. If the support 
line is not valid then it is the end of current day’s operations. 

Like the resistance line algorithm, buy Threshold Price is 
calculated. If the resistance line is valid then buy Threshold 
Price equals to average of the resistance price and the support 
price. If the resistance line is not valid then buy Threshold 
Price is optimized with PSO parameter and equals to price * 
(1 + Buy Percentage). 

If a short position was taken and the current price is lower 
than buy Threshold Price, then the short position is closed. If 
a long position was taken and the profit is more than 5% stop 
profit strategy is applied and the long position is closed. If the 
price is less than the support price than all the operations are 
closed, and the support line is marked as invalid. 

V. TEST DATA AND RESULTS 

We have tested our model on 5 different ETF’s: QQQ, 
SPY, XLE, XLF and IWM. 64% of the data is used to train 
PSO, 16% of the data is used for cross validation and the 
remaining data is used for testing. The date ranges can be 
found in Table 2. 

Table 2 Date Ranges 

 

Table 3 Buy & Hold versus Support-Resistance Model Performance 
Comparison (Annual Profit %) 

 Training Cross Validation Test 

 Buy & 
Hold 

Model Buy & 
Hold 

Model Buy & 
Hold 

Model 

QQQ -1.07 9.05 18.4 2.43 16.43 2.09 

SPY 9.89 6.76 1.64 6.58 11.02 4.74 

XLE 10.24 10.46 6.07 1.09 -3.41 3.15 

XLF -2.76 6.78 15.77 6.46 5.25 4.59 

IWM 6.57 7.46 9.58 6.05 10.72 0.24 

 

 Training Cross Validation Test 

 Start End Start End Start End 

QQQ 1999-
03-10 

2010-
07-30 

2010-
08-02 

2013-
06-07 

2013-
06-10 

2016-
12-23 

SPY 1993-
01-29 

2008-
05-15 

2008-
05-16 

2012-
03-14 

2012-
03-15 

2016-
12-23 

XLE 1998-
12-22 

2010-
12-22 

2010-
12-22 

2013-
10-9 

2013-
10-10 

2016-
12-23 

XLF 1998-
12-22 

2010-
12-22 

2010-
12-22 

2013-
10-9 

2013-
10-10 

2016-
12-23 

IWM 2000-
05-26 

2011-
01-05 

2011-
01-06 

2013-
09-04 

2013-
09-05 

2016-
12-23 
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We have run our model 100 times for each ETF. The 
performance evaluation of the model and the Buy & Hold 
Strategy is tabulated in Table 3. The average values of the 
annual profits of these 100 runs are shown next to the Buy & 
Hold values. Finally, the average values of some other metrics 
and some standard deviations of 100 runs are shown in Table 
4. 

Even though the model could not outperform Buy and 
Hold in the test period for most of the selected ETFs (4 out of 
5), the developed model still provided useful information 
since most of the buy-sell trigger points were correctly 
identified, as the percentage of the profitable trades were over 
50% in almost all trials. But the model was waiting on the 
sidelines most of the time for the correct entry point (see the 
Utilization rate U.R. in Table 5). The utilization rate can be 
expressed as the ratio of the model being in a trade (buy or 
sell) vs. staying in cash. As a result, even though the trades 
were successful, the combined profit was not high enough due 
to the low utilization rate. To overcome this problem, we 
might use more aggressive strategies where the number of 
trades goes higher, hence as a result, the utilization rate and 
the total profit might increase. Meanwhile, we also tested the 
ETFs between 2009-2011 and obtained comparable results. 

To increase the overall profit and the utilization rate, we 
can also use a basket of uncorrelated ETFs to increase the 

number of buy-sell trigger points; it might also have a similar 
effect. We will try these approaches as future work. 

VI. CONCLUSIONS AND DISCUSSIONS 

In this study, we developed a trading strategy based on 
automatically created support-resistance lines through an 
evolutionary optimization algorithm (PSO). We used a 
training period where the optimization algorithm determined 
the optimized model parameters. We used early stopping by 
checking the validity of the constructed lines with the 
optimized parameters on a Cross Validation period. Then we 
tested the performance of our developed model on the test 
period between 2013-2016. The results indicate that the model 
can create profitable trades, however the overall efficiency of 
the model can be improved. Future work includes creating a 
hybrid trading system using these automatically generated 
support-resistance lines combined with other technical 
indicators in a computational intelligence model. 
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Fig. 3. GUI Demonstration for Performance Evaluation of Support-Resistance Line Generation 
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Table 4 Train, Cross Validation and Test statistics (T.P. = Total Profit (%), A.P. = Annual Profit (%), A.P.S.D. =Annual Profit Standard Deviation,          
T.T. = Total Number of Transactions, A.T.Y. = Average Transactions per Year, P.T.R. = Positive Transaction Rate (%), A.P.T. = Average Profit per 
Transaction(%), A.T.P. = Average Trade Period in days, M.T.L. = Maximum Loss in a Transaction(thousand dollars), M.T.P. = Maximum Profit in a 
Transaction(thousand dollars), Ma.P.V. = Maximum Portfolio Value (thousand dollars), Mi.P.V. = Minimum Portfolio Value (thousand dollars),             
U.R. = Utilization Rate (%)) 

 QQQ SPY XLE XLF IWM 

 Train CV Test Train CV Test Train CV Test Train CV Test Train CV Test 

T.P. 162.80 6.52 7.23 165 22.40 22.08 202.13 3.07 11.18 109.40 17.62 16.48 110.72 15.29 0.96 

A.P. 9.05 2.43 2.09 6.76 6.58 4.74 10.46 1.09 3.15 6.78 6.46 4.58 7.46 6.05 0.24 

A.P.S.D 1.12 3.53 3.58 0.77 2.86 2.67 1.33 3.48 3.64 1.17 3.56 7.30 1.15 4.37 2.85 

T.T. 151.43 34.15 41.09 195.23 36.8 55.03 162.73 32.46 32.23 159.97 34.98 38.5 132.87 27.45 31.78 

A.T.Y. 13.65 13.69 12.94 13.14 11.71 12.78 14.74 13.12 11.21 14.33 13.6 12.61 12.91 11.62 10.78 

P.T.R. 61.15 53.52 61.48 65.34 59.06 66.57 60.9 51.73 55.41 60.99 58.40 56.23 60.98 54.82 55.38 

A.P.T. 1.13 0.2 0.15 0.99 0.67 0.49 1.31 0.1 0.31 0.69 0.52 0.36 0.89 0.57 0.001 

A.T.P. 6.43 7.88 7.92 9.73 8.61 9.54 6.93 6.62 8.69 7.02 6.88 8.02 7.12 8.84 9.45 

M.T.P. 15.48 5.15 4.46 14.08 6.43 5.42 19.57 5.67 5.88 19.18 5.84 15.79 12.54 7.65 4.78 

M.T.L. 14.14 4.69 5.96 13.24 5.60 5.31 17.12 5.73 4.98 13.50 4.09 5.07 11.77 4.30 5.09 

Ma.P.V. 279 111 117 281 125 130 328 115 117 228 118 124 217 117 111 

Mi.P.V. 98 95 96 99 98 97 95 94 95 94 95 94 95 96 95 

U.R. 23.36 25.74 25.15 33.98 22.67 30.1 25.62 19.34 23.05 25.66 22.02 22.33 24.41 25.05 24.81 
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Abstract— In this study, an unsupervised neural network 
model is proposed for fingerprint classification. The proposed 
model uses directional flow or local ridge orientation (LRO) 
information and the relative locations of the fingerprint singular 
points as features for the neural network. The LRO is obtained 
by storing the directional data in a neighborhood from the raw 
fingerprint and this data is filtered to prevent the flow errors 
due to noisy sections of the scanned fingerprint. From the 
resulting LRO data, the singular points are extracted and the 
information is used as the input to the SimNet unsupervised 
neural network model and the fingerprint is classified 
accordingly. For identification, the raw image is passed through 
a band-pass filter and the minutiae are extracted from the 
processed and thinned fingerprint image. The fingerprint 
identification is performed within the obtained class by 
comparing the minutiae of the input fingerprint to the other 
existing prints in that class. The number of classes can be 
adjusted by the number of the singular points and the distance 
between these points. The results show that the model can 
generate a hierarchical classification model that can reduce the 
search space for identification which could be used in small to 
mid size fingerprint database applications. 

Keywords— Fingerprint classification, unsupervised learning, 
neural networks, fingerprint identification 

I. INTRODUCTION 

The images used in this model are scanned ink-on-paper 
Automated fingerprint identification and classification has 
been an area of interest due to the worldwide security concerns 
for sometime. Even though commercial systems are now 
available for providing real-time fingerprint identification, 
manual fingerprint classification is still used in forensics and 
law enforcement for providing a base for positive 
identification.  

Fingerprint classification is the process of grouping 
similar structured fingerprints into one class [1]. The 
classification methods generally use the overall directional 
map of fingerprints [2,3] or the relative coordinates of the 
delta and core locations, referred as singular points [4]. During 
the evaluation of the classification results, techniques such as 
geometric methods, artificial neural networks or expert 
systems have been experimented [1,12,7,13]. In general, the 
raw fingerprint does not need to be processed for classification 
purposes.  

Fingerprint identification is mainly concentrated on 
matching a fingerprint within a set of fingerprints for a means 
of recognition [10]. The process relies on extracting the 
characteristic points of the fingerprints, minutiae, and 
comparing the coordinates and directions of these minutiae to 
other fingerprints to find a match [11]. Unlike classification, 
the fingerprint image needs to undergo several processing 

stages for successful extraction of the minutiae. Among these 
methods, there are not only spatial techniques such as local or 
global thresholding [5], finding the spaces and holes between 
the fingerprint ridges and filling them, but also techniques 
which emphasize on the frequency and directional 
information of the fingerprint images. Also providing 
rotational and translational invariance, thinning [6], minutiae 
template matching, preprocessing and postprocessing 
minutiae [8] are some of the processing methods that take part 
in the identification step. 

The underlying characteristics of fingerprint classification 
was structured more than a century ago with the introduction 
of Henry fingerprint classification model [14] and it is still 
widely accepted today by law enforcement and other related 
agencies. However, there is a considerable percentage of 
fingerprints that are not easily or correctly classified using that 
approach [20]. The issue becomes even more noticeable with 
partial or latent prints [16].  

One approach that can provide an interesting alternative is 
to allow the clustering of fingerprints into dynamic number of 
classes instead of fixing it to match with the existing 
aforementioned model. With that, all fingerprints might 
naturally be able to fit into a group.  

One way to achieve this is to use data clustering. The most 
commonly adapted clustering model is k-means [17]. There 
have been a few implementations of k-means for fingerprint 
classification, but these were mostly focused on image 
characteristics like clustering the data based on the image 
quality [21] and enhancing the segmentation process [19].  

Meanwhile, k-means is also not an optimum clustering 
technique. There are some known issues with k-means. Its 
performance is highly dependent on the choices of initial 
cluster centers [15] and when k value is relatively high, there 
is a chance that there will be empty clusters [18], as a result, 
the resulting number of clusters will be less than k. Even 
though there are some attempts to tackle these problems [22], 
it is still an open problem to find the optimum clustering 
choice for a given data set. 

One of the biggest drawback of k-means is the lack of 
solving how many clusters actually exist within the data. 
Other techniques like hierarchical clustering tries to provide a 
solution to this concern [21]. Since fingerprint classification 
can be considered a data clustering problem, it is possible to 
come up with a dynamic clustering scheme as mentioned 
above. 

In this paper, we tried to address this issue by proposing 
an unsupervised neural network model for dynamic 
fingerprint classification. We used Simnet [23] model for that 
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purpose. In the following section, we provide details about 
how we process the raw fingerprint image and extract the 
adequate features that are used by Simnet. 

II. HIERARCHICAL MODEL FOR CLASSIFICATION AND 

IDENTIFICTION  

The images used in this model are scanned ink-on-paper 
fingerprints. The image quality after the image acquisition is 
not enough for the identification process, but is sufficient for 
LRO retrieval and classification. 

A. LRO Estimation and Filtering 

 LRO is the directional information of the fingerprint at 
equally spaced grid points [3]. In order to calculate LRO at a 
given point, a window of size 32x32 or 16x16 is selected 
surrounding that point and the direction is found as follows: ( ) = ∑ ( , )								∀ = 0. . .31       (1) 

where ( , )  is the intensity value of the pixel at x,y 
coordinates. If we rotate the window i times (i=8) to find the 

directional components for each ( )  for ( )	 =0, , , … ,  and find the new coordinates of the window 

contents such that = cos( ) + sin( )  and = − sin( ) + cos( ) , the new values of ( )	are calculated accordingly. Then, the variations along 
the x-axis are calculated and the maximum of these ( ) 
variations is chosen indicating the alignment that is 
perpendicular to the x-axis and accordingly, the direction ( ) 
gives the LRO at that point [3]. 

After performing the same calculation on all of the 
selected grid points throughout the image, the LRO 
estimation of the image is obtained. The resulting LRO 
estimation might have some directional errors depending on 
the image quality of the neighborhood region. To eliminate 
these false directional data and smooth the noisy portions 
without effecting the singular point locations, the following 
LRO median filtering algorithm is used. First, store the LRO 
representation of an NxN image in an MxM array. Starting 

 

Fig. 1. A raw fingerprint image 

 

Fig. 2. Singular point extraction from the directional map (from the image in 
Fig. 1) 

from M(0,0), go through the LRO matrix using the following 
nonlinear array: 

 , , ,, , ,, , , =        (2) 

 = | − |									 = 1. . .4        (3) = 												 	 	 					∀														 									         (4) 

where b is found as follows: = ∑ + 								∀ 		 satisfying ( = 0)       (5) = ∑ 1								∀ 		 satisfying ( = 0)        (6) 		 > 0,				 =           (7) 

If S=0, find S and T as in equations 5 and 6 except ∀ ,  
satisfying , = .  This can be repeated (increasing i,j) 

until S>0 or the upper limit of  is reached, which is .  
Applying this filter to all LRO (M-1)x(M-1) grid values, the 
LRO estimation is smoothed by eliminating isolated 
directional flow errors. We can interpolate the LRO grid 
values to the fingerprint image to find LRO at each pixel. 

B. Delta and Core Extraction 

The coordinates of the deltas and cores are located from 
the LRO estimation. To extract the delta, the approach is to 
find the point where the ridge flow of the fingerprint is divided 
into two with a sharp angle, such that a triangular shape occurs 
at the intersection. For the core, a ridge flow ending forced by 
a flow in another direction is needed. A singular point 
detection algorithm satisfying these requirements is used for 
extracting the singular points [4]. After applying the singular 
point extraction algorithm, the core(s) and delta(s) of the 
fingerprint are extracted. Fig. 2 demonstrates the 
superimposed singular points on the LRO image (directional 
map). 
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C. Fingerprint Image Processing 

The 2D-FFT of the raw image is obtained and passed 
through a directional bandpass filter at each LRO direction. 
Then, the inverse transform is applied and the resulting image 
has the directional characteristics amplified at the given LRO 
direction and suppressed for any other direction. At the 
singular points, multiple directions are used and the average 
of the pixel intensities are taken. The bandpass filter (Fb) used 
in the frequency domain has a radial (Fr) and angular (Fa) 
component such that 

 ( ) = ( ∙ )(( ∙ ) ( )          (8) 

 
where n is the filter order,  is the center frequency of the 
filter,  is the bandwidth of the filter. These values depend 
on the scale of the fingerpint (We used  = 50 and =80 
pixels in our implementation for 512 x 512 images as in [3]). 
 ( ) = ( ) 					 		| − | <0																								 ℎ 				        (9) 

 

where 	 is the angular bandwidth which is 	 in our 

particular case,  is the angle that aligns with LRO at that 
particular point (found from equations 2 to 7). 
 ( , ) = ( ) ∙ ( )        (10) 
 

Approaching the singular points,  increases, as 
presented in [3], at the singular	point	locations,	 	is	 	in	order	to	cover	all	directions.		The	enhanced	image	is	passed	through	a	local	average	thresholding	 [5]	 process	 to	 prevent	 the	 intensity	differences	 in	the	 image	due	to	excessive	or	light	 inking,	dirt	 or	 oil	 in	 the	 fingerprint, etc. Then thinning [6] is 
performed on the image. The resulting image is a skeletonized 
version of the original image and the singular point locations 
are preserved. 

In order to provide rotational and translational invariance, 
the pixel coordinates are transformed using the delta and core 
locations as reference points. The delta is placed at the center 
(0,0) of the new coordinate system, then the image is rotated 
so that the core point comes across the +y axis. No scaling is 
performed during the transformation. If there are multiple 
deltas or cores, their geometric centers are used in the 
calculations. If no singular points exist in the image, the 
sharpest LRO angle change in the image is found and this 
location is placed at the center and the image is rotated such 
that maximum symmetry is obtained around +y axis. 

The minutiae can be extracted from the thinned image 
using characteristic point templates [7]. The coordinates and 
the ridge directions of the minutiae are stored as features for 
the identification stage. The false minutiae are eliminated by 
applying a post-processing algorithm [8]. 

D. Unsupervised Fingerprint Classification 

The delta and core locations and the distances between 
them are used as inputs to SimNet [9] unsupervised neural 
network classifier. The network has 7 inputs:  

 
• The number of singular points in the fingerprint 

(minimum 0, maximum 4) 
• Distance between delta 1 and core 1 in pixels 
• Distance between delta 1 and core 2 in pixels 
• Distance between delta 1 and delta 2 in pixels 
• Distance between delta 2 and core 1 in pixels 
• Distance between delta 2 and core 2 in pixels 
• Distance between core 1 and core 2 in pixels 
 
Since the y coordinates of delta(s) are always less than 

core(s) in the cartesian representation, the delta (and core) that 
has the least x value is considered delta (and core) 1, if the x 
values are the same, then the one that has the least y value is 
delta (and core) 1. Some inputs might be 0 if there are no 
corresponding singular points for that image. All the inputs are 
normalized into the interval [0,1]. 

In this model, the input feature vector generates a 
matching degree at the output layer. This matching degree is 
compared against two predefined constants to identify the 
vector within the class, or to create a new class. 

 ( , ) = ∑ ( , )(∑ )(∑ )        (11) 

 
where I is the input feature vector and W is the weight 

matrix between the input and the output layer. 

The maximum MD is chosen and compared against the 
network threshold parameters  and  as presented below: 

 > 																		 	1	≥ ≥ 						 	2< 																 	3        (12) 

 
Case1: Perfect match, no need for weight updating 
Case 2: Match with weight update 
Case 3: No match, create a new category 
 

Assuming node J is the winner after the matching phase, 
the weight vector from J to all of the input neurons is updated 
as follows: 

 Δ = ∙ − ( ) 			,			∀       (13) 
 = ( ) + Δ 			,			∀        (14) 

 
where β > 1 is the number of epochs going through the 
training set and γ is a constant which effects the convergence 
rate. Choosing the α value determines how the network 
learns, or even it learns at all. When α = 1, the network 
overwrites the existing weights, so the previous patterns are 
forgotten. When 0 < α < 1, the weights are updated 
accordingly and system learns the new patterns and 
remembers the old ones. When α = 0, there will not be any 
weight update, no new patterns will affect the network, so 
learning is finished. 
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III. RESULTS AND DISCUSSIONS 

The identification strategy depends on how closely the 
minutiae coordinates and directions of two fingerprints match 
with each other. The Euclidean distance and the angular 
neighborhood measures are used for matching criteria 
between minutiae. The comparison is performed between the 
fingerprints within the same class, hence this hierarchial 
structure of the classification and identification model reduces 
the search space needed for positive identification. 

The results for testing the model shows the adaptive nature 
of the neural network classifier. 26 different set of fingerprints 
from [11] are classified and tested for classification and 
identification stage. Adjusting the classification parameters 
resulted in 2 to 8 fingerprint classes. Choosing  = 0.97,  = 
0.8 and α = 0.5 resulted in Henry classification [14] of 
fingerprints. Also choosing different neighborhood measures 
for the identification stage resulted in 88%-100% recognition 
success using the whole set of fingerprints together. When the 
identification was followed by the classification in the 
hierarchical model, there were no misidentified fingerprints. 

The number of fingerprint classes can be adjusted by fine 
tuning the network parameters, hence the choice of the 
network threshold parameters  and  are crucial for 
addressing the particular requirements of the underlying 
classification problem. Also, if  and  are chosen to be 
closer, the classes will not be modified a lot, resulting with a 
relatively static classification model during learning. It is also 
possible to dynamically adjust these values during training. 
Last, after introducing adequate amount of fingerprints to the 
system, setting  =  prevents any changes to the trained 
classes, but it will create new classes if the new fingerprint 
does not match with any of the existing classes.  

The model can be used as the basic classifier used in law 
enforcement and forensics by setting the number of classes to 
3 (arch, whorl and loop) such that arch does not have core or 
delta, loop has one delta and one core, any other combination 
is a whorl. Also, the model can create its own system by 
providing a narrower subclassification using the distance 
metrics even though the number of singularities in the 
fingerprint is the same. 

IV. CONCLUSIONS  

In this study, an automated fingerprint classification model 
based on an unsupervised neural network is proposed. In this 
model, the number of fingerprint classes can be dynamic 
depending on the fingerprint database to be used. However, it 
is also possible to model the system to match the existing 
fingerprint classification systems. The studied model can be 
used with different settings to be able to naturally group the 
different fingerprints within the group based on the relative 
orientation of the singular points within each fingerprint.  
With that approach, the model may handle low quality 
fingerprint images since it does not depend on extracting the 
detailed fingerprint features for classification.  

REFERENCES 
[1] M. Galar, J. Derrac, D. Peralta, I. Triguero, D. Paternain, C. Lopez-

Molina, S. García, J. M. Benítez, M. Pagola, E. Barrenechea, H. 
Bustince, F. Herrera, “A survey of fingerprint classification Part I: 
Taxonomies on feature extraction methods and learning models”, 
Knowledge-Based Systems, vol. 81 (2015) pp. 76–97. 

[2] M. Tico, P. Kuosmanen, “Fingerprint Matching using an orientation-
based minutia descriptor”, IEE Transactions on Pattern Analysis and 
Machine Intelligence, Vol.25, No.8, pp.1009-1014, 2003 

[3] B.G. Sherlock, D.M. Monro, K. Millard, “Fingerprint Enhancement 
using Directional Fourier Filtering”, IEE Proceedings - Vision, Image 
and Signal Processing, vol.141, No:2, pp. 87-94, 1994. 

[4] V.S. Srinivasan, N.N. Murthy, “Detection of Singular Points in 
Fingerprint Images”, Pattern Recognition, Vol.25, No.2, pp. 139-153, 
1992. 

[5] R.C. Gonzales, R.E. Woods, “Digital Image Processing”, 2nd Edition, 
Addison Wesley, 2002. 

[6] T.Y. Zhang, C.Y. Suen, “A fast parallel thinning algorithm for thinning 
digital patterns”, Communications of the ACM, Vol.27, No.3, pp. 985-
992, 1991. 

[7] W.F. Leung, S.H. Leung, W.H. Lau, A. Luk, “Fingerprint Recognition 
using Neural Network”, Neural Networks for Signal Processing, 
Proceedings of the 1991 IEEE Workshop, Princeton, NJ, pp. 226-235 

[8] Q. Xiao, H. Raafat, “Fingerprint Image Postprocessing: A combined 
statistical and structural approach”, Pattern Recognition, Vol.24, No.10 
pp. 985-992, 1991. 

[9] D. Enke, H.C. Lee, A.M. Ozbayoglu, A. Thammano, C.H. Dagli, “Sim-
net Neural Network: An application to speaker identification”, 
Intelligent Systems Through Artificial Neural Networks, Vol.5, ASME 
Press , NY, 1995. 

[10] S. Pankanti, S. Prabhakar, A.K. Jain, “On the individuality of 
Fingerprints”, IEEE Transactions on Pattern Analysis and Machine 
Intelligence, Vol.24, No:8, pp. 1010-1025, 2002. 

[11] A.M. Ozbayoglu, C.H. Dagli, “Unsupervised hierarchical fingerprint 
matching”, IEEE International Conference on Neural Networks, 1997,. 
Vol. 3. pp. 1439–1442. 

[12] J.L. Blue, G.T. Candela, P.J. Grother, R. Chellappa, C.L. Wilson, 
“Evaluation of Pattern Classifiers for Fingerprint and OCR 
Applications”, Pattern Recognition, Vol.27, No.4, pp. 485-501, 1994. 

[13] M. Galar, J. Derrac, D. Peralta, I. Triguero, D. Paternain, C. Lopez-
Molina, S. García, J. M. Benítez, M. Pagola, E. Barrenechea, H. 
Bustince, F. Herrera, “A survey of fingerprint classification Part II: 
Experimental analysis and ensemble proposal”, Knowledge-Based 
Systems, vol. 81 (2015) pp. 98–118. 

[14] E.R. Henry, “Classification and Uses of Finger Prints”, Routledge, 
London, 1900. 

[15] J.Karimov, A.M. Ozbayoglu, E. Dogdu, “k-means Performance 
Improvements with Centroid Calculation Heuristics both for Serial and 
Parallel environments”, 2015 IEEE Big Data Congress. 27 June-2 July. 
New York, pp. 444-451. 

[16] S. Yoon, J. Feng, A.K. Jain, “On Latent Fingerprint Enhancement”, 
April 2010, Proceedings of SPIE - The International Society for Optical 
Engineering 

[17] J. MacQueen, “Some methods for classification and analysis of 
multivariate observations”, Proceedings of the fifth Berkeley 
symposium on mathematical statistics and probability, California, USA 
(1967) vol. 1, pp. 281-297. 

[18] J. Karimov, M. Ozbayoglu, “High quality clustering of big data and 
solving empty-clustering problem with an evolutionary hybrid 
algorithm”, IEEE International Conference on Big Data, 2015, 29 
October-1 November. Santa Clara, CA, pp. 1473-1478. 

[19] E.M. Cherrat, R. Alaoui, H. Bouzahir, “Improving of fingerprint 
segmentation images based on K-means and DBSCAN clustering”, 
International Journal of Electrical and Computer Engineering 
(IJECE)Vol.9, No.4, August2019, pp. 2425-2432 

[20] R. Mukhaiyar, “Analysis of Galton-Henry classification method for 
fingerprint database FVC 2002 and 2004”, International Journal of 
GEOMATE 13(40):118-123, December 2017. 

[21] M.U. Munir, M.Y. Javed, S.A. Khan, “A hierarchical k-means 
clustering based fingerprint quality classification”, Neurocomputing, 
Volume 85, 15 May 2012, pp. 62-67. 

[22] J. Karimov, M. Ozbayoglu, “Clustering Quality Improvement of K-
means Using a Hybrid Evolutionary Model”, Procedia - Computer 
Sciences - Complex Adaptive Systems, Vol. 61, pp.38-45. 2-4 
November. San Jose, CA. 

[23] H.C. Lee, C.H. Dagli, F. Ercal, A.M. Ozbayoglu, SimNet: “A Parallel 
Neuro-Fuzzy Paradigm for Data Clustering”,OAI Neural Networks 
Symposium and Workshop (OAINN’95). 

222



978-1-7281-3992-0/19/$31.00©2019 IEEE 

Hiper Parametre Optimizasyonu 

 

Hyper Parameter Optimization 
 

Erkan Tanyıldızı 
Teknoloji Fakültesi Yazılım Mühendisliği 

Fırat Üniversitesi  
Elazığ, Türkiye 

etanyildizi@firat.edu.tr 
 

Fadime Demirtaş 
Teknoloji Fakültesi Yazılım Mühendisliği 

Fırat Üniversitesi  
Elazığ, Türkiye 

demirtas.fadime@gmail.com

Özet—Makine öğrenmesi modelleri tasarlanırken dışardan 

girilmesi gereken parametreler olan hiper parametrelerin 

optimizasyonu, çalışma maliyetini düşürdüğünden makine 

öğrenmesi modellerinin performansına olumlu etkide 

bulunmaktadır. Bu alanda literatür de sıklıkla kullanılan dört 

yöntem (ızgara arama, rastgele arama, Bayes ve evrimsel 

algoritmalar) bulunmaktadır. Çalışma kapsamında bu 

yöntemler ele alınmış, avantaj ve dezavantajları belirlenmiştir. 

Yapılan çalışmalara bakıldığında; belli aralıklarda hiper 

parametre değerlerinin seçildiği ve bu değerlerin birbiriyle 

bağlantısının analiz edildiği bir hiper parametre analiz 
bölümünün tüm çalışmalarda olması gerektiği kaydedilmiştir. 

Anahtar Kelimeler— Makine öğrenmesi, Hiper parametre, 
Optimizasyon  

Abstract — The optimization of hyper parameters, which are 

the parameters that must be entered when designing machine 

learning models, has a positive effect on the performance of 

machine learning models as it reduces the operating cost. There 

are four methods (grid search, random search, Bayesian, and 

evolutionary algorithms) often used in the literature in this field. 

Within the scope of the study, these methods were discussed and 

their advantages and disadvantages were determined. When we 

look at the studies, it is noted that a hyper-parameter Analysis 

section, in which hyper-parameter values are selected at certain 

intervals and the connection between these values is analyzed, 
should be in all studies. 

Keywords—Machine learning, hyper parameter, optimization 

I. GİRİŞ 

Makine öğrenmesi modelleri tasarlanırken kullanılan 
parametreler,  eğitim sürecinde veriden doğrudan elde 
edilebilen ve tasarımcı tarafından önceden tanımlanan olmak 
üzere iki gruba ayrılır. Bunlar model parametresi ve hiper 
parametredir [1]. Model parametreleri genel olarak veriden 
tahmin edilen veya öğrenilen parametrelerdir. Bu 
parametrelerde tasarımcının ayarlama yapması beklenilmez. 
Öğrenilen modelin bir parçası olarak kaydedilir. Yapay sinir 
ağındaki ağırlıklar, bir destek vektör makinesinde destek 
vektörleri, doğrusal regresyonda veya lojistik regresyonda 
katsayılar, model parametrelerine verilebilecek örnekler 
arasındadır. Hiper parametreler, parametrelerden farklı olarak 
veriden tahmin edilmeyen ve tasarımcının ayarlamasına 
ihtiyaç duyulan yapıdadır. Destek vektör makinelerinde 
kullanılan kernel parametresi(γ), epsilon değeri (ε);  K-En 
yakın komşu algoritmasında ki komşuluk değeri(k); derin 

öğrenme algoritmalarında kullanılan filtre boyutu, filtre 
sayısı, nöron sayısı, katman sayısı, aktivasyon fonksiyonu vb., 
hiper parametre örnekleri arasındadır [2]. 

HPO sorunu, 1990' lı yıllara dayanan uzun bir geçmişe 
sahiptir [3]. Buna karşılık, HPO' nun genel amaçlı olarak 
belirli uygulama alanlarına uyarlanarak kullanılabilmesi 
oldukça yeni bir fikirdir. Bu alanda çalışmalar son zamanlarda 
özellikle derin öğrenme alanında ki ivmelenme ile önem 
kazanmıştır [4]. Literatürde hiper parametrelerin 
optimizasyonu ile ilgili birçok çalışma bulunmaktadır. 
Bergstra ve Bengio (2012) yaptıkları çalışmada, farklı 
fonksiyonlar (doğrusal, kernel, polinomial, sigmoid) 
kullanarak Destek Vektör Makinesi regresyon performansının 
optimizasyonunu incelemişlerdir. Bu amaçla kernel 
parametresi(γ), epsilon değeri (ε) gibi hiper-parametrelere ait 
değerlerdeki değişimi araştırmışlardır [5].   

Çınaroğlu (2017) de yaptığı çalışmada Lasso Regresyon 
için lamda (λ) değeri, Rastgele Ağaç Regresyonu için ağaç 
sayısı ve Destek Vektör Makinesi yöntemi için ise epsilon 
değerini dikkate almış ve sağlık harcamaları üzerine bir veri 
seti kullanılmıştır. Yapılan bu çalışmada makine öğrenmesi 
yöntemlerine ait performans sonuçlarının hiper parametre 
değerlerindeki değişimlere göre 𝑅2, RMSE ve MAE değerleri 
bakımından istatistiksel olarak anlamlı farklılıklar gösterdiği 
kaydedilmiştir[6]. 

Bu çalışma kapsamında hiper parametre değerlerinin 
bulunması amacıyla literatürde en çok kullanılan hiper 
parametre optimizasyon yöntemleri ele alınarak performans 
karşılaştırmaları yapılmıştır. Elde edilen sonuçlara göre başarı 
arttırıcı hiper parametre optimizasyonu için uygulanan 
yöntemlerin probleme göre başarısı incelenmiş, avantaj ve 
dezavantajları belirlenmeye çalışılmıştır. 

II. MATERYAL VE METOT 

A. Izgara arama yöntemi ile hiper parametre bulma 

Hiper parametrelerden bazıları sonsuz sayıda değer 
alabilecek konumdadırlar. Bununla birlikte, problem 
hakkında sahip olunan ön bilgiler kullanılarak hiper 
parametrelerin alabilecekleri değerler için aralıklar 
belirlenebilir. Belirlenen bu aralıklardan belirli ana noktalar 
seçilerek, hiper parametreler için değer listeleri oluşturulur. 
Izgara Arama ile hiper parametre seçim işleminde; belirlenen 
aralıkta bulunan tüm değerlerin kombinasyonları için eğitim 
yapılıp, sonuçlar gözlemlenerek elde edilen en iyi 
kombinasyon hiper parametre grubu olarak seçilir [7]. 
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Izgara arama yöntemi 1994 yılından itibaren otomatik 
parametre seçimini gerçekleştirebilmek amacıyla 
kullanılmaktadır [8]. Bu ilk çalışmada C4.5 algoritmasını 
iyileştirmek amacıyla hiper parametreler ızgara arama 
yöntemi ile bulunmuştur. Fischer ve arkadaşları (2002), 
yaptıkları çalışma da otomatik olarak veri madenciliği 
algoritmalarının kullanımını sağlayan bir platform 
geliştirmişlerdir. YALE ismini verdikleri bu platform ile 
ızgara arama yöntemini otomatik makine öğrenmesi 
programları içerisine eklemişlerdir  [9].  

Son zamanlarda Izgara arama yöntemi maliyeti nedeniyle 
hiper parametre analizinde tek başına tercih edilmemektedir. 
Bu yöntem genel olarak hibrit çalışmalarda veya hiper 
parametre optimizasyonunda kısmen kullanılmaktadır. 
Örneğin, destek vektör makinelerinde var olan hiper 
parametrelerin değerlerinin bulunması önemlidir. Destek 
vektör makinelerinde hiper parametre değerlerini bulma 
konusunda Fayed ve Atiya (2019)’da yaptıkları çalışmada, 
ızgara arama yöntemi hiper parametreler üzerine direk 
uygulanmamış olup önce bir ön eleme yapılmış ve daha sonra 
ızgara arama yöntemi kullanılmıştır. Izgara arama yönteminin 
hızını artırabilmek için de Parçacık Sürü Optimizasyon (PSO) 
algoritması kullanılmıştır [10]. 

Izgara arama yöntemi kullanılarak hiper parametre bulma 
yönteminin avantaj ve dezavantajlarına ait literatürde var olan 
en yaygın görüşler [10,12]: 

 Uygulaması kolay bir yöntem olup, düşük boyutlu 
alanlarda iyi sonuçlar vermektedir. (Örneğin; 1-d, 2-
d, vb.) 

 Izgara arama yönteminin en büyük dezavantajı 
çalışma süresinin uzun sürmesidir. Bu nedenle, farklı 
parametre kombinasyonlarının daha kısa sürede 
denenebilmesi için paralel işlemler koşturulabilir. 
Böylece zamandan tasarruf sağlanmış olur. 

 Derin ağları eğitmek uzun zaman alan bir işlem 
olduğu için, bu yöntem hiper parametre seçimi için 
veri kümesinin bir alt kümesi üzerinde çalıştırılabilir. 
Bu sayede zaman tasarrufu yapılmış olur ve hiper 
parametrelerin hangi aralıklarda uygun değerler 
alabileceği konusunda genel bir kanı oluşturulur. 

B. Rastgele arama yöntemi ile hiper parametre bulma 

İlk olarak Bengio (2012) tarafından önerilen bu 
algoritmada ızgara arama algoritmasında olduğu gibi 
öncelikle probleme dair ön bilgiler kullanılarak hiper 
parametre aralıkları belirlenir. Daha sonra bu aralıkta ki 
değerlerin her birini denemek yerine rastgele değerler 
seçilerek hiper parametre grupları oluşturulur. En iyi sonuç 
bulunana kadar veya sonuca dair istenen değerlere ulaşılana 
kadar rastgele farklı parametre gruplarıyla model eğitilerek 
başarım gözlenir. Sonuçlara göre en uygun hiper parametre 
grubu bulunur [5]. 

Rastgele arama algoritmasının matematiksel modelini 
incelendiğinde; Denklem 1’de ifade edildiği üzere 𝑓minimize 
edilecek bir maliyet fonksiyonu olarak kabul edilir.    

            
                                    𝑓 = 𝑅𝑛  → 𝑅                                (1)                                
                                                                                

𝑥 ∈  𝑅𝑛  arama alanında bir aday çözüm ve pozisyon 
olarak kabul edilirse, aşağıdaki adımlar uygulanır [13]: 

1) Arama alanında 𝑥 rastgele bir konumla başlatılır. 

2) Bir sonlandırma kriteri ile karşılaşıncaya kadar 
(örneğin, belirtilen yineleme sayısı veya istenen 
uygunluğa ulaşılması), aşağıdaki adımlar tekrarlanır: 

 Mevcut konum olan 𝑥’i çevreleyen belirli 
bir yarıçapta yeni bir y örneği alınır. 

 Eğer  𝑓(𝑦) < 𝑓(𝑥) ise x=y uygulanarak 
yeni pozisyona gidilir. 

Rastgele aramada, uygun hiper parametre değerlerine 
ulaşıldığında algoritmanın sonlandırması önemli bir sorundur. 
Bu bağlamda yapılan çalışmalarda olasılıksal yöntemler de 
kullanılarak rastgele arama algoritması optimize edilmeye 
çalışılmıştır [14]. Rastgele arama algoritmasındaki durdurma 
kriterini dinamik olarak belirleyen çalışmalardan biri 2019 
yılında yayınlanmış olan Ağırlıklandırılmış Rastgele arama 
algoritmasıdır. Bu algoritma hiper parametre değerlerindeki 
değişim farklarını göz önüne alarak tekrar sayısını aza indirip, 
daha kısa sürede uygun değerlere ulaşmayı hedeflemektedir. 
Algoritma, aynı şartlar altında rastgele arama algoritmasına 
göre daha iyi sonuçlar vermiştir. Derin öğrenme 
algoritmalarında test edilmiş ve genel olarak iyi sonuçlar elde 
edilmiştir [15]. Rastgele arama algoritması [14, 15]: 

 Izgara arama yöntemine göre daha hızlıdır.  

 Tüm kombinasyonlar yerine rastgele seçilen alt 
kümeler üzerinde çalışır, bu da hızı artıran bir 
etkendir. 

 Rastgele arama daha geniş bir hiper parametre alanı 
keşfedebildiği için, arama alanı yüksek olduğunda, bu 
algoritmanın kullanılması verimlidir.  

 

C. Bayes yöntemi ile hiper parametre bulma 

Literatürde sıkça başvurulan yöntemlerden biri olan Bayes 
yöntemi ile hiper parametre arama yöntemi, Adams (2012) 
tarafından yayınlanan makalede ortaya atılmıştır [16]. Bu 
yöntemin en belirgin özelliği; hiper parametrelerin uygun 
değerleri bulunarak gerçekleştirilen çalışmaların sonuçlarının 
bir sonraki hiper parametre seçiminde kullanılmasıdır. Bu 
seçim işleminde, Bayes teoremi üzerinden olasılık hesabı 
yapılmaktadır. Matematiksel olarak bir fonksiyonu Bayes 
yöntemi minimize ve ya maksimize etmek istediğimizde 
kullanılacak matematiksel ifade Denklem 2’de gösterilmiştir. 

 

                  𝑃(𝑠𝑐𝑜𝑟𝑒|ℎ𝑦𝑝𝑒𝑟𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠)                      (2) 

 

Büyük veri setlerinde hiper parametre değerlerinin 
bulunması daha büyük bir sorun oluşturmaktadır. Literatürde 
bu soruna çözüm aramak için önerilen yöntemlerden birinde, 
veri seti küçük parçalara manuel olarak bölünerek içerisinde 
maliyeti en düşük olanı değerlendilip veri seti üzerinde genel 
bir kanıya varılmaya çalışılmıştır [17]. Büyük veri setlerinde 
kullanmak amacıyla geliştirilen bir diğer çalışmada ise, Bayes 
yönteminde var olan maliyeti en aza düşürmek amacıyla 
kullanılan kara-kutu mantığını kullanmayarak, hesaplama 
maliyetini ekstra bir serbestlik derecesi olarak alan Fabolas 
adını verdikleri bir yöntem geliştirmişlerdir [18]. 

Bayes yöntemi ile hiper parametre aramada olasılıksal bir 
hesaplama kullanıldığından Izgara ve Rastgele arama 
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yöntemlerine göre daha az değerlendirme ile sonuca 
ulaşabildiği için daha hızlıdır. Bayes optimizasyon 
yönteminin var olan en büyük dezavantajı yerel optimum 
noktalara takılabilmesidir. Bir maksimum değer noktası 
arandığında, en yüksek değer noktasının etrafında sürekli 
olarak örneklemeye devam eder ve bu da yerel bir optimuma 
düşmeyi kolaylaştırır. 

D. Evrimsel algoritmalar ile hiper parametre bulma 

Literatürde son yıllarda hiper parametre optimizasyonu 
çalışmalarında sıkça kullanılan yöntemlerden biri de üst-
sezgisel yöntemlerdir. Bu yöntemde uygun hiper 
paramatrelerin değerlerini bulabilmek için evrimsel 
algoritmalar kullanılır. Genel anlamıyla özellikle çok fazla 
hiper parametre değeri bulunan ve bu değerlerin bulunma 
maliyeti yüksek olan derin öğrenme algoritmalarında sıkça 
kullanılmaktadır. 

Genel olarak çalışma mantığı Rastgele aramaya benzer 
şekildedir. Belli parametreler sabit tutularak her denemede 
çok az kısım parametrenin değeri değiştirilerek model eğitilip 
sonuçlar gözlenir. Evrimsel algoritmalar ile uygun 
parametreleri bulmak için genel adımlar aşağıdaki şekilde 
verilebilir:  

1. Adım: İlk rastgele çözümler popülasyonu 
oluşturulur (yani, rastgele hiper parametrelerin 
toplamı, genel 100 ve üzeri sayıda oluşturulur.) 

2. Adım: Oluşturulan hiper parametrelerin değerlerin 
uygunluk fonksiyonu hesaplanır. 

3. Adım: Uygunluk fonksiyonundan sonra elde 
edilen sonuçlara göre hiper parametreler sıralanır. 

4. Adım: Algoritmadaki yönteme göre değişiklik 
göstererek, en iyi olanlara doğru yönelim sağlanır ve 
yeni hiper parameterler oluşturulur. 

5. Adım: Belirlenen kriterlere ulaşılıncaya kadar 2. 
ve 4. adımlar yinelenir. 

Evrimsel algoritmalar ile hiper parametre değerlerinin 
bulunmasının genel özellikleri: 

 Evrimsel algoritmalar diğer yöntemlere göre 

uygun değerlerin bulunmasında daha güçlü bir 

tekniktir. 

 Parametreler arasındaki korelasyon ve trendler 

daha iyi öğrenilir. 

 Göreceli olarak hızlıdır. 

olarak verilebilir. 

Evrimsel algoritmaların bir çoğu literatürde  çeşitli 
optimizasyon problemlerini çözmek için yaygın olarak 
kullanılmaktadır. Bu algoritmaların temelini oluşturan 
Genetik Algoritmanın(GA) hiper parametre 
optimizasyonunda kullanımına ait örnekler oldukça fazladır.  
2016 yılında Ijjina ve arkadaşları [19] sabit boyutta bir 
konvülusyon sinir ağı topolojisi seçerek bu mimaride 
konvolüsyon katmanı için filtre boyutu ve tam bağlantılı 
katmanda başlangıç ağırlıklarının oluşturulacağı "seed" gibi 
hiper-parametreler genetik algoritma ile optimize edilmeye 
çalışılmıştır. GA kullanılarak yapılan çalışmalardan biri de 
2017 yılında gerçekleştirilmiştir. Çalışmada oluşturulan 
konvolüsyonel sinir ağlarının GA ile hiper parametrelerinin 

otomatik seçilmesine yönelik bir öneride bulunulmuştur. 
Gerçekleştirilen çalışmada, kromozomlar değişken boyutlarda 
oluşabilmektedir. Bu yüzden sabit bir kromozom boyutu 
yoktur. Optimizasyon için, konvolüsyon katmanında; filtre 
boyutu, aktivasyon fonksiyonu, özellik haritası sayısı hiper 
parametreleri, ortaklama katmanında; filtre boyutu hiper 
parametresi, tam bağlantılı katmanında; düğüm sayısı ve 
aktivasyon fonksiyonu hiper parametreleri seçilmiştir [20].  

Derin öğrenme algoritmalarından olan Konvolüsyon Sinir 
Ağı(KSA) parametreleri, konvolüsyon katmanı parametreleri, 
ortaklama katmanı parametreleri, tam bağlantılı katman 
parametreleri ve ortak parametreler olarak gruplandırılabilir. 
Bu katmanlarda optimize edilmesi gereken hiper 
parametrelere ait bir Tablo 1’ de gösterilmektedir. GA ile 
yapılan hiper-parametre optimizasyonu çalışmalarından 
bazıları Tablo 2’ de yer almaktadır. 

TABLO 1. KSA’DA OPTIMIZE EDILECEK HIPER PARAMETRELER[21]. 

KSA Hiper Parametreler 

Konvolüsyon 

Filtre boyutu - k 

Filtre sayısı - c 

Dolgu (padding) - p  

Aktivasyon fonksiyonu - a*  

Katman sayısı - 𝐥𝐤  

Başlangıç katman sayısı -𝐥𝐤𝐢 

Ortaklama 

Filtre boyutu - k 

Aralık (stride) - s 

Katman sayısı - 𝐥𝐤 

Tam Bağlantı 
Nöron sayısı -n 

Katman sayısı - 𝐥𝐤 

Ortak 

Optimizasyon metodu – o** 

Batch boyutu -ba 

Seyreltme Oranı(Dropout) – d 
Seyreltme aktif –de 
Düzenlileştirme metodu –r 

L2, L1 Düzenlileştirme katsayısı –𝛌 𝐋𝟐, 𝛌 𝐋𝟏 

Ağırlık başlatıcı (weight initializer)-wi  

Ağırlık düşürücü-wd  

Ağırlık çarpanı-wm  

Ağırlık normalizasyonu- wn  

Ağırlık ceza değeri- wp  

İterasyon sayısı-it  

Momentum – m  

Yanlılık aktif (bias)-b  

Yanlılık başlangıç-bi  

Yanlılık başlangıç katsayısı-bic  

Gauss katsayısı-gc 

*ai: A1: Trelu, A2: Elu, A3: Prelu, A4: Leaky-relu, A5: Relu, A6: Softmax, 
A7: Sigmoid, A8: Lineer, A9: tanh, A10: selu  

** oi: O1: Sgd, O2: Nesterov, O3: Momentum, O4: Adamax, O5: Adagrad, 
O6: Adam, O7: Adadelta, O8: Rms-prop 
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TABLO II.  GA ALGORITMALARI ILE OPTIMIZE EDILEN HIPER 

PARAMETRELER [21]. 

Referans Konvolüsyon Ortaklama Tam 

Bağlantılı 

Ortak 

Bochinski 

(2017) [20]  

lk: [0, 6]  

k: [1, 8]  

c: [1, 128]  

lki: [2, 4]  

-  lt: [0, 4]  

n: [16, 

2048]  

lti: [1, 2]  

-  

Dufourq 

(2017) [22]  

k: [1, 6]  

c: [10, 100]  

a: A8, A4, 

A3, A5  

k: [1, 6]  n: [10, 

100]  

a: [A8, 

A7, A6, 

A5]  

d: 0, 1  

Fujino (2017) 

[23]  

k: 3, 5, 7, 9, 

11  

c: 16, 32, 64  

k: 3, 5, 7  n1: 29, 

210, 211, 

212  

n2: 27, 

28, 29, 

210  

ba: 10, 

20,30  

a: relu, 

no relu  

Rincon (2018) 

[24]  

k: [4, 64]  

c: [2, 256]  

k: [4, 64]  -  -  

Ma (2018) 

[25]  

k: 3, 5, 7  

c: [16, 512]  

pa: yok, 

max, avg  

n: [16, 

512]  

a: 

A1,..,A6  

d:[0,0.5]  

o: O1, 

O4, 

O5,..,O8  

-: Katman için hiper parametre optimizasyonu gerçekleştirilmemiş 

Sürülerin davranışları taklit edilerek geliştirilen algoritma 
olan Parçacık Sürü Optimizasyonunda literatürde hiper 
parametre optimizasyonu için kullanılmıştır. 2018 yılında 
tıbbi veriler üzerine yapılan bir çalışmada, derin öğrenme 
algoritmalarının hiper parametreleri üzerine optimizasyon 
yapabilmek için PSO kullanmışlardır. Bu çalışmada; filtre 
boyutu ve özellik haritası sayısı hiper parametreleri, ortaklama 
tipi hiper parametre ve bunlar dışında yığın boyutu ve 
seyreltme oranı hiper parametreleri optimizasyon için 
seçilmiştir [26]. 

Benzetimli Tavlama Algoritmasının bir türü olan 
Mikrokanonikal Tavlama Algoritması kullanılarak 
gerçekleştirilen bir çalışmada diğer yöntemlere kıyasla 
parametre sayısı bakımından en az 1.92 kat, en fazla 109,6 kat 
daha iyi sonuçlar verdiği gözlemlenmiştir [27]. 

Destek Vektör Makinesi algoritmasında yer alan hiper 
parametrelerin değerlerinin bulunması için literatürde ki 
çalışmalardan bir tanesinde PSO ve Tabu arama 
algoritmalarının hibrit birer örneği oluşturulmuş ve Destek 
Vektör Makinesi algoritmasında yer alan iki hiper parametre 
üzerine uygulanmıştır. Elde edilen sonuçlara göre Tabu arama 
algoritmasının hibrit türü PSO’ nun hibrit türüne göre daha iyi 
sonuçlar vermiştir [28]. 

III. SONUÇ 

Makine öğrenmesi algoritmalarında her zaman en iyi 
başarımı verecek parametre çiftlerinin bulunması önemli bir 
problemdir. Bu nedenle literatürde hiper parametre 
değerlerinin optimizasyonu kayda değer bir yer tutmaktadır. 
Hiper parametre optimizasyonu için kullanılan Izgara arama, 
Rastgele arama ve Bayes gibi klasik yöntemler kısmen veya 
hibridlenerek çalışmalarda kullanılmıştır. Derin öğrenme 
algoritmalarında bulunan hiper parametrelerin çalışma 
performansı üzerinde oldukça etkili olması nedeniyle bu 
alanda son 2-3 yıl içerisinde hibrit çalışmalar hız kazanmıştır. 
Bu çalışmalar içerisinde klasik yöntemleri birbirleriyle ya da 
bir evrimsel algoritma kullanılarak hibritleme oldukça 
popülerdir. 

Bu çalışmada, hiper parametrelerin belirli aralıklarda 
seçilmesi ve bu aralıklarda model başarımı ve çalışma 
zamanın hiper parametre değişiminden nasıl etkilendiği 
incelenmiştir. Hiper parametre optimizasyonu için ileride 
yapılacak çalışmalarda korelasyon içinde olan hiper parametre 
gruplarının tartışıldığı, trendlerin belirlendiği, hiper 
parametrelerin birbiriyle bağlantısının analiz edildiği, hangi 
hiper parametrelerin değiştirilmesi gerektiğini net bir şekilde 
ifade eden bir hiper parametre analiz bölümünün olması 
faydalı olacaktır. 
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Abstract—Prostate cancer is caused by uncontrolled growth 
of cells in the prostate gland. Prostate cancer, unlike benign 
prostate gland enlargement, is not from the center of the 
prostate, but from the site of the tumor to the center of the 
capsule. Therefore, the patient experiences urinary tract 
complaints at the last stage. Therefore, until the last stage, the 
patient does not have any finding. For this reason, Magnetic 
Resonance Imaging (MRI) is used in regular examinations 
after a certain age or in various diagnostic imaging methods of 
patients diagnosed with this disease. Proper localization of the 
prostate is an important step in assisting diagnosis and 
treatment, such as guiding the biopsy procedure and radiation 
therapy. However, manual segmentation of the prostate is 
tedious and time-consuming. It also varies in inter-rater 
evaluation. The two main challenges for correct MR prostate 
localization are; nonhomogeneous and inconsistent appearance 
around the prostate border, wide prostate shape variability in 
different patients. In this study, Fusing the Nested 3D 
Dimensional Volumetric Convolutional Neural Network 
(Nested-Vnet3d) and 2D Volumetric Convolutional Neural 
Network (V-net2d) models are compared with other V-net 
based models. In the training conducted on the PROMISE12 
dataset, 0.92 validation dice score was achieved. This study 
showed that the proposed model is a robust deep learning 
model for prostate segmentation. 

Keywords—Prostate segmentation, Volumetric CNN, Nested-
V-net-3d, PROMISE12. 

I. INTRODUCTION 

Prostate is a gland found in every male and weighs 18-20 
grams in young adult males. It reaches approximately the 
size of a walnut in an adult male. It is located in the lowest 
part of the abdominal organs after the bladder (bladder), just 
in front of the rectum (the last part of the large intestine). It 
has two functions in the normal functioning of the body. Its 
first function is to transport urine from the bladder during 
excretion in the excretory system and to ensure the 
conduction of sperm during ejaculation. It also secretes a 
special protein contained in the seminal fluid that nourishes 
the sperm and protects them as they progress into the female 
reproductive system. Cancer According to the 2019 statistics,  
prostate cancer cases, which ranked second with 24% in men 
in the US last year, are expected to prevent lung and 
bronchial cancers with 20% this year [1]. MRI prostate 
imaging method has been accepted as the most effective way 
compared with other imaging methods such as computed 
tomography (CT) and ultrasonography (US) [2][3]. In this 
study, the importance of MRI was taken into consideration 
and deep learning network training was performed on MRI 
raw images. 

II. RELATED WORKS 

Ying and Xiaomei have developed a classification model 
for prostate cancer based on deep learning. They used 
Google ImageNet to pre-train the network they designed.  
They used 10056 diffusion-weighted magnetic resonance 
images from 200 patients as their training set. They obtained 
an accuracy of 0.78 on the test set [4]. 

Anas et al. proposed a deep learning approach for real-
time prostate segmentation in free ultrasound-guided biopsy. 
In this study, employed Residual Convolutional Neural 
Network-based Convolutional Gated Recurrent 
Unit (Resnet- based ConvGRU) as their method, and Resnet-
based ConvGRU offered a solution to the Gradient's 
extinction problem. In this study, used 3892 TRUS images 
from 18 patients as data sets, and 0.92 Dice Similarity 
Coefficient (DSC) were obtained [5]. 

Jia et al. proposed Atlas Registration and Ensemble Deep 
Convolutional Neural Network-based prostate segmentation 
using MRI. They used Atlas Machine Learning network for 
coarse segmentation and Ensemble Deep Convolutional 
Neural Network (Ensemble DCCN) network for fine 
segmentation. They used PROMISE12 and PROSTATEx17 
datasets for the training of networks. They obtained 0.91 dice 
coefficient and 0.045 hausdorff distance [6]. 

Liu et al. proposed Automatic segmentation of the 
prostate CT images using DCNN. They used CT images of 
1114 patients from different hospitals as dataset for the 
training of the network. In this study, 0.88 dice coefficient 
was obtained [7]. 

Abraham and S. Nair proposed Computer-aided 
classification of prostate cancer grade groups from MRI 
images using texture features and stacked sparse 
autoencoder. Stacked Sparse Autoencoder-Softmax is used 
as network model. In this study, 163 mpMRI-positive   135 
mpMRI-negative T2-MR images obtained from 298 patients 
were used as data. 0.84 AUC (Mean Area Under the Curve) 
and 0.81 accuracy values were obtained [8].  

Cheng et al. proposed deep learnıng with orthogonal 
volumetric hed segmentation and 3D surface reconstruction 
model of prostate MRI. Stacked Sparse Autoencoder-
Softmax was used as a network model. In this study, the data 
was obtained from 100 MRI patients with 4 fold cross-
validation. The proposed model achieved a DSC score of 
0.89± 0.03% [9]. 
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III. MATERIALS  AND METHODS 

In this study, MICCAI Grand Challenge: Prostate MR 
Image Segmentation 2012 dataset was used. Some of the 
criteria taken into consideration when preparing the dataset 
can be expressed as follows. 

Recently, the high spatial resolution and soft tissue 
contrast offered by MRI makes MRI the most accurate 
method to obtain prostate information. This has made MRI 
the most effective way to localize prostate cancer and to 
adopt and use it, with its grading potential. Furthermore, 
MICCAI emphasizes the fact that MRI segmentation is a 
basic preprocessing task for computer-aided detection and 
diagnostic algorithms as well as a range of multi-mode 
image recording algorithms. It is possible to make the 
information derived from MRI to the extent necessary to 
help the anatomy and the location of the tumor and to help in 
planning and guiding the treatment with accurate analysis of 
the information obtained.  

There is a real clinical and research need to develop 
algorithms for semi-automated, computerized segmentation 
of the prostate in MRIs that provide robust, high-quality 
results for a variety of clinical applications that are beginning 
to be included as a routine clinical part of MRIs. Deep 
learning practices are important assistant for accurate 
analysis of computer-assisted prostate data by health care 
providers. 

The PROMISE12 dataset contains 50 training and 30 test 
data that can be downloaded. These data include a T2-
weighted MR image of the prostate. The data was selected to 
have a spread in prostate size and appearance. A reference 
segmentation is also included for each of the cases in the 
training set. 

Automatic semantic segmentation of prostate images is a 
promising tool for automatically measuring a wide range of 
morphometric properties, but there is currently no large 
amount of annotated data sets to train models for this task. 

Each data in the dataset contains MRI scan data stored in 
Meta (or MHD / RAW) format. This format stores an image 
as an ASCII readable header file with a .mhd extension and 
as a separate binary file for image data with a .raw extension 
[10]. 

In Fig. 1, segmentation of prostate images from the 
PROMISE12 dataset according to 3 different MRI images. 
 

 
 Fig. 1. Axial, Sagittal, and Segmented Coronal MRI images. 

A. Fully Convolutional Neural Networks for Volumetric 
Medical Image Segmentation  
Milletari et al. proposed V-net architecture for 3D image 

segmentation based on volumetric, completely convolutional 
neural network [11]. The proposed V-net model is shown in 
Fig. 2. In the proposed model, a new objective function is 
proposed for the Dice coefficient. In this way, it is tried to 
deal with situations where there is a strong imbalance 
between foreground and background voxels. To cope with a 
limited number of annotated volumes for training, data was 
increased by applying random nonlinear transformations and 
histogram mapping. V-net architecture has achieved very 
good performance in terms of test time. In each 
convolutional layer, both the features of the data and the 
resolution of the pictures were reduced. The left part of the 
network consists of a compression path, while the right part 
turns on the signal until it reaches its original size. 
Appropriate padding was applied to all of the convolutions. 
PRelu activation function is used in the network architecture. 

 

B. Nested Volumetric Convolutional Neural Netvork 
Jungiang trained fusing the V-net3d and V-net2d model 

on the PROMISE12 dataset [12]. We were inspired by this 
model structure and trained fusing the Nested-V-net3d and 
V-net2d model with the PROMISE12 dataset. 

 

The Nested-V-net3d architecture was inspired by Nested-
U-net3d architecture. Fig. 3 shows the Nested-Vnet3d 
architecture. In the Fig. 3, the structure is obtained by the fact 
that each layer is composed of Nested-V-net3d layers. In this 
way, double feature extraction is provided in each layer in 
image segmentation. The Nested-V-net3d architecture was 
used for the first time for prostate segmentation. 

 
 
Fig. 2. Volumetric Fully Convolutional Neural Network Architecture 
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Fig. 3. Nested Volumetric Convolutional Neural Network Architecture 

Chen Jungiang fused V-net2d and V-net3d on the 
PROMISE12 dataset, and dice loss provided a significant 
reduction in V-net-based architectures [12]. As far as we are 
concerned, for the first time, we have combined Nested-V-
net3d and V-net2d architectures for prostate segmentation. 

In the proposed segmentation model, V-net2d tumor 
segmentation processes the MRI images by dividing them 
into 2D slices. Nested-V-net3d tumor segmentation makes 
direct segmentation of MRI images. By calculating the 
overlap between the images obtained from V-net2d and 
Nested-V-net3d, the 3d and 2d prostate sites connected to the 
overlap region are recorded. These two results are combined 
to obtain the final prostate segmentation result. 

C.  Fully Convolutinonal Neural Network  
Agarwal et al. proposed a new architecture that uses the 
Fully Convolutional Neural Network (FCNN) for prostate 
segmentation [13]. The proposed FCNN model is a modified 
V-net with intelligent multiplication of convolutional layers 
to reduce the number of parameters and a batch 
normalization model for better and faster convergence. The 
proposed model is shown in Fig. 4. In this study, instead of 
segmentation by using 2D images, it is considered an 
architecture which saves time during the extraction of the 
whole volume from 3D images and that the algorithm can 
benefit from 3D spatial information. The model obtained a 
DSC of 0.92 and 0.80, in the training and validation set 
respectively. 

 
Fig. 4. Fully Convolutinonal Neural Network Architecture 

D. Dice Similarity Coefficient  
In this study, DSC, which is an important criterion for 
medical segmentation, was taken as a reference. Fig. 5 shows 
how the comparison is made. The loss function for image 
partitioning tasks is based primarily on the DSC, the measure 

of overlap between the two samples. This measure 
corresponds to a value between 0 and 1, where a Dice 
coefficient indicates perfect and complete overlap when 1. 

 

 
Fig. 5. Mathematical Modeling and Graphical Representation of Dice  
           Coefficient 

IV. RESULTS AND DISCUSION 

The FCNN model, the model fusing the V-net3d and V-
net2d, the model fusing the Nested-V-net3d and V-net2d, 
was used for volumetric segmentation of MRI prostate 
images. The training loss (training dice) and validation loss 
(dice) obtained from the tests performed on the training set 
are shown in Table I. 

TABLE I.  THE PERFORMANCE COMPARISON OF THE MODELS 

Network Method 
Training 

Dice 
Validation 

Dice 
V-net Based 
FCNN[13] 

Volumetric 
CNN  

0.92 0.80 

Fusing               
the           V-net3d 
and  V-net2d[12] 

Volumetric 
CNN 

0.96 0.90 

Fusing the   
Nested-V-net3d 
and  V-net2d 
(Proposed model) 

Volumetric 
CNN 

0.97 0.92 

 

As can be seen from Table I, proposed model gave the 
highest dice coefficient in the training and validation stage. 
The studies shown in the table are V-Net based networks that 
give the best results in prostate segmentation. 

In this study, V-net based network models were 
compared. The proposed segmentation model periodically 
increases the dice loss coefficient during training and 
validation. 

In the light of these comparative analyzes, it is seen that 
our model is a very robust model. However, the long 
duration of training and the frequency of changing network 
parameters according to the data set and the need for high 
hardware is still a serious problem. These problems can only 
be possible if the network changes itself autonomously 
according to the dataset. 
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V. CONCLUSION 

In this study, three different types of V-net volumetric 
convolutional neural network V-net2d3d, Nested-V-net2d3d, 
and FCNN (Modified V-net) architectures were compared 
for segmentation of MRI prostate images on PROMISE12 
dataset. In this study, 50 training data cases were used which 
were defined by board-certified radiology expert. When the 
models were compared during the training and validation 
phase, Fusing the Nested-V-net3d and V-net2d have 
remarkably reduced dice loss in a very stable manner. The 
studies and our study show that the ensemble deep 
convolutional neural network architectures are becoming 
more important than the individual deep learning 
architectures. 
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Abstract—This article investigates the problem of proposing 
new locations to users who have previously been informed about 
location-based social networks. In the study, user profiles (past 
location information), the popularity of the place and the time of 
preference of the place were obtained. Using this information, a 
different place is offered to the users. However, when users have 
a different location (a different city or country), it is provided to 
recommend one of the point of interests designated by categories 
according to the pre-made check-in details. Social media has been 
a component of daily life of users. Applications such as 
Foursquare/ Swarm constitute the data source of the 
communication that geographically contains location data. This 
study analyzes the personal behaviors of the users using social 
networks for the spaces and reveals the characteristics of the 
spaces and people by past notification activities through the 
applications made in the past. The experiments on real 
foursquare data showed the usability of the proposed method and 
achieved results with high accuracy. 

Keywords—Social Networks, Link Prediction, Foursquare 

I. INTRODUCTION 

With the increasing number of location-based social 
networks, the activity data of millions of users has become 
accessible to everyone. This data includes not only spatial and 
temporal effects of user activity, but also semantic information.  

Since more and more users are located in location-based 
social networks, the recommendation issue in this setting is 
remarkable in research and practical applications. Detailed 
information about past user behavior tracked by location-based 
social networks significantly differentiates the problem from its 
traditional settings. Although extensive work has been done on 
suggestion systems that work with user item ratings, there are 
few approaches in social networks that take advantage of the 
unique features of user login data. In this paper, we propose 
algorithms that generate recommendations based on four 
factors: 

a) past user behavior (places visited), 

b) location of each place, 

c) categories of spaces, 

d) similarity between users. 

The proposed algorithm outperforms other approaches that 
seek to exploit the knowledge of social-based networks. 

Socially important places are frequently visited by social 
media users in their social media lives. Discover socially 
interesting, popular or important places from a location-based 
social network, referral systems, targeted advertising 
applications, and city planning, etc. For it has gained 
importance recently. However, discovering socially important 
sites from a social network is difficult because of the size and 
diversity of data, the spatial and temporal dimensions of the 
data sets, the need to develop computationally efficient 
approaches, and the difficulty of modeling human behavior. 
Various studies have been conducted to discover socially 
important places in the literature. Social networks are complex 
information networks consisting of relationships between 
locations and people. These networks show similarities and 
interactions between individuals of the same type or different 
types. The interactions and interactions between nodes 
represent connections while location and individuals in social 
networks provide their node formation. Recently, the usage 
areas of social network analysis, which has received much 
attention, are increasing unexpectedly. 

 

 

 

Fig.1. The concept of location-based social networks  
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Recently, advances in location acquisition and wireless 
technologies have led to the creation of location-based social 
networking services such as Foursquare, Twinkle and GeoLife 
[1]. Relationships and social interactions, social networking 
integration with suggestion systems can theoretically take to 
improve the performance of the suggestion system. In other 
words, a referral system can make a suggestion based on the 
user's friend preferences and settings. Evidence suggests that 
people tend to rely more on friends' advice because they do not 
seek advice from similar people [1-7]. 

The availability of check-in data in LBSNs has recently 
attracted researchers' attention. Gao et al. [8] proposed to use 
the past controls of users and friends in LBSN to identify daily 
and weekly cyclic patterns in users' mobile behavior. He 
modeled networks based on user behavior and various site 
selections and transient effects. In important places, the mining 
problem is studied by many researchers and a few solutions are 
proposed. However, these studies have some limitations. Some 
of these studies are based on GPS or Call Detail Record (CDR) 
data, so the proposed solutions depend on these factors. Some 
of the studies used social media datasets. Although various 
algorithms and frameworks exist for user-level suggestion and 
discovery tasks, relatively few studies have been conducted to 
explore the important / interesting places of a group of social 
media users at the group level [9]. A settlement in the social 
media datasets was defined as a group of users or locations 
adjacent to spatial regions. And studies were conducted 
according to the defined locations [10]. 

 

II. METHODS RELATED TO RECOMMENDATION SYSTEMS 

A. Link Prediction 

Link prediction is an important field in network analysis 
research. [11] The purpose of link prediction is to detect 
unobserved connections from the existing topological 
properties of the network or to predict future connections from 
the existing topological structure of the network. Link 
prediction is used to explore underground terrorist or criminal 
groups in a social security network, while link prediction is 
used to identify and classify people's movements in human 
behavior networks [12]. Link prediction also has many 
applications in networks that reflect social relationships, such 
as communication networks, email networks, and sensor 
networks. In sensor networks, connection prediction, dynamic 
transient features are used to ensure information transmission 
confidentiality [13] and to perform optimal routing [14]. 

Networks can naturally define various social structures. In 
such networks, corners indicate entities, and connections 
represent communication or relationships between entities. A 
social network reflects individuals or social organizations and 
their relationships such as partnership or friendship. Social 
network analysis has received increasing interest in sociology. 
Examines and investigates potential relationships between 
social objects. In recent years, it has attracted great interest in 
many areas of business, such as social network analysis, e-
business analysis and market modeling. [15] 

As relationships between social users change over time, 
connections in real-world social networks are constantly 

changing and evolving. New connections may appear and 
existing connections may disappear from the network. For 
example; recommending new friends to people in friends' 
social networks, recommending different authors to work 
together with the desired authors in author networks, 
suggesting similar places when users are located in a different 
city or location in certain locations are some of the areas where 
link prediction is used. Recently, various approaches have been 
proposed to identify potential or future connections in ad hoc 
social networks. 

The similarity-based method is the most commonly used 
method for link prediction. In this method, each pair of nodes is 
associated with an index to indicate the similarity between the 
corresponding nodes. This similarity measures the similarity of 
link presence in the graph. Some basic properties of nodes can 
be used to identify similarities between nodes, such as the 
presence of many common properties or topological structures. 

Many studies in social networks have shown a relative 
similarity between individuals who are close to each other [16] 
[17]. Structural similarity indices are often used in popular 
similarity-based methods. 

Traditionally, link prediction is estimated with the intuition 
that pairs of disconnected users with better neighbor 
connections are more likely to establish a connection. The 
landmark article by Liben-Nowell and Kleinberg [18] 
summarized a number of methods that calculate points for a 
potential pair of users on a social network. Each of these 
methods defines a network topological index as a measure of 
neighborhood connectivity for a given pair of users. Two 
typical methods are listed below. 

B. Collaborative filtering  
Collaborative filtering (CF) is widely used in conventional 

suggestion systems. The intuition to extend the CF model for 
recommendations in LBSNs is that the user is more likely to 
visit a place if preferred by similar users. The CF approach 
used by proposition systems in LBSNs consists of 2 processes: 
1) candidate selection, 2) similarity inference. 

The first step of the proposal systems based on candidate 
selections CF is to select a subset of candidate nodes to reduce 
the computation overhead. Traditional CF-based suggestion 
algorithms use the most similar users (or locations, events, etc.) 
as candidates. CF-based suggestion systems in LBSNs can also 
use geographic boundaries and relationships to limit the 
candidate selection process. A spatial range can be calculated 
to prune candidate locations, for example [19]. Horozov et al. 
[10] select candidate users only by considering individuals who 
live near the user's interrogation center. 

Similarity implications relationships between users are 
subtracted from users' ratings and location histories in LBSNs. 
traditional CF models can be divided into two subgroups: 1) 
user-based models such as [20] using similarity measures 
between each pair of users; and 2) product-based models using 
similar measures between each pair of products (media content, 
events, etc.). Most of the existing suggestion systems in 
LBSNs, for example [1, 10, 19, 21], have been shown to 
distribute user ratings based on their location suggestions based 
on their location where they visit. 

233



Similarity inference between users can also be made by 
analysis of the site co-visit model. Recently, systems have been 
proposed, for example, [22] [23] using the number of visits in 
places (eg clues and entries) as an implicit degree of location. 
Position similarity can also be captured using sequential 
relationships [24] or semantic similarities [25]. 

Jaccard Similarity 

The intersection on the unity and the Jaccard index, also 
known as the Jaccard similarity coefficient (originally given 
the French name coefficient by Paul Jaccard), is a statistic used 
to measure the similarity and diversity of sample sets. The 
Jaccard coefficient measures the similarity between finite 
sample sets and is defined as the magnitude of the intersection 
divided by the size of the union of sample sets: 

 

        , = | ∩ || ∪ | = 	 | ∩ || | 	| | 	| ∩ |																						            (1) 

 

 (If A and B are both empty, we define J (A, B) = 1) 

The Jaccard distance, which measures the difference 
between sample clusters, is complementary to the Jaccard 
coefficient and is obtained by subtracting the Jaccard 
coefficient from 1, or by dividing the intersection of two 
clusters by the difference of the magnitude of the equivalent 
union. 

                      										d A, B = 1 − J A, B = | ∪ | | ∩ || ∪ |                              (2) 

The Jaccard coefficient [26] measures the proportion of 
common neighbors that can be considered normalization to the 
common neighborhood method in their common neighbors. 

Adamic / Adar 

The Adamic Adar algorithm was introduced in 2003 by 
Lada Adamic and Eytan Adar to estimate links in a social 
network. Calculated using the following formula: 

                             	
     A x, y = | |∈ ∩                                 (3) 

Another normalization for the method of common 
neighbors [27] is to impose a higher grade penalty on these 
common neighbors, since lower grade common neighbors are 
allocated more and should be heavier. 

 

III. EXPERIMENTAL RESULTS 

The test apparatus consists of several stages. These steps 
are detailed in the following sections. 

A. Dataset  
This data set includes check-ins collected in NYC for 

approximately 10 months (from 12 April 2012 to 16 February 
2013). Includes 227,428 check-in in New York City. Each 
check-in is associated with timestamp, GPS coordinates and 

semantic meaning. This data set was initially used to study the 
spatial temporal regularity of user activity in LBSNs. 

This data set includes long-term (approximately 10 months) 
check-in data collected from Foursquare in New York between 
12 April 2012 and 16 February 2013. It contains two files in 
tsv format. Each file contains 8 columns. These: 

1-User ID (anonymized) 

2-Venue ID (Foursquare) 

3-Venue category ID (Foursquare) 

4-Venue category name (Fousquare) 

5-Latitude 

6-Longitude 

7-Time zone shift in minutes (time between UTC and UTC) 

8-UTC time 

Existing check-in data has been reduced by data cleanup. 
Data is cleared; data removal is the process of detecting and 
correcting (or removing) corrupted or incorrect records from a 
recordset, table, or database, and identifying missing, incorrect, 
incorrect or irrelevant parts of the data, and then modifying, 
modifying, or deleting dirty or rough data. 

In order to obtain more efficient results from the data 
transferred to the database, less data was cleaned. For example; 
If user a is in common 1, b is in common 2, and user c is in 
common 3, the link, ie users in common 1, is cleared. 

B. Evaluation 
There are several assessment criteria used in the field of 

referral systems. The selection of a suitable property depends 
on the substances used in the suggestion system. We evaluated 
our recommendation results using sensitivity, recall and 
accuracy. Accuracy shows the number of items relative to the 
total number of items. Indicates the accuracy of 
recommendation results relative to the total number of 
recommendations. The recall shows the total number of related 
proposals in proportion. Precision is inversely proportional to 
false positive (FP) [28]. 

The relationship between certainty and recall reflects an 
effect between them. Increased sensitivity means less recall. 
The F-measurement is used to maintain the balance between 
recall and precision. The F-measurement is calculated by 
taking the harmonic average of recall and sensitivity. The 
formula for precision calculation is given below. 																				Precision =                                                   (4) 

 

Refers to the useful and relevant elements proposed to users 
where TP represents true positive. FP represents false positives 
that represent irrelevant substances recommended to Users. 

Recall shows the integrity and integrity of the proposed 
elements [29]. Recall shows the total number of related 
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suggestions divided by the total number of all relevant 
suggestions received. 

 																Recall =                                                     (5) 

In the formula above, FN reflects False Negative. False 
negative indicates the inadequacy of a system in producing 
relevant and interesting relevant proposal results. Accuracy 
indicates the closeness of recommendation results to actual 
recommendations, whereas sensitivity indicates the relevance 
of individual recommendations in relation to each other. 

To balance between the two, the formula F is used as 
calculated using the formula below. 

 F − Measure = 2. .
                                     (6) 

 
F-Measure determines the quality of the recommendation 

results generated by the advisory system. It combines precision 
and recall to determine the balance between them. 

C. Results 

We evaluated our proposed system using evaluation 
approaches including precision, recall, and F-measurement. 
These results are shown in Figure 2. Precision shows the 
results from the total recommendation results. Recall shows the 
corresponding recommendations generated from the total 
relevant results. F-measure shows the variation between 
sensitivity and recall. The evaluation results show a slight 
deterioration with the increase in the number of users. 

TP: A location to be visited by the user and suggested to the 
user 

TN: A location that the user will not go to and this location 
is not recommended to the user 

FP: A location that the user can go to but the system does 
not recommend this location 

FN: A location that the user will not go to, but this location 
is recommended to the user 

 
Fig. 2. Precision, Recall and F-measure results for five different data numbers 
(300,500,700, 900 and 1500) 

IV. CONCLUSION AND FUTURE WORK 

This article focuses on the problem of social advice. The 
user's profile and user activity can help improve the accuracy 
of the forecasting of referral systems. Connection estimation 
was used for the first time together with collaborative filtering 
method. 

We have presented an approach to extract semantic 
proposal for tourist destinations from geotagged social media 
such as photos for tourist travel advice. We have contributed to 
a method that uses collaborative filtering and context ranking 
in a scalable way, by revealing tourist preferences using user-
contributing photos in general and taking into account the 
existing user context for the tourist suggestion system. We 
presented the evaluation of our methods on a public example. 

It is planned to contribute to the location and location 
suggestion by analyzing the periods or intervals in which the 
spaces are used more frequently by using the check-in data 
used in the future in addition to the location and date and time 
of the person. 
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Abstract—Social networks have become very important 

power in our age. The ability of people to meet their needs 

through social networks has been an important factor in the 

formation of this power. Many events such as shopping, 

communication, hobby and research can be done through 

social networks. Twitter is one of the leading platforms of these 

social networks. Twitter is a social networking platform that 

offers a simple but powerful service. Most of the functionality 

is found in messages with a maximum of 280 characters, in 

other words in tweets. These tweets mean big data for 

researchers. An average of 5700 tweets are generated on 

Twitter per second. There is a lot of important information in 

this large volume of data. This information can be analyzed 

and used for many purposes. This information can be used to 

spread false information such as selection and manipulation of 

the stock market. In this study we will examine the structure of 

the accounts that emit this harmful information. 

Keywords—social networks, Twitter, bot, DNA, multiple 

sequence alignment 

I. INTRODUCTION 

In this study, it is aimed to detect harmful accounts in 

Twitter environment. It will use the multiple sequence 

alignment method to distinguish between harmful and 

harmless accounts. 

Malicious accounts on Twitter are called bot in the 
literature. Non-bot accounts are called human accounts. 
According to a study, between 10% and 15% of Twitter 
accounts are bot accounts [1]. This corresponds to 
approximately 50 million accounts. Bot accounts for 
approximately 35% of Twitter content [1]. Hence Twitter 
has become the natural goal of bot accounts. 

The growth of social networks day by day has made 
these networks very important powers. This growth of social 
networks has also increased the social network data. The 
fact that people use social networks for communication and 
shopping purposes contributes to this growth. In social 
networks, malicious accounts can be developed that can 
interact with users by analyzing their behavior. Online 
manipulation reports, mediated by malicious accounts, 
include political conversations. For example, fake news, 
conspiracy theories, stock market manipulations, public 
health, propaganda, such as information spread from social 
media push people to different ideas [2]. Various systems 
are being developed for the detection of these malicious 
accounts called bot. In this study, the structure of bot and 
human accounts will be examined. 

In one of the previous studies in this area, the topic of 

smart cities was discussed. According to Aljohania et al. it 

has been reported that the increase in users in Twitter in 

recent years is reflected in the increase in bot [3]. It is 

emphasized that data should be filtered to prevent 

information pollution. 16260 Twitter account was used in 

the study. These accounts were examined with advanced 

social network analysis techniques. As a result of the 

analysis, it was found that 87% of the tweets produced 

from these accounts were affected by the bots of the 

network [3]. In addition, Graph Convolutional Networks 

has been implemented to differentiate between human and 

bot Twitter accounts. The model provided a classification 

accuracy of up to 71% over 200 periods [3]. In another 

study, Inuwa- Dutse et al. they stated that big data 

produced on social networks such as Facebook and Twitter 

attracted the attention of big companies and also attracted 

attention from spam or fake users [4]. 21 tweets are 

thought to be spam. Therefore, the reliability of rapidly 

growing data raises doubts [4]. In the proposed system, 7 

different classification algorithms were applied to 2 

different data sets. The best accuracy rate was 98.3% with 

Gradient Boosting algorithm. In another study on bots, 

Cresci et al. they were inspired by biological DNA for the 

bot classification problem. They aimed to classify bot 

calculations by creating synthetic DNAs from the genetic 

DNAs that they have created by means of genetic algorithms 

[5]. 

In this study, it is aimed to bring a new perspective to the 

techniques mentioned in the literature as bot problem. 

Behavior of bot and human accounts will be examined in the 

solution of the problem. Thus, it is aimed that people are less 

affected by bot accounts. Aydın et al. machine learning based 

methods were used to detect malicious accounts. Firstly, 

feature extraction methods were applied to the data set. Cross 

validation method was used to improve the performance of 

the classification process. Logistic regression yielded the 

highest accuracy rate of 79.1% as a result of the classification 

[6]. 

The method developed in the second part of the article 

and the experimental results will be discussed in the last part. 

II. PROPOSED METHOD 

Human DNA contains information that identifies the 
person. Identity diversity is provided by the different 
sequence of bases on DNA. These bases are called adenine 
(A), thymine (T), guanine (G) and cytosine (C). In the study, 
a digital DNA was created by modeling biological DNA. 
Creation of digital DNA Crecci et al. the data set created by. 
Figure 1 shows a summary of the data set [7]. 
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Fig. 1. Data set summary. 

Tweets of bot and human accounts in the data set are 

grouped first. The posts of each account are divided into 4 

groups. 

• Tweet: Twitter posts, text, photos, GIF or video 

containing messages [8]. Tweet is the general name 

of messages sent. 

• Mention: Messages that contain the Twitter username 

of another account with the symbol "@" in front of it. 

For example: “Hello @ Twitter” [8]. 

• Reply: This is the message we give in response to 

someone else's Tweet [8]. 

• Retweet: Resend a message. Twitter's Retweet 

feature helps you and others quickly share a post 

with all your followers [8]. 

The above 4 types of tweets were used for digital DNA 

sequencing. Figure 2 shows this sequence. 

 

 

 

 
 

Fig. 2. Digital DNA. 

The sequence of the bases in the digital DNA determines 
the character of that account. In this study, the accounts are 
grouped as bot and human. The last 20 tweets of bot and 
human accounts in the dataset were examined. As a result of 
this analysis, digital DNAs of the accounts were extracted. 
For example, davideb66's 1st post in Figure 3 is tweet, 2nd 
post is reply, 3rd post is retweet, and 4th post is referred to 
as mention. 

 

 

 

 

 
 

 

 

 

 
Fig. 3. Sample account. 

TABLE I. FEATURE SET 

 

 

The features of Table 1 were used to generate digital DNA. 
 

 

Digital DNAs obtained from the data set were examined 
by Multiple Sequence Alignment (MSA) method. The MSA 
method is the alignment of multiple biological sequences. 
This sequence may be DNA, RNA or protein [9]. 
Progressive methods such as Clustal W align the sequences 
with each other and score points for each peer. As a result of 
these values, a guide tree is created. The MSA method is 
implemented through the guide tree. Alignment continues 
from bottom to top along the tree structure. The final result 
is then read from the root of the tree [10]. The MSA shows 
the homologous regions within the DNA and protein 
sequences, and the alignment results in the consensus 
sequence. The consensus sequence shows us the characters 
of sending bot or human accounts. Matlab seqalignviewer 
application was used for MSA method. 

 

 
Fig. 5. MSA example. 

 

III. EXPERIMENTAL RESULTS 

Human and bot digital DNA sequences created in Matlab 

were applied by MDR method. The arrays show the sending 

characters of the bot and human accounts. 

Figure 6 shows the digital DNA sequence of bot accounts. 

When you look at the number 6, it is seen that it sends retweets, 

tweets, reply. Bots 11, 12 13 send tweet in series. 

Fig. 4. Alignment steps. 
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Fig. 6. DNA sequence of bot accounts. 

 

The consensus sequence calculated over the digital DNA 

of 109 bot accounts is shown in Figure 7. 
 

 
Fig. 7. Consensus sequence of bot accounts. 

 

It is observed that the bots send tweet in series. The bots 

didn't weigh much on retweet, reply and mention. When we 

look at the 20th base, the bots mostly tweeted. This ratio is 

at the minimum level on the 9th base. 

Figure 8 shows the digital DNA sequence of human 

accounts. When looking at human accounts 18, 20, 25, it is 

seen that they frequently reply. Human accounts 13, 14 15 

send tweet in series. Other accounts send in a mixed way. 
 

 
Fig. 8. DNA sequence of human accounts. 

 

The consensus sequence calculated over the digital DNA 

of 92 human accounts is shown in Figure 9. 

 

 

 

 

Fig 9. Consensus sequence of human accounts. 
 

It has been observed that human accounts generally send 

a reply. 

When the consensus graphs in Figure 10 are considered, the 

common decision of the bots (tweet-A), is more dominant than 

the common decision of human accounts (reply-C). The reason 

for this can be shown that the bots share for a purpose. This 

purpose can be to increase the number of followers or 

advertising. One of the reasons why human accounts often send 

reply is that people use Twitter for chat. 
 

 
Fig. 10. Comparison of consensus sequences. 

 

Human accounts have sent more mixed tweet types than 

bots. 29% of the posts sent by human accounts were observed 

as reply. 87% of posts sent by bot accounts were observed as 

tweets. Although the tweets in the data set containing human 

accounts were more than the replies, it was agreed to reply as 

consensus. The reason for this is that the response is distributed 

more homogeneously across the bases. Figure 11 shows the 

types of posts of bots and accounts. 

 

 

 

Fig. 11. Post distribution of user groups. 

IV. DISCUSSION 

The experimental results obtained in this section will be 

compared with the results in the literature. The sending trends 

of the accounts were calculated by sequencing the digital DNAs 

obtained from the data set using replies, retweets, tweets and 

mentions. Cresci et al. in his study, the longest common 

substring (LCS) was calculated from the DNAs obtained using 

tweets, replies and retweets from the same data set. The longest 

common substring serves to measure the 
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longest similarity between consecutive sequences. The MSA 

and LCS comparisons used in the article are shown in Figure 

12. 

 
 

 

Fig. 12. LCS versus MSA. 
 

In Figure 12, it was observed that the length of LCS 

decreased as the number of accounts increased in the bot and 

human groups. This means that the similarity decreases as 

the number of accounts increases. When the MSA was 

applied to the data set, it was observed that the bots were 

sending similar messages to each other. This similarity did 

not change as the number of accounts increased. 

V. CONCLUSION 

Up to now, a total of 4020 Twitter posts have been 
reviewed using the MSA method. The characters of the bot 
and human accounts are examined through these posts. Bot 
accounts often send tweet. The reason for this is that bots 
usually use the Twitter API actively. They use this API to 
automatically send tweet. As shown in Figure 11, bot 
accounts do not include replies, retweets and mentions in 
their posts. Human accounts generally included replies and 
tweets in their posts. The reason for this is that they use 
Twitter for chat purposes. 

In this article, it is mentioned that the importance of bot 

accounts in Twitter environment and used for purpose. 

Trough Twitter's live interaction feature, the number of bot 

and human accounts will increase day by day. Therefore, 

information pollution in the environment will be tried to be 

minimized. In future studies, the system can be developed 

by genetic algorithm and the data set can be diversified. 
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Abstract— Unaware of existing big data technologies, 
organizations fail to develop a big data capability despite its 
disruptive impact on today’s competitive business environment. 
To determine the shortcomings and strengths of developing a 
big data architecture with open-source tools from technical and 
managerial perspectives, this study (1) systematically reviews 
the available open-source big data technologies to present a 
comprehensive picture, and (2) proposes an open-source 
architecture for businesses to take as a reference while 
developing big data analytics capabilities. Lastly, we discuss 
technical, domain-specific, and firm-specific soft challenges 
related to establishing a big data architecture in an 
organization, and how these challenges are reshaping the big 
data research domain. 

Keywords— Big Data, Big Data Technologies, Big Data 
Analytics, Reference Architecture, Systematic Review 

I. INTRODUCTION  

In the big data era, the information technology (IT) 
industry is continuously coming up with new models and 
distributed architectures to handle the exponentially 
increasing amount of data. Effectively integrating these 
models into its business processes, an enterprise can seek 
strategic advantage in the marketplace. Existing and emerging 
models do not just target the volume characteristic of big data. 
To exemplify, the speed at which data is processed is critical 
for timely decision-making and process-optimization 
activities. Many open-source and commercial tools continue 
to emerge to deal with the different characteristics (e.g. 
volume, variety, velocity, veracity) of big data. As a result, 
there is an abundance of tools and platforms to analyze big 
data. 

Open-source tools are especially supported by companies 
that mainly operate on the Internet, such as Google, Yahoo, 
Twitter and LinkedIn. By processing data generated by users 
in the Internet environment, these companies aim to provide 
better services for their users and their third-party customers 
to increase their revenues. They develop and utilize big data 
analysis tools primarily to increase their ability to analyze, 
store and manage data from different heterogeneous sources. 
Most of these tools are unknown to the business world; yet 
this is a very active domain of research, and significant effort 
is focused on new open-source tools that are actively 
developed on the Apache Software Foundation (ASF) and 
GitHub. 

As many platforms exist to process, store and analyze big 
data, an organization must choose the right set of tools to 
utilize as part of its data-analytics architecture. Open-source 

tools have indeed become the standard big data processing 
platforms [1], however, in order not to lag behind the hype 
around big data, organizations outsource their big data 
activities to commercial big data solution providers. 
Commercial big data solution providers typically rely on a 
subset of available open-source tools that may or may not fit 
the use case or organizational requirements of a firm. 
Therefore, outsourcing does not necessarily build the big data 
capability of a firm, since it does not solve the technical, 
domain-specific and firm-specific soft challenges for 
establishing a big data architecture. 

There are studies in the literature that introduce 
architectures and algorithms from a technical perspective [2]–
[6]. There are also studies that systematically review the big 
data domain from a managerial perspective [7], [8]. There is a 
gap in the literature where open-source tools that exist for big 
data are systematically reviewed, explained and exemplified 
considering both the technical and managerial perspectives. 
Just by reviewing open-source tools, we have come across 241 
tools in ASF and GitHub, and that number is final after 
applying strict filters, including reliability of the source, 
license type, academic publication and last commitment 
activity. 

There are two main contributions of this paper. First, we 
systematically review the open-source tools that aim to store, 
manage and analyze big data to present a comprehensive 
picture of the existing and improved technologies. This effort 
can aid researchers to adjust their research directions. The 
second contribution is the open-source big data analytics 
architecture, in which the introduced tools complement one 
another in a layered architecture to provide a comprehensive 
picture of the big data analytics life cycle. The proposed open-
source big data architecture simplifies building big data 
applications for turning big data opportunities into actionable 
insights. 

This paper is organized as follows. In Section 2, related 
work that focus on big data tools are discussed. The method 
for systematic tool review is identified in Section 3. Section 4 
presents the proposed open-source big data tool stack and our 
findings. Finally, we discuss the managerial implications and 
development problems of big data architecture and conclude 
the paper in Section 5. 

II. LITERATURE REVIEW 

In the literature, there are numerous studies [4], [9] that 
review and compare the existing popular big data tool stacks, 
such as Apache Hadoop Stack [10] and Berkeley Data 
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Analytics Stack (BDAS) [11], to present the advantages and 
disadvantages of the tools in these stacks. Apache Hadoop 
stands out as a well-known open-source framework for big 
data analytics. It is designed to work seamlessly with a stack 
of open-source tools to enable the storage and processing of a 
significant amount of data using clusters of commodity 
hardware. The Hadoop Stack includes a distributed file 
system, cluster management, storage, distributed processing 
and programming, data analysis, data governance and data 
pre-processing tools. Another important big data tool stack is 
proposed by the AMPLab at the University of California, 
Berkeley, namely, the BDAS, which integrates open-source 
big data tools. It also includes a distributed file system, cluster 
management, distributed data processing and programming, 
data analysis, data or tools and in-house developed big 
applications. Another study [2] reviews the current state-of-
the-art in open-source big data analytics tools for machine 
learning and provides recommendations for evaluating these 
tools. However, these studies review existing big-tool stacks 
and do not provide a comprehensive review of all the available 
big data analytics solutions which this study aims to 
contribute.   

Other studies propose [5] a high-performance computing 
stack for big data analytics and summarize the capabilities of 
these stacks in 21 identified architecture layers. They review 
over 300 software packages to define this tool stack. The 
recent studies [6], [8] review the literature systematically to 
analyze the current state and research directions of big data. 
The study of Grover et al. [6] moves beyond the systematic 
literature review and presents a limited number of 
conventional big data tools to provide an overview thereof. A 
recent survey [3] provides a global view of state-of-the-art big 
data technologies and compares these technologies in 
different system layers. This study mainly focuses on 
discussing the Hadoop framework and tools developed on top 
of it, and commercial Hadoop distributions such as Cloudera, 
Hortonworks, MapR, and so on. Similarly, a recent study [12] 
gives an overview of widely used big data technologies to 
identify the key features of these technologies. However, these 
studies do not provide any information about how to review 
these tools systematically, the nature of the criteria for 
including a tool in this stack or how to bring these tools 
together to define a big data architecture. In this study, we 
propose a systematic method to review open-source tools and 
give directions about how to select a big data tool for their big 
data use-cases. 

There are also some studies [13]–[16] that propose a 
reference architecture for big data analytics. One study [13] 
presents a reference architecture for semantically aware big 
data systems by taking into account the unique characteristics 
of big data. Another study by Pääkkönen et al. [14] proposes 
a technology-independent reference architecture for big data 
systems. The authors also classify the related commercial big 
data technologies and products based on analysis of the 
published use-cases. There are some domain-specific 
solutions to present a reference architecture for big data 
analytics. The study of Geerdink [15] proposes a reference 
architecture to guide software architects, mainly in defining 
big data analytics solutions for predictive analytics using 
qualitative data analysis and evaluated using a questionnaire 
that investigated several quality criteria. Another study [16] 
focuses on presenting a reference big data analytics 
architecture for typical national defense domain requirements. 
The authors demonstrate how to use the proposed reference 

architecture to define concrete architecture for a use-case. 
Nevertheless, these studies mainly focus on proposing use-
case-specific architectural solutions from a technical 
perspective. They do not take into account the managerial 
perspective about how to assess a big data tool for different 
requirements, or the current state of big data tools to capture 
value for future projects. Moreover, they mention some 
conventional big data tools to illustrate the applicability of 
their architecture, but they do not provide a comprehensive 
review of existing open-source big data tools. 

III. RESEARCH METHOD 

A systematic tool-review method was used based on the 
following three-phased systematic literature review 
approaches, as described by Tranfield et al. [17] and 
Kitchenham and Charters [18], [19]. 

• Phase-I includes the planning of the review process 
and developing the review protocol according to the 
research aim and objectives.  

• Phase-II conducts the review process to identify, 
select and evaluate the open-source tools.  

• Phase-III comprises a basis for examining research 
results and reporting them with qualitative and 
quantitative results. 

In this section, the activities in Phase-I and Phase-II are 
explained in detail. The results obtained in this systematic 
review process for Phase-III are synthesized and presented as 
a comprehensive analysis in the form of open-source big data 
reference architecture in the following sections. 

A. Phase-I: Planning the Review Process 

The first phase of the systematic tool-review process is to 
develop a protocol that includes defining the objectives and 
research questions of the review process to form a basis for 
finding proper databases to search open-source tools, 
developing a research strategy, as well as synthesis of the 
method. 

The systematic tool-review process aims to provide the 
state-of-the-art for open-source big data tools to explain what 
type of tools are missing and mature enough for researchers to 
adjust their research directions in the big data domain. This 
will help firms to develop their big data development 
strategies to assess what type of tool fits their needs and use-
cases, and what type of capabilities they lack to perform 
efficient data processing in their solution domain. Moreover, 
this study also aims to assist software architects and 
developers with which tools are ready to use for their big data 
applications from an open-source perspective. According to 
these objectives, two main research questions (RQ) were 
determined, by which the review process was driven, as 
follows: 

• RQ-1: What are the major categories of open-source 
technologies employed to overcome big data 
challenges? 

• RQ-2: What are the contributions of the technology 
companies to open-source big data tools? 

Based on the importance of evaluating proper tools in 
determining the overall validity of the tool-review process, 
several suitability conditions, including inclusion as well as 
exclusion criteria, are defined. In the literature, there is no 
such attempt to define a systematic review process protocol 
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for open-source tools. Therefore, a novel review protocol for 
open-source tools was defined based on the defined research 
questions and objectives.   

Condition-I: The review was conducted by searching the 
Apache Software Foundation (ASF) projects and GitHub 
database. The GitHub database includes more than 19.4 
million open-source projects [20]. Moreover, the project 
information and source codes can be gathered easily through 
the provided application programming interface (API), which 
enables us to automatize the review process to reduce 
researcher bias. In addition to ASF projects and the GitHub 
repository database, Google Open Source, Facebook Open 
Source, or IBM Open Source platforms also provide 
alternative databases for their open-source projects. 
Nevertheless, the projects included in these platforms are 
already maintained in GitHub repositories. To collect data 
about the open-source big data tools, the ASF projects and 
GitHub database were searched using the following 
keywords: 

big?data?analytics OR big?data?analysis OR 
stream?processing OR batch?processing OR 

real?time?processing OR complex?event?processing OR 
distributed?messaging OR distributed?file?system OR 

map?reduce OR distributed?resource?management OR 
distributed?database OR scalable?machine?learning 

Condition-II: In GitHub, starring a project repository 
enables users to keep track of these projects and demonstrate 
users’ interest in the project. Therefore, as a quality control of 
the tools and review process, only those tools were selected 
that have at least 100 stars in the GitHub database. 

Condition-III: The data about open-source tools was 
collected from the GitHub repositories, official web page (if 
any), as well as their documentation (if any), mailing lists and 
forums. The data collected was inspected to clarify whether or 
not the tool provides a solution in the big data domain. 

Condition-IV: In order to specify active projects, only 
tools were selected whereby there has been a commitment to 
the source code in the last six months (in our case after 1 
March 2017). 

Condition-V: The acquired big data tools were also 
evaluated by having a credible open-source license, which 
defines how the source code of the software can be modified 
or distributed. The tools that do not have any credible license 
were also evaluated according to the next condition 

Condition-VI: Tools with at least one academic 
publication that demonstrates applicability and benefits to the 
big data domain were included in this study. 

B. Phase-II: Conducting the Review Process 

The implemented script for the ASF project database 
basically traverses all of the ASF projects, searches defined 
keywords in their official web page and returns the names, as 
well as links, of the available project as an output. The other 
script for crawling the GitHub projects database utilizes 
GitHub search API to collect project names and links in 
defined keywords, and filters projects, respectively, 
according to Condition-II and Condition-IV. The rest of the 
conditions were assessed manually by researchers. The 
flowchart of the review process and results are depicted in 
Figure 1.  

 
Figure 1. Flowchart of the Review Process 

IV. THE ARCHITECTURE 

Big data applications require special methods, tools and 
techniques to handle data efficiently from the initial stage data 
collection, to the final stage, value creation, as a result of the 
inherent characteristics of big data. Therefore, an efficient big 
data application needs to be adapted to the characteristics of 
the data to be used, and it is necessary to utilize the appropriate 
tools for these properties. Therefore, in this section, RQ-1 is 
clarified by using the knowledge gained in the systematic tool-
review process, an open-source architecture which is depicted 
in Figure 2 for big data analytics is presented and explained in 
detail. 

The overall process of leveraging big data to drive 
decision-making can be broken down into two main 
processes: data management and data analytics [21]–[23]. The 
data-management process is responsible for acquiring, 
governing, integrating, securing and storing data to prepare it 
for applying data-analytics methods. Data analytics, on the 
other hand, deals with data modelling, analyzing and 
interpretation to transform raw data into valuable knowledge. 
According to the process of sifting the results derived from 
our systematic tool review, the available open-source big data 
tools for data management fall into five different categories: 
distributed file system, cluster management, data store, 
governance and security and data ingestion. Data analytics, on 
the other hand, includes distributed data processing and 
programming, visualization, data analysis and data pre-
processing components. The application and supporting tools 
components include the technologies that can be utilized for 
both of the big data processes. 
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Figure 2. Proposed Architecture 

Distributed file system: The distributed file system 
(DFS) layer resides at the lowest level of this architecture to 
store and manage large amounts of data across multiple nodes 
of commodity hardware. DFS is a basic file system that allows 
disks in a distributed environment to behave as a single virtual 
disk by breaking the data down into smaller pieces and 
distributing them throughout the cluster. The well-known DFS 
is called the Hadoop Distributed File System (HDFS) [24] but 
there are also some other alternative tools, such as the Baidu 
File System, the Gluster File Syste and Alluxio, formerly 
known as Tachyon [25], [26]. 

Cluster management: This architectural component is 
responsible for deployment, scheduling and orchestrating the 
jobs across the large network of nodes to build a readily 
available and highly scalable computing infrastructure. 
Therefore, choosing a suitable cluster-management tool is 
vital for the overall performance of the big data infrastructure. 
Apache Mesos [27], Apache Aurora, Genie-Netflix, and 
Apache Helix can be listed as examples of open-source 
cluster-management tools for big data analytics.  

Distributed data processing & programming: Big data 
use-cases may need to process significant amounts of batch 
data or millions of data tuples in real time to build a data-
analysis model and produce results in a timely manner. This 
significant amount of processing load cannot be handled using 
traditional methods with a single node solution. To this end, 
there is a need to constitute an efficient and scalable or 
distributed programming model and processing solution, 
which should be able to deal with the volume and velocity 
characteristics of big data. The distributed data-processing 
tools vary within themselves; however, there are two notable 
processing methods: batch processing and stream processing. 
MapReduce [28] is the well-known programming model that 
implements parallel processing jobs for big data sets. 
Distributed batch data-processing tools such as Apache Spark 
[29] and Hadoop use the MapReduce programming model. On 
the other hand, Apache Storm [30], Heron, Gora, and Apache 
Samza can be listed as examples of assessed stream-
processing tools.  

Data Store: The significant amount of data generated by 
the diverse and large number of data sources is not only too 
voluminous but also too fast and complex to be stored using 
traditional storage technologies. In an attempt to store this big 
data, distributed, scalable, schema-free and fault-tolerant big 
data storage technologies that are compatible with a 
distributed file system are needed. These requirements trigger 
the development of NoSQL databases, which are increasingly 

being used in big data applications [31]. Several types of 
NoSQL database, which are column-based, key-value-based, 
document-based, graph-based and time-series-based, have 
been proposed to support specific needs and use-cases. In our 
systematic tool-review process, 37 different big data storage 
technologies were founded. Tera, RethinkDB, HBase, 
Voldemort, and RQLite are some of these storage tools.  

Visualization: Visualization of the data is the ability to 
present a massive amount of data in a pictorial or graphical 
format to enable decision-makers to interpret difficult 
concepts or identify new patterns easily. As expected, big data 
visualization techniques differ from traditional data-
visualization approaches because of the unique characteristics 
of big data, such as displaying a high volume of data without 
collapsing/condensing, dealing with continuously flowing 
real-time data and separating a variety of categories and 
structures of data seamlessly. As a result of these challenges, 
there are a limited number of open-source big data 
visualization tools available. Kibana and Airpal are some of 
the data-visualization tools.  

Data analysis: Data analysis is the process of developing 
an analytical model by examining raw data sets in order to 
infer knowledge by finding patterns and drawing conclusions 
with the aid of specialized tools and algorithms. In order to 
develop a successful data-analysis model, predictive 
modelling, querying, machine learning and deep learning are 
indispensable technologies. To this end, querying tools on 
distributed storage systems, machine learning and deep-
learning libraries that support distributed processing are 
included under this architectural component. In the final stage 
of tool assessments, 50 different data-analytics tools 
remained. Among these tools are Apache Calcite, Apache 
Drill, Tensorflow [32], PhotonML, Cascalog and Scalding.   

Data preprocessing: Data scientists face many challenges 
regarding finding a reliable analysis method when dealing 
with big data. One of these challenges is data cleaning to 
detect noises, errors or incomplete data to improve the overall 
success of data analysis. Another important data pre-
processing challenge is about the collection of data from 
outside sources and transforming these data sets to load in-
house data storage systems to maximize the strength of data 
analytics. CKAN, Apache Griffin, and Data Cleaner are 
among the open-source big data tools assessed in this 
category. 

Governance & security: As organizations adapt big data 
analytics to capture nascent opportunities, data governance 
and data security can pose key challenges that may affect the 
entire big data architecture. Moreover, the big data 
applications tend to present specific governance and security 
policy enforcements for each individual use-case about the 
data they have collected. Therefore, this component of our 
reference architecture mainly addresses open-source solutions 
for data governance, data security, service programming and 
benchmarking. For example, Apache Atlas provides a scalable 
and extensible set of core foundational governance services. 
Apache Ranger proposes a data-security framework for 
monitoring and managing the security of data across the 
Hadoop platform. HiBench, which was developed by Intel, is 
a big data benchmark suite that helps to evaluate different big 
data frameworks in terms of speed, throughput and system 
resource utilizations. Apache Zookeeper is a service 
programming tool to develop and maintain extremely reliable 
distributed coordination across nodes.  
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Data ingestion: Data ingestion tools help in transferring 
data from various outside data sources to internal systems in 
the most efficient and reliable way. They also provide a 
resilient and fault-tolerant data-distribution method across the 
architectural components. By taking into account the volume 
and velocity characteristics of big data, data-transferring tools 
play a crucial role, not only in importing data into big data 
platforms but also in the overall performance of the big data 
applications. One of the well-known data-ingestion tools is 
Apache Kafka, which is pioneered by LinkedIn. Sqoop, 
Pulsar, Gobblin, and Suro are some of the data-ingestion tools 
that were discovered in the tool-review process.   

Application: This layer mainly provides high-level 
abstraction to implement specific big data applications and/or 
present the analysis results produced by the underlying layers 
to end-users. For example, Nutch [33] is a production-ready 
web crawler, which is also extremely extensible and scalable 
in the processing of big data. KillrWeather is another 
reference application to integrate streaming and batch data 
processing with well-known open-source tools such as 
Apache Spark for distributed stream processing, Apache 
Cassandra for data storage, Apache Kafka to ingest data and 
Akka for service programming.  

Supporting tools: As a result of our tool review, there 
exist some specific open-source big data tools that do not fit 
any other components in the proposed reference architecture, 
such as Apache Edgent for edge-programming, which enables 
the implementation of applications for small footprint edge 
devices; Apache Knox as an application gateway tool to 
provide a single access point for all REST and HTTP 
interactions; Apache Tephra for transaction management to 
provide globally consistent transactions on top of distributed 
data stores; Apache OpenWhisk for emerging serverless 
computing technology to execute big data functions in 
response to events; Apache River as a networking tool to 
define scalable and flexible network systems; and Apache Solr 
as a search-server. 

V. DISCUSSION & CONCLUSION 

As we conducted our literature review and systematic 
review for the tools, we identified the major problems that an 
organization typically faces when building its own big data 
analytics architecture. First, after filtering out the most 
important tools, we reviewed 241 open-source tools in Apache 
and GitHub that can be utilized as part of the big data 
architecture of an organization. There is an abundance of tools 
available; however, there is no single best tool for a particular 
component in the architecture. As Google’s 2015 article [34] 
points out, the tools have both strengths and shortcomings. An 
organization should choose from among the alternatives the 
most appropriate tool, considering not only the characteristics 
of the data to be analyzed, but also its business strategy and 
operation domain. The latest research focuses on tools 
providing abstractions on multiple data-processing platforms. 
For instance, programs built with Apache Beam can utilize 
Apache Spark and Apache Flink as runners. Apache SAMOA 
provides machine-learning libraries to be used with Apache 
Storm and Apache Samza. Piglet [35] is also worth 
mentioning. It translates commands written with Pig Latin to 
be run on Apache Spark, Apache Flink and Apache Storm. 

Choosing the most suitable tool for a particular job is 
important, however, there are also domain-specific challenges 
where the lower-level programming model complexities and 

deployment problems make these tools suitable for 
programmers who have experience and knowledge in data 
science. On the other hand, there are people who have 
expertise and deep knowledge in a specific domain, and these 
people don’t know how to utilize these tools. This technical 
barrier hinders the adoption of big data tools as part of 
business processes [36]. To bridge the gap between domain-
specific knowledge and data science, data-flow-based visual 
programming models are emerging [37]. The streams 
framework [38] introduces an abstraction layer for domain 
experts to design and define processes without writing any 
code. 

Apart from technical and domain-specific challenges, 
there are also firm-specific soft challenges when developing 
an architecture for big data in a business. Information 
produced from big data analysis is of little use if managers 
lack the ability to foresee the value of results. As opposed to 
technical skills, managerial skills are deep-rooted in an 
organization. Developing a data-driven organizational culture 
is another challenge where members of the organization from 
all tiers incorporate insights from big data analytics into their 
decision-making activities. This may be the hardest challenge, 
since people rely on their past experience or their superiors 
rather than data when making critical decisions [39]. 

Despite the abundance of open-source tools available in 
the big data domain, newer tools never cease to emerge, and 
we do not expect this phenomenon to change in the near 
future. Studying the challenges of developing an 
organizational big data architecture with the existing tools, we 
can foresee where the industry will focus its research efforts 
in this domain. This being the case, organizations should still 
try to build their own big data architecture and exploit the 
potential of the available open-source tools instead of utilizing 
well-known and imposed commercial big data tools. 
Overcoming the technical challenges in doing so is rewarding. 
Commercial big data solution providers more or less rely on 
the same set of limited open-source tools that may or may not 
fit the nature of the analytics tasks in the business. 
Furthermore, no one can capture the domain-specific 
knowledge better than the organization itself. Developing the 
architecture would also help better decision-making, as the 
process would build a data-driven culture and develop the 
right managerial skills. 
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Abstract—In order to recognize the license plates, the 

license plate area must first be detected on the image. There 

are effective machine learning methods in vehicle plate 

detection. However, for these methods to work effectively, it is 

important that the images have a certain quality. Pre-

processing is necessary for these methods to work effectively on 

images taken under any circumstances. In this study, datasets 

were prepared using these images for deep learning methods. 

A data tagging web application has been developed to create 

the dataset. As a result, 2 datasets were created for Turkish 

vehicle license plates with 20.404 images. With this dataset, a 

deep learning model for plate detection using the TensorFlow 

deep learning library is trained. The results on the test images 

are at the desired level. 

Keywords—license plate detection, deep learning, preparing 

dataset, TensorFlow, object detection 

I. INTRODUCTION 

There are 2 tasks in license plate recognition applications. 
These are the task of detection and recognition the license 
plate. Detection refers to the location of 4 points of the 
rectangular region within the image of the license plate from 
the given images (Fig. 1). Recognition refers to the 
identification and labeling of the numbers and letters of the 
vehicle license plate in the detected area in the images. 

 

          Fig. 1. Rectangular region borders 

 Plate locating is the process of detecting the plate region 
on the image by image processing and deep neural network 
(deep learning) methods. With this operations, the 
coordinates of the license plate on the image are predicted. 
These coordinates can be represented as (X1, Y1), (X2, Y2). 
In addition, width (w) and height (h) information can be 
found with these operations. Fig. 2 shows the plate region on 
a image. 

 

   Fig.  2. Plate region on sample image 

In the context of plate detection / recognition, various 
techniques are used to detect plate region from raw images. 
One of the plate detection methods, SCW (Sliding 
Concentric Window), is a two-stage method and includes 
two concentric windows moving from the upper left corner 
of the image [1,2]. Another method uses a median filter that 
reduces noise in the image. [3]. For plate detection, SURF 
technique, which is applied depending on Hessian matrix, is 
used [4]. Ransac technique is also used to detect image 
defects [4]. Ihsan Ullah used a new method based on 
multiple thresholds and rectangular properties [5]. For the 
detection of objects within the image, the HOG identifiers 
can define the distribution of density gradients or edge 
directions of the local object appearance and shape within an 
image [6,7]. Edge detection algorithms are also used for plate 
detection [1,4,8]. Smearing algorithm is also used in plate 
detection because of its simple and fast [9]. 

The ALPR (Automatic License Plate Recognition) 
system in natural images was also discussed by Meng Dong 
et al. [10]. Such an ALPR system extracts the recognized 
license plate numbers by taking ordinary images as input. In 
the detection step, a stepwise structure was introduced 
including a fast region suggestion network (Fast R-CNN) 
and an R-CNN network. The R-CNN network not only 
eliminates false alarms, but also regulates corner positions 
for each detected plate. This allows the estimation of an 
affine transformation matrix to correct the extracted plates. 
In the recognition phase, an innovative structure consisting 
of parallel spatial transformation networks and shared weight 
recognition tools is proposed. The system was trained and 
evaluated on a Chinese license plate data set with more than 
18,000 images. The results show that the detector used 
performs better than the Faster R-CNN, which is 1.5 times 
slower in the test data and 57 times larger in model size. In 
addition, it was reported that plate recognition yielded 
significantly better results than existing solutions and 
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reduced 57.5% of the errors in the state-of-the-art character 
coding scheme [10]. 

Lele Xie et al. proposed a new method based on 
convolutional neural network (CNN) for high-precision real-
time plate detection. The proposed method uses the CNN-
based MD-YOLO frame for versatile vehicle license plate 
detection. Using the correct estimation of rotation angle and 
a rapid intersection-over-union (IoU) evaluation strategy, the 
proposed method was able to effectively manage rotation 
problems in real-time scenarios [11]. The approach to 
detecting plates based on a convolutional neural network by 
modeling a function that generates a score for each image 
subregion is presented by Francisco Delmar Kurpiel et al. 
[12]. This allows the location of the detected plates to be 
estimated by combining the results from the sparsely 
intersecting regions. In a study by Marko Arsenovic et al. 
[13], the latest technology of deep neural networks was used 
for plate detection and recognition. In the study, artificially 
created vehicle plates were trained on the data set and 
approved plate detection and character recognition were 
performed. In this context, the complete development 
process is explained in detail and implemented in a test 
system. The proposed system was tested in real time 
environment and achieved overall accuracy while achieving 
98% success for plate detection.  

A method has been proposed by Christian Gerber and 
Mokdong Chung [14] for improved plate detection using a 
multiple convolution neural network (CNN) approach for 
mobile devices. Trained CNN-approved vehicle detection 
was applied and then the detected vehicle regions were 
applied to the next trained CNN-verifier for license plate 
recognition [14]. In the study conducted by Hui Li and 
Chunhua Shen [15], the problem of vehicle license plate 
detection and recognition from natural images was solved. 
Inspired by the success of deep neural networks (DNN) in a 
variety of imaging applications, DNNs are used here to learn 
high-level properties in a deliberate framework [15]. First, a 
37-class CNN was trained to detect all numbers and 
characters in an image, resulting in a high recall value 
compared to traditional approaches such as binary text / non-
text classes [15]. The bounding box reference was then based 
on the bounding boxes of the plates to improve the 
intersection-over-union (IoU) ratio. 

II. MATERIALS AND METHOD 

A. Data Collecting 

Supervised learning provides better results in plate 
detection with deep learning techniques. Therefore, it is 
necessary to prepare tagged data. With this study, it is aimed 
to fill the gap in this area by preparing a dataset specific to 
Turkish license plates. 

For vehicle license plate recognition and license plate 
detection, 2 datasets were prepared by using vehicle 
transition images with Turkish license plates. A PHP-
MySQL application was developed for tagging using 20.404 
raw images for plate location detection. Thanks to this 
application, two separate datasets have been prepared both 
for plate detection and plate recognition. Microsoft Office 
Excel program was used to create data sets. 

This section first shows how the dataset is prepared. 
Then, the deep learning model using this dataset is explained. 

B. Preparing Datasets 

Vehicle images were taken from the images that the OGS 
system used in the university security gates recorded to the 
system with IP camera on different dates. There is a lot of 
image data as security gates have a heavy pass. Images from 
different doors were brought together and the images taken at 
night were cleaned. In addition, proximity-distance, 
brightness-transparency, etc. no cleaning was performed. The 
original image has a resolution of 640x360 pixels. The steps 
of preparing the dataset for plate location detection are 
shown below. Necessary tables were created on MySQL 
database according to raw image information. According to 
the database, a web data tagging application was developed 
with PHP. Using this application, tagging and tagged data 
were checked. In this way, the tagged data is written to the 
MySQL database. Using this data, dataset was prepared. 

C. Data Tagging and Data Control Application 

For the plate detection process, a data set should be 

prepared in order to train the vehicle transition image big 

data taken from the ALPR system with deep learning 

methods. In this context, the images were renamed in the 

first stage after they were taken. For example, image data 

named "12042017_AE_345.jpg" was named "1 (1) .jpg", "1 

(2) .jpg", "1 (3) .jpg", "respectively. A table was created 

using the MySQL database that holds all image information 

(id, name, path, tag, etc.) (Fig. 3.). 

 
Fig.  3. Database “data” table view 

The Jcrop script using the Jquery library was used to 

select the endpoints (X1, Y2) and (X2, Y2) of the 

rectangular area of the plate region in these images. In 

addition, an area where the plate number was entered was 

created. In this way, a PHP script using MySQL database 

was coded and tagged. Fig. 4 shows the image tagging web 

page. Fig. 5 shows an exemplary tagging process. On the 

image tagging web page, click "Tag!" when clicked, this 

image will be marked as tagged and the new untagged 

image will be uploaded to the page. Fig. 6 shows how 

tagging information is added to the database after tagging. 

After the tagging process, a control page was coded to check 

whether the tagging was done correctly (Fig. 7). After the 

control process was done, the data set was prepared by using 

database records. Thanks to this application, two separate 

data sets have been created for plate detection and plate 

recognition. Plate detection was performed on the image 

using the TensorFlow library using deep learning and deep 

neural networks using the Python language using the plate 

detection dataset. 
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Fig.  4. Image tagging web page 

 
Fig.  5. Sample image tagging process 

 
Fig.  6. View of tagged images in database table 

D. Dataset Structure and Preparing For Plate Detection 

The plate was prepared with 20.404 labeled data for 

plate detection. The steps for preparing the dataset are as 

follows: In the tagged data in the MySQL database, the plate 

images were renamed using the PHP function in TABLE I 

using the “id” and “plate_number” information of the 

images. After the naming process, the data in the tagged 

table was exported and copied to Excel. VBA code was 

written to prepare “json” files. 

 
Fig.  7. Checking the tagged image 

TABLE I.  PHP FUNCTION FOR RENAMING IMAGES 

 
TABLE II.  JSON FILE CONTENT FOR PLATE DETECTION  

{"description": "", "tags": [], "name": "528_06D*67**", "objects": 
[{"classTitle": "plate", "description": "", "tags": ["06D*67**"], 

"bitmap": null, "points": {"interior": [], "exterior": [[33.0, 213.0], 

[33.0, 244.0], [140.0, 244.0], [140.0, 213.0]]}}], "size": {"width": 640, 
"height": 360} 

 

After this process, 20.404 images in renamed JPG 

format and 20.404 JSON files containing plate name and 

plate location (x1, y1, x2, y2) of these images were 

obtained. As a final step, these files were created in the 

structure shown in Fig. 8, 2040 test data and 18364 training 

data. As shown in Fig. 8, JPG files are copied to "img" 

folder and JSON files are copied to "ann" folder in test and 

training data. 

E. Dataset Structure and Preparing For Plate Recognition 

In the tagged data in the MySQL database, the plate 

locations in the images were clipped using the PHP function 

in TABLE III and copied to another folder using the starting 

points (x1, y1), width and height (w, h) of the plate locations 

in the images. 

function rename_tag(){ 

$sql = $this->link->stmt_init(); 

if($sql->prepare("SELECT id,data_name,plate_number FROM 

tagged")){ 

$sql->bind_result($id,$data_name, $plate_number); 

if($sql->execute()){ 

while($sql->fetch()){    

$old = 'img/'.$data_name; 

$new= 'tagged/'.$id.'_'.$plate_number.'.jpg'; 

copy($old, $new) or die("Unable to copy $old to $new."); }}}} 
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Fig.  8. Dataset structure for plate detection 

 
TABLE III.  PHP CROP CODE ON IMAGE 

 

An Excel VBA code was then written to generate the 

JSON file given in TABLE IV. In this way, a total of 20.404 

cropped plate images and JSON files of these images were 

obtained. 

TABLE IV.  JSON FILE CONTENT FOR PLATE RECOGNITION 

{"description": "21D*3**", "tags": [], "objects": [], "size": {"width": 100, 

"height": 26}, "name": "21D*3**"} 

 

After this process, a data dataset was created in the 

structure of Fig. 9, with 10% of the 20.404 data (JPG and 

JSON files) being tested, the rest being train and validation 

data. 

 
          Fig.  9. Dataset structure for plate recognition 

F. Intersection Over Union (IoU) and Average Precise 

(AP) for Plate Detection 

IoU is used to find the intersecting section between 2 

boxes. In this study, the box predicted by our model was 

used to find the intersection area of the ground truth we 

tagged in our dataset. The IoU formula is as follows (1): 

 

IoU calculation is done according to Jaccard index [18]. 

In object detection, the average precision (AP) is calculated 

according to a specific IoU. In general, the average 

precision (AP) and the mean of the average precisions 

(mAP) are used in the same sense. The AP calculation 

according to the specific IoU is as follows (2) because the 

recall value is 1 for plate detection. 

 

 (Recall) Ri=1 for plate detection 

G. Plate Detection Using Deep Learning Model with Our 

Dataset Benchmark 

In this section, a deep learning model was created with 

the help of the TensorFlow library using the dataset 

prepared for plate location detection (Fig. 10). The model 

was trained on the training data and tested on the test data. 

This model was developed as a new model by making use of 

a plate detection model [16, 17]. This model was developed 

from the “Towards Data Science web portal [16]” with 

significant changes. As can be seen from Fig. 10, the most 

important change is the 4th convolution layer (with 256 

filters). The supervise.ly web platform was also utilized 

include 'lib/ImageResize.php';  

use Gumlet\ImageResize;  

function crop_image(){  

$sql = $this->link->stmt_init();  

if($sql->prepare("SELECT id,data_name,plate_number,x1,y1,w,h 

FROM tagged")){ 

 

$sql->bind_result($id,$data_name,$plate_number,$x1,$y1,$w,$h);  

if($sql->execute()){  

while($sql->fetch()){     

$old = 'img/'.$data_name;  

$new = 'cropped/'.$id.'_'.$plate_number.'.jpg';  

$image = new ImageResize($old);  

$image->freecrop($w, $h, $x =  $x1, $y = $y1);  

$image->save($new); }}}}  
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[17]. In the architecture of the model, 4 convolution layers 

and 3 FC (fully connected) layers were used. As the output, 

four points are obtained that contain the coordinates of the 

plate location on the image. The model is quite large due to 

the image sizes in our dataset.  

Python 3.5 is used on Jupyter Notebook project for 

model coding. In the first stage, our data is loaded into 

memory. Since the images are 640x360 pixels, they take up 

a lot of memory. Therefore, the model was trained by 

uploading the data part by part. Fig. 11 shows the tagged 

images. The plate region is indicated by a red box. This 

model is trained in 4 parts due to its image size. The 

characteristics and weights obtained at the end of each 

training were recorded and the next part was given as an 

introduction to training. After training the model, the results 

are shown on the test data in Fig. 12 and on the training data 

in Fig. 13. The predicted results of the model are shown in 

red box. Ground truths of the dataset are shown in blue box. 

 
Fig.  10. Deep neural network architecture for plate detection [16,17] 

 
Fig.  11. Tagged samples images 

III. RESULTS AND DISCUSSION 

Fig. 14 shows the predicted results of only one test 

image. This is an image that has never been given to the 

model before. Fig. 15 shows the predicted results of a 

training data. TABLE V shows the average precise (AP) 

results of 1900 test images which were never seen by the 

model and 1900 training images. The results are given 

according to IoU = 0.5, IoU = 0.6, IoU = 0.7 and IoU = 0.75 

for both data. 

 
Fig.  12. Predicted results on test images 

 
Fig.  13. Predicted results on train images 

In plate detection, it is very important for the plate 

region that the AP values are large for high IoU values. 

Therefore, AP calculation was made for IoU = 0.75. 

As can be seen from Fig. 14 and Fig. 15, although the IoU 

values for the test and training image are the same, the 

predicted plate region in the training image is more accurate. 
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Fig.  14. Predicted result for only a test image 

 
Fig.  15. Predicted result for only a train image 

TABLE V.  AP RESULTS FOR DIFFERENT IOUS 

Image data 

type 

AP for 

IoU=0.5 

AP for 

IoU=0.6 

AP for 

IoU=0.7 

AP for 

IoU=0.75 

Train 95.68 % 84.52 % 73.21 % 62.68 % 

Test 98.84 % 93.31 % 71.79 % 43.26 % 

IV. CONCLUSION 

As can be seen from TABLE V, our model gives a state-

of-the-art result on test images. It also has better AP values 

for IoU = 0.5 and IoU = 0.6 than train images. However, our 

model gives a higher AP value on the training images for 

IoU = 0.7 and IoU = 0.75. This is actually expected. In the 

next study, image pre-processing in the plate recognition 

study [19] is considered before training the images. Our 

previous work [19] is on license plate recognition with a 

manually prepared dataset, but in this study is a license plate 

detection on a dataset prepared with a data tagging 

application. 
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Özet—Evrimsel algoritmaların en önemli temsilcileri arasında
yer alan Diferansiyel Gelişim (Differential Evolution, DE) algo-
ritması geçtiğimiz yıllarda hem seri hem de paralel varyantları
ile farklı optimizasyon problemlerinin çözümünde başarı ile
kullanılmıştır. Bu çalışmada, kooperatif göçmen üretme stratejisi
ile güçlendirilmiş paralel DE algoritmasının performansı farklı
türdeki nümerik problemlerin çözümü üzerinden incelenmiş ve
elde edilen sonuçlar seri DE ve klasik göçmen üretme yaklaşımını
kullanan paralel DE algoritması ile karşılaştırılmıştır. Uygulama
sonuçları paralel DE algoritmasının yakınsama hızının kooperatif
göçmen üretme stratejisi ile oldukça iyileştirildiğini ve önerilen
paralel DE algoritmasının seri DE algoritması ve klasik göçmen
üretme yaklaşımını kullanan paralel DE algoritmasından daha
başarılı sonuçlar elde ettiğini göstermiştir.

Anahtar kelimeler—Diferansiyel Gelişim, paralelleştirme, koope-
ratif göçmen üretme

Abstract—In recent years, Differential Evolution (DE) al-
gorithm that is one of the most important delegate of the
evolutionary algorithms have been successfully used for solving
different optimization problems with its both serial and parallel
variants. In this study, the performance of DE algorithm powered
with cooperative emigrant creation strategy was investigated over
the different types of numerical problems and obtained results
were compared with the results of the serial DE and parallel
DE algorithm supported with conventional emigrant creation
strategy. Experimental studies showed that the convergence speed
of the parallel DE algorithm is significantly improved with the
cooperative emigrant creation strategy and the proposed parallel
DE algorithm produces better results compared to the serial
DE algorithm and parallel DE algorithm with the conventional
emigrant creation strategy.

Keywords—Differential Evolution, parallelization, cooperative
emigrant creation

I. G İRİŞ

Kalıtsal bilginin bir jenerasyondan diğerine aktarılması sü-
recinde gözlemlenen zekiliği mutasyon, çaprazlama ve seleksi-

yon gibi genetik operatörler kullanarak modelleyen algoritma-
lar evrimsel algoritmalar olarak isimlendirilir [1]–[3]. Storn ve
Price tarafından 1995 yılında literatüre sunulmuş Diferansiyel
Gelişim (Differential Evolution, DE) algoritması basit yapısı,
hızla uyarlanabilir işlem adımları, farklı mutasyon, seleksiyon
ve çaprazlama operatörleri ile evrimsel algoritmalar arasında
oldukça önemli bir yere sahiptir [1]–[3]. Temel sinyal-görüntü
işleme problemlerinin çözümünden, sinir ağlarının eğitimine,
kablosuz algılayıcı ağlarda yönlendirme işlemlerinden, biyo-
informatik problemlerinin çözümüne uzanan oldukça geniş bir
alanda başarı ile kullanılan DE algoritması diğer popülasyon
temelli metasezgisel algoritmalarda olduğu gibi paylaşılan ya
da dağıtık hafızalı sistemler için kolaylıkla paralel çalışacak
hale getirilebilir [1]–[3].

Tasoulis ve ark. DE algoritmasını halka komşuluk topolojisi
kullanarak paylaşılan hafızalı sistemler için paralelleştirmişler,
farklı mutasyon operatörlerinin etkisini incelemişlerdir [4].
Kozlov ve Samsonov gen düzenleyici ağları için paralel DE
algoritmasından faydalanmış, dağıtık hafızalı bir sistem üze-
rinde paralel DE algoritmasının başarımını incelemişlerdir [5].
Kwedlo ve Bandurski ileri beslemeli sinir ağlarını DE algorit-
ması ile eğitmişlerdir [6]. DE algoritması için aday çözümle-
rinden oluşan popülasyondaki bireylerin kalite değerlerini he-
saplarken dağıtık hafızalı sistemden faydalanmışlardır [6]. Izzo
ve ark. alt koloniler arasında asenkron göçmen çözümlerin
dağıtımı temeline dayanan modelini DE algoritması üzerinden
test etmiştir [7]. Uygulama sonuçları, asenkron modelin paralel
DE algoritmasının performansını iyileştirdiğini göstermiştir.
Chen ve ark. paralel DE algoritmasını farklı özelliklerdeki
molekülleri bir araya getirerek yeni materyallerin tasarlanması
amacıyla kullanmışlardır [8]. En iyi çözümün göçmen olarak
seçildiği paralelleştirme çalışmasında göçmen çözümün kabulü
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için olasılık tabanlı bir yaklaşım kullanılmıştır [8]. Wang ve
ark. GOjDE adını verdikleri grafik kart temelli bir paralel DE
algoritma modeli önermişler, 100, 200, 500 ve 1000 para-
metreli nümerik problemlerin çözümü için önerdikleri modeli
kullanmışlardır [9]. Uygulama sonuçları GOjDE algoritma-
sının DE algoritmasının farklı varyantlarından daha başarılı
sonuçları 2 ile 7 kat daha hızlı bulabildiğini göstermiştir [9].
Penas ve ark. yerel araştırma metodları ile güçlendirdikleri
DE algoritmasının hem seri hem de paralel performansını
klasik optimizasyon ve biyoinformatik problemlerinin çözümü
üzerinden incelemişlerdir [10].

Aralarında DE algoritmasınında bulunduğu popülasyon te-
melli algoritmaların paralelleştirildiği çalışmalar incelendi-
ğinde, göçmen olarak seçilen çözümün alt koloni ya da
popülasyondaki en kaliteli birey-çözüm olduğu, komşuluk
topolojisi, göç frekansı ve alt koloni-popülasyon sayısının
belirlenmesi üzerine analizlerin çok daha detaylı yapıldığı
görülür [4]–[15]. Ancak göçmen çözümün nasıl seçileceği,
ardışık göç periyodlarında aynı çözümün tekrarlı gönderilme
olasılıkları, göçmen çözümün alt popülasyonun farklı özellik-
lerini yansıtıp yansıtmadığı gibi çalışmalar bazı durumlarda
komşuluk topolojisi ve göç periyodundan daha önemli hale
gelebilir [4]–[15]. Bu çalışmada, DE algoritmasının paralel
uygulaması kooperatif göçmen üretme stratejisi adı verilen
bir yaklaşım ile güçlendirilmiş, kooperatif göçmen üretme
yaklaşımının paralel DE algoritmasının çözüm kalitesi, yakın-
sama performansı ve tamamlanma süreleri üzerindeki etkisi
incelenmiştir. Çalışmanın ikinci bölümünde DE algoritmasının
detaylarına yer verilmiş, üçüncü bölümde kooperatif göçmen
üretme statejisinin özellikleri verilmiştir. Dördüncü bölümde,
DE algoritmasının seri ve paralel varyantları ile farklı nümerik
problemlerin çözümü sonrası elde edilen sonuçları incelenmiş,
son bölümde ise sonuçlar değerlendirilip olası çalışmalar hak-
kında bilgi verilmiştir.

II. DIFERANSİYEL GELİŞİM ALGORİTMASI

Diğer popülasyon temelli optimizasyon algoritmalarında
olduğu gibi DE algoritması da optimizasyon işlemlerine, ilgile-
nilen problemin olası çözümlerine karşılık gelecek vektörlerin
üretilmesi ile başlar. D problemdeki parametre sayısı, NP ise
popülasayondaki birey sayısı olmak üzere, dört ya da daha
fazla bireyden oluşacak popülasyondaki xi çözümünün j′nci
parametresinin başlangıç değeri Eşitlik (1)’de verildiği gibi
belirlenebilir [1]–[3]. Eşitlik (1)’de U(0, 1) değeri 0 ile 1
aralığında rastgele üretilmiş katsayıyı, xmax

j ve xmin
j ise j′nci

parametrenin sırasıyla üst ve alt sınırlarını temsil etmektedir
[1]–[3].

xij = xmin
j + U(0, 1)(xmax

j − xmin
j ) i = 1, 2, . . . NP (1)

DE algoritması, başlangıç çözümlerinin üretilmesi sonrası
mutasyon, çaprazlama ve seleksiyon operatörlerinin ardışık
olarak işletilmesi sonucu popülasyondaki bireylerin kalite
değerlerinin artırılmasını hedefler [1]–[3]. xi, komşuluğunda
yeni bir çözüm üretmek üzere seçilmiş birey, xr1, xr2 ve xr3

ise r1 6= r2 6= r3 6= i koşulunu sağlayacak şekilde rastgele

seçilmiş üç farkı birey olmak üzere, DE algoritmasında mu-
tasyon işlemi Eşitlik (2)’de verildiği üzere gerçekleştirilebilir.
Eşitlik (2)’de, xi, xi çözümünün mutant çözümünü, F ise
değeri 0 ile +1 aralığında belirlenmiş ölçekleme faktörünü
temsil etmektedir [1]–[3].

xi = xr1 + F (xr2 − xr3) (2)

xi çözümü ile bu çözümün mutasyon işlemi ile değiştirilmiş
karşılığı xi arasında çaprazlama sonrası aday çözüm Eşitlik
(3)’te verildiği gibi belirlenmektedir [1]–[3]. Eşitlik (3)’te CR,
DE algoritmasının çaprazlama oranı olup değeri 0 ile +1 ara-
sında seçilmektedir. U(0, 1) ise yine 0 ile +1 arasında rastgele
belirlenen değeri temsil etmektedir. Eğer U(0, 1) değeri CR
kontrol parametresinin değerinden daha küçük ya da eşit ise
ui aday çözümünün j′nci parametresi uij mutant vektörün
j′nci parametresi yani xij olarak belirlenmelidir [1]–[3]. Aday
çözümün j′nci parametresinin xi ya da xij çözümlerinden
hangisi kullanılarak belirleneceği kararı için DE algoritması
sadece U(0, 1) değeri ve CR kontrol parametresi arasındaki
karşılaştırmadan faydalanmaz [1]–[3]. Eğer U(0, 1) değeri CR
kontrol parametresinden küçük ya da eşit değil ise ilgilenilen
parametrenin indeksi j ve +1 ile D arasında rastgele seçilen
jrand değerinin eşit olup olmaması durumu kontrol edilir.
Eğer ilgilenilen parametrenin indeksi j ve +1 ile D arasında
rastgele seçilen jrand değeri eşit ise ui aday çözümünün
j′nci parametresi uij mutant vektörün j′nci parametresi yani
xij olarak seçilir. Diğer durumlarda xi çözümünün j′nci
parametresi aday çözümün j′nci parametresi olarak atanır [1].

uij =

{
xij ; U(0, 1) ≤ CR veya j = jrand
xij ; diger durumlarda

}
(3)

DE algoritması optimizasyon işlemine xi ve ui çözümleri
arasında seleksiyon işlemi yaparak devam eder. İlgilenilen
optimizasyon probleminin bir minimizasyon problemi olması
durumunda, mutasyon ve çaprazlama operasyonları sonrası
elde edilen aday çözüm ui için hesaplanan obj(ui) amaç
fonksiyon değeri, xi çözümünün obj(xi) amaç fonksiyon
değerinden daha küçük ise, ui çözümü ile xi çözümü yer
değiştirir. Aksi halde xi çözümü ilerleyen jenerasyonlarda
kullanılmaya devam eder [1]–[3]. DE algoritmasının temel
işlem adımları Algoritma (I)’de verilmiştir.

III. KOOPERATIF GÖÇMEN ÜRETME YAKLAŞIMI

Dağıtık ya da paylaşılan hafızalı sistemlerin hesaplama
kapasitelerinden faydalanmak üzere popülasyon temelli algo-
ritmaların paralelleştirilmesi için en yaygın kullanılan senaryo-
nun, uygulama kolaylığı ve haberleşme maliyeti konularında
getirdiği avantajları da dikkate alarak koloni-popülasyonun
bölünerek hesaplama düğümleri ya da çekirdeklere dağıtılması
temeline dayandığı söylenebilir [14]. Bahsedilen paralelleş-
tirme senaryosunda herbir alt popülasyon atandığı düğüm ya
da çekirdekte seri eşdeğeri gibi yürütülmeye devam eder. An-
cak, popülasyonun bölünmesine bağlı olarak azalan çözüm çe-
şitliliğine katkı sağlamak amacı ile alt popülasyonlar arasında
çözümlerin tanımlanan komşuluk ilişkisine göre taşınmasına,
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Algorithm 1 DE algoritmasının temel işlem adımları
1: maxEval,D,NP ≥ 4, F ve CR değerlerini belirle.
2: xi = [xi,1, xi,2, . . . , xi,D] i = {1, 2, . . . , NP} ve j = {1, 2, . . . D}
3: evalCounter ← 0
4: while (evalCounter < maxEval) do
5: for i← 1...NP do
6: if evalCounter < maxEval then
7: //Aday çözümün üretilmesi
8: r1 6= r2 6= r3 6= i olacak şekilde r1, r2, r3 belirlenir.
9: for j ← 1...D do

10: if (U(0, 1) ≤ CR veya j = jrand) then
11: xi,j = xr1,j + F (xr2,j − xr3,j)
12: ui,j = xi,j
13: else
14: ui,j = xi,j
15: end if
16: end for
17: //Aday çözümün üretilmesi
18: //Mevcut ve aday çözümler arasında seçim
19: if obj(xi) < obj(ui) then
20: xi = ui
21: end if
22: //Mevcut ve aday çözümler arasında seçim
23: evalCounter = evalCounter + 1
24: end if
25: end for
26: end while

bir diğer ifade ile göç operasyonlarına ihtiyaç duyulur. Bu
durumda hangi çözümün ne zaman göç ettirileceği, göçmen
çözümün yeni alt popülasyonda hangi çözüm ile değiştirile-
ceği gibi hususlar algoritmanın paralelleştirme performansına
doğrudan etki etmektedir [14].

Alt popülasyonlar arasında göç ettirilecek çözümler ara-
sından uygun adayın kalite değeri en yüksek olan çözüm
olduğu temelde söylenebilir. Ancak kalite değeri en yüksek
olan çözümün göçmen olarak seçilmesi bazı dezavantajları
beraberinde getirir [14]. Eğer göçmen çözüm ardışık göç
periyodları arasında daha iyi çözümler ile değiştirilememiş ise,
bu çözümün göç ettirildiği alt popülasyonda birden fazla kez
görülme olasılığı artar. Bu durum, kullanılan paralelleştirme
senaryosu sebebi ile halihazırda azalan çözüm çeşitliliğini
bir miktar daha kötüleştirerek algoritmanın küresel araştırma
özelliğini sınırlar [14]. Ayrıca, göçmen olarak seçilen en iyi
çözüm bulunduğu alt popülasyonun genel özelliklerini her
zaman yansıtamayabilir.

Eğer göçmen çözüm, problemin bir yerel minimumu ise, alt
popülasyonda işlenmesi halinde küresel optimuma yaklaşma
olasığı yüksek çözümleri sınırlamış olacaktır [14]. Bahsedilen
dezavantajların giderilebilmesi için Karaboga ve Aslan geç-
tiğimiz yıllarda yeni bir göçmen üretme stratejisi önermiş-
lerdir [14]. Kooperatif göçmen üretme stratejisi adı verilen
yaklaşımda, alt popülasyondaki en iyi çözüm ve yine aynı
alt popülasyondan rastgele seçilen bir başka çözümün bilgi-
lerinden faydalanılır [14]. Alt popülasyondaki en iyi çözüm,
komşu alt popülasyona gönderilmeden önce rastgele seçilen
çözümün uygun parametreleri ile güncellenir ve göç işlemi
gerçekleştirilir. Kooperatif göçmen üretme stratejisinin temel
işlem adımları Algoritma (II)’de verilmiştir [14].

Algorithm 2 Kooperatif göçmen çözüm üretme stratejisi
1: if Migration period is reached then
2: xbest, xcoop ← alt kolonideki en iyi çözüm.
3: xrand ← alt kolonideki en iyi çözüm dışında rastgele seçilen çözüm.
4: for j ← 1...D do
5: xcoop,j ← xrand,j .
6: Yeni xCoop çözümünün obj(xcoop) değerini hesapla.
7: evalCounter = evalCounter + 1
8: if obj(xcoop) > obj(xbest) then
9: xcoop,j ← xbest,j .

10: end if
11: end for
12: xcoop çözümünü komşu alt popülasyona gönder.
13: end if

IV. UYGULAMA

DE algoritmasının standart seri uygulaması sDE, alt po-
pülasyonlardaki en iyi çözümlerin göçmen çözüm olarak se-
çildiği paralel DE algoritması pDE ve alt popülasyonlardan
üretilen kooperatif çözümlerin göçmen çözüm olarak seçil-
diği paralel DE algoritması co-pDE, detayları Tablo (I)’de
verilen dokuz nümerik problem üzerinden karşılaştırılmıştır.
Tablo (I)’de verilen fonksiyonların tamamının, f4 hariç, global
minimum değerleri 0 olarak hesaplanmıştır. f4 fonksiyonu için
ise global minimum değer D parametre sayısını göstermek
üzere (−418.9829 × D) olarak belirlenmiştir. sDE, pDE ve
co-pDE algoritmalarının tamamı için popülasyon büyüklüğü
100 olarak alınmış, 500 parametreli problemler toplam değer-
lendirme sayısı 100, 000 olana kadar çözülmeye çalışılmıştır.
CR ve F kontrol parametrelerinin değerleri sırasıyla 0.9
ve 0.5 olarak belirlenmiştir. pDE ve co-pDE algoritmaları
herbirinde eşit sayıda birey olan dört alt popülasyona ayrılmış,
alt popülasyonlar bağımsız çekirdeklere dağıtılmıştır.

sDE, pDE ve co-pDE algoritmalarının tamamı C program-
lama dilinde geliştirilmiş, pDE ve co-pDE algoritmalarının alt
popülasyonlarının çekirdeklere dağıtılması, göç işlemlerinin
düzenlenmesi ve senkronizasyonu için pthread kütüphane-
sinden faydalanılmıştır. pDE ve co-pDE algoritmaları için
komşuluk topolojisi halka olarak belirlenmiştir. Halka topo-
lojisinde, N çekirdek sayısı, bir diğer ifade ile alt popülasyon
sayısı olmak üzere i′nci alt popülasyondan seçilen göçmen
((i+ 1)%N)′nci alt popülasyona iletilmektedir.

Göçmen çözümler 25 jenerasyonluk periyodlarda dağıtılmış,
göçmen çözüm iletildiği komşu alt popülasyonda kalite değeri
en düşük olan çözüm ile değiştirilmiştir. sDE, pDE ve co-
pDE algoritmaları her bir problem için 30 farkı kez Intel
i7 4770 işlemcili sistemde çalıştırılmış, 30 koşma sonunda
hesaplanan ortalama amaç fonksiyon değerleri ve standart
sapmalar kaydedilmiş ve Tablo (II)’de özetlenmiştir.

Tablo (II)’de verilen sonuçlar incelendiğinde co-pDE algo-
ritmasının hem seri hem de konvansiyonel göçmen şemasını
kullanan DE algoritmalarına kıyasla f1, f2, f3, f4, f5, f6,
f8 ve f9 fonksiyonlarının tamamından daha başarılı orta-
lama amaç fonksiyon değerleri üretebildiği görülür. Sadece
f7 fonksiyonu için sDE, p-DE ve co-pDE algoritmalarını
geride bırakabilmeyi başarmıştır. Ancak f7 fonksiyonu için
co-pDE algoritmasının pDE algoritmasından daha başarılı
sonuç ürettiğine dikkate edilmelidir. Kooperatif çözümlerin
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Tablo I
KARŞILAŞTIRMADA KULLANILAN FONKSİYONLAR

Fn. Alt-Üst Sınır Formülasyon

Step [-100, 100] f1(~x) =
∑D
i=1 (bxi + 0.5c)2

Sphere [-100, 100] f2(~x) =
∑D
i=1

(
x2i
)

Ackley [-10, 10] f3(~x) = 20 + e− 20exp

(
−0.2

√
1
D

∑D
i=1 x

2
i

)
− exp

(
1
D

∑D
i=1 cos (2πxi)

)
Schwefel [-10, 10] f4(~x) =

∑D
i=1

(
−xisin

(√
|xi|
))

Griewank [-600, 600] f5(~x) =
1

4000

(∑D
i=1 x

2
i ,
)
−
(∏D

i=1 cos
(
xi√
i

))
+ 1

Rastrigin [-5.12, 5.12] f6(~x) =
∑D
i=1

(
x2i − 10cos (2πxi) + 10

)

Penalized [-30, 30]

f7(~x) =
π
D

(
10sin2(πyi) +

(∑D
i=1

(
yi − 1)2(1 + 10sin2(πyi+1

)))
+∑D

i=1 u(xi, 10, 100, 4)

u(xi, a, k,m) =

 k(xi − a)m, xi > a
0, −a ≤ xi ≤ a

k(−xi − a)m, xi

 yi = 1 + 1
4
(xi + 1)

Rosenbrock [-30, 30] f8(~x) =
∑D−1
i=1

(
100(xi+1 − x2i

)2
+ (xi − 1)2)

Dixon-Price [-10, 10] f9(~x) = (x1 − 1)2 +
∑D
i=2

(
i
(
2x2i − xi−1

)2)

Tablo II
SDE, PDE VE CO-PDE ALGORITMALARININ ORTALAMA AMAÇ FONKSIYON DEĞERLERI VE STANDART SAPMALARI

Fn. sDE pDE co-pDE
Ort. Std. Ort. Std. Ort. Std.

f1 5.415249e+04 7.230384e+03 2.368867e+05 3.572925e+04 1.069157e+05 2.069402e+04
f2 5.715500e+04 6.782305e+03 2.469866e+05 2.198319e+04 1.405743e+04 2.315124e+04
f3 -2.509610e+04 3.420222e+03 -8.209980e+04 5.942759e+03 -1.079182e+05 6.566877e+03
f4 6.751956e+11 3.313726e+11 4.699641e+10 1.138745e+10 1.450289e+10 4.367021e+09
f5 4.663965e+07 1.870714e+08 3.863030e+07 9.628235e+06 1.451832e+07 6.142781e+06
f6 5.088204e+03 1.509732e+02 3.189414e+03 1.121356e+02 1.899753e+03 1.739610e+02
f7 4.858366e+02 6.305349e+01 2.023716e+03 2.704443e+02 1.062079e+03 2.267415e+02
f8 1.629810e+01 4.065674e+00 1.803790e+01 9.486048e-01 1.634445e+01 1.024199e+00
f9 1.635814e+10 2.976844e+09 3.625690e+08 1.200569e+08 1.215195e+08 5.992297e+07

göç ettirilmesiyle birlikte alt popülasyonlardaki kalite değeri
yüksek çözümlerin sayısı artmış, göç işlemleri gerçekleştiril-
miyor olsa bile bu çözümlerin gönderildikleri alt popülasyonda
kullanımına devam edilmiştir. Bu sayede co-pDE algoritması,
sDE ve pDE algoritmalarına kıyasla daha kaliteli çözümler
üretebilmeyi başarmıştır.

Kooperatif göçmen üretme stratejisinin paralel DE algorit-
masının yakınsama performansına katkıda bulunup bulunma-
dığının analizi için Şekil (1)’de verilen grafikler incelenebilir.
Verilen grafiklerinin tamamında co-pDE algoritması hem sDE
hem de pDE algoritmalarına kıyasla global optimum çözüme
daha hızlı yakınsayabilmiştir.

Şekil (1)’de verilen yakınsama grafikleri konvansiyonel göç-
men seçme-üretme yaklaşımının darboğazı hakkında da bilgi
vermektedir. f1 ve f8 fonksiyonları için pDE algoritması sDE
algoritmasına kıyasla başlangıçta daha hızlı yakınsamasına
karşın bu performansını ilerleyen jenerasyonlarda göstereme-
miş, sDE algoritması bu iki fonksiyon için kalan jeneras-
yonlarda pDE algoritmasını yakalayıp geçmeyi başarmıştır.
co-pDE algoritması ise grafiklerinden de anlaşılacağı üzere
başlangıç jenerasyonlarında global optimuma doğru çok hızlı
yakınsamış kalan jenerasyonlarda da yakınsama performansını

azalmaya rağmen sürdürebilmiştir.
sDE, pDE ve co-pDE algoritmaları arasında bir diğer

karşılaştırma saniye türünden ortalama tamamlanma süreleri,
hızlandırma ve verimlilik değerleri kullanılarak yapılmıştır.
Hızlandırma değeri, uygulamanın tek çekirdek ya da he-
saplama düğümü üzerinde koşturulması halinde elde edilen
tamamlanma süresinin aynı algoritmanın paralel eşdeğerinin
tamamlanma süresine oranı olarak tarif edilir ve maksimum
değeri paralel eşdeğer tarafından kullanılan çekirdek sayısı ya
da hesaplama düğümlerinin sayısına eşittir.

Verimlilik değeri ise hızlandırma değerinin paralel eşdeğer
için kullanılan çekirdek sayısı ya da hesaplama düğüm sayısına
bölümü olarak hesaplanır. Verimlilik metriği için hesaplana-
bilecek maksimum değer ise bire eşit olabilir. Tablo (III)’te
sDE ve pDE algoritmalarının ortalama tamamlanma süreleri,
pDE algoritması için hesaplanan hızlandırma ve verimlilik
değerleri, Tablo (IV)’te ise sDE ve co-pDE algoritmalarının
ortalama tamamlanma süreleri, co-pDE algoritması için he-
saplanan hızlandırma ve verimlilik değerleri verilmiştir.

Tablo (III) ve Tablo (IV) birlikte incelendiğinde, pDE al-
goritmasının hızlandırma ve verimlilik değerlerinin co-pDE
algoritmasının hızlandırma ve verimlilik değerlerinden test için
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Şekil 1. f1 (a), f2 (b), f4 (c), f5 (d), f6 (e) ve f8 (f) fonksiyonları için sDE, pDE ve co-pDE algoritmaların yakınsama grafikleri.

kullanılan fonksiyonların tamamında daha iyi olduğu görülür.
Kooperatif göçmen çözümün üretilmesi için alt popülasyon-
daki en iyi çözümün ve bu çözümden farklı olmak koşulu ile
bir başka çözümünde rastgele belirlenmesi gerekir. Çözümler
belirlendikten sonra en iyi çözümün bütün parametreleri için
rastgele seçilen çözümün karşılık gelen parametreleri kul-
lanılarak en iyi çözümün daha da iyileştirilip iyileştirilme-
diği kontrol edilmelidir. Kontrol işlemleri tamamlanana kadar

çekirdekler bekletildiğinden co-pDE algoritmasının ortalama
tamamlanma süreleri, pDE algoritmasının ortalama tamam-
lanma sürelerine göre daha büyük ölçülmüştür. Ancak co-pDE
algoritması için bütün problemlerde verimlilik değerinin 0.5
üzerinde hesaplandığına dikkat edilmelidir.
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Tablo III
PDE ALGORITMASI IÇIN HIZLANDIRMA VE VERIMLILIK DEĞERLERI

Fn. sDE p-DE Hızlan. Verim.Ort. Std. Ort. Std.
f1 1.46532 0.02758 0.42190 0.01756 3.4731 0.8683
f2 2.78661 0.01416 0.81646 0.02579 3.4130 0.8533
f3 4.12919 0.04379 1.10242 0.01560 3.7456 0.9364
f4 1.62868 0.04778 0.48675 0.02107 3.3460 0.8365
f5 3.22715 0.04064 0.99929 0.03776 3.2294 0.8074
f6 3.42801 0.03100 0.95085 0.02107 3.6052 0.9013
f7 6.73710 0.07989 1.86420 0.01903 3.6139 0.9035
f8 4.30710 0.07225 1.24462 0.02226 3.4606 0.8651
f9 6.59586 0.15323 1.79544 0.04268 3.6737 0.9184

Tablo IV
CO-PDE ALGORITMASI IÇIN HIZLANDIRMA VE VERIMLILIK DEĞERLERI

Fn. sDE co-pDE Hızlan. Verim.Ort. Std. Ort. Std.
f1 1.46532 0.02758 0.46096 0.01642 3.1788 0.7947
f2 2.78661 0.01416 1.23525 0.05588 2.2559 0.5640
f3 4.12919 0.04379 1.82357 0.01442 2.2643 0.5661
f4 1.62868 0.04778 0.57660 0.02952 2.8246 0.7062
f5 3.22715 0.04064 1.54465 0.05931 2.0892 0.5223
f6 3.42801 0.03100 1.53995 0.01640 2.2260 0.5565
f7 6.73710 0.07989 3.29244 0.01763 2.0462 0.5116
f8 4.30710 0.07225 2.10407 0.03136 2.0470 0.5118
f9 6.59586 0.15323 2.96507 0.05909 2.2245 0.5561

V. TARTIŞMA, SONUÇ VE ÖNERİLER

Bu çalışmada, paralel DE algoritmasının kooperatif göç-
men üretme stratejisi ile birlikte kullanılması halinde seri ve
konvansiyonel paralel uygulamalarına kıyasla çözüm kalitesi,
yakınsama performansı, hızlandırma ve verimlilik değerlerinin
nasıl değiştiği farklı özelliklerdeki nümerik problemler üze-
rinden incelenmiştir. Uygulama sonuçları, kooperatif göçmen
üretme stratejisinin DE algoritmasının çözüm kalitesi ve ya-
kınsama performansını karşılaştırmalarda kullanılan varyant-
larına kıyasla önemli oranlarda iyileştirdiğini ancak hızlan-
dırma ve verimlilik değerlerinin göçmen çözümün üretilmesi
için ihtiyaç duyulan işlemler sebebi ile bir miktar azaldığını
göstermiştir. Kooperatif göçmen üretme yaklaşımının para-
lel DE algoritmasının nümerik optimizasyon problemlerinin
çözümünde gösterdiği başarımı ayrık türdeki problemlerin
çözümünde de gösterip gösteremeyeceği, göç periyodunun di-
namik olarak düzenlenmesi halinde kooperatif göçmen üretme
stratejisi destekli paralel DE algoritmasının hızlandırma ve
verimlilik değerlerinin nasıl değişeceği sonraki çalışmalarda
ayrıca incelenebilir.
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[14] D. Karaboğa, and S. Aslan, “Best Supported Emigrant Creation for
Parallel Implementation of Artificial Bee Colony Algorithm", IU-Journal
of Electrical and Electronics Engineering, vol. 16, no. 2, pp. 2055–2064,
2016.

[15] S. Aslan, and D. Karaboga, “Accelerating Artificial Bee Colony Algo-
rithm on GPU Cluster", in 1st International Conference on Engineering
Technology and Applied Sciences, pp. 1353–1359, 2016.

258



978-1-7281-3992-0/19/$31.00 ©2019 IEEE 

 

Comparative Analysis of Lightweight Cryptography 
Algorithms on Resource Constrained 

Microcontrollers 
Ayhan Akbas 

Computer Engineering Dept.  
Cankiri Karatekin University  

Cankiri, Turkey 
aakbas@karatekin.edu.tr 

 
 
 

Abstract—This paper studies the performances of 
lightweight cryptographic algorithms on microcontrollers with 
limited resources, namely, computing power and memory. 
STM8 Microcontroller platform has been chosen as the test 
platform owing to its sub-20 cent market price and increasing 
popularity. Algorithms were selected from a broader list of 
widely used architecture- independent cryptography algorithms 
and have been coded in C language, fully conforming to their 
definitive documents. Tests have been carried out on ST’s 
widely available STM8S-Discovery boards. All outputs have 
been measured employing electronic instruments calibrated by 
the accredited agencies. Results tabulated in the paper reveal 
the performance differences and resource requirements of the 
algorithms and highlights the influence of the optimization level 
chosen on the results. 

Keywords—lightweight, cryptography, microcontroller, 
resource- constrained, STM8S 

I. INTRODUCTION 
In the early days of the embedded devices in the ’80s and 

’90s, all system design concerns were focused on the com- 
puting performance and effectiveness of protocols, ignoring 
security due to early computing power limitations. However, 
with today’s powerful hacking tools available and hacking 
forums on the Internet favoring attacks, reverse engineering 
has become an easy job for everyone. Apart from privacy and 
security issues, new brand products introduced in the market 
are likely to be reverse-engineered or cloned by third parties, 
causing huge amounts of financial losses for companies. 
Game consoles, identification systems, pay TV set-top boxes, 
mobile phones, systems that involve Digital Rights 
Management (DRM) for data, audio, and video content 
distribution require special attention in this regard. R&D 
departments of the companies are forced to hide their system 
firmware, sensitive data, and protocols, meanwhile, still 
keeping the costs low since every cent may turn into millions 
of dollars as new designs are produced in thousands of units. 
Consequently, the tight cost and implementation constraints 
of high-volume products require cryptographic 
implementations, imposing pressures on R&D teams to care 
about proper selection of cryptographic methods for their 
resource-constrained designs. Traditional cryptographic 
algorithms assure their security through the employment of 
large number of substitution-permutation rounds for 
encryption and decryption owing to their high computing 
power, however resource-constrained devices need a suitable 
lightweight cryptographic algorithm to be employed. 

Microcontrollers constitute the vital part of today’s daily-use 
intelligent devices such as automotive control units, the 
majority of domestic appliances, cellular phones, wireless 
devices and many consumer products. 8-bit microcontrollers 
are dominating with over 50% of all global sales among 16 
and 32 bit MCUs in the 27 billion USD worth-by-2020 
market. STM8 with boosted sales of 2 billion units since 2015 
[1] by the IoT-driven industry [2] is one of the most widely 
used 8-bit CPUs together with AVR (the Atmel ATmega128 
platform) [3] and 8051 (the Chipcon CC1010 platform). 
STM8 platform has been chosen due to the ultra-low power 
consumption of 0.30 μA with the lowest power mode [4] with 
a sub-$0.20 cost that makes it ideal for cost-sensitive 
competitive designs and energy-efficiency critical projects [2] 

II. RELATED WORK 
 

There are various studies in the literature addressing the 
lightweight cryptography for low resource devices such as 
ATTiny45, ATMega128, or 8051 microcontrollers [5] and 
they’ve focused mostly on code size of implementations in 
gate equivalents(GE)[5], different hardware implementations, 
e.g. FPGA [6] or lookup table-based implementations [7]. 
However, to our best knowledge, no research has been done 
for lightweight cryptography performance on the STM8 
microcontroller platform so far. NIST published a report [8] 
to attract the public attention on the lightweight cryptography 
to be applied on all MCUs including entry-level resource 
constraint devices to highlight the importance of the subject. 

III. ALGORITHMS 
In this paper, symmetric-key class of cryptography 

algorithms that use the one secret single-key for both 
decryption and encryption has been studied. Algorithms have 
been chosen from the widely used CPU-architecture 
independent lightweight algorithms with code and memory 
footprints small enough to fit on our target board. These 
algorithms, namely, CLEFIA [9], HIGHT [10],TEA [11], 
SEA [12], IDEA [13],KLEIN [14], LBlock [15], LED [16], 
mCrypton [17], MIBS [18], Piccolo [19], PRESENT [20], 
SKIPJACK [20] and TWINE [21] are listed in Table I with 
respect to their block size, key size, number of rounds and its 
algorithm architecture, i.e. Feistel (Fig. 2(a)), Lai Massey 
(Fig. 2(b)) or SPN (Substitution-Permutation Network). 
Blocksizes of the algorithms vary from 64 bits to 128 bits, 
while the keysizes range from 64 bits to 256 bits. 
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    Fig. 1. Test Procedure 

 

IV. OPTIMIZATION LEVELS 

Compilers have various strategies for the code generation. 
IAR’s STM8 compiler has 6 optimization strategies that yield 
different machine code sizes and execution speeds. 
These optimization strategies are listed in Table II. ”No 
optimization” strategy, i.e. Opt1, converts C code directly its 
equivalent machine code. At higher optimization levels, the 
compiled code is checked against redundant, dead or 
unreachable codes, unnecessary code segment etc. which are 
further omitted. For high optimization for size, the code is 
analyzed for code repetition, so that the code structure is 
rebuilt for a smaller size. Unlike code restructuring for 
smaller code, optimization for speed strategy expands 
function calls into inline machine codes in order to save the 
cost to perform a function call and stack usage so that faster 
code execution will be possible. In this regard, optimizing 
against the size and speed are compromise of each other. If 
speed of execution is  not a critical parameter, developers 
tend to choose the code size against the speed since  smaller 
codes give opportunity to use the cheaper microchips with 
smaller code memory. 

TABLE I.  TESTED ALGORITHMS 

 
Algorithm Blocksize Keysize Rounds Architecture 

CLEFIA-256  
CLEFIA-192  
CLEFIA-128  
HIGHT       
TEA         
SEA         
IDEA        
KLEIN64     
KLEIN80     
KLEIN96     
LBLOCK      
LED64       
LED128      
mCrypton64  
mCrypton96  
mCrypton128 
MIBS80      
Piccolo80   
Piccolo128  
Present-Size  
Present-Speed 
Simon64-96  
Simon64-128 
SKIPJACK    
TWINE80     
TWINE128    

128 
128 
128 
64 
64 
96 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 

256 
192 
128 
128 
128 
96 

128 
64 
80 
96 
80 
64 

128 
64 
96 

128 
80 
80 

128 
N/A 
N/A 
96 

128 
80 
80 

128 

18 
18 
18 
32 
64 

Variable 
  8.5  
12 
16 
20 
32 
32 
48 
12 
12 
12 
32 
25 
31 
31 
31 
42 
44 
32 
36 
36 

  Feistel 
  Feistel 
  Feistel 
  Feistel 
  Feistel 
 Feistel 

 Lai-Massey 
  SPN 
  SPN 
  SPN 

  Feistel 
  SPN 
  SPN 
  SPN 
  SPN 
  SPN 

  Feistel 
  Feistel 
  Feistel 
  SPN 
  SPN 

  Feistel 
  Feistel 
  Feistel 
  Feistel 
  Feistel 

 

 

(a) Fiestel Structure 

 

(b) Lai Massey  Structure 

         Fig. 2. Algorithm Architectures 
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V. TEST ENVIRONMENT 
Tests have been performed on ST’s STM8S-Discovery 

development board due to its common use in the embedded 
code developments and its wide availability. STM8S- 
Discovery board features a STM8S105C6T6 microcontroller, 
32 KB Flash, 2 KB RAM, 1 KB EEPROM. All the algorithms 
are compiled with IAR Embedded Workbench for STM8 C 
Compiler from IAR Systems Inc. In order to test the per- 
formance of the STM8 CPU core, unused on-chip peripheral 
units and ports on the CPU, all interrupt vectors and timers 
are disabled and total execution duration has been measured 
through a toggling port pin with the aid of a logic analyzer. 
The algorithmic code consisting of an encryption and 
decryption cycle, as shown in Fig. 1 has been executed 100 
times and execution periods have been measured and 
averaged to obtain a higher accuracy and to minimize the loop 
latency. For the test of each algorithm, a test vector equal to 
its block size has been employed to ensure to observe its 
design performance. For each test case, an optimization 
strategy is selected and the resource requirements are noted 
in terms of RAM usage and Flash	 storages.	 The	
optimization	levels	employed	are	listed	in	Table	II.	

	
	

TABLE II.  COMPILER OPTIMIZATION STRATEGIES	

 

 

 

 

 

TABLE III.  INTERNAL DATA STORAGE USAGE (IN BYTES) 

 

 

 

 

 

TABLE IV.  CODE SIZES FOR ALL OPTIMIZATION LEVELS  (BYTES) 

 

 

VI. RESULTS AND DISCUSSION 
 

Optimization strategies are highly effective on both code 
sizes and execution speeds. Comparing the strategies 
targetting code sizes, it is observed that code sizes get smaller 
with increasing optimization levels. ”No optimization 
strategy”, Opt1 resulted in the worst values for the code sizes. 
It is also observed that ”High optimization for smallest code 
size” strategy does not always assure that resultant code is the 
smallest. As for the choice of keysizes, their effect on the 
resultant code size is minimal. The smallest total internal data 
storage requirement is achieved by SEA algorithm. 

As we examine the results for the execution speeds, 
KLEIN64 has the shortest execution period among all for the 
execution speeds when compiled for the speed optimization, 
achieving a cycle of encrypting and decrypting in 2.16 msecs 
but requires 440 bytes of storage for read-write and read-only 
data and also needs 2328 bytes when it is compiled for the 
maximum speed optimization strategy. Though HIGHT 
algorithm accomplishes the minimum code size for all 
optimization strategies, its total data storage requirement 
(700 bytes) is not the lowest. Table III and Table IV give the 
data storage requirements and the code size generated, 
respectively, for each algorithm when they are optimized for 
various optimization levels. Execution speed of a single cycle 
consisting of encryption and decryption of the test vector is 
listed in Table V for each algorithm at a different level of 
optimization. 

VII. CONCLUSION 
 

In this paper, various lightweight symmetric cryptography 
algorithms have been studied and tested for their resource 
requirements and performances. It has been observed that 
optimization strategy employed is a dominating parameter to  

 

Level Optimization Strategies 

Opt1 
Opt2 
Opt3 
Opt4 
Opt5 
Opt6 

No Optimization Strategy 
Low Code Optimization Strategy 
Medium Code Optimization Strategy 
Balanced Optimization for Optimum Size 
High Optimization for Smallest Code Size 
High Optimization for Maximum Execution Speed 

Algorithms R/O Data R/W Data Total 
CLEFIA-256  
CLEFIA-192  
CLEFIA-128  
HIGHT       
TEA         
SEA         
IDEA        
KLEIN64     
KLEIN80     
KLEIN96     
LBLOCK      
LED64       
LED128      
mCrypton64  
mCrypton96  
mCrypton128 
MIBS80      
Piccolo80   
Piccolo128  
Present-Size  
Present-Speed 
Simon64-96  
Simon64-128 
SKIPJACK    
TWINE80     
TWINE128    

690 
690 
690 
132 
148 
124 
148 
164 
166 
168 
292 
236 
236 
240 
240 
240 
206 
248 
244 
222 
478 
204 
204 
400 
207 
207 

276 
276 
276 
568 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
276 
338 
338 
272 
276 
276 

966 
966 
966 
700 
424 
400 
424 
440 
442 
444 
568 
512 
512 
516 
516 
516 
482 
524 
520 
498 
754 
542 
542 
672 
483 
483 

Algorithm Opt1 Opt2 Opt3 Opt4 Opt5 Opt6 
CLEFIA-256  
CLEFIA-192  
CLEFIA-128  
HIGHT       
TEA         
SEA         
IDEA        
KLEIN64     
KLEIN80     
KLEIN96     
LBLOCK      
LED64       
LED128      
mCrypton64  
mCrypton96  
mCrypton128 
MIBS80      
Piccolo80   
Piccolo128  
Present-Size  
Present-Speed 
Simon64-96  
Simon64-128 
SKIPJACK    
TWINE80     
TWINE128    

4240 
4240 
4240 
1516 
1626 
2574 
3214 
2490 
3092 
3124 
2282 
2212 
2206 
2852 
2899 
3104 
2880 
2509 
2472 
4289 
3872 
1816 
1869 
6049 
1846 
1880 

4090 
4090 
4090 
1415 
1603 
2520 
3101 
2467 
3039 
3071 
2122 
2163 
2144 
2796 
2843 
3036 
2870 
2408 
2382 
4335 
3692 
1834 
1887 
5408 
1802 
1851 

3863 
3863 
3863 
1250 
1522 
1965 
2622 
2140 
2424 
2489 
1904 
1853 
1850 
2248 
2394 
2480 
2302 
1935 
1969 
3287 
2918 
1523 
1554 
4686 
1571 
1630 

 3358 
3358 
3358 
1317 
1397 
1785 
2435 
1960 
2459 
2270 
1972 
1910 
1905 
2140 
2180 
2154 
2215 
1740 
1943 
3484 
2754 
1536 
1564 
4690 
1507 
1584 

3345 
3345 
3345 
1218 
1397 
1663 
2546 
1869 
2583 
2251 
1888 
1752 
1748 
2130 
2267 
2116 
2210 
1755 
1914 
3447 
2731 
1512 
1541 
4672 
1533 
1590 

5255 
5255 
5255 
1259 
1955 
2009 
2647 
2328 
2512 
2564 
2017 
1930 
1925 
2251 
2323 
2586 
2419 
1910 
1913 
3647 
2916 
2041 
2087 
4649 
1453 
1490 
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TABLE V.  EXECUTION SPEED FOR ALL OPTIMIZATION LEVELS (MSEC) 

 
 

have a compact code and a data size and/or faster code 
execution performances. 

In the tests, KLEIN64 has come up as the winner for the 
execution speed. As algorithms with longer keysizes and 
higher number of rounds are considered more secure, if the 
security concerns constitute an important part in the designs, 
KLEIN80 with 80 bits keysize or KLEIN96 with 96 bits 
keysizes can be chosen to tighten the security measure, 
sacrifying an increase in the execution speed and the codesize 
footprint. Though this means a slower design, requiring more 
computing power and resources in terms of the memory and 
the storage, the tradeoff between the resource requirements 
and the execution speeds is inevitable. 
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6CLEFIA-256  
CLEFIA-192  
CLEFIA-128  
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KLEIN64     
KLEIN80     
KLEIN96     
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LED128      
mCrypton64  
mCrypton96  
mCrypton128 
MIBS80      
Piccolo80   
Piccolo128  
Present-Size  
Present-Speed 
Simon64-96  
Simon64-128 
SKIPJACK    
TWINE80     
TWINE128 

28.54  
 25.96  
 18.96  

 6.50  
 7.44  

 29.68   
 13.97   

 3.74  
 4.72  
 6.09  
 3.17  

 122.80  
 181.50  

 38.10  
 38.22  
 38.25  

 5.40  
 6.63  
 8.44  

 63.41  
 52.73  
 17.55  
 18.77  

 876.80  
 9.03  
 9.25 

28.16   
 25.61   
 18.71   

 6.33   
 7.47   

 28.58   
 13.30   

 3.71   
 4.69   
 6.06   
 3.10   

 119.80   
 177.90   

 37.80   
 37.86   
 37.89   

 5.42   
 6.46   
 8.29   

 64.51   
 48.70   
 17.44   
 18.63   

 613.40   
 9.20   
 9.19   

26.88  
 24.45  
 17.85  

 4.54  
 7.24  

 13.74  
 9.76  
 3.05  
 3.75  
 4.82  
 2.80  

 75.76  
 113.00  

 20.36  
 20.66  
 20.55  

 6.61  
 5.67  
 7.76  

 48.74  
 32.89  
 15.78  
 16.62  

 762.60  
 6.73  
 6.96 

  24.53  
  23.30  
  16.25  

  3.66  
  6.73  

  14.88  
  9.83  
  3.35  
  3.24  
  6.60  
  2.69  

  69.99  
  105.90  

  16.76  
  16.94  
  20.63  

6.445 
6.845 
7.815 

  52.19  
  32.97  
  15.68  
  16.43  

  763.00  
  5.43  
  5.55 

  29.57   
  26.90   
  19.66   

  4.48   
  6.74   

  16.34   
  8.96   
  4.28   
  3.79   
  8.07   
  2.73  

  72.60    
  108.80   

  18.77   
  19.04   
  22.08   

  6.44    
7.285 
  7.92    

  59.14   
  32.38   
  16.51   
  16.95   
  763.1   

  6.61    
6.845 

  17.01  
  15.45  
  11.29  

  3.15  
  4.83  
  9.99  
  9.88  
  2.16  
  2.93  
  3.70  

   2.22  
  68.91  

 104.30  
  15.19  
  15.36  
  15.44  
   4.32  
   3.75  
   5.15  

  57.73  
  29.79  
  11.75  
  12.02  

 431.70  
   5.30 
   5.47 
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Abstract—JsonLogic structures, based on JavaScript 
Object Notation (JSON), are used in software applications in 
order to create business process rules. However, JsonLogic’s 
textual syntax is different from the general purpose 
programming languages and it causes difficulties on the 
formalization of complex business rules. This unfamiliar way 
of rule creation may also lead to a time-consuming and error-
prone development process. In this paper, we introduce a web 
based visual modeling tool which facilitates the construction of 
such business rules by following a model-driven engineering 
methodology. Inside this tool, the developers can visually 
design business rules with the block programming approach 
and corresponding JsonLogic codes are automatically 
generated. Moreover, changes made in these auto-generated 
codes can be reflected automatically to the related models 
inside the tool without any human intervention. Hence the 
synchronization between JsonLogic models and codes is 
provided. It has also been found that JsonLogic business rules 
can be created with significantly fewer visual components and 
hence with simpler models in comparison with the unique 
editor currently available for the similar purpose. The 
modeling tool is now used by Hermes Iletisim company during 
the development of various commercial software products. 

Keywords— JsonLogic, Business Process Rule, Model-driven 
Software Development, Domain-specific Modeling Language 

I. INTRODUCTION 

In Business Process Management (BPM) software, the 
operating rules of business processes and workflows are 
mostly structured and managed based on logic principles [1]. 
There is a need for logic constructions to establish rules for 
components such as determining the status of tasks and 
resources, assigning them to actors, specifying operational 
constraints, directing processes and triggering events. 

Utilization of both JavaScript Object Notation (JSON) 
[2] logic and JsonLogic [3] structure, built on JSON, for the 
logic-based creation of complex business process rules has 
been recently introduced during the development of 
professional BPM software (e.g. IBM BPM [4], Camunda 
[5]). Although the creation of business process rules with 
JsonLogic allows these rules to be both stored and shared in 
various databases within BPMs, the unusual textual syntax of 
these rules differentiating from the general purpose 
programming languages makes difficult for software 
developers to write complex business rules in JsonLogic, and 
hence causes the rule-making process to be longer and more 
susceptible to errors. In order to minimize these problems 
encountered during the creation of JsonLogic business 
process rules, we presented a domain-specific modeling 
language (DSML) and discussed how JsonLogic rules can be 

developed by applying a model-driven engineering (MDE) 
methodology in our previous study [6]. Use of this DSML 
was provided via a modeling tool which enables graphically 
design of business process rules and the corresponding 
JsonLogic structures are automatically generated for the 
system implementation. However, this DSML could not 
support the synchronization between the rule models and the 
generated JsonLogic codes. Moreover, the graphical syntax 
is needed to be re-engineered to improve language notations 
used for the creation of rule models. 

This paper introduces a web-based graphical modeling 
tool, which eliminates the abovementioned deficiencies of 
the DSML and facilitates model-driven development of 
JsonLogic business rules with also supporting the reverse 
engineering of rules to automatically synchronize rule 
models and JsonLogic structures. That new feature makes 
both software models and the codes for JsonLogic based 
business rules consistent in all kinds of modifications. The 
tool enables the automatic generation of JsonLogic structures 
from visual models and changes made in auto-generated 
codes can also be reflected directly in the visual business rule 
models associated with these codes without any human 
intervention. Inside the tool, it is also possible to 
automatically generate the business rule models for any 
existing JsonLogic structures which previously do not have 
any model.     

The remaining of the paper is structured as follows: 
Section 2 gives brief information on JsonLogic. The 
modeling tool developed for the MDE of JsonLogic rules is 
discussed in Section 3. Section 4 demonstrates how the tool 
can be used within a case study from the industry. Related 
work is given in Section 5 and Section 6 concludes the paper. 

II. JSONLOGIC 

JsonLogic is a structure defined on JSON logic and is 
used to build complex logic rules, serialize them as JSON 
data, share between front-end and back-end of applications 
and store them in databases. Each JsonLogic rule is a JSON 
object and is defined as an operator-data pair. In a JsonLogic 
structure, the operator is in the key position while one or a 
number of arguments are in the value position. Each 
argument itself can be a logic rule, so it is possible to define 
complex rules with JsonLogic [3]. Although it is not a 
complete programming language, JsonLogic is a powerful 
alternative to rule-based creation of business processes, 
especially as it allows rules to be stored as data and thus 
dynamically generated by user interaction. 

The following is an example of a simple JsonLogic 
business rule. In that rule, if a person's e-mail address is not 
null, and the number of e-mails sent to that person is less This study is funded by the Scientific and Technological Research 

Council of Turkey (TUBITAK) Technology and Innovation Funding 
Programs Directorate (TEYDEB) under grant no: 7180424. 
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than three (that is, the operation result of the rule will be 
logical true), a new e-mail will be sent to that person. 

 

JsonLogic rule: {"and" : [{ "!=" : [{“var” : 
“email_address”},null] },{ "<" : [{“var” : 
“number_of_sent_mail”},3] }] } 

 

JsonLogic rule parsers [3] can transform written rules 
into statements in e.g. Python, JavaScript, PHP and Ruby 
and provide the execution of these rules. For instance, 
Python counterpart of the above JsonLogic rule is achieved 
as follows: 

 

Python code: ( (email_address != null ) and 
(number_of_sent_mail  < 3) ) 

 

III. THE MODELING TOOL FOR JSONLOGIC RULES 

MDE of business rules based on JsonLogic is supported 
with the use of a web based modeling tool which presents a 
graphical integrated development environment (IDE) for the 
developers. Fig. 1 shows a screenshot from our IDE which is 
built upon Google’s Blockly visual programming library [7]. 
Empowering with the block programming principles, the tool 
enables the developer to visually model JsonLogic business 
rules as interlocking blocks. 

Graphical notations for JsonLogic components are listed 
on the left of the tool inside a palette. Modeling elements 
with similar semantics are categorized inside the palette to 
facilitate their utilization. This graphical concrete syntax 
given inside the tool is originated from the metamodel we 
introduced in [6]. The metamodel defines each JsonLogic 
Element as being an AccessingData, Operation or Log. An 
instance of an AccesingData element processes the data 
entered by the user and returns the result. Usually each data 
in object format is defined by a var concept with a specific 
name. Instances of Operation meta-entity represent the main 
elements in a JsonLogic model, and JsonLogic rules are 
created using the Operation variants. These variants are 
mainly grouped under the following sub entities: Logic, 
Boolean, Numeric, Array and String. Finally, Log instances 
are especially used to control complex JsonLogic rules and to 
display output in debugging. They can produce in logical 
true / false, number or word types. Further discussion on 
these metamodel entities and how graphical notations can be 
derived from this metamodel is found in [6]. 

A software developer can drag and drop JsonLogic model 
elements from the palette to the modeling area in the middle 
region of the IDE to create the desired number of rule 
instances. While creating JsonLogic business rule models, a 
number of static semantic controls are also performed 
automatically by the modeling tool according to a series of 
language constraints. For example, comparing elements (e.g. 
==, !, !!) have two inputs, so the modeling tool allows the 
developers to use only two-input block notations for these 

elements. Input type (e.g. var, string, number, array, true and 
false) checks are also automatically made by the tool during 
modeling. Another example of static semantics control can 
be given for the JsonLogic component, called “between”. 
According to its metamodel definition, the tool allows 
instances of this component to be included in the model with 
a maximum of three input blocks. In addition, the inputs of 
the "between" elements can only be in "number" and "var" 
types, and only those types of inputs are allowed to be 
defined for the "between" instances during block designs in 
the modeling area. Performing these constraint checks 
automatically during modeling helps developers to achieve 
accurate JsonLogic rules. 

When the model is validated, JsonLogic structures 
corresponding to modeled business process are automatically 
generated and shown on the right side of the tool (see Fig. 1). 
After the business rules are modeled, the model-to-text 
transformations, which are executed on these models, enable 
the automatic generation of JsonLogic structures 
corresponding to the related models. We implemented the 
transformation engine with using JavaScript language. For 
each JsonLogic model instance, the transformation engine 
first determines the model elements and creates JsonLogic 
codes according to the predefined transformation rules. It is 
worth indicating that the whole generation process is abstract 
from the developers and executed behind with using this 
operational semantics. In other words, it is sufficient for the 
developer to prepare the visual model of the business rules. 
He/she does not need to interfere into code generation 
process. 

Finally, the modeling tool supports the reverse 
engineering in which it is possible to automatically generate 
graphical models of any business rule given in JsonLogic 
structures. The benefits of this reverse engineering are 
twofold: First, the automatic synchronization between 
business rule models and the corresponding JsonLogic is 
possible in case one of them is modified e.g. adding a new 
Operation variant into the model or removing a “var” 
definition from textual JsonLogic description. Second, it is 
possible to automatically create the graphical model of 
business process rules defined in JsonLogic structures from 
scratch since textual JsonLogic descriptions for a series of 
business rules may not previously have a model. That also 
paves the way of integrating pre-written JsonLogic 
definitions into our modeling environment. 

A parser is written again in JavaScript to analyze textual 
JsonLogic descriptions and determine the fragments from 
which corresponding visual elements are derived. Relations 
of the rules are also parsed to realize the interlocking 
between the generated visual elements, i.e. blocks. That 
process is also abstract from the developers and executed 
behind the scene automatically when the developer clicks the 
button on the top right of the tool (see Fig. 1). Any 
JsonLogic description can be written or copied and pasted 
into the text area located at the right of the IDE and the 
corresponding visual model is created / updated in the 
modeling area. 
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Fig. 1. A screenshot from the modeling tool for JsonLogic based business process rules 

 

IV. CASE STUDY: MODEL-DRIVEN DEVELOPMENT OF 

WORKFLOW MODELS FOR DEBT COLLECTING ADVOCACY 

In order to give some flavor of using the proposed 
modeling tool, the model-driven development of business 
rules composed by a BPM software, called Debt Collecting 
Advocacy which is one of the commercial products of 
Hermes Iletisim [8] company, is discussed in this section. 
That BPM software is currently used by the law offices to 
enable advocates both creating and managing the complex 
business process for collecting debts more efficiently. 

The main duty of a debt collector advocate is to reach a 
debtor, collect the debt from this debtor and deliver it to the 
payees such as individuals or corporations. For this purpose, 
these advocates can use various channels e.g. phone call, 
SMS, Voice Message, or national ID SMS to reach a debtor. 
However, the advocate usually can not reach the debtors by 
using a single way of communication; in fact, he/she mostly 
needs reaching the debtor’s guarantor, mother, father or other 
relatives in many different ways. Moreover, these debt 
collectors should deal with more than ten thousand case files 
on average which must be handled only in one month. The 
management of such a business process becomes very 
complex when the relevant business process rules are not 
well established. 

In the case study, the creation of a rule that should be 
implemented for the management of the process of reaching 
a debtor will be given as an example. This process rule is 
defined by the debt collector advocate. According to this rule 
and the corresponding job description, it is attempted to 
reach the debtor's personal phone for three days. If the debtor 
cannot be reached, this time, the debtor's guarantor or 
relative's phone will be contacted for three days. The formal 
JsonLogic definition of the related rule is given below. 
Software developers, who prepared these business rules in 
the company, reported that although this rule is one of the 
simplest rules contained in the relevant BPM software, it is 
troublesome and time consuming to prepare it accurately 
with JsonLogic notation. 

 

 

 

 

Rule for reaching the payer: {"if" : [{"<" : [{"var" : 
"count"},3]},{"and" : [{"!=" : [{"var" : "tel"},null]},{"==" : 
[{"var" : "gsm"},null]}]},{"or" : [{"and" : [{"!=" : [{"var" : 
"guarantorTel"},null]},{"==" : [{"var" : 
"guarantorGsm"},null]}]},{"and" : [{"!=" : [{"var" : 
"relativeTel"},null]},{"==" : [{"var" : 
"relativeGsm"},null]}]}]}]}   

Fig. 2 shows the model designed by the developer for the 
above business rule. The developer used the graphical 
concrete syntax provided by our tool for modeling JsonLogic 
and created the model given in the middle of the IDE. 
Following the semantic checks on the model, the tool 
automatically generated the required JsonLogic structures as 
can be seen in the right of the IDE. Indentation format of the 
generated structures is disarranged here to fit into the figure.  

As previously discussed, it is possible to automatically 
synchronize the models and the textual JsonLogic structures 
in case of any modification. When any structure is modified 
inside the coding area of the IDE, firstly the syntax of these 
codes are checked and formatted with proper indentation and 
then the graphical model of the business rules is refreshed in 
order to reflect the changes made in the structures. For 
instance, in the coding area of the IDE, let us suppose that 
the developer modifies above textual JsonLogic structure as 
reaching the debtor’s personal phone for two days instead of 
three. Furthermore, he/she also removes the JsonLogic codes 
for the conditions to access both the debtor’s relative and the 
guarantor at this time. Upon applying these changes into the 
textual structure, the related graphical business rule model is 
updated automatically by the tool as can be seen in Fig. 3.          

Conducted study also provided the usability evaluation of 
the proposed modeling tool by comparing it with the JSON 
editor [9] which solely allows JSON modeling in Blockly. 
To the best of our knowledge, it is the only editor intended to 
visually prepare JSON elements and hence we chose this 
editor for the comparison purpose. The same case study was 
applied and the above business rule was tried to be modeled 
in this editor. However, the block model of the rule was 
approximately three times bigger than the one designed 
inside our tool by means of the “operation” instances since 
the editor in [9] does not include the ready-to-use JsonLogic 
model elements. For instance, each “==” JsonLogic element 
covered inside the model given in Fig. 2 needed the 
construction of at least two additional blocks in the JSON 
Editor. 
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Fig. 2. A screenshot from the modeling tool showing the model-driven development of JsonLogic structures corresponding to a business rule for the 
management of the process of reaching a debtor

 

 
Fig. 3. Automatic update in the graphical models in case of any modification made inside JsonLogic textual structures  

 

V. RELATED WORK 

Related work in the literature can be discussed in two 
categories covering 1) model-driven development of rule-
based business processes and 2) JSON / JsonLogic data and 
logic sharing formats. 

In the automatic creation and management of business 
processes, model-driven development and domain-specific 
language (DSL) production are becoming increasingly 
popular, as well as the use of notation and structuring of 
well-known languages such as BPMN [10] and YAWL [11]. 
For example, Brambilla and Pietro [12] propose a language 
called IFML, which enables software applications to be 
designed specifically for user interaction and to model flows. 
They illustrate the use of this language in some business 
areas. Model-driven development of form-based or data-
based business applications that interact with back-end 
systems is described in [13]. Similarly, how the application-
specific functions of business applications can be defined 
and generated automatically on a platform-independent level 
with a DSL and toolkit, called IIS * CFuncLang, is described 
in [14] with a case study dealing with the development of an 
educational information system. A method for mapping 
BPMN models to Business Process Execution Language 
(BPEL) models and reflecting updates on BPMN models to 
BPEL models is presented in [15]. 

MDD4CCA language [16] supports the model-driven 
development of composite content applications with using 
viewpoints such as form, navigation, workflow and content. 
Similarly, Bicevska et al. [17] enable business process 
modeling through the use of a DSL, and the definitions of 
executing business processes from models can be generated 
to include event-based architecture in their study. Recently, 
Ferry et al. [18] provide a model-driven approach both to 
create cloud applications for the Infrastructure as a Service 
(IaaS) and to manage these applications independent from 
the cloud service providers. Another DSL, MAML [19], 
enables both the model-driven development of business 
processes for different mobile applications and the automatic 
generation of local source codes for these applications. 
Finally, Benaben et al. [20] introduce an approach that 
manages business processes for service-oriented 
architectures and allows the development of software designs 
for this architecture based on various levels of abstraction 
(e.g., logical or technical) with MDE fundamentals. 

Although above mentioned studies provide various 
noteworthy approaches for the model-driven business rule 
development, the business logic and constraints necessary for 
the choreography and orchestration of the workflows are 
mostly derived only for the specific needs of the applications 
covered in the same studies and much work is required to 
generalize them. Moreover, none of the above studies 
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supports the use of JSON data interchange format and/or 
modeling business logic based on JsonLogic. 

Taking into consideration the research on JSON, related 
studies mostly investigate the ways of how this data 
interchange format can be used for retrieving data from 
resources such as databases. For instance, Bourhis et al. [21] 
propose a structural model for JSON documents and define a 
query language which can parse JSON documents by using 
this structural model. Due to the lack of metadata definition, 
a schema for JSON is defined and the use of this schema to 
validate JSON documents is described in [22]. In order to 
query JSON data more efficiently, a query processor is 
developed [23]. This study shows that, even with very large 
data sets, data loading costs are reduced by the rewrite rules 
contained in the proposed processor. However, both visual 
modeling of JSON structures and automatic generation of 
these models are not considered in these studies. Similar to 
our study, there is an editor [9] for modeling JSON structures 
with the Blockly [7] infrastructure as discussed in the 
previously section. However, this editor lacks supporting 
JsonLogic. Differentiating from these existing studies, the 
modeling tool, we introduce in this paper, enables both 
model-driven development of JsonLogic structures and the 
synchronization between JsonLogic models and the textual 
business rules written in JsonLogic.      

VI. CONCLUSION 

A web based modeling tool has been introduced to 
facilitate the preparation of complex business process rules 
defined in JsonLogic. It has been found that the relevant 
business rules can be created with significantly fewer visual 
components and hence with simpler models in comparison 
with the unique editor widely used in modeling JSON 
elements. 

The proposed tool can automatically generate JsonLogic 
structures from graphical models of business process logic 
rules, as well as the recovery of visual models from existing 
JsonLogic structures. Thus, it is possible to reflect the 
changes in JsonLogic codes to rule models and to ensure 
synchronization between visual JsonLogic models and codes. 
The modeling tool is currently used by Hermes Iletisim 
company during the development of various commercial 
software products. 

In order to improve the usefulness of the tool's graphical 
syntax, our future work consists of evaluating notations 
currently provided inside the tool in terms of their expression 
power and adoption by users. To make this improvement, an 
evaluation of our modeling environment according to 
Moody's well-known “Physics of Notations” principles [24] 
is planned. 
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Özet—Blokzincir teknolojilerinin, işlem kayıtlarını merkezi 
bir veri tabanı yerine dağıtık olarak tutması güvenlik, gizlilik ve 
çeviklik açısından çeşitli yenilikler sunmaktadır. Tedarik 
Zinciri Yönetim (TZY) sistemlerinde blokzincir teknolojisinin 
kullanılması ile süreçlerin iyileştirilmesi, verimliliğin ve müşteri 
memnuniyetinin arttırılması, maliyet ve riskin azaltılması 
mümkündür. Ancak, sağladığı bu faydalara rağmen, blokzincir 
teknolojisinin henüz yeni gelişen bir teknoloji olması sebebi ile 
literatürde TZY ile blokzincir teknolojisini birleştiren 
çalışmalar oldukça kısıtlı sayıdadır.  Bu nedenle, bu çalışmada 
blokzincir tabanlı TZY sistemlerinin organizasyonlarda 
benimsenmesini ve kabulünü etkileyen faktörlerin incelenmesi 
hedeflenmiştir. Bu amaçla yapılan sistematik literatür 
taramasının ardından, Teknoloji-Organizasyon-Çevre (TOÇ) 
çerçevesini temel alan bir araştırma modeli önerilmiştir. 
Önerilen model kapsamında, algılanan avantaj, karmaşıklık, 
birlikte çalışabilirlik/uyumluluk, standardizasyon, güven ve 
ölçeklenebilirlik gibi teknolojik bağlamdaki faktörler;  
organizasyonların bilgi teknolojileri kaynakları, üst yönetim 
desteği, organizasyonun büyüklüğü, finansal kaynaklar gibi 
organizasyonel bağlamdaki faktörler; rekabetçi baskı, ticari 
ortak baskısı, devlet politikaları ve düzenlemeleri ile 
organizasyonlar arası güven gibi çevresel bağlamdaki faktörler 
bütüncül bir bakış açısı ile sunulmuştur. 

Anahtar Kelimeler- Blokzincir, Tedarik Zinciri Yönetimi, 
Organizasyonel Kabul, Teknoloji-Organizasyon-Çevre Çerçevesi  

Abstract—Blockchain technology provides emerging 
solutions including decentralized management, security, 
privacy and robustness. In Supply Chain Management (SCM) 
applications, blockchain technology enable us to increase 
customer satisfaction, operational excellence, and to decrease 
operational costs and risks. Despite of these significant benefits, 
there are limited number of studies that combines SCM and 
blockchain in the literature. The main aim of this study is to 
investigate the factors influencing the adoption and acceptance 
of the blockchain based SCM in organizations. To this end, a 
comprehensive systematic literature review is conducted and a 
research model based on Technology-Organization-
Environment (TOE) framework is proposed. The proposed 
research model consists of factors of the relative advantage, 
complexity, interoperability/compatibility, standardization, 
trust and scalability in the context of technology; organization’s 
IT resource, top management support, organization size and 
financial resources in the context of organization; competitive 
pressure, trading partner pressure, government policy and 
regulations and inter-organizational trust in the context of 
environment.  

Keywords- Blockchain, Supply Chain Management, 
Organizational Acceptance, Technology-Organization-
Environment Framework 

I. GİRİŞ  

Blokzincir, kriptografik olarak birbiri içine geçmiş dizili 
blokzincirlerini içeren ve varlık takas işlemlerinin birbirini 
izleyecek şekilde kümelendiği, herhangi bir merkezi aracı 
olmaksızın tüm kullanıcılarla paylaşılan dağıtık bir kayıt 
yapısıdır. Her bir blok, uçtan uca hiçbir şekilde 
değiştirilemeyecek kriptografik güvence sistemleriyle kayıt 
edilir. Blokzincir üyelerinin işlem bilgileri, blokları 
birbirinden ayırt etmek amacıyla “hash” kodu kullanılarak 
sistemde tutulur. İlk kez kripto para piyasasında ortaya çıkan 
[1] blokzincir teknolojileri, işlem kayıtlarının dağıtık bir kayıt 
defteri üzerinde tutulması, merkezsiz yönetim, dağınık 
denetleme, güvenlik, gizlilik ve çeviklik açısından umut vaat 
eden çözümler sunmaktadır [2]. Dağıtık ve güvenilir işlem 
sistemi mimarisi blokzincir teknolojisinin dönüm noktası 
olmuştur. Bu teknoloji, daha önce internetin yaptığı gibi var 
olan iş modellerini değiştirme potansiyeline sahiptir. 
Blokzincirin açık, sabit, güvenli, kapsayıcı ve dağınık 
mimarisi kullanıcıların değer yaratmasını ve takas etmesini 
sağlamaktadır. Bu nedenle, bu teknoloji hem endüstri hem de 
akademi için büyük ilgi çekmektedir.  

Küresel tedarik zincirleri kamu, sağlık, finans sektörleri 
gibi birçok değişik endüstri alanı blokzincir teknolojisi 
kullanarak, çok daha şeffaf, izlenebilir, güvenli, etkili ve hızlı 
işlemleri daha düşük maliyetlerle yapabilmenin yollarını 
araştırmaktadırlar. Blokzincir teknolojisi, daha yüksek 
seviyede doğruluk, daha az stok ihtiyacı ve daha iyi tahminler 
sunarak dinamik küresel iş ağlarındaki işlemleri optimize 
edecek potansiyele sahiptir. Blokzincir, tedarik zinciri 
ağlarına merkezi bir aracıya bağlı kalmak yerine dağıtık bir 
yapı geliştirme şansı tanımaktadır.  

Tedarik Zinciri Yönetimi (TZY) alanındaki blokzincir 
çalışmaları üç ana başlık altında toplanmaktadır; bunlardan 
ilki tedarik zincirlerinin fiziksel takibi, bir diğeri TZY 
sistemlerinin güvenliği [3], sonuncusu ise akıllı 
sözleşmelerdir. Blokzincir teknolojisinin dağıtık ve merkezi 
olmayan doğasının avantajı nedeni ile tedarik zincirlerindeki 
ürünlerin fiziksel olarak takibi, şeffaf ve izlenebilir bilgi 
sistemlerine erişilebilmeyi sağlamaktadır [4]. Böylelikle TZY 
içerisinde bulunan bütün firmalar, üretim safhasından dağıtım 
safhasına kadar ürünlerin kökenlerini ve rotalarını güvenilir 
olmayan merkezi aracılar yerine, blokzincir teknolojisinin 
güvenilir ve merkezi olmayan altyapısı sayesinde takip 
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edebilir [5]. Blokzincir teknolojisinin TZY sistemlerinde 
kullanılmasının bir diğer önemli katkısı ise, dağıtık kayıt 
defterlerinde saklanan verinin sadece belirli ve yetkili kişilerin 
erişimine açılarak, veri gizliliğinin ve değişmezliğini 
sağlamasıdır [6]. TZY sistemleri, hammadde tedariğinden 
dağıtımına kadar birçok aşamada yer alan, değişik verilere 
erişim yetkileri olan çeşitli paydaşları kapsamaktadır. Bu 
paydaşların, TZY sistemindeki verilerinin herhangi bir zaman 
diliminde bir başkası tarafından değiştirilemez, ulaşılamaz 
veya müdahale edilemez olduğundan emin olmaya ihtiyaçları 
vardır [4]. Blokzincir teknolojisin TZY sistemlerinde 
kullanılmasının üçüncü faydası ise sunulan akıllı sözleşmeler 
ile TZY sistemlerindeki paydaşlar arasında gerçekleşen 
finansal işlemlerin, müşteri-tedarikçi arasında herhangi bir 
analog boşluk olmadan, güvenli ve doğrulanabilir olmasına 
yardımcı olmaktır [7]. 

Sağladığı tüm bu faydalar sayesinde blokzincir tabanlı 
TZY sistemlerinde süreçleri iyileştirmek, verimliliği 
arttırmak, riskleri ve maliyetleri düşürmek mümkün olsa da 
blokzincir teknolojisinin henüz yeni ortaya çıkan bir teknoloji 
olması sebebi ile literatürde TZY ile blokzincir teknolojisini 
birleştiren çalışmalar oldukça kısıtlı sayıdadır. Kısıtlı sayıdaki 
bu çalışmalar, çoğunlukla sadece belirli senaryolar için 
önerilen blokzincir tabanlı çözümler sunmayı ve blokzincir 
teknolojisinin TZY sistemlerinde kullanılmasının sağlayacağı 
fayda ve maliyetleri incelemektedir. Yapılan literatür taraması 
sonucunda, blokzincir teknolojisi tabanlı TZY sistemlerinin 
organizasyonlarda benimsenmesini etkileyen faktörlerin 
bütüncül bir bakış açısı ile incelenmesine ihtiyaç olduğu, bu 
alanda eksiklik olduğu tespit edilmiştir. Bu çalışmanın odak 
noktası, bu ihtiyacı karşılamak amacı ile blokzincir tabanlı 
TZY sistemlerinin organizasyonlarda benimsenmesini ve 
kabulünü etkileyen faktörleri kapsayan bir araştırma modeli 
önermektir. Böylece, blokzincir tabanlı TZY hizmet 
sağlayıcılarına yol göstererek, müşterilerin hizmetlerle 
adaptasyonlarını arttırmaları için ürünlerini ne şekilde 
tasarlamaları gerektikleri hakkında hizmet sağlayıcılarına yol 
göstermektir. Bu nedenle, bu çalışmanın araştırma sorusu: 
“Blokzincir tabanlı TZY uygulamalarının organizasyonel 
kabulünü etkileyen kaç faktör bulunmaktadır?” olmuştur. 

Çalışmanın bir sonraki bölümünde yapılan Sistematik 
Literatür Taramasına (SLT) yer verilmiştir. Ardından, 
önerilen araştırma modeli, modelin boyutları ve faktörleri 
açıklanmış olup, sonrasında yer alan sonuç bölümü ile çalışma 
sonlandırılmıştır.  

II. SİSTEMATİK LİTERATÜR TARAMASI 

Blokzincir tabanlı TZY sistemlerinin organizasyonlarda 
benimsenmesi ve kabulünün etkileyen faktörlerinin 
belirlenmesi ile ilgili SLT çalışması yapılmıştır. Kitchenham 
[8] tarafından önerilen yöntem ile gerçekleştirilen SLT, iki ana 
araştırma sorusu temel alınarak yapılmıştır. 

Araştırma Sorusu-1: Literatürdeki Blokzincir tabanlı TZY 
sistemlerinin adaptasyonunu ele alan çalışmalar 
hangileridir? 

Araştırma Sorusu-2: Blokzincir tabanlı TZY sistemlerinin 
benimsenmesi ve kabulünü etkileyen ana faktörler 
hangileridir? 

SLT aşamaları Tablo 1’de, yapılan SLT sonucu elde edilen 
temel çalışmalar ise Tablo 2’de verilmiştir.  

 

TABLO I. SİSTEMATİK LİTERATÜR TARAMASI AŞAMALARI 

Adımlar Açıklamalar 
Arama Dili Araştırma İngilizce ve Türkçe dillerinde 

gerçekleştirilmiştir. 
Arama 
Sorgusu 

Arama operasyonu başlık, özet veya anahtar 
kelimelerde gerçekleştirilmiştir. İngilizce arama 
"blockchain" AND ("adoption" OR "acceptance") 
sorgusu ile yapılmıştır. Türkçe arama ise “blokzincir” 
ve (“benimseme” veya “kabul”) ile yapılmıştır. 

Veritabanları Scopus, Web of Science ve Google Scholar 
veritabanlarından faydalanılmıştır.  

Referans 
listesi 
kontrolü 

Scopus, Web of Science ve Google Scholar 
veritabanlarından 264 adet makaleye ulaşılmıştır. İlk 
olarak, kopyalanmış çalışmalar çıkarılmış, daha sonra 
ise bu çalışmalar başlık, özet ve anahtar kelimelerine 
göre incelenmiştir. Sonunda Scopus, Google Scholar 
ve Web of Science veritabanlarından toplamda 14 adet 
ilgili çalışmaya ulaşılmıştır. Herhangi bir Türkçe 
çalışmaya rastlanmamıştır. 

Alıntı 
Araması 

SSCI ve SCI indeksleri, ve ayrıca konferans bildirileri 
aramaya dahil edilmiştir. Eleştiri yazıları, seriler, 
tanıtım yazıları ve toplantılar arama dışı bırakılmıştır.  

Sonuçların 
Yönetimi  

Alıntılamaların yönetimi Mendeley yazılımı ile 
yapılmıştır. 

Birincil 
Çalışmaların 
Seçilimi 

Birincil çalışmalar, anahtar kelimelerinin, başlıklarının 
ve özetlerinin bu çalışmanın araştırma soruları ile ilgili 
olmalarına göre seçilmiştir. Bu adımın sonunda, 
blokzincir adaptasyonuna odaklı toplamda 20 
çalışmaya ulaşılmıştır. 

Çalışmanın 
Kalitesinin 
Değerlendiril
mesi 

Birincil çalışmalardan 11 tanesi literatür taramalarını 
veya durum çalışmalarını içermektedir. Bu sebeple bu 
çalışmalar blokzincir–TZY adaptasyonunun kilit 
faktörlerini açıklamakta yetersiz kalmışlardır. Geri 
kalan 9 çalışma ve bu çalışmaların referansları da bu 
çalışma kapsamında incelenmiştir. 

Tablo 2’de görüldüğü gibi Blokzincir tabanlı TZY 
sistemlerinin organizasyonel kabulü konusunu, TOÇ 
çerçevesi kullanarak, bütüncül bir bakış açısı ile ele alan ilgili 
herhangi bir çalışma literatürde mevcut değildir. Literatürdeki 
bu eksikliği gidermek amacı ile geliştirilen araştırma modeli 
önerisi bir sonraki bölümde yer almaktadır. 

III. ARAŞTIRMA MODELİ ÖNERİSİ 

A. Teorik Altyapı 

Bilgi ve İletişim Teknolojilerindeki (BİT) hızlı gelişmeler, 
bu teknolojilerin benimsenmesi ve kabulü süreçlerinin, 
rekabet üstünlüğü kazanmak, gelirlerde artış, operasyonel 
masraflarda azalış ve ticari faaliyetlerin etkisini arttırması 
açısından çok önemli olduğunu göstermektedir [9], [10]. 
Literatürdeki yenilikçi teknolojilerin benimsenmesi ve 
kabulüyle ilgili temel modeller şöyle sıralanabilir; Teknoloji 
Kabul Modeli (TKM) (ing. TAM) [11], Birleşik Kabul Teorisi 
ve Teknoloji Kullanımı (BKTTK) (ing. UTAUT) [12] ve 
Teknoloji-Organizasyon-Çevre (TOÇ) (ing. TOE) çerçevesi 
[13]. 

Teknoloji Kabul Modeli [11], Birleşik Kabul Teorisi ve 
Teknoloji Kullanımı modelleri yeni teknolojilerin bireysel 
boyutta kabul faktörlerinin incelerken, TOÇ çerçevesi, 
örgütsel kabulü/benimsemeyi incelemektedir. TOÇ çerçevesi, 
bir organizasyonun iç ve dış dinamiklerini bütüncül bir bakış 
açısıyla ele alınmasını sağlar. Çalışmamızda organizasyonel 
boyutta blokzincir tabanlı TZY sistemlerinin benimsenmesini 
ve kabulünü etkileyen faktörleri incelemeyi amaçladığımız 
için, çalışma kapsamında TOÇ çerçevesi temel alınmış, ilgili 
faktörler Teknoloji, Organizasyon ve Çevre boyutları altında 
Tablo 3’te verildiği gibi gruplanmıştır. 
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TABLO II. BLOKZİNCİR TABANLİ TZY KABULÜYLE ILGİLİ TEMEL 
ÇALIŞMALAR  

Yazar  Kapsam Kullanıl
an 

Model 
(ing.) 

Belirleyici Faktörler 

Holotiuk 
et.al., 

2018 [14]  

Blokzincirinin 
Organizasyonel 
Adaptasyonu 

- Teknoloji, 
Organizasyon, İnsanlar, 
Proje Yönetimi, Çevre 

Azmi et. 
al., 2018 

[15]  

Blokzincirinin 
Malezya’daki 
Helal 
Yiyeceklerin TZY 
Üzerine 
Adaptasyonu  

TOE Teknoloji: Uygunluk, 
Algılanan yararlar 
Organizasyon: Üst 
yönetim desteği, Hazır 
olma, Uygulamaları 
anlama, Farkındalık, 
Bütünlük, Beklenen 
işletme yararları 
Çevre: Hükümet 
desteği, Rekabetçi 
baskı, Müşteri baskısı, 
Pazar talebi 

Francisco 
et al., 

2018 [16] 

Tedarik Yönetimi 
Saydamlığına 
Blokzincir 
Teknolojisi 
Adaptasyonu  

UTAUT Performans beklentisi, 
gayret beklentisi, sosyal 
etki, ve şartların 
kolaylaştırılması, 
organizasyon içi güven 

Kamble 
et. al., 

2018 [17]  

Hindistan’da 
Blokzincirinin 
Tedarik Zincirine 
Adaptasyonu 

TAM Rahatsızlık, 
Güvensizlik, Algılanan 
kullanım kolaylığı, 
Algılanan faydalılık, 
Öznel normlar 

Queiroz 
et.al, 

2019 [18]  

Tedarik Zincirinde 
Blokzincirinin 
adaptasyon 
zorlukları: 
Hindistan ve 
Amerika’daki ana 
sürücülerin 
deneysel 
araştırması 

UTAUT Performans beklentisi, 
Gayret beklentisi, 
Şartların 
kolaylaştırılması, 
Sosyal etki, Blokzincir 
şeffaflığı 
 

Supranee 
et. al., 

2017 [19]  

Tayland Otomotiv 
Endüstrisinde 
Blokzincirinin 
Tedarik Zincirine 
Adaptasyonu 

-  Algılanan Yararlar, 
Organizasyonel Güç, 
Organizasyonel 
Eylemsizlik, 
Bağlantısal 
Mekanizma, 
Organizasyon İçi 
İlişkileri, Organizasyon 
İçi Güven 

Yusof et. 
al., 2018 

[20]  

Malzeya’daki 
Bankacılık 
Kuruluşlarının 
Blokzincir 
Adaptasyonu 

UTAUT Performans beklentisi, 
Gayret beklentisi, 
Şartların 
kolaylaştırılması, 
Sosyal etki 

Folkinsht
eyn et. 

al., 2016 
[21]  

Bitcoin 
Adaptasyonu 

TAM Algılanan kullanım 
kolaylığı (PEU), 
Algılanan faydalılık 
(PU), Algılanan risk 
(PR) 

Felix et 
al., 2012 

[22] 

Mobil Tedarik 
Zinciri Yönetim 
Sistemi 
Yayılımının 
Belirleyicileri 

TOE Teknoloji: Algılanan 
maliyet, Beklenen 
faydalar, Karmaşıklık, 
Teknoloji 
Entegrasyonu, 
Güvenlik ve Gizlilik 
Organizasyon: Üst 
yönetim desteği, Firma 
büyüklüğü, Teknoloji 
yeterliliği, ve Finansal 
yeterlik 
Çevre: Rekabetçi baskı 
ve Pazar trendlerinin 
beklentileri 

B.  Araştırma Modeli 

Yapılan SLT sonucu, TOÇ Çerçevesi temel alınarak 
geliştirilen Araştırma Modeli Önerisi, Teknoloji, 
Organizasyon ve Çevre boyutları altında gruplanan 14 faktörü 
kapsamaktadır. Önerilen Araştırma Modeli’ni oluşturan 
boyutlar, faktörler ve kaynaklar Tablo 3’te verilmiştir.  

TABLO III. ÖNERİLEN ARAŞTIRMA MODELİ  

Boyutlar Faktörler Kaynaklar 

Teknoloji 

Algılanan Avantaj [14], [16], [18], [23]–[25] 

Karmaşıklık 
[16], [17], [19], [20], [22], 
[26] 

Uyumluluk / Birlikte 
Çalışabilirlik 

[14], [15], [23], [24], [27], 
[28] 

Standardizasyon [14], [27] 

Güven [24] 

Ölçeklenebilirlik [29] 

Organizasyon 

Organizasyonların Bilgi 
Teknolojileri Kaynakları 

[14], [15], [18], [20], [23], 
[30] 

Üst Yönetim Desteği [15] 

Organizasyon Büyüklüğü  [15] 

Finansal Kaynaklar  [22], [31], [32] 

Çevre 

Rekabetçi Baskı [15], [16], [22], [26], [32] 

Ticari Ortak Baskısı [14], [15], [19] 

Devlet Politikaları & 
Düzenlemeleri 

[15], [23], [30] 

Organizasyon İçi Güven [18], [19] 

1) Teknolojik Boyut 
a) Algılanan Avantaj 

Algılanan avantaj, “bir yeniliğin mevcuttan daha avantajlı 
olduğunun algılanma derecesi” anlamına gelmektedir [33]. 
Moore ve Benbasat’a [34] göre yeniliğin adaptasyonu 
kapsamında algılanan avantajın yapıtaşları [33], algılanan 
fayda [11] ve performans beklentisi’dir [12]. Algılanan fayda 
kavramı, “kullanıcının yeni uygulamayı kullanmasının 
örgütsel bağlamda iş performansını arttıracağını düşünmesi” 
şeklinde ifade edilmiştir [11]. Blokzincir tabanlı TZY 
sistemlerinin, şeffaflığı arttırdığı ve dolayısı ile çalışanların 
performans ve verimliliğini de arttırdığı bilinmektedir [35]. 
Bu nedenle, organizasyonel kabul üzerinde etkisi olacak olan 
Algılanan Avantaj faktörü önerilen modelde yer almaktadır. 

b)  Karmaşıklık 
Karmaşıklık, “sistem kullanımının zorluk derecesi” olarak 

tanımlanmaktadır [12]. Eğer kullanıcılar Blokzincir tabanlı bir 
teknolojiyi kullanmak ve öğrenmek için daha az çaba 
harcarlarsa, sistemi kullanmaya çok daha fazla eğilimli 
olacaklardır. Blokzincir, merkezi bir aracı kullanarak 
oluşabilecek işlem doğrulama süreci karmaşası yerine kendi 
doğası gereği merkezi olmayan yapısıyla bu karmaşayı 
minimize edecek özelliğe sahiptir. Bu nedenle, karmaşıklık 
faktörü blokzincir tabanlı TZY organizasyonel kabulünü 
etkileyeceği düşünülerek, önerilen model kapsamına dâhil 
edilmiştir. 

c)  Uyumluluk / Birlikte Çalışabilirlik 
Uyumluluk, “bir inovasyonun, potansiyel alıcının mevcut 

uygulamalarına ve ihtiyaçlarına ne derecede uyduğu ”dur 
[33]. Organizasyonların var olan uygulama sistemleri ile 
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uyumlu/birlikte çalışabilir olarak geliştirilen yeni teknolojileri 
adaptasyonu daha kolaydır. Bu nedenle, uyumluluk/birlikte 
çalışabilirlik, blokzincir tabanlı TZY teknolojilerinin 
organizasyonel adaptasyonunda önemli bir faktördür ve 
önerilen modelde yer almaktadır. 

d)  Standardizasyon 
Uyumluluk/birlikte çalışabilirlik kavramı, Tedarik Zincir 

Ağı kapsamındaki standart ve protokol ihtiyacını 
tetiklemektedir. Protokol eksikliği [29] ve birlikte 
çalışabilirliği sağlayan standartların oluşturulmaması [14] 
Blokzincir tabanlı teknolojilerin adaptasyonunda zorluk 
oluşturmaktadır. Bu nedenle, standardizasyon faktörü 
blokzincir tabanlı TZY teknolojilerinin organizasyonel 
adaptasyonunu etkilemektedir. 

e)  Güven 
TZY sistemlerinin benimsenmesinde güvenlik ve 

gizliliğin önemli olduğunu gösteren birçok çalışma  [1], [23], 
[25], [29] olmasının yanı sıra, bu durum blokzincir için geçerli 
değildir. Çünkü şifreleme yoluyla elde edilen güvenlik ve 
gizlilik ile veri bütünlüğü, verinin aslına uygunluğu ve veri 
mahremiyetinin/gizliliğinin sağlanması blokzincir 
teknolojilerinin temel gücüdür [27]. Blokzincir tabanlı TZY 
sistemlerindeki Güven kavramı güvenilirlik algısı olarak 
tanımlanır ve sistem performansı, sistemin kullanılabilirliği ve 
sistemin benimsenmesi ile ilgili olası riskler açısından 
incelenir. İnsan-makine etkileşimi araştırmacıları açısından 
teknolojiye güven duyma kavramı yeni bir kavram değildir. 
Teknoloji güvenilirliği, insanların bu teknolojiye yönelik 
tutumlarını etkileyerek bu teknolojiyi kullanma niyetlerini 
daha da etkilemektedir. Bu nedenle Güven faktörü, önerilen 
modelde yer almaktadır. 

f) Ölçeklenebilirlik 
Blokzincir sistemlerini genişletmek ve bu genişlemelerin 

maliyetlerini tahmin edebilmek zorlu bir iştir [27]. 
Kullanıcılar sisteme veri ekledikçe, eklenen veriyle alakalı 
olarak karma algoritmayı muhafaza edecek şekilde blokzincir 
genişler. Bu genişleme beraberinde depolama alanı ve yüksek 
işlem gücü ihtiyaçlarını da beraberinde getirir [36], [37]. 
Büyüyen blokzincir sistemine yeni kullanıcılar/cihazlar 
eklendikçe senkronizasyon için gerekecek zaman doğrusal 
oranla artacaktır. Tedarik zinciri yöneticileri eğer bu 
depolama ve işlem gücü talebini karşılayamazlarsa, veri 
doğrulama ve onaylama süreci yavaşlayacak, sistemin 
merkezileşme potansiyeli git gide artacaktır [29]. Bu sebeple, 
ölçeklenebilirlik faktörü, Blokzincir tabanlı TZY 
teknolojilerinin organizasyonel adaptasyonu üzerinde 
etkilidir. 

2)  Organizasyonel Boyut 
a) Organizasyonların Bilgi Teknolojileri Kaynakları 

Organizasyonların bilgi teknolojileri (BİT) kaynakları, 
fiziksel BİT altyapı parçalarının dâhil olduğu somut 
kaynakları; teknik ve yönetimsel BİT yetenekleri olan insan 
kaynakları ve bilgi varlıkları gibi soyut ve etkin BİT 
kaynaklarını kapsamaktadır. Gerekli BİT yeteneklerine ve 
deneyimlerine sahip olan insan kaynağının ulaşılabilirliği ve 
var olan teknolojik altyapıya olan uyumu Blokzincir tabanlı 
teknolojilerin önemli belirleyicilerindendir [20], [27]. Bu 
nedenle bu faktör, önerilen modelde yer almaktadır.  

b)  Üst Yönetim Desteği 
Şirket içi BİT operasyonundan blokzincir tabanlı sisteme 

geçiş başlı başına stratejik bir karardır. Yöneticilerin bilgisi ve 

yeni sisteme karşı tutumları adaptasyon kararını etkiler [38]. 
Spesifik bir BİT inovasyonu için verilen yüksek seviyedeki 
üst yönetim desteği beraberinde uzun vadeli vizyonu, 
kaynakların en uygun şekilde kullanımını, uygun bir 
organizasyonel ortam yaratılmasını ve engelleri aşmada 
destek sağlamayı getirmektedir [39]. Blokzincir 
teknolojilerinin getireceği faydaların farkında olan üst 
yönetim, adaptasyon için gerekli kaynaklar atayarak, gerekli 
düzenlenmelerin yapılmasını sağlayacak, çalışanların gerekli 
becerilerinin arttırılmasını sağlayarak, çalışanların yeni 
sistemi kullanmasına teşvik edecektir. Bu sebeple, Üst 
Yönetim Desteği, Blokzincir tabanlı TZY teknolojilerinin 
organizasyonel adaptasyonu üzerinde etkili olduğu 
düşünülerek önerilen modele dâhil edilmiştir. 

c) Organizasyonun Büyüklüğü 
Bir işletmenin yenilikçi bilgi teknolojilerinin 

adaptasyonuna karşı istekliliği, kurumların boyutu ile doğru 
oranda artmaktadır. Daha fazla kaynağa sahip büyük şirketler 
için organizasyon büyüklüğü bir dezavantajdır, çünkü küçük 
firmalara kıyasla yeni teknolojilere adaptasyon sürecinde daha 
büyük risklerle baş etmek zorunda kalırlar. Bulut bilişim 
örneğine bakarsak, küçük ve orta büyüklükteki şirketlerin ilk 
yatırım ücretleri ve insan kaynakları ücretleri daha düşük 
olduğundan bulut bilişime uyum sağlamaları daha kolay 
olmuştur [40], [41]. Bu nedenle, organizasyon büyüklüğünün 
Blokzincir tabanlı TZY teknolojilerinin organizasyonel 
kabulüne etkisini olacağı için önerilen araştırma modelinde 
bir faktör olarak sunulmuştur. 

d) Finansal Kaynaklar 
Finansal kaynaklar, bir organizasyonun BİT 

inovasyonlarına geçişte kullanıldığı mali kaynakları ifade 
eder. Organizasyonlarda BİT inovasyonuna ayrılan finansal 
kaynak arttıkça, değişimi başlatmaya, çaba sarf etmeye ve 
işbirliği yapmaya daha fazla eğilim olur [39], [42]. Daha önce 
yapılan çalışmalarda da [22], [31], [32] finansal kaynakların 
blokzincir teknolojilerinin adaptasyonunu etkilediği 
gösterildiği için önerilen araştırma modelinde Finansal 
Kaynaklar boyutuna yer verilmiştir. 

3)  Çevresel Boyut 
a) Rekabetçi Baskı 

Rekabetçi baskı, “organizasyonun sektördeki rakipleri 
tarafından maruz kaldığı baskının seviyesi” olarak tanımlanır 
[40]. Rekabetçi baskı organizasyonların rekabette 
kalabilmeleri için daha çok araştırma yapmalarına ve 
inovasyon üretmelerine zemin hazırlamaktadır. Blokzincir 
tabanlı çözümlerin uygulanması ile birlikte, organizasyonlar 
daha doğru gerçek zamanlı veri toplayarak daha verimli iş 
süreçlerine sahip olmaktadır. Bu sebeple, Rekabetçi Baskı 
faktörü önerilen modelde yer almaktadır. 

b) Ticari Ortak Baskısı 
Ticari ortak baskısının BİT uygulamalarının 

adaptasyonuna etki ettiği, birçok çalışma [26] tarafından 
ispatlanmıştır. Örneğin, TZY sistemlerindeki bir iş ortağı 
etkili iş birliği yapabilmek için tedarikçileri, üreticileri, 
toptancıları ve perakendecileri arasında kullanılabilecek bir 
BİT platformu oluşturabilir. Blokzincir tabanlı TZY ağının, 
tedarik zincirindeki üyelerle işbirliği yapmaya ihtiyacı vardır 
[43].  Bu sebeple, Ticari ortak baskısı, blokzincir tabanlı TZY 
teknolojilerinin organizasyonel adaptasyonu üzerinde 
etkilidir. 
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c) Devlet Politikaları ve Düzenlemeleri 
Organizasyonların inovasyon teknolojilerini 

benimsemesini teşvik ve kontrol etmek için devlet tarafından 
sağlanan destektir. İnovasyonun yayılması açısından bu faktör 
önemli bir yer tutmaktadır. Devlet Politikaları ve 
Düzenlemeleri, blokzincir tabanlı TZY teknolojilerinin 
adaptasyonuna yeni kanunlar getirerek ve şirketlerin buna 
uyması amacıyla sektörü düzenleyerek teşvik edebilir veya 
vazgeçirebilir. Pazardaki blokzincir tabanlı kanun ve 
düzenlemelerin yapılmaması korkusu, Blokzincir 
teknolojilerinin adaptasyonunun önünde bir engeldir [14]. Bu 
nedenle, Devlet Politikaları ve Düzenlemeleri, blokzincir 
tabanlı TZY teknolojilerinin organizasyonlar tarafından 
benimsenmesine etki edeceği için önerilen araştırma 
modelinde yer almaktadır.  

d) Organizasyonlar Arası Güven 
Organizasyonların, kendi kurum verisini, tedarik zinciri 

ağı içindeki organizasyonlara açtıklarında kendilerini 
savunmasız hissetmeleri şeklinde tanımlanabilir. Güven, 
teknoloji adaptasyonunu etkileyen bir faktördür. Tüm tedarik 
zinciri ağının saydamlığını güçlendirerek, izlenebilirliği 
sağlayacak olan blokzincir tabanlı TZY sistemlerinin 
kullanımı ile organizasyonlar arası güven artacaktır [44].  
Organizasyonlar arası güvenin blokzincir teknolojilerinin 
adaptasyonu etkilediğini gösteren çalışmalar mevcuttur [21]. 
Bu sebeple bu faktör, önerilen araştırma modelinde yer 
almıştır.  

IV. SONUÇ 

Bu çalışmada, organizasyonların Blokzincir tabanlı TZY 
sistemlerini kabulü sürecini en çok etkileyen faktörlerin 
incelenmesi hedeflenmiştir. Bu amaçla yapılan geniş bir SLT 
çalışmasının ardından, Blokzincir tabanlı TZY sistemlerinin 
organizasyonel kabulü konusunu, TOÇ çerçevesi kullanarak 
bütüncül bir bakış açısı ile ele alan ilgili herhangi bir çalışma 
literatürde mevcut olmadığı tespit edilmiştir. Literatürdeki bu 
eksikliği gidermek amacı ile TOÇ çerçevesini temel alan bir 
araştırma modeli önerilmiştir.  Önerilen Model kapsamında, 
algılanan avantaj, karmaşıklık, birlikte 
çalışabilirlik/uyumluluk, standardizasyon, güven ve 
ölçeklenebilirlik gibi teknolojik bağlamdaki faktörler;  
organizasyonların bilgi teknolojileri kaynakları, üst yönetim 
desteği, organizasyonun büyüklüğü, finansal kaynaklar gibi 
organizasyonel bağlamdaki faktörler; rekabetçi baskı, ticari 
ortak baskısı, devlet politikaları ve düzenlemeleri ile 
organizasyonlar arası güven gibi çevresel bağlamdaki 
faktörler bütüncül bir bakış açısı ile sunulmuştur.  

Önerilen Araştırma Modeli ile Blokzincir tabanlı TZY 
sistemleriyle ilgili çalışan araştırmacılara ve uygulamacılara 
geliştirdikleri sistemlerin organizasyonlar tarafından kabul 
edilmesini ve kullanılmasını etkileyecek faktörlerinin önemi 
hakkında bilgi verilmesi ve bu faktörler dikkate alınarak yeni 
sistemlerin geliştirilmesinin sağlanması hedeflenmektedir.  

Gelecek çalışmalar kapsamında, endüstride Blokzincir ve 
TZY alanlarında çalışan insanları içerecek kantitatif 
yöntemler uygulanarak, önerilen araştırma modelinin 
geçerlenmesi, modelde yer alan 14 faktörün önem 
sıralamasının yapılması hedeflenmektedir. 
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Abstract—Business intelligence and analytics (BI&A) is a 
major discipline with strategic priorities for today's industries. 
In line with ever-changing technologies and business needs, core 
competencies (knowledge domains, skills, and abilities) for 
BI&A have constantly increased over time. From this 
perspective, domain-specific job postings can be regarded as an 
indicator in the analysis and understanding of the competencies. 
Taking into account the need for a qualified BI&A workforce in 
the near future, an empirical study on the job postings was 
conducted in order to analyze the core competencies. The 
methodology was based on semantic content analysis 
implemented by Latent Dirichlet Allocation (LDA), a generative 
method for probabilistic topic modeling. In a fine-grained level, 
five competency fields reflecting elementary scope of the 
knowledge domains and skills were revealed. The findings may 
provide valuable insights into the industry, academia, and 
BI&A communities. 
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I. INTRODUCTION 

In the new world order formed under the leadership of 
information and communication technologies (ICT), an 
understanding of the emerging ICT trends is crucial in order 
to keep pace with today’s tech-based work environments. In 
this regard, business intelligence and analytics (BI&A) is one 
of the most rapidly growing trends playing an important role 
in achieving effective business strategies. Likewise, BI&A is 
a crucial process commonly used in decision-making and 
business operations [1-3]. Business intelligence and analytics 
(BI&A), a term coined in 1989, is defined as a wide range of 
methods, models, and applications to achieve effective 
business decision making based on analytical findings [4]. As 
a data-oriented definition, BI&A relies on a number of 
advanced data collection, extraction, and analysis 
technologies [5]. BI&A is a multidisciplinary field that 
contains data analysis and management, data warehousing, 
data mining, database systems, information retrieval, data 
visualization, analytical processes and so on [1]. In particular, 
the introduction of big data technologies has led to a major 
revolution in the business operations and strategies. As 
business processes and strategies evolve, BI&A has 
indisputably become an essential part of today’s job market. 
In line with changing industry needs, new career opportunities 
are opened every day for BI&A professionals, especially in 
big data analytics [1, 2, 6-11].  

According to the latest statistics, approximately 90% of all 
data of worldwide has been generated in the latest two years; 
however, 80% of that data has an unstructured format, in the 
form of videos, images and documents. The amount of digital 

data is expected to grow from that of 3.2 zettabytes today to 
40 zettabytes in only six years (one zettabyte is roughly a 
billion terabytes). That means that the amount of data will 
have increased 50 times by 2020 [12]. In addition, in the 
coming years there will be a serious workforce shortage of 
those qualified in the big data field. By 2018, the United States 
alone could experience a shortage of 140,000 to 190,000 
employees with deep analytical capabilities as well as 1.5 
million directors, analysts and specialists capable of analyzing 
big data and using the analysis outcomes as a support system 
for making effective decisions and building business 
strategies [13]. 

Given these statistics, the development of the BI&A 
discipline in the near future is mindboggling. Global-scale 
developments in business strategies closely affect the current 
data processes. This IT-driven industrial transformation ever-
increases the need for qualified BI&A professionals [1, 6, 9, 
14]. A wide range of actors play their roles within the today’s 
dynamic business processes. The BI&A professionals are key 
actors who play an effective role in the processes and 
operations, considering their responsibilities and risks. In this 
sense, defining the core competencies (knowledge domains, 
skills, and abilities) for BI&A can provide a better analysis 
and understanding of all available BI&A positions [1, 9, 11, 
15]. 

Against this background, the aim of this study is analysis 
of the core competencies necessary for BI&A. The scope of 
this aim is focused on two major points: (1) a finer granularity 
detection of trending topics (professional competencies) in 
BI&A field, (2) evaluation and interpretation of the topics as 
knowledge domains and skill sets required for BI&A. Within 
the framework of these focal points, a semantic content 
analysis was implemented on the BI&A job postings using 
Latent Dirichlet Allocation (LDA). As a result of the study, an 
optimal level of 75 trending topics was discovered. By 
analyzing the topics, a taxonomy framework covering five 
competency fields was then developed with the aim of 
revealing the knowledge and skills in a more understandable 
way.  

II. RESEARCH METHODOLOGY 

A. Data Collection 

Although the current literature offers meaningful insights 
into the subject of BI&A, it does not provide the necessary 
background in terms of empirical data. Therefore, an analysis 
was performed of an empirical dataset consisting of online job 
postings collected from indeed.com [16], a global 
employment platform that provides comprehensive 
employment services as well as new job opportunities for job 
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seekers and employers. The Indeed employment platform 
offers advanced search query options for job seekers in order 
to simplify the job search. With the intention of improving the 
reliability of the data, only the BI&A job postings having high 
relevance were extracted. Consequently, the dataset included 
the 1720 unique job postings at different levels. The data 
covered a time period of three months, from July 2018 to 
September 2018. In the dataset, a typical job posting included 
information such as job title, job description, location, 
knowledge, skills, and other requirements. 

B. Data Preprocessing 

In text mining applications, preprocessing is frequently 
used to structure and clean the textual data [17]. The 
contribution of the preprocessing to textual data analysis is 
vital in terms of various aspects including diagnostic 
sensitivity, dimension reduction, analysis accuracy, and 
linguistic computing. The common preprocessing steps for 
text analysis contain tokenization (splitting the full text into 
words), stop-word removal, lowercase conversion, 
elimination of missing and misspelled words, and stemming. 
In this context, the preprocessing implemented for this 
analysis consisted of a range of steps performed on the dataset.  

Initially, the tokenization was implemented on the dataset 
in order to split the texts into simple tokens (words). The 
tokenization step is the primary process in the conversion of 
texts to vectors.  All words were then converted to lowercase 
and misleading words, special characters, punctuation and 
links were eliminated. Stop words (is, and, a, the, of, for, etc.) 
have a high frequency in English texts and enormously 
increase the dimensionality of the document-term matrix 
(DTM). This case is undesirable in text analysis; therefore, all 
stop words were deleted [18]. Since there are numerous 
technical terms in the textual corpus, no stemming operation 
has been applied in order not to cause any defeat of meaning. 
With the implementation of the preprocessing steps 
mentioned above, the lower dimensional DTM was able to 
describe the dataset. 

C. LDA-Based Topic Modeling 

Text documents contain latent semantic patterns called 
“topics”.  Each topic is defined by a probability distribution 
over a fixed word set [19, 20]. Latent Dirichlet Allocation 
(LDA) [19] is a common topic modeling algorithm for 
semantic content analysis of document collections. In the 
LDA model, each text document is represented by a 
combination of topics and each topic is represented by 
frequently co-occurring words [19, 20]. The LDA consists of 
a set of matrix operations performed on the DTM in order to 
identify semantic correlations between the words. With this 
process, the words including high correlations among 
themselves are grouped, and each of these word groups is 
interpreted as a topic. The LDA has unsupervised learning 
procedure, thus it can learn latent topics from a text without 
any training, so numerous textual documents can be analyzed 
in a short time [20, 21]. For this reason, the LDA model has 
been attracting considerable attention. The semantic content 
analysis approach can be applied on different types of data in 
order to discover latent patterns [9, 20, 22]. 

For the implementation of the LDA model, the study used 
the MALLET [23] package, a scalable implementation for 
topic modeling [24, 25]. The MALLET implementation was 
used for training the model with 1400 Gibbs sampling 
iterations, and for estimation of α and β, input parameters were 

used for optimizing the LDA model. To maintain the stability 
of the sum of the Dirichlet hyper parameters, all of the model 
experiments used β = 0.1 and α = 50/T [21, 24]. The number 
of topics, indicated by T, is a significant parameter specified 
by the user in order to choose the granularity, or detail level, 
of the revealed topics. With the aim of assessing the outcomes 
of the changing number of topics (T), the Gibbs sampling 
algorithm with varied T-values was employed, and finally, the 
desired results were achieved when the number of topics was 
equal to 75. Following the analysis, the interpretation and 
labeling of the topics revealed by the LDA were carried out 
with the aid of the frequencies of the top descriptive words for 
each topic. In this case, manual interpretation and labeling 
were carried out according to the topics which were closely 
correlated to the theoretical measures, depending on the 
context of the study and the researcher's perspective. 

III. RESULTS 

In the empirical analysis performed with different input 
parameters, the 75 topics were discovered by LDA. The texts 
of the job postings included a wide variety of knowledge, 
skills and expertise in different competency fields. This 
variety of the jobs expanded the coverage of the discovered 
topics. The names of the topics were assigned manually 
considering the descriptive keywords. For example, for the 
topic containing keywords such as “skills”, “communication”, 
“written”, “verbal”, “excellent”, “presentation”, 
“interpersonal”, and “oral”, the topic name was assigned as 
“communication skills”. At the next stage of the analysis, the 
75 topics were associated with the basic disciplines and a 
taxonomy framework was developed in order to demonstrate 
the knowledge domains and skill sets in a more 
understandable way. This process revealed the five 
competency fields reflecting the elementary scope of the 
knowledge and skills. The competency fields include, in 
descending order of the total percentage of topics’ rate in the 
related field, business knowledge (29%), analytical skills 
(22%), technical skills (20%), developer skills (17%), and soft 
skills (12%). The percentage distribution of the competency 
fields is illustrated in Fig. 1. According to the figure, non-
technical skills are required for BI&A as well as domain-
specific knowledge and technical skills. Starting from this 
point of view, in order to illustrate the context of the 
knowledge domains and skills in more detail, the topics 
associated with each field are presented under five distinct 
sub-headings. 

 

 

Fig. 1.  Percentage distribution of proficiency areas for BI&A 
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A. Business Knowledge 

Of all the discovered topics, 20 were related to business 
knowledge. These topics revealed the business knowledge and 
skills required for BI & A professionals. The topics are 
presented in Table 1 with their rates. As seen in the table, the 
essential business knowledge has a strategic importance in 
analyzing and understanding the business issues and 
achieving the applicable analytical solutions. The collection 
of business-oriented knowledge and skills contains specific 

business domains (i.e., domain-specific knowledge, e-
commerce, finance, marketing and production) and decision-
making competencies (e.g., testing, management, 
automation). Also, business intelligence (BI) processes and 
solutions are often emphasized in the topics. In this respect, 
the business knowledge and skills for BI&A includes 
fundamental knowledge in the disciplines of economics, 
business science, finance, accounting, logistics, marketing, 
and operation management. 

TABLE I.  TOPICS RELATED TO BUSINESS KNOWLEDGE 

Topic Name Top LDA words Rate (%) 
Business requirements requirements business technical design skills needs financial functions industry 2.7 
Industry needs  field industry need professional trend competitive demand resource emerging 2.3 
Business automation plan automation business integration process deployment case organization 2.2 
In-depth domain knowledge  knowledge expertise discipline subjects functions expert depth domain  2.1 
Financial risk management service financial management risk decision industry making consulting clients  1.9 
E-commerce solutions  ecommerce customer solution rate shopping online key facing market 1.8 
Customer relationships client internal relationship customer stakeholders external manager key partners 1.7 
Long-term business solutions client solution technology industrial term long understand competencies  1.7 
Production support support production maintain system existing integration needed manage designs  1.5 
Performance-quality tuning high performance level quality tuning vision scalability volume reliability 1.4 
BI processes business intelligence model architecture process decision procedure progress 1.3 
Digital marketing market online marketing digital campaigns product analytics shopping order 1.2 
Quality standards policies quality ensure standard practices delivery policies ensuring compliance governance 1.2 
BI challenges and solutions business intelligence solution partners address questions finance partner acumen 1.1 
Sales and marketing sales marketing content drive manager strategies plan demand trade selling 1.0 
Business strategies business strategies decision innovative future solution issue build company 1.0 
Online advertising  mobile media digital platform industry ad social online advertising consumer 1.0 
Business objectives objectives business advance strategy manage initiatives senior direction leader 0.7 
Competition strategies market counting support provide understand competitive policies tough  0.5 
Business insight company world global leading organization inclusive largest fortune  0.4 
Total  29 

 

B. Analytical Skills 

Of all the discovered topics, 19 were related to analytical 
skills. These topics are presented in Table 2 with their rates. 
Given the findings in the table, the topics related to analytical 
skills highlight contemporary analytical models and 

methodologies, e.g., data analytics, data reporting, data 
visualization, analytical workflows, analytics performance 
metrics, and so on. Also, the models and methodologies 
require a deep scientific background based on fundamental 
disciplines such as analytics, mathematics, statistics, 
computer science, and data science.

TABLE II.  TOPICS RELATED TO ANALYTICAL SKILLS 

Topic Name Top LDA words Rate (%) 
Analytical background skills strong ability analytical background organizational focus  desire 2.3 
Large-scale data analytics data large scale working sets datasets complex  process handling implement 2.0 
Data visualization BI reporting analytic visualization data analytics tableau sas structured 2.0 
Decision-making decision insight making drive report result  recommendation  proven dashboards 1.4 
Data analytics workflows data building process handle  driven visualization computing  scientist workflows 1.3 
Analytics performance metrics analytics process measure support key metrics reporting performance enhance  1.3 
Social media analytics social data developer team facebook twitter big technology learn stack backend  1.2 
Real-time analytics stream realtime hands data stage hypothesis beta  watch weka instant 1.1 
Analytical problem solving problem solving resolve analytical complex creative troubleshooting  thinking  1.1 
Risk identify and resolve issues risk identify technical ability resolution resolve follow critical provide  1.1 
Quality assurance  product qa quality features deliver  closely release roadmap define develop  1.1 
Prior modeling skills experience working prior modelling knowledge desired extensive exposure   1.0 
Big data analytics analytics data bigdata expertise advanced develop leveraging predictive  1.0 
Machine learning algorithms learning machine algorithms techniques data mining  processing modeling 0.9 
Statistical Techniques  analysis statistical model techniques method quantitative predictive regression 0.8 
Sentiment analysis sentiment satisfaction opinion customer user feedback mining perception 0.7 
User events processing build user day driven realtime millions events  behavior monitoring 0.7 
Statistical analysis tools research statistical spss programs level variety sas contribute applied R 0.6 
Analytical roles and duties responsible activities assigned analysis duties design analyst role related 0.4 
Total  22 

 

276



C. Techical Skills 

Of all the discovered topics, 12 were related to technical 
skills. These topics are presented in Table 3 with their rates. 
As seen in the table, the topics related to technical skills 
include numerous up-to-date technical knowledge and skills, 

e.g., educational requirements, cloud services, database 
technologies, big data processing tools, open source 
processing, and so on. The scientific background of the 
technical skill set based on computing disciplines including 
information science, computer science, data science, and 
computer engineering. 

TABLE III.  TOPICS RELATED TO TECHNICAL SKILLS 

Topic Name Top LDA words Rate (%) 
Educational requirements degree science computer related field equivalent engineering statistics discipline 2.4 
Cloud based services service cloud systems aws based google amazon search web saas implement 2.2 
Database technologies database sql nosql server relational oracle mongodb cassandra mysql queries 2.0 
Big data processing tools hadoop spark hive hbase pig bigdata mapreduce kafka hdfs apache 2.0 
Open-source data processing data source open processing realtime implement pipelines existing ingestion batch 1.9 
Data security security data privacy access network infrastructure storage server isolation 1.9 
Real-time data processing work time multi requires including project task locations responsibilities  1.8 
Hadoop ecosystem platform bigdata hadoop build enable generation deploy ecosystem based apache 1.4 
Web services  web service application javascript framework js html api rest css 1.4 
Data warehousing data etl warehouse warehousing modeling  integration metadata logical physical 1.2 
Configuration control  tools management including monitoring plan configuration control splunk cluster  1.2 
Distributed systems system building distributed scalable highly designing multi computing deploying 0.9 
Total  20 

 

D. Developer Skills 

Of all the discovered topics, 13 were related to developer 
skills. These topics are presented in Table 4 with their rates. 
Considering the findings related to developer skills in the 
table, the topics emphasize the emerging trends for the 
application development processes in the BI&A platforms. 
Especially, the topic of “scripting languages” has a high rate 
in all of them. This finding indicates the importance of 

scripting programming languages for BI&A. Besides, the 
topics of application development, software development 
trends, multi-platform applications, and object-oriented 
architectures have a rising tendency. The scientific 
background of the developer skills covers computing 
disciplines that including software engineering, computer 
science, system engineering, and application design and 
development. 

TABLE IV.  TOPICS RELATED TO DEVELOPER SKILLS 

Topic Name Top LDA words Rate (%) 
Scripting languages java python language programming scripting scala ruby shell perl matlab 2.5 
Application development solution develop application quickly set critical wide leverage creating mission 2.0 
Software development trends technology based bigdata trends software industry current emerging  latest assess  1.9 
Multi-platform applications platform multi mobile independent web develop application task software delivery  1.7 
Object-oriented architectures design oriented concepts architecture patterns object good principles solid 1.5 
Developer competencies position skills candidates access developer qualifications clearance apply active 1.4 
Mobil development  software development mobile android tool standard develop custom 1.3 
Open-source development open source github development software application platform test team 1.0 
Real-time programming programming real time code writing integration test manage stream data scrum 0.9 
Testing and automation testing integration tool automation development application maintain analysis 0.9 
Distributed development  distributed cloud application tool process develop deployment software computing 0.8 
Agile development process development agile process methodologies practices scrum core values close 0.7 
Data developer roles engineer software role team data developer seeking responsible experienced 0.3 
Total  17 

E. Soft Skills 

Of all the discovered topics, 11 were related to soft skills. 
These topics are presented in Table 5 with their rates. In the 
BI&A platforms, a large number of actors and stakeholders 
are in active communication, interaction, collaboration in 
different ways. According to the findings, the topic of 
“communication skills” has a high rate (2.6%) among the 
topics. This means that the topic of communication skills was 
one of the essential qualifications for BI&A professionals. It 
is followed by project management, working motivation, 
administrative skills, strategic thinking, human resource 
management, team work abilities, collaboration skills, social 
communication, discipline and compliance, and presentation 
skills, respectively.  

The soft skills also consist of the administrative skills such 
as project management, working motivation, strategic 
thinking, and human resource management. The findings in 
the table point out that soft skills are very important in the 
digital age. This means that an expert who has mastery of soft 
skills such as leadership, teamwork, communication skills can 
find career opportunities in such technical disciplines. 
Moreover, in terms of the soft skills, BI&A field have an 
effective partnership of many different disciplines including 
communication science, sociology, administrative science, 
and management science. The diversity of soft skills 
emphasizes the importance of communication, interaction, 
collaboration, and teamwork in this area. 
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TABLE V.  TOPICS RELATED TO SOFT SKILLS 

Topic Name Top LDA words Rate (%) 
Communication skills skills communication written verbal excellent presentation interpersonal oral  2.6 
Project management project multiple manage tasks resource priorities managing deliverables scope  2.4 
Working motivation people world engineer passion motivated great passionate impact make bring 2.1 
Administrative skills company team work manage profile lead meeting player leader guide  1.1 
Strategic thinking  work strategic independent thinking position detail decision attention  1.0 
Human resource management organization information human include resources areas skill employment 0.6 
Team work abilities team work part ability make collaborate directly person ownership fit 0.6 
Collaboration skills collaboration partnerships association ability skills admin joint clients 0.5 
Social communication social media manage inferences user twitter analytics communication platform  0.5 
Discipline and compliance rules policy regulatory standards employment treaty basis relations  0.4 
Presentation skills represent innovative delivery make result successful provide introduce ways 0.4 
Total  12 

 

IV. CONCLUSION 

This study set out to shed light on the knowledge domains 
and skill sets for BI&A professionals needed in the industry. 
In this respect, a semantic content analysis was performed on 
BI&A job postings using a LDA-based topic modeling 
approach. Because of the inadequacy of empirical research in 
this emerging field, the analysis was conducted on empirical 
data collected from the indeed.com site. The study found that: 
(1) the discovered topics reflect the emerging trends and 
demands in the industry as well as the core competencies 
required for BI&A; (2) expertise of BI&A requires an 
interdisciplinary background and a combination of knowledge 
domains and skill sets (i.e., business knowledge, analytical 
skills, technical skills, developer skills , and soft skills) from 
different disciplines; (3) as leading actors, BI&A 
professionals are expected to undertake different roles and 
responsibilities in different workflows (e.g., data scientist, 
business analyst, BI specialist, project manager, application 
developer, etc.). The findings of this study may provide 
valuable insights: (1) to businesses, in identifying a qualified 
BI&A workforce and in integrating new analytical processes 
into progressing industry policies, (2) to BI&A professionals, 
in evaluating and improving their own competencies, (3) to 
academic institutions, in planning BI&A programs and 
curricula according to industry needs. 
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Abstract—The purpose of this study is to investigate the 
research themes and trends in the field of Human-Computer 
Interaction (HCI) in the last twenty years between 1998-2018. 
For this purpose, an automated text mining based content 
analysis has been implemented using probabilistic topic 
modeling on 33830 peer-reviewed journal articles published 
between 1998-2018, and that are indexed by SCOPUS database. 
As a result of this analysis, 53 topics specifying the themes and 
trends in the HCI field was uncovered. Besides, these discovered 
topics categorized within themselves, and a systematic 
taxonomy mapping the landscape of HCI research and practices 
in the past 20 years was presented. This taxonomy contains six 
main categories: “machinery systems”, “HCI body of 
knowledge”, “feature identification”, “brain-computer 
interfaces”, “interaction”, and “medical”. This study is expected 
to contribute to HCI research, practices, and investments in the 
future. 

Keywords—human-computer interaction, research themes 
and trends, literature analysis, text mining, topic modeling 

I. INTRODUCTION 

Human Computer Interaction (HCI) is an interdisciplinary 
field of research and practice that investigates the design of 
interactive systems and technologies and their applications 
and evaluations [1]. A specific definition for the HCI is given 
by Hewett et al. (1992, page 5) as follows: “Human-computer 
interaction is a discipline concerned with the design, 
evaluation and implementation of interactive computing 
systems for human use and with the study of major 
phenomena surrounding them” [2]. As the HCI discipline 
considers the interaction between human beings and the 
computers, the fields that study the human behaviors, 
psychology, sociology, cognition, anthropology, and 
education as well as the fields study on computer 
technologies, software engineering, ergonomics, industrial 
design and graphical design have been involved in HCI 
research and applications [1-3].  

Besides its interdisciplinary background, HCI is also a 
lively and ever-developing field which has been affected the 
technological progresses. For this reason, there is an increased 
interest on the HCI studies. The first study in this field is 
conducted by Shackel in 1959 [4]. Afterwards, with the 
“International Journal of Man-Machine Studies” starting 
publication in 1969 the field has been evolved. In the 1970s, 
the concept of “user-friendliness” was introduced, and in 
1976, NATO sponsored a workshop on man-computer 
interaction. In 1982, ACM (Association for Computing 
Machinery) started the SIGCHI (Special Interest Group on 
Computer-Human Interaction) and CHI (International 
Conference for Human-Computer Interaction) conferences. In 

the late 1980s, four major publications have been published in 
the field of HCI [5]. In this period, the first industrial 
laboratories for HCI started to be established. With the 
advance of responsive web technologies in the 1990s, HCI 
studies greater than before its significance, and user-centric 
designs began to come into prominence instead of technical-
centric or designer-centric designs. 

The improvements in the information and communication 
technologies directly affect the HCI studies. Hence, the field 
of HCI being emerging as a young discipline since late 70’s 
[5]. HCI research and applications attract ever-increasing 
interest from both practitioners and researchers in a wide 
spectrum of disciplines. Due to the fast-growing user-
responsive information technologies, the interest of 
researchers and the number of research and practices on the 
field of HCI have increased steadily every year. Namely, 
although the total number of journal articles in the years 
between 1998 and 2008 was 10858, the number of the articles 
published in the last decade between 2009 and 2018 was 
22972.  

From this viewpoint, investigation and understanding of 
emerging themes and trends in the HCI research have a 
strategic importance for the today and future of HCI. Since 
there are too many studies considered under the field of HCI, 
it is not very easy to analyze all of these studies and reveal the 
big picture of the field. The number of studies on literature 
review attempts to reveal the developmental stages and 
paradigm shifts in the domain-specific literature is very 
limited. Such reviews are crucial to identify research gaps and 
tendencies and to guide future studies. In this context, Li and 
Zhang (2005) have conducted a review study by considering 
337 HCI studies published between 1990 and 2002 in seven 
HCI-specific journals [6]. Zhang et al. (2009) have also 
reviewed HCI studies published between 1990 and 2008 by 
analyzing 758 articles by using a similar approach used by Li 
and Zhang (2005) and enlarging their scope [7]. They have 
classified the main HCI topics as IT development, IT use and 
impact, and generic research topics where they have classified 
the methods of these studies as non-empirical and empirical 
studies [7]. The research fields are also identified as broad 
research fields, disciplines for information, computing and 
communication sciences and subjects for the information 
systems [7]. In another review study is conducted by Agrawal 
et al. (2010), reporting a dearth with respect to dyadic 
communication, researchers investigated the cultural issues, 
involvement of enterprise systems, and levels of analysis 
issues [8]. From a similar perspective, Kjeldskov and Paay 
(2012) performed another review study containing 144 studies 
to reveal mobile HCI methods [9]. They found that the mobile 
HCI research were conducted empirically and then based on a 
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methodology that diversified by combining methods from 
different disciplines [9]. Another meta-review is conducted by 
Coursaris and Bontis (2012) reveals that the research 
productivity on the HCI field considering publications by 
three main domain-specific journals [10].  

Since the above-mentioned and similar review studies are 
conducted with a limited number of publications in limited 
time periods or only with particular publication resources, 
there is still a noteworthy gap in the literature to explore the 
big landscape of HCI studies. In this paper, an automated text 
mining based content analysis was implemented using Latent 
Dirichlet Allocation (LDA), with the intention of investigation 
of research themes and trends in the HCI literature. This topic 
modeling analysis was performed on 33830 journal articles 
published between 1998 and 2018. Consequently, 53 trending 
topics demonstrating the research tendencies of HCI were 
discovered in a finer-granularity level. The findings of the 
study are expected to provide valuable insights for the HCI 
industry, academic individuals and institutions, and HCI 
communities.  

II. RESEARCH DESIGN 

A. Data Collection 

The process of data collection was firstly started by 
acquiring the HCI articles from Scopus, a bibliographic 
database that provides well-organized arrangements of 
bibliographic information in various file formats. In this 
context, the following search-query was employed on the 
Scopus: 

TITLE-ABS-KEY (("human computer " OR "computer 
human " OR "machine human" OR "human machine" OR 
"human robot" OR "robot human " OR "brain computer" OR 
"computer brain" OR "man machine" OR "machine man") 
AND (interact* OR interface* OR system*)) AND 
(PUBYEAR > 1998) AND (PUBYEAR < 2019) AND 
(LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, 
"re")) AND (LIMIT-TO (LANGUAGE, "English")). 

This search query describes only research and review 
articles published in English over a 20-year period from 1998 
to 2018. Using the search-query, 33830 journal articles 
containing the specified phrases either in their title or abstract 
or author keywords were obtained. Consequently, an 
experimental data set consisting of 33830 journal articles was 
created, which included the title, abstract, and author 
keywords of each article. 

B. Data Preprocessing 

Text preprocessing is an essential task for cleaning and 
structuring the complex textual data in text mining [11]. The 
preprocessing makes available considerable contributions to 
text mining in many ways such as analysis sensitivity, 
diagnostic precision, dimension reduction, and feature 
selection. In this study, the preprocessing operations including 
the following steps: tokenization; eliminating the numbers, 
punctuations, and links; lowercase conversion; removing the 
stop-words; and finally, implementation of stemming process 
using Porter stemmer algorithm [12, 13]. Thanks to the 
preprocessing operations, a document-term matrix (DTM) 
having lower dimensions was built to characterize the dataset 
[13, 14]. 

C. Topic Modeling Analysis with LDA 

This study employed Latent Dirichlet Allocation (LDA) 
[15], a generative model for probabilistic topic modeling, with 
the intention of discovering the latent semantic structures of 
the HCI articles that constitute the experimental dataset. In 
this generative technique, each document is represented as a 
mixture distribution over topics and each topic is represented 
as a distribution over words [15, 16]. LDA is an unsupervised 
machine learning technique that enables to automatically 
analyze the numerous textual collections in a very short period 
of time [17]. Therefore, LDA has recently become a widely 
used text mining approach to achieve different implications 
[16-20]. 

In the application stage of LDA model to experimental 
data set, the MALLET package [21], a topic modeling 
implementation written in Java, was implemented. The 
MALLET package was implemented for discovering the 
latent topics with 2600 Gibbs sampling iterations [22]. LDA 
uses two Dirichlet parameters that are α and β in order for 
optimization of the model [15, 23]. The number of topics, 
indicated by T, is an another hyper parameter that enables to 
select the distribution level of the topics [16, 23]. In this 
analysis, LDA model was implemented using different T-
values between 20 and 75. The desired topic distributions 
were succeeded for T=53. After revealing the topics, the 
discovered topics were labeled manually in line with the 
frequencies of the keywords that create the topic [17, 18]. 

III. RESULTS 

In this study, research literature of HCI field was analyzed 
in order to reveal the underlying research themes and trends 
between 1998 and 2018. With this analysis, 53 topics 
reflecting HCI research trends were discovered by employing 
LDA on the experimental data set consisting of 33830 journal 
articles. The topics are given with related keywords and their 
rates in Table I. The topics are listed in the table in descending 
order according to the rates. As seen in the table, discovered 
topics uncovered research trends of HCI as well as the HCI 
application areas and emerging HCI systems. The topic which 
has been considered primarily by the researchers is “user 
interfaces”. This topic is drawing attention as a common 
research area of the HCI discipline. The topic of 
“requirements” has the second highest rate between the topics. 
The topic of “research” is the third. The other topics mostly 
studied are: “machine-human systems”, “software 
development”, “cognition”, “nurse training”, “user 
experience”, “feature classification”, and “production 
control”, respectively.  

In the next stage of the analysis, it was aimed to categorize 
and present the themes and trends in a more understandable 
way. To this end, a research taxonomy of HCI was developed 
by associating the topics with the main research and 
application domains. The HCI research themes and trends 
demonstrated by 53 topics were mapped into six main 
categories, and a research taxonomy was developed for HCI. 
The six main categories that build this taxonomy are: 
“machinery systems”, “HCI body of knowledge”, “feature 
identification”, “brain-computer interfaces”, “interaction”, 
and “medical”. The distribution of discovered topics 
according to the main categories are presented in Table II with 
their percentages. 
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TABLE I.  RESEARCH TOPICS DISCOVERED BY LDA. 

ID Topic Name Descriptive Keywords Rate (%) 

1 User interfaces comput*;  user*; interfac*; interact*; human*; system*; graphic*; design*; applic*; base* 3.84 

2 Requirements approach*; requir*; applic*; cost*; limit*; provid*; techniqu*; time*; effect*; complex* 3.72 

3 Research  research*; technologi*; review*; develop*; human*; comput*; futur*; discuss*; field*; issu* 3.68 

4 Machine-human systems system*; machin*; human*; oper*; inform*; engin*; analysi*; scienc*; develop*; cybernet* 3.56 

5 Software development design*; develop*; softwar*; tool*; engin*; process*; comput*; product*; interact*; project* 3.18 

6 Cognition cognit*; human*; interact*; action*; theori*; framework*; activ*; comput*; process*; context* 3.00 

7 Nurse training comput*; nurs*; train*; educ*; human*; attitud*; inform*; health*; manag*; medic* 2.81 

8 User experience experi*; person*; self*; behavior*; effect*; particip*; perceiv*; research*; result*; user* 2.53 

9 Feature classification featur*; classif*; pattern*; classifi*; analysi*; extract*; recognit*; method*; vector*; machin* 2.51 

10 Production control control*; system*; oper*; machin*; product*; manufactur*; industri*; process*; plant*; interfac* 2.40 

11 Cognitive tasks task*; perform*; human*; mental*; cognit*; autom*; workload*; effect*; experi*; control* 2.37 

12 Digital interaction interact*; digit*; design*; technologi*; comput*; human*; hci*; cultur*; creativ*; experi* 2.36 

13 Usability evaluation evalu*; usabl*; test*; method*; measur*; qualiti*; assess*; user*; result*; valid* 2.30 

14 Response time time*; rate*; respons*; measur*; result*; frequenc*; real*; chang*; condit*; subject* 2.28 

15 Image detection imag*; detect*; comput*; method*; object*; color*; human*; vision*; base*; segment* 2.24 

16 Computer control systems system*; comput*; control*; data*; softwar*; interfac*; network*; commun*; time*; power* 2.21 

17 Human-robot interaction robot*; human*; interact*; humanoid*; social*; behavior*; assist*; hri*; anthropomorph*; physic* 2.20 

18 Simulation models model*; simul*; predict*; comput*; human*; dynam*; base*; mathemat*; analysi*; method* 2.18 

19 Mobile mobil*; servic*; comput*; user*; devic*; network*; smart*; secur*; applic*; interact* 2.16 

20 Force control control*; forc*; human*; mechan*; system*; dynam*; motion*; actuat*; joint*; design* 2.10 

21 Intelligent decision support intellig*; decis*; agent*; system*; support*; human*; collabor*; artifici*; comput*; cooper* 1.95 

22 Data-knowledge data*; knowledg*; base*; expert*; semant*; inform*; analysi*; process*; map*; structur* 1.95 

23 Gesture gestur*; track*; hand*; ey*; human*; motion*; recognit*; movement*; interact*; gaze* 1.92 

24 Information retrieval inform*; web*; search*; retriev*; user*; internet*; access*; content*; onlin*; websit* 1.90 

25 EEG signals signal*; brain*; eeg*; interfac*; comput*; bci*; process*; electroencephalographi*; channel*; nois* 1.89 

26 Education learn*; student*; educ*; comput*; teach*; instruct*; base*; cours*; interact*; skill* 1.83 

27 User ag*; adult*; femal*; male*; comput*; internet*; human*; children*; adolesc*; middl* 1.79 

28 Brain-computer interface brain*; bci*; interfac*; comput*; potenti*; visual*; evok*; base*; event*; relat* 1.76 

29 Brain neural interface brain*; interfac*; neural*; comput*; cortex*; function*; stimul*; neuron*; activ*; decod* 1.71 

30 Health-care health*; medic*; care*; patient*; inform*; record*; clinic*; system*; electron*; physician* 1.68 

31 Social media social*; commun*; onlin*; media*; network*; behavior*; trust*; interact*; human*; mediat* 1.67 

32 Brain-motor-movement motor*; movement*; brain*; imageri*; interfac*; bci*; comput*; control*; hand*; perform* 1.63 

33 Display device displai*; devic*; screen*; touch*; comput*; input*; mous*; keyboard*; interact*; design* 1.56 

34 Human safety error*; human*; safeti*; ergonom*; risk*; factor*; accid*; analysi*; occup*; worker* 1.55 

35 Optimization algorithms optim*; algorithm*; method*; comput*; function*; schedul*; solut*; decis*; interact*; select* 1.54 

36 Natural language processing languag*; program*; comput*; natur*; text*; word*; commun*; process*; code*; charact* 1.49 

37 Robot control robot*; control*; manipul*; oper*; navig*; plan*; remot*; task*; environ*; assembli* 1.47 

38 Sensors sensor*; electron*; devic*; wearabl*; human*; sens*; skin*; pressur*; materi*; flexibl* 1.41 

39 Virtual-reality virtual*; realiti*; environ*; interact*; simul*; augment*; comput*; real*; world*; human* 1.38 

40 Disability rehabilitation rehabilit*; assist*; disabl*; patient*; stroke*; wheelchair*; devic*; control*; function*; motor* 1.31 

41 Neural networks network*; learn*; neural*; adapt*; fuzzi*; algorithm*; artifici*; train*; system*; base* 1.30 

42 Speech recognition speech*; recognit*; dialogu*; voic*; multimod*; commun*; modal*; system*; interact*; convers* 1.27 

43 Visual feedback visual*; feedback*; percept*; auditori*; music*; attent*; haptic*; sensori*; sound*; human* 1.25 

44 Musculoskeletal muscl*; hand*; human*; postur*; electromyographi*; bodi*; emg*; activ*; musculoskelet*; upper* 1.19 

45 Disease intervention diseas*; disord*; patient*; intervent*; clinic*; trial*; comput*; therapi*; control*; treatment* 1.05 

46 Emotion emot*; express*; facial*; recognit*; affect*; human*; interact*; comput*; physiolog*; featur* 1.04 

47 Flight control systems pilot*; control*; flight*; aircraft*; space*; system*; oper*; air*; machin*; autom* 1.01 

48 Video-game game*; video*; plai*; player*; comput*; interact*; experi*; graphic*; seriou*; engag* 0.93 

49 Driving control systems drive*; driver*; vehicl*; system*; car*; control*; simul*; automobil*; steer*; traffic* 0.87 

50 Genetics sequenc*; protein*; databas*; gene*; analysi*; comput*; genet*; data*; genom*; softwar* 0.85 

51 Energy flow energi*; flow*; environment*; water*; power*; effici*; temperatur*; consumpt*; grid*; electr* 0.81 

52 Surgery surgeri*; imag*; surgic*; assist*; medic*; comput*; procedur*; cancer*; surgeon*; diagnost* 0.74 

53 Animal tissue anim*; cell*; tissu*; blood*; drug*; probe*; experiment*; rat*; laser*; effect*;  0.65 
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TABLE II.  RESEACH TAXONOMY FOR HCI 

Category Topic Name Rate (%) Total (%) 

Machinery systems 

Machine-human systems 3.56% 

25.26% 

Production control 2.40% 

Computer control systems 2.21% 

Human-robot interaction 2.20% 

Mobile 2.16% 

Force control 2.10% 

Intelligent decision support 1.95% 

Display device 1.56% 

Human safety 1.55% 

Robot control 1.47% 

Sensors 1.41% 

Flight control systems 1.01% 

Driving control systems 0.87% 

Energy flow 0.81% 

HCI body of knowledge 

User interfaces 3.84% 

21.04% 

Requirements 3.72% 

Research  3.68% 

Software development 3.18% 

User experience 2.53% 

Usability evaluation 2.30% 

User 1.79% 

Feature identification 

Feature classification 2.51% 

19.45% 

Response time 2.28% 

Image detection 2.24% 

Data-knowledge 1.95% 

Gesture 1.92% 

Information retrieval 1.90% 

Optimization algorithms 1.54% 

Natural language processing 1.49% 

Neural networks 1.30% 

Speech recognition 1.27% 

Emotion 1.04% 

Brain-computer interfaces 

Cognition 3.00% 

12.36% 

Cognitive tasks 2.37% 

EEG signals 1.89% 

Brain-computer interface 1.76% 

Brain neural interface 1.71% 

Brain-motor-movement 1.63% 

Interaction 

Digital interaction 2.36% 

11.60% 

Simulation models 2.18% 

Education 1.83% 

Social media 1.67% 

Virtual-reality 1.38% 

Visual feedback 1.25% 

Video-game 0.93% 

Medical 

Nurse training 2.81% 

10.29% 

Health-care 1.68% 

Disability rehabilitation 1.31% 

Musculoskeletal 1.19% 

Disease intervention 1.05% 

Genetics 0.85% 

Surgery 0.74% 

Animal tissue 0.65% 
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The first research area, machinery systems (25.26%), 
contains 14 topics consisting of the “machine-human 
systems”, “production control”, “computer control systems”, 
“human-robot interaction”, “mobile”, “force control”, 
“intelligent decision support”, “display device”, “human 
safety”, “robot control”, “sensors”, “flight control systems”, 
“driving control systems”, and “energy flow”, respectively.  
The second, HCI body of knowledge (21.04%) has seven 
items, namely “user interfaces”, “requirements”, “research”, 
“software development”, “user experience”, “usability 
evaluation”, and “user”. The third, feature identification 
(19.45%) contains the 11 items of “feature classification”, 
“response time”, “image detection”, “data-knowledge”, 
“gesture”, “information retrieval”, “optimization algorithms”, 
“natural language processing”, “neural networks”, “speech 
recognition”, and “emotion”. The fourth, brain-computer 
interfaces (12.36%) has six items: “cognition”, “cognitive 
tasks”, “EEG signals”, “brain-computer interface”, “brain 
neural interface”, and “brain-motor-movement”. The fifth, 
interaction (11.60%), consists of seven items: “digital 
interaction”, “simulation models”, “education”, “social 
media”, “virtual-reality”, “visual feedback”, and “video-
game”. Finally, medical (10.82%) has eight items comprising 
“nurse training”, “health-care”, “disability rehabilitation”, 
“musculoskeletal”, “disease intervention”, “genetics”, 
“surgery”, and “animal tissue”. 

IV. CONCLUSION 

In this study, an automated text mining-based content 
analysis was conducted on HCI literature using Latent 
Dirichlet Allocation (LDA), a generative approach for 
probabilistic topic modeling, in order to discover research 
trends in the HCI field. This analysis covered 33830 peer 
reviewed journal articles published in the last 20 years, from 
1998 to 2018. Consequently, the analysis exposed the 53 
topics demonstrating HCI research landscape. Of all the 
discovered topics, the topic of “user interfaces” is the most 
studied subject by the researchers. This is followed by 
“requirements”, “research”, “machine-human systems”, 
“software development”, respectively. Besides, discovered 
topics classified within themselves, and a systematic 
taxonomy reflecting the research landscape of HCI field in the 
past 20 years was presented. This taxonomy comprises six 
focal categories that are: “machinery systems”, “HCI body of 
knowledge”, “feature identification”, “brain-computer 
interfaces”, “interaction”, and “medical”.  

The findings and implications of this study can provide 
noteworthy insights to HCI communities by revealing the 
emerging trends in the HCI field, and potential gaps for 
studies. HCI is a dynamic and ever-developing field, and so it 
has many potential avenues for future studies. Our research 
methodology may also assist researchers for automated 
literature analysis in the HCI or another research fields. 
Moreover, the methodology can be implemented to different 
types of online community platforms where large amounts of 
textual data are shared simultaneously such as forums, social 
networks, and blogs. 
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Abstract—Big data is a relatively new and lively field of 
research and practice. Researchers investigating a new field of 
research are interested in themes, trends, and gaps that 
demonstrate the field in order to make informed and accurate 
choices. Understanding up to date trends and potential gaps in 
a research field is only possible through a detailed analysis of the 
domain-specific literature. Since scientific literature has an 
exponential growth, it is not easy to manually identify such 
trends. In this context, probabilistic topic modeling is an 
effective approach which has recently attracted considerable 
attention in semantic analysis of large-scale textual collections. 
In this study, a semantic content analysis based on topic 
modeling was conducted on big data literature from 2009 to 
2018 in order to discover big data research trends and themes. 

Keywords— big data, research trends, literature review, topic 
modeling, meta-analysis. 

I. INTRODUCTION 

Considering today's scientific research and development 
trends, big data has become a leading research and application 
area in both industry and academia in the last 10 years [1]. As 
an interdisciplinary concept, the term big data encompasses 
research and application areas that use a variety of databases, 
architectures, tools, and methodologies in order to process and 
analyze large-scale data [1, 2]. In today's technology-oriented 
life perspective, companies, academies and governments are 
closely interested in high potential of big data, and the 
resources and investments allocated to this innovative area are 
ever-growing [3]. Due to its strategic potential and industrial 
impact, big data has been the focus of academic and industrial 
research in recent years [4, 5]. 

Since its emergence, big data has been an interdisciplinary 
research field, thoroughly interacting with other disciplines 
such as business science, computer science, mathematics, 
statistics, software engineering, medicine, bioinformatics, life 
sciences, to mention a few [3, 4]. Big data focuses on 
analyzing large or complex data sets that cannot be handled 
by traditional data processing approaches and application 
software, and systematically extracting information from 
these data sets. 

Concerning with the definition of big data, the numerous 
definitions from 3Vs to 6Vs were done by numerous 
researchers up till now. Big data was originally defined with 
three fundamental concepts, known as 3Vs: volume, variety, 
and velocity [6]. Volume denotes to high amount of data 
commonly running into zettabytes. The type of data is not only 
text or numbers, but also can be images, sounds, videos, etc., 
which make it very varied. The data is produced quickly which 
is called as high velocity of it [1, 7, 8]. 

With the widespread use of numerous information-sensing 
devices such as mobile devices, antennas (remote sensing), 
social networks, online blogs, software logs, radio frequency 
identification (RFID) readers, cameras, remote control 
systems, wireless sensors, and internet of things (IoT), the 
volume of data generated is increasing exponentially every 
year. In this regard, interest in research and investment in this 
contemporary area is growing day by day. In line with the 
increasing interest of researchers, the number of scientific 
publications in this field has increased significantly, especially 
in the last three to four years. From this perspective, numerous 
literature reviews have been conducted with the intention of 
exploring big data research themes and tendencies [1, 3, 9-13]. 

In this study, we performed a semantic content analysis 
using Latent Dirichlet Allocation (LDA) with the aim of 
discovering the trending topics studied in the big data field. 
This analysis was performed on the experimental data set 
consisting of 17599 journal articles published between 2009 
and 2018, and indexed in Scopus database. As a consequence 
of this study, 36 topics demonstrating big data research 
landscape were discovered. It is expected that this study will 
contribute to big data body of knowledge in understanding the 
maturity of the field and recognizing possible research and 
application gaps in this field. 

II. DATA AND METHODS 

A. Data Collection and Preprocessing 

For this empirical analysis, a corpus consisting of only 
peer-reviewed journal articles was created. The Elsevier's 
Scopus database was used to obtain the articles.  A search-
query was performed on Scopus so as to obtain the articles 
with the term “big data” or “bigdata” in their title or abstract, 
or keywords. Besides, this search-query was narrowed down 
by adding a restriction covering the research and review 
articles published in the last 10 years between the years 2009-
2018. The search-query implemented with the specified 
restrictions is as follows:  

TITLE-ABS-KEY ("big data" or "bigdata") AND 
(PUBYEAR < 2019) AND (PUBYEAR > 2008) AND 
(LIMIT-TO (DOCTYPE,"ar") OR LIMIT-TO 
(DOCTYPE,"re")). 

With the search performed on December 2, 2018 using this 
search-query, the 17599 journal articles were obtained. Of the 
articles in this data set, 15810 are research articles and 1789 
are review articles. Consequently, an experimental data set 
containing the title, abstract and keywords data for each of the 
17599 articles was created.  
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Before starting the analysis, preprocessing steps 
containing some sequential tasks were applied to increase the 
success of the analysis [14]. Firstly, meaningless expressions, 
links, numbers, and html tags in the textual corpus were 
deleted. The tokenization was then applied in order to create 
the word vectors of the textual corpus. Stop words (he, she, it, 
what, where, for, to, and etc.) that do not make sense alone 
were then removed [15]. After the preprocessing steps, the 
document-term matrix (DTM), which is represented by unique 
words in this word space, was created [16].  

B. Topic Modeling Analysis 

Probabilistic topic modelling is an unsupervised machine 
learning technique used to automatically discover hidden 
semantic structures, named as “topics”, in a given corpus. In 
this study, Latent Dirichlet Allocation (LDA) [17, 18], a 
generative model for probabilistic topic modeling, was 
employed. In LDA model, per-document topic distribution, 
per-topic word distribution, and the per-document per-word 
topic word assignments are computed together as Dirichlet 
distributions in order to reveal hidden semantic structures 
(topics) using observed words in a document collection (in this 
case big data articles) [18, 19]. With the aim of implementing 
the LDA model, the MALLET topic modeling toolkit was 
implemented with 1800 Gibbs sampling iterations [20, 21] 
Besides, the parameter of K is used to specify the number of 
topics. For the selection of number of topics, the LDA model 
was implemented with varied K-values in the range K ∈ {10, 
12, 14, ... ,50}, and as a result, the desired topic-word 
distributions were achieved once the number of topics was 
equal to 36 [19, 22]. 

III. RESULTS 

A. Preliminary Analysis 

In this section, the 17599 journal articles which constitute 
our corpus were analyzed in terms of distribution of them by 
years. Table I shows distribution of the articles that are 
published between 2009 and 2018. As seen from Table I, 
among 17,599 studies, 71% are published at 2016 and later 
years. It should also be noted that, in years 2009 to 2012 the 
number of publication about big data concepts are very 
limited. The distribution of these articles over the last 10 years 
shows that the big data phenomenon will be a field of research 
and application that attracts much attention in the near future. 

TABLE I.  DISTRIBUTION OF ARTICLES BY THE YEAR OF 
PUBLICATION 

Year # % 
2018  4646 26 
2017  4231 24 
2016  3643 21 
2015  2522 14 
2014  1673 10 
2013  635 4 
2012  197 1 
2011  33 0 
2010  9 0 
2009 10 0 
Total 17599 100 

 
In addition, the top journals that contain articles on big 

data research and applications were identified. The top 15 
journals that consider the studies in the field of big-data are 
presented in Table II. Generally, journals consider the 
publications in the field of big-data in a limited amount. There 
are only a small number of journals specific to big data, such 

as Journal of Big Data, Big Data, and Big Data Research (not 
yet in the top 15). Most of the studies are published by IEEE 
Access (4%), Future Generation Computer Systems (3%), and 
Journal of Advanced Oxidation Technologies (3%). 

TABLE II.  TOP 15 PUBLICATION SOURCES (JOURNALS) ON BIG DATA 
RESEARCH 

Journal # %
IEEE Access 259 4
Future Generation Computer Systems 207 3
Journal Of Advanced Oxidation Technologies 172 3
Technical Bulletin 156 2
International Journal Of Applied Engineering Research 142 2
Lecture Notes In Computer Science 125 2
Plos One 109 2
Computer Research And Development 106 2
Journal Of Big Data 98 1
International Journal Of Engineering And Technology  96 1
Chinese Journal Of Computers 87 1
Sustainability 86 1
Neurocomputing 84 1
IBM Data Management Magazine 83 1
Cluster Computing 82 1

 

B. Discovered Topics by LDA 

As a result of this analysis, the 36 trending topics mapping 
the landscape of big data research and applications were 
discovered and presented in Table III, together with topic 
names, descriptive LDA words, and topic rates. The topics are 
presented in the table in descending order considering their 
rate. The topics were labeled manually consistent with the 
descriptive LDA words. As understood from Table III, the 
topic of “big data characteristics” is found to be having the 
highest rate (4.52%). It is followed by “distributed 
processing”, “healthcare”, “public government”, “internet of 
things”, “bioinformatics”, “research trends”, “optimization 
problems”, “business intelligence and analytics”, and 
“statistical methods” respectively. 

In order to provide a more systematic perspective 
demonstrating the big-data topics, a taxonomy was developed 
and presented in Table IV. This taxonomy indicates three 
main fields are: big data body of knowledge (32.12%), big 
data analytics (33.44%), and big data applications (34.44%). 

 The first main field of big data research is big data body 
of knowledge (32.12%), that contains 11 topics consisting of 
the “big data characteristics”, “distributed processing”, 
“research trends”, “cloud computing”, “scientific research and 
projects”, “large-scale datasets”, “data privacy and security”, 
“issues, challenges and solutions”, “theoretical background”, 
“databases”, and “real-time processing”, respectively.  The 
second, big data analytics (33.44%), has 13 items, namely 
“optimization problems”, “business intelligence and 
analytics”, “statistical methods”, “machine learning”, “social 
media analysis”, “decision making”, “feature selection”, 
“open source tools”, “prediction models”, “information 
retrieval”, “data mining”, “behavior analysis”, “quality-
performance evaluation”. The third, big data applications 
(34.44%), contains the 11 items of “health-care”, “public 
government”, “internet of things”, “bioinformatics”, 
“educational applications”, “smart cities”, “marketing”, 
“patient risk factors”, “image and signal processing”, “energy 
control systems”, “environmental ecosystems”, and 
“communication networks”. 
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TABLE III.  BIG DATA RESEARCH TOPICS DISCOVERED BY LDA 

ID Topic Name Top LDA Words Rate % 

1 Big data characteristics data big sources volume variety collection velocity characteristics era abstract acquisition veracity 
types cleaning challenges definition introduces refers 

4.52 

2 Distributed processing mapreduce hadoop performance distributed processing parallel memory storage framework reduce 
high spark cluster system computing map file applications 

4.16 

3 Health-care health clinical medical care healthcare medicine patient patients electronic disease records precision 
treatment evidence outcomes diagnosis diseases practice 

3.75 

4 Public government digital public article policy government governance control practices author law  surveillance ethical 
legal ethics society practice ways 

3.72 

5 Internet of things smart internet technologies iot things mobile devices manufacturing technology sensors physical 
intelligent sensor industrial systems internet applications city 

3.28 

6 Bioinformatics cancer biological drug disease gene genome sequencing high molecular biology genomic genetic 
expression cell genomics genes bioinformatics discovery 

3.24 

7 Research trends research future review field literature survey challenges methods recent studies current trends issues 
researchers opportunities areas related years 

3.19 

8 Optimization problems algorithm clustering proposed algorithms optimization problem based results multi fuzzy means 
problems solve method optimal paper cluster 

3.15 

9 Business intelligence and 
analytics 

analytics business big paper study purpose organizations data intelligence knowledge findings 
innovation implications framework limited methodology technology 

3.10 

10 Statistical methods methods statistical matrix estimation method linear sampling regression large sample statistics 
variables random component sparse bayesian size function 

3.06 

11 Cloud computing cloud computing service services resources resource platform applications scheduling environment 
cost virtual architecture performance distributed allocation environments 

3.04 

12 Educational applications technology development big education application students era china chinese paper platform 
construction university teaching traditional reserved forward 

2.95 

13 Scientific research and 
projects 

science research scientific community project sciences sharing researchers scientists collaboration 
communities opportunities national projects knowledge efforts society  

2.78 

14 Machine learning learning machine classification deep neural features training algorithms accuracy recognition artificial 
vector support class methods performance classifier 

2.76 

15 Social media analysis social media online analysis twitter content sentiment study users people google related news public 
communication influence opinion tweets 

2.75 

16 Smart cities spatial urban traffic smart temporal location city transportation travel cities road mobility vehicle flow 
planning space study tourism 

2.74 

17 Decision making management data decision big making design process support driven chain supply integration 
framework decisions processes paper operations application 

2.72 

18 Feature selection method set based selection proposed feature datasets dataset methods results features reduction tree 
space similarity high dimensional show 

2.65 

19 Marketing big market industry customer business product marketing financial companies products consumer 
customers enterprises enterprise economic strategies company 

2.65 

20 Patient risk factors risk study patients results age years factors rates year total rate higher cases group heart studies 
methods related 

2.54 

21 Large-scale datasets data large scale big amount sets huge volume generated amounts massive number increasing analyze 
handle handling challenge 

2.53 

22 Data privacy and security data privacy security big access protection information scheme personal based ın sharing key paper 
control encryption secure sensitive 

2.53 

23 Issues, challenges and 
solutions 

systems challenges applications complex big graph state computational solutions technologies 
problems art heterogeneous issues address complexity approaches 

2.53 

24 Image and signal 
processing 

image images high video signal compression imaging materials optical structure signals resolution 
processing structural transform based ın field 

2.51 

25 Theoretical background theory big data work role cognitive concept theoretical part nature view  focus evolution important 
processes general critical 

2.50 

26 Energy control systems system energy power control monitoring consumption grid efficiency operation distribution based 
load fault high building proposed maintenance equipment 

2.43 

27 Environmental 
ecosystems 

environmental global sensing change remote water climate land earth ecological ecosystem 
monitoring disaster agricultural environment observation natural scale 

2.33 

28 Open source tools data open software visualization source tools analysis tool visual access library web developed 
provided datasets interface metadata article 

2.33 

29 Prediction models model models based detection prediction method modeling proposed forecasting predictive results 
predict accuracy simulation correlation detect show  

2.32 

30 Communication networks network networks communication based wireless layer nodes sensor multimedia proposed paper 
transmission traffic transfer structure big 

2.30 

31 Information retrieval knowledge search web text semantic language information based retrieval domain approach extraction 
ontology paper natural topic sources 

2.29 

32 Databases data database query databases big storage paper processing queries index structured based store nosql 
unstructured process relational 

2.29 

33 Data mining data analysis mining big methods techniques association pattern patterns rules process analyze paper 
rule applied frequent analyzing 

2.25 
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TABLE III.  BIG DATA RESEARCH TOPICS DISCOVERED BY LDA (CONTINUED) 

ID Topic Name Top LDA Words Rate % 

34 Behavior analysis human individual behavior studies level activity brain study patterns dynamics understanding provide 
tracking potential individuals functional levels analysis 

2.09 

35 Real-time processing time data real processing big dynamic series stream high event online world process streams events 
paper streaming 

2.05 

36 Quality-performance 
evaluation 

quality performance evaluation study results assessment factors analysis based measures evaluate 
process impact methodology measure important test testing 

1.97 

 

TABLE IV.  TAXONOMY OF BIG DATA RESEARCH 

Main Fields Topic Name Rate % Total % 

Big data body of knowledge 

Big data characteristics 4.52 

32.12 

Distributed processing 4.16 

Research trends 3.19 

Cloud computing 3.04 

Scientific research and projects 2.78 

Large-scale datasets 2.53 

Data privacy and security 2.53 

Issues, challenges and solutions 2.53 

Theoretical background 2.50 

Databases 2.29 

Real-time processing 2.05 

Big data analytics 

Optimization problems 3.15 

33.44 

Business intelligence and analytics 3.10 

Statistical methods 3.06 

Machine learning 2.76 

Social media analysis 2.75 

Decision making 2.72 

Feature selection 2.65 

Open source tools 2.33 

Prediction models 2.32 

Information retrieval 2.29 

Data mining 2.25 

Behavior analysis 2.09 

Quality-performance evaluation 1.97 

Big data applications 

Health-care 3.75 

34.44 

Public government 3.72 

Internet of things 3.28 

Bioinformatics 3.24 

Educational applications 2.95 

Smart cities 2.74 

Marketing 2.65 

Patient risk factors 2.54 

Image and signal processing 2.51 

Energy control systems 2.43 

Environmental ecosystems 2.33 

Communication networks 2.30 

 

IV. CONCLUSION 

This study aims to discover research topics and trends in 
the big data field. To this aim, we conducted a meta-analysis 
on 17599 peer reviewed journal articles published in the last 
ten years between 2009 and 2018 using LDA, a hierarchical 
Bayesian approach for probabilistic topic modeling 
procedure. As a result, this analysis discovered the 36 topics 
revealing big data research themes and trends. The topic of 
“big data characteristics” is the most highlighted topic in the 
studies. It is followed by “distributed processing”, 
“healthcare”, “public government”, and “internet of things”, 

respectively. The topics have uncovered computational 
techniques, knowledge-domains, application areas, tools, and 
methodologies as well as trends in big data research. In 
addition, a taxonomy demonstrating the research background 
of big data field was presented. This taxonomy consists of 
three main fields that are: big data body of knowledge 
(32.12%), big data analytics (33.44%), and big data 
applications (34.44%).  The methodology and findings of the 
study may provide valuable contributions for understanding 
the maturity of the big data research and recognizing potential 
gaps and research opportunities in this field.  
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Abstract—This paper analyzes recent literature to 
investigate the emerging topics and trends in deep learning 
research. In this context, a semantic content analysis based on 
probabilistic topic modeling has been performed on 22,279 
journal articles on the subject of deep learning during the last 
19 years between 2001 and 2019. As a consequence of this 
analysis, 18 topics mapping the research landscape of deep 
learning was revealed. The topic “Classification” has the highest 
ratio (10.57%). It is followed by the topics “Image feature 
representing” (8.90%), and “Data applications” (8.71%). In 
addition, with the purpose of identifying the time-dependent 
average and acceleration of these topics, the average number of 
articles for each topic, and the rate of increase in the number of 
articles for each topic were calculated. In this context, the topics 
were separated into three groups including “hot topics”, “stable 
topics”, and “cold topics”. These discovered topics, which map 
the research landscape of deep learning, are expected to 
contribute to understanding the present and future of deep 
learning. 

Keywords—deep learning, deep neural networks, research 
trends, literature analysis, probabilistic topic modeling 

I. INTRODUCTION 

Deep learning is a rapidly developing methodology that 
has been successfully applied in artificial intelligence 
applications, which has led to new horizons in many 
technology-focused areas in recent years. Deep learning, 
based on the use of multilevel “deep” neural networks to 
generate automated systems that can extract features from 
large amounts of tagged training data, is an area of 
considerable investment and research in recent times [1, 2]. 
Deep learning provides a kind of machine learning 
methodology that trains computer to perform human tasks 
such as recognition, detection, or prediction [3]. Deep learning 
is one of the most popular machine learning approaches used 
in the development of artificial intelligence applications for 
machines to detect and understand objects and events in the 
real world [4]. Deep learning has an interdisciplinary 
background and it has been successfully applied to fields 
including computer vision, speech recognition, natural 
language processing, audio recognition, object detection, 
speech recognition, language translation, social network 
filtering, machine translation, bioinformatics, drug design, 
and medical image analysis [1]. 

Deep learning is a class of machine learning procedures 
that use multiple layers to gradually achieve higher level 
features from raw input [1]. For instance, in image processing, 
the lower layers can define the edges of an image, while the 
higher layers can define concepts related to a human 
perception, such as numbers, letters, or faces. The idea which 
was put forward theoretically in the 1980s began to be used 
actively after the years of 2010 [5]. In the 80s, there was no 
microprocessor capable of high-capacity data processing [5]. 

This hardware-centric problem has recently been solved with 
state-of-the-art graphics processing units (GPUs) that provide 
the tremendous data processing capacity required for deep 
learning applications. That is, GPUs have the processing 
power to train these deep neural networks in a shorter time and 
with very large training sets with less data center infrastructure 
[2, 4, 5]. 

In addition to its interdisciplinary background, deep 
learning is also a dynamic area that attracts more and more 
researchers, thanks to the increased processing capacity of 
GPUs. Therefore, the number of scientific researches on deep 
learning is increasing rapidly [2, 4, 5]. Namely, although 
number of journal articles in 2010 was 197, the number of 
articles published in 2019 is 8824 before the end of this year. 
In particular, the number of articles published each year after 
2015 has more than doubled the number of articles of the 
previous year. Since there are so many articles studied in the 
field of deep learning, it involves a process that is not easy to 
analyze all of these studies and reveal the big picture of the 
field. Although there are a number of literature review studies 
specific to the deep learning field, the studies that reveal the 
general research landscape of the field with temporal trends 
are very inadequate. In this regard, examination and 
understanding of research themes and trends in the deep 
learning literature is crucial for the today and future of deep 
learning discipline [1, 5, 6].  

In this study, an automated text mining based content 
analysis was implemented using Latent Dirichlet Allocation 
(LDA) [7, 8], a generative model for probabilistic topic 
modeling, with the purpose of exploration of main topics and 
trends in the research literature of deep learning. This analysis 
was implemented on 22,779 peer-reviewed journal articles in 
the deep learning literature published in the last 19 years 
between 2001 and 2019. The findings of the study are 
expected to provide valuable insights for the deep learning 
communities. 

II. METHODOLOGY 

A. Data Collection and Preprocessing 

In this study, a detailed literature search restricted to 
predefined conditions was implemented to create the 
experimental data set consisting only of the journal articles’ 
title, abstract and keywords. To this end, the following search-
query was implemented on the Scopus database: 

TITLE-ABS-KEY ("deep learning" OR "deep neural 
network*" OR "convolutional neural network*") AND 
(PUBYEAR > 2000) AND (PUBYEAR < 2020) AND 
(LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, 
"re")) AND (LIMIT-TO (LANGUAGE, "English")). 

With this search-query achieved on 31 July 2019, an 
experimental data set consisting of 22,779 peer-reviewed 
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journal articles including the title, abstract, author keywords, 
and index keywords of each article. These articles are in 
English only and were published between 2001-2019. In these 
articles, 21946 of them are research articles and 833 of them 
are review articles. The distribution of the articles constituting 
the data set by years is given in Table I. As seen from Table I, 
there is a sharp increase in the number of publications after 
2015. Although it was the middle of 2019, the number of 
publications this year exceeded the previous year. After 2015, 
each year’s number of publications is more than double of the 
previous year’s number of publications. 

TABLE I.  YEARLY DISTRIBUTION OF THE ARTICLES 

Year N 
2001 15 
2002 15 
2003 21 
2004 30 
2005 36 
2006 34 
2007 91 
2008 131 
2009 159 
2010 197 
2011 167 
2012 200 
2013 275 
2014 329 
2015 540 
2016 1,159 
2017 3,174 
2018 7,382 
2019 8,824 
Total 22,779 

 
With the intention of preparing the deep learning corpus 

for probabilistic topic modeling, we implemented a number of 
preprocessing operations. Initially, in order to split paragraphs 
into singular words, the process of word segmentation, called 
as tokenization, was applied [9, 10]. Subsequently, other 
sequential preprocessing steps that are stop-word removal, 
cleaning the number, links and punctuations, and finally, 
stemming process were implemented by using the R package 
for text mining [11, 12]. Following the preprocessing steps, a 
document-term matrix was generated with the remaining 
words, which enables the implementation of the topic 
modeling analysis on the qualitative data set including deep 
learning articles [8, 12, 13]. 

B. Topic Modeling Analysis 

This study uses Latent Dirichlet Allocation (LDA) [7, 8], 
a popular model for probabilistic topic modeling, with the aim 
of exploring the latent semantic structures of the deep learning 
articles. In this model, each topic is represented as a 
distribution over words and each document is represented as a 
mixture distribution over topics [7, 8]. LDA is an 
unsupervised machine learning technique that enables to 
automatically analyze millions of unstructured documents in 
a very short period of time. Therefore, LDA has recently 
become a widely used text mining approach for semantic 
content analysis of textual documents [8, 14-18]. 

In the application stage of LDA model to experimental 
data set, the MALLET package was employed [19]. The 
MALLET implementation was executed with 1600 Gibbs 
sampling iterations [20]. LDA uses two Dirichlet parameters 
that are α and β in order for optimization of the model [7, 21]. 

In all of the LDA experiments, the parameters are executed as 
β=0.1 and α=50/T, as recommended in the literature [21]. The 
number of topics, indicated by T, is an another input parameter 
that enables to choice the granularity level of the topics [8, 21]. 
In this context, LDA procedure was implemented using 
various T-values between 10 and 30. The optimal topic 
allocations were succeeded for T=18. After the 
implementation of LDA, discovered 18 topics were labelled 
manually in keeping with the frequencies of the keywords that 
create the topic [14, 16]. 

III. RESULTS 

With topic modeling procedure using LDA, all of the 
22,779 articles have been analyzed to discover the major 
research themes and trends in the field of deep learning. As a 
result, 18 topics discovered demonstrating research landscape 
of deep learning field. The discovered topics presented in the 
Table II.  As seen from the Table II, the topic “Classification” 
has the highest ratio (10.57%). The topics “Image feature 
representing” (8.90%) and “Data applications” (8.71%) are 
the following ones. On the other the topics “Disease 
detection” (3.58%) and “Genetics” (3.30%) are the ones 
having the lowest ratio. It should be noted that, the deep 
learning studies on health domain is represented by the 
discovered topics “Genetics”, “Disease detection” and 
“Cancer diagnostics”. This result is an indicator showing the 
importance of deep learning studies under the health domain. 

Moreover, with the purpose of identifying the time-
dependent average and acceleration of the topics, the average 
number of articles for each topic, and the rate of increase in 
the number of articles for each topic were calculated for three-
year periods and given in Table III. The average values of the 
topics are given in the “AVR” column of the table. Likewise, 
the acceleration rates of each topic are also given in the 
“ACC” column of the table. As seen from the table, there is a 
systematically increase by considering the number of 
publications and the accelerations for each topic. However, 
the topic “Classification” is having the highest publications in 
all discovered topics. And also, it can be clearly seen that 
“Research” is the top topic during 2002-2016, however, 
during 2017-2019 it has the lowest number of publications. 

 The topic “Research”, which has both the highest rate and 
the highest acceleration between 2002-2007, is the subject 
with the least acceleration between the last period in 2017-
2019. Similarly, “Algorithm optimization” is the second top 
topic during 2005-2013, however, after 2014 it becomes 6th 
topic. Also, the topic “Algorithm optimization” is the most 
accelerated topic in 2008-2013. Besides, the topic “Object 
detection” has the highest acceleration in the last period during 
2017-2019. There is a big gap between average numbers of 
publication conducted during 2017-2019 time periods 
compared to the previous periods. It is also should be noted 
that, there is no degrease in the trend-line of the publications 
for any of the discovered topics.  From its birth until 2015, the 
studies under topic “Research” dominates the field. On the 
other hand, after creation of some theoretical background 
through studies under “Research” topic, the studies under 
other topics show a higher acceleration. 

To provide a more understandable perspective, the total 
rates of the topics between 2002-2019 were demonstrated in 
the Fig. 1. In other words, Fig. 1 can also be considered as a 
graphical representation of Table II. Likewise, the average 
acceleration for each topic in three-year periods between 

290



2002-2019 has been analyzed and given in the Fig. 2. 
Considering the average acceleration of the topics, three 
groups are defined as “hot topics”, “stable topics”, and “cold 
topics” (see Fig. 2). As seen from this figure, the topic 
“Classification” has the highest acceleration which indicates 
that its popularity will continue next years. This is followed 
by “Object detection”, “Data applications”, “Image feature 

representing”, “Image re-construction”, and “System 
efficiency” respectively. Considering their accelerations, 
these first 6 topics are described as hot topics. On the other 
hand, the topics “Research”, “Genetics”, and “Speech 
recognition” are the ones having lowest accelerations.  These 
three topics having lowest accelerations are described as cold 
topics. 

TABLE II.  RESEARCH TOPICS DISCOVERED BY LDA. 

Topic Name Keywords Rate % 

Classification 
featur*; classif*; layer*; extract*; train*; perform*; data*; classifi*; algorithm*; 
accuraci*; vector*; dataset*; improv*; autoencod*; compar* 

10.57 

Image feature representing 
imag*; featur*; represent*; label*; visual*; task*; train*; data*; multi*; 
dataset*; retriev*; inform*; domain*; semant*; supervis* 

8.90 

Data applications 
data*; system*; research*; applic*; intellig*; comput*; analysi*; techniqu*; 
process*; user*; artifici*; develop*; inform*; algorithm*; advance* 

8.71 

Object detection 
detect*; object*; imag*; featur*; region*; segment*; track*; local*; map*; 
multi*; perform*; dataset*; scale*; scene*; inform* 

7.36 

Algorithm optimization 
optim*; predict*; algorithm*; paramet*; artifici*; estim*; function*; data*; 
train*; simul*; perform*; error*; measur*; process*; system* 

6.26 

Research 
assess*; research*; develop*; practic*; knowledg*; question*; self*; experi*; 
design*; process*; concept*; univers*; examin*; level*; outcom 

6.13 

Image re-construction 
imag*; reconstruct*; qualiti*; resolut*; gener*; train*; nois*; adversari*; low*; 
super*; perform*; map*; color*; algorithm*; optic* 

5.75 

System efficiency 
comput*; system*; effici*; devic*; perform*; time*; process*; architectur*; 
implement*; memori*; energi*; data*; acceler*; power*; mobil* 

5.31 

Video recognition 
recognit*; video*; human*; featur*; facial*; action*; pose*; tempor*; motion*; 
emot*; express*; estim*; dataset*; perform*; imag* 

5.11 

Speech recognition 
speech*; recognit*; text*; word*; languag*; dnn*; system*; perform*; featur*; 
train*; acoust*; sentiment*; task*; charact*; speaker* 

5.03 

Prediction 
predict*; data*; term*; forecast*; time*; lstm*; short*; recurr*; memori*; seri*; 
perform*; tempor*; energi*; rnn*; power* 

4.25 

Cancer diagnostic 
imag*; cancer*; classif*; detect*; breast*; diagnosi*; perform*; train*; 
accuraci*; lung*; system*; patient*; medic*; nodul*; classify* 

4.11 

Sensor data 
imag*; classif*; sens*; remot*; data*; spatial*; hyperspectr*; spectral*; 
accuraci*; resolut*; imageri*; train*; sar*; extract*; cloud* 

4.09 

Signal processing 
detect*; fault*; signal*; data*; diagnosi*; system*; defect*; time*; process*; 
featur*; monitor*; sensor*; bear*; extract*; accuracy* 

4.01 

Control systems 
system*; traffic*; vehicl*; control*; robot*; environ*; reinforc*; real*; time*; 
road*; drive*; autonom*; dynam*; algorithm*; agent* 

3.93 

Image segmentation 
segment*; imag*; mri*; brain*; ct*; train*; automat*; magnet*; reson*; scan*; 
patient*; tumor*; net*; volum*; perform* 

3.60 

Disease detection 
diseas*; patient*; clinic*; detect*; eeg*; signal*; predict*; diagnosi*; brain*; 
medic*; ecg*; data*; accuraci*; classif*; perform* 

3.58 

Genetics 
predict*; protein*; cell*; sequenc*; drug*; structur*; gene*; chemic*; 
molecular*; data*; genom*; interact*; develop*; biolog*; function 

3.30 

 

TABLE III.  TEMPORAL TRENDS FOR EACH DISCOVERED TOPICS IN THREE YEAR PERIODS 

Topics 

2002-2004 2005-2007 2008-2010 2011-2013 2014-2016 2017-2019 

AVR ACC AVR ACC AVR ACC AVR ACC AVR ACC AVR ACC 
Classification 1.16 0.12 1.74 1.15 6.55 1.62 12.93 3.67 103.56 49.74 676.30 153.31 
Image feature representing 0.48 -0.11 0.50 0.09 2.50 -0.10 5.67 2.07 71.07 34.48 595.79 145.85 
Data applications 1.62 0.52 3.15 1.09 11.07 1.06 16.75 2.55 55.21 24.89 572.59 162.23 
Object detection 0.36 0.32 0.77 0.19 1.88 0.51 2.60 1.05 42.18 25.93 510.67 165.40 
Algorithm optimization 0.34 0.11 4.37 3.88 35.49 9.80 42.16 5.53 36.38 6.02 356.71 92.93 
Research 15.48 3.57 32.09 5.46 51.73 1.57 71.75 4.59 104.30 7.33 186.94 17.85 
Image re-construction 0.26 -0.06 0.70 0.28 2.27 0.28 2.22 0.80 24.75 15.54 406.39 143.75 
System efficiency 0.21 0.14 1.21 0.13 4.62 0.26 5.84 0.88 22.55 11.51 369.02 126.48 
Video recognition 0.28 0.11 0.38 0.15 1.85 0.41 3.62 1.46 32.93 18.04 349.06 92.89 
Speech recognition 0.37 -0.11 3.03 2.61 14.93 -1.86 11.00 2.01 57.38 16.37 294.83 55.67 
Prediction 0.15 -0.04 1.23 0.84 10.31 3.45 12.79 3.58 16.46 5.61 281.48 108.09 
Cancer diagnostic 0.11 -0.04 0.26 0.22 1.43 1.18 1.97 0.49 12.30 7.48 295.98 106.04 
Sensor data 0.01 0.01 0.31 0.05 2.33 0.39 2.93 0.91 18.80 13.51 285.86 78.19 
Signal processing 0.51 0.21 1.19 0.60 5.65 1.39 6.49 -0.09 14.94 7.90 275.75 96.63 
Control systems 0.31 0.08 1.71 1.19 5.72 1.17 7.71 3.31 18.90 8.48 264.19 85.15 
Image segmentation 0.05 -0.02 0.23 0.08 0.66 0.06 1.86 0.94 10.92 6.47 259.47 109.77 
Disease detection 0.18 0.14 0.45 0.15 1.44 0.52 1.94 0.77 13.48 6.69 254.42 87.11 
Genetics 0.11 0.04 0.35 0.18 1.90 0.28 3.77 1.47 19.88 10.67 224.55 55.99 
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Fig. 1. Total rates of the discovered topics during 2001-2019 

 

 
Fig. 2. Average accelerations of the discovered topics during 2001-2019 

Hot topics                                             Stable topics                         Cold topics
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IV. CONCLUSION 

This literature analysis based on automated text mining 
focused on identifying research topics and trends in the deep 
learning discipline with a wide range of applications in 
different dimensions. Between 2001 and 2019, a total of 
22,779 peer reviewed journal articles, indexed in Scopus 
database, were collected and analyzed by using LDA, a 
generative model for probabilistic topic modeling. As result of 
this analysis, the 18 topics demonstrating deep learning 
research landscape. Of all the discovered topics, the topic 
“Classification” is the most studied subject by the researchers. 
This is followed by “Image feature representing”, “Data 
applications”, “Object detection”, and “Algorithm 
optimization”, respectively. On the other hand, the topics 
having the least rates are “Image segmentation”, “Disease 
detection”, and “Genetics”, respectively.  

In addition, taking into consideration the average 
acceleration of the topics between 2001 and 2019, three 
groups are defined as “hot topics”, “stable topics”, and “cold 
topics”. The topic “Classification” has the highest acceleration 
which underlines that interest in this topic will continue in the 
coming years. This topic is followed by “Object detection”, 
“Data applications”, “Image feature representing”, “Image re-
construction”, and “System efficiency” respectively. 
Considering their accelerations, these first six topics are 
labeled as hot topics. On the contrary, the topics “Research”, 
“Genetics”, and “Speech recognition” are the ones having 
lowest accelerations. These three topics with lowest 
accelerations are labeled as cold topics. As a result, deep 
learning is an area that is open to innovation, dynamic, and 
constantly evolving, and so it contains many potential research 
and application areas for future studies. In this context, the 
methodology and findings of this study may contribute to 
researchers and practitioners in understanding the potential 
gaps for future studies, revealing trends emerging in the 
discipline of deep learning. 
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Abstract—In today's dynamic work environments, where 
software systems are mainly dominant, the identification of the 
professional roles and responsibilities required by the software 
development industry (SDI) is crucial to meeting the demand for 
qualified labor in the market. From this perspective, the 
purpose of this study is identification of expertise roles, 
knowledge, and skills required by the SDI by investigating 
software development-focused job postings. The methodology of 
the study is based on semantic content analysis of the job 
postings using Latent Dirichlet Allocation (LDA), a generative 
model for probabilistic topic modeling. As a result of this 
analysis, 30 topics demonstrating knowledge and skills required 
by the SDI were discovered. Besides, 20 distinct expertise roles 
indicating job descriptions essential for SDI were identified. The 
findings of this study indicate that the SDI requires a wide 
spectrum of expertise roles, knowledge and skills. Each of 
software development jobs contains specific knowledge and 
skills that define the scope of expertise roles in the SDI.  

Keywords—software development industry, roles and skills, 
industry needs, latent Dirichlet allocation 

I. INTRODUCTION 

Software development industry (SDI) is one of the world's 
most dynamically developing industries. The increase in 
demand for software-oriented products and services nowadays 
creates great career opportunities for qualified software 
developers in the today’s dynamic labor market. The SDI 
continues its improvement day by day and software 
developers are in higher demand than before. The 21st 
century, called as information era, has a significant advance in 
information technologies, especially in the SDI. In line with 
these technological improvements, the software applications 
are used effectively in every phase of daily life. The SDI has 
lively and innovative working environments in which human 
resources are used intensively. Nowadays, the software 
development life cycle, also known as software development 
process, consists of stages that are independent of each other 
and require different expertise competencies [1, 2]. 

In this industry, job descriptions, titles, skills, 
requirements, and competencies are ever-progressing [1-3]. 
From this perspective, software developers are expected to 
keep their knowledge and skills up to date [2, 4-6]. As the SDI 
advances, new career opportunities are opening up every day 
for software developers. With the intention of closely follow 
the career opportunities in the industry, online employment 
platforms are intensively used by employees and employers 
[1, 2, 6, 7]. These platforms or websites are the most used 
interaction tools between the software developers, companies, 
and academia. Therefore, a huge number of software 
development-focused job postings are recently published on 
these platforms [1, 6-8]. These job postings can be taken into 
consideration as an important resources revealing the 
emerging trends in the SDI [1].  

In this perspective, analysis of the job postings provides 
that the discovering and understanding the emerging trends in 
the SDI [1, 4, 5]. These trends and similar implications 
obtained from the analysis provide valuable contributions for 
the developers, employers and instructor in this dynamic 
industry [1, 3]. The fundamental motivation for previous 
studies was determination of necessary knowledge and skills 
for IT professionals [4, 5, 9]. From this perspective, many 
researchers have conducted a number of study on this issue by 
investigating job postings in different fields [1, 4-10]. Besides, 
a number of studies emphasizing the gap between the 
knowledge and skills that demanded by the industry and 
education in the software engineering programs were also 
performed by many researchers [1, 3, 11]. In this regard, this 
type of studies has many valuable insights for software 
developers to direct their future careers [2, 9, 11, 12]. 

In this study, a semantic content analysis was implemented 
on the software development-focused job postings in order to 
reveal in-demand knowledge domains and skill sets. The 
methodology of the study was designed to explore the hidden 
semantic topics in the text corpus of job postings using Latent 
Dirichlet Allocation (LDA) [13-15]. As a consequence, the 30 
topics identifying the characteristics of the SDI were 
discovered. In this sense, our findings can provide valuable 
contributions to better understanding of the changing nature 
of the SDI. 

II. RESEARCH DESIGN 

A. Data Collection and Preprocessing 

At the present time, there are numerous online 
employment platforms to provide the communication between 
employers and employees in the SDI. In this context, we 
collect the domain-specific job postings from indeed.com 
[16], a major employment platform. Our dataset contains 1385 
unique job postings related to software development. The 
experimental dataset created for this study contains job 
postings published in English during the five-month period 
between April 2018 and August 2018. In the dataset, a typical 
job posting contains a rich content consisting of a wide 
spectrum of information such as job title, location, major 
skills, requirements, experiences, and job description. 

Following the data collection, data preprocessing was 
employed on the dataset. Data preprocessing is an important 
task in text mining and information retrieval [17, 18]. Firstly, 
tokenization was applied to separate the text into simple words 
(tokens). Punctuation, special characters, and links were then 
deleted. Missing and misleading words were eliminated. After 
that, stop words (is, are, the, that, etc.) that commonly used in 
English were deleted [19]. To end with, the textual data 
converted into a document-term matrix in order to accomplish 
numerical analysis [20, 21].  
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B. Probabilistic Topic Modeling using LDA 

Text documents contain latent semantic structures, which 
are called “topics”.  Each topic is defined by a probability 
distribution over a fixed word set [15]. In the topic modeling, 
a text document is characterized by multiple topics in different 
proportions. Determination of these topic proportions 
construct the basis of the topic modeling [20]. In this regard, 
topic modeling provides an effective approach to discover 
topics from collections of texts [22-26].   

In this topic modeling analysis, we use Latent Dirichlet 
Allocation (LDA) [13, 14], a generative topic modeling 
technique, in order to discover knowledge and skills required 
by the SDI. LDA has  unsupervised learning technique that 
can learn the latent topics from text without any training, so 
the numerous textual documents can be analyzed in a short 
time [13, 14]. In order to implement the LDA model to the 
dataset, we used the MALLET [27] package, an open source 
tool for LDA. MALLET uses Gibbs sampling algorithm  for 
parameter estimation [28]. We implemented the MALLET 
with 1800 iterations of Gibbs sampling for each experiment. 
The number of topics is ranging between 15 and 45 to achieve 
an optimal setting [15]. For the experiment, where the topic 
number is 30, we have obtained the desired inferences. 

III. RESULTS 

As a result of this study, the 30 topics characterizing 
knowledge and skills demanded by SDI were discovered. 
These topics’ names are manually assigned considering 
descriptive keywords. Topic names, the topics’ ratings, and 
the top descriptive keywords discovered by LDA were 
presented in Table I. The keywords were sorted in descending 
order of their frequencies for each topic. At first glance, the 
discovered topics pointed out that the software developers are 
expected to have many roles and responsibilities. As seen in 
the table, the topic “Communication skills” has the highest 
rate. The topic “Communication skills” draws attention to the 
importance of communication between teams that carry out 
different operations in the software development process. The 
topic of “Educational requirements” has the second highest 
rate between the topics. The topic of “Script programming” is 
the third. The other research topics in the top ten are: 
“Frontend development”, “Mobile development”, 
“Application platforms”, “Web services”, “Multi-platform 
development”, “Object oriented”, and “Java programming”, 
respectively. On the other hand, the topics “Big data 
processing”, “Agile development model”, “Analytical 
background”, “Software development cycle”, and “Machine 
learning” are the five topics having the least rates.  

TABLE I.  RESEARCH TOPICS DISCOVERED BY LDA. 

ID Topic Name Descriptive Keywords Rate (%) 

1 Communication skills skill communication written verbal excellent oral presentation  6.40 

2 Educational requirements degree science computer bachelor related field discipline skill 6.15 

3 Script programming  java python javascript language ruby programming scripting  5.90 

4 Frontend development javascript html web jquery frontend nodejs ajax bootstrap 5.52 

5 Mobile development android mobile ios developer swift platform objective-c 5.27 

6 Application platforms app development web application software mobile usage platform  5.14 

7 Web services web service api rest json backend xml restful develop 4.77 

8 Multi-platform development multi multiple platform stage web android mobile  4.27 

9 Object oriented object programming oriented coding java python model 4.02 

10 Java programming java series programming hibernate jvm docker eclipse  3.89 

11 Working experience work experience practice year expertise knowledge competency 3.64 

12 Database knowledge database sql knowledge nosql server oracle mongodb mysql  3.39 

13 Deep domain knowledge deep domain software knowledge background related training 3.26 

14 Cloud-based development cloud developer azure aws java python sql service  2.89 

15 Software design software design plan modelling development app sampling 2.76 

16 Requirements analysis requirement need constraint software analysis control basic 2.76 

17 Software architectures architecture software oop client server building soa design  2.63 

18 Real-time programming real time data programming java flow stream integration 2.63 

19 Open-source development open source system built debug software github lab 2.38 

20 Data modeling and analysis data modeling strong analysis ability processing focus   2.38 

21 Domain knowledge engineering development software app field knowledge ground 2.26 

22 Quality-assurance-testing quality testing assurance qa automation metric bug 2.26 

23 Team work skills team player work collaboration group mutual task  2.26 

24 Software lifecycle analysis design modelling software process requirement test 2.13 

25 Configuration Control control puppet chef configuration support operations plan 2.13 

26 Big data processing big data processing integration hadoop tool apache file hdfs  2.01 

27 Agile development model development agile lean scrum practice kanban framework 1.88 

28 Analytical background analytical knowledge background concept model experience work 1.76 

29 Software development cycle development life cycle model planning stage analysis  1.63 

30 Machine learning  machine learning model supervised method process training 1.63 
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In addition, the top 20 in-demand expertise roles for 
software developers were identified. The findings for the 
different roles of software developers are given in Table II 
with their percentage rate. The roles are listed in descending 
order of rate from highest to lowest in the table. According to 
the findings, the highest in-demand expertise role is “Software 
Engineer” (12.5%). It is followed by “Frontend Developer” 
(9.5%), “Software Developer” (8.1%), “Mobile Developer” 
(7.6%), and “Full Stack Engineer (6.9%)”, respectively. On 
the other hand, the roles having the lowest rate are “IOS 
Developer (3.0%)”, “UI Developer (2.7%)”, “C++ Developer 
(2.7%)”, “Quality Assurance Engineer (2.5%)”, and “PHP 
Developer (2.3%). 

The findings indicate that the range of the in-demand skills 
required for expertise roles covers many various components 
such as programming languages, operating systems, 
databases, development platforms, mobile technologies, etc. 
As can be seen from Table II, the most in-demand skills for 
each expertise role were identified and these skills were listed 
for each role in descending order of frequency of the skills. 
For example, the required skills for “Mobile Developers” are 
sorted in such as “Android”, “Java”, “Objective-C”, “Python” 
and “C++”. That means, “Android” is the first most important 
skill, “Java” is the second most important skill and 
“Objective-C” is the third most important skill for mobile 
developers. 

TABLE II.  EXPERTISE ROLES AND SKILLS FOR SOFTWARE DEVELOPERS 

Expertise Role In-Demand Skills Rate (%) 

Software Engineer Java, Python, C#, JavaScript, C++ 12.5 

Frontend Developer JavaScript, Html5, Css3, Java, AngularJs 9.5 

Software Developer Java, C#, C++, JavaScript, Python  8.1 

Mobile Developer Android, Java, Objective-C, Python, C++ 7.6 

Full Stack Engineer Java, Python, JavaScript, C++, C# 6.9 

Backend Developer Php, Java, MySQL, Python, NodeJs 5.4 

DevOps Engineer Linux, Aws, DevOps, Puppet, Java 5.0 

Python Developer Python, Django, PostgreSQL, Php, JQuery 4.7 

Java Developer Java, Spring, Sql, Hadoop, JavaScript 4.4 

Data Engineer Sql, MySQL, Oracle, Hadoop, Java 4.3 

Android Developer Android, Java, Mobile, Python, C++ 4.1 

Cloud System Engineer Cloud, Linux, Java, C#, Aws 3.9 

Web Developer Html5, JavaScript, Css3, AngularJs, Ruby on Rails 3.7 

Ruby on Rails Developer Ruby on Rails, Ruby, Python, BackboneJs, NodeJs 3.5 

System Engineer Linux, Windows, Python, Ruby, Java 3.2 

IOS Developer IOS, Objective-C, Swift, IPhone, Mobile 3.0 

UI Developer UI, JavaScript, UX, Html5, Css3 2.7 

C++ Developer C++, C#, .Net, Sql, C 2.7 

Quality Assurance Engineer QA, Sql, Testing, Java, C++ 2.5 

PHP Developer Php, MySQL, WordPress, JQuery, Oop 2.3 

 

IV. CONCLUSION 

In this paper, we investigated the software development-
focused job postings to discover the expertise roles and skills 
necessary for software developers by using LDA, a 
hierarchical Bayesian model for probabilistic topic modeling. 
The findings of this study revealed the industry-demanded 
roles and skills for software developers through 30 topics 
discovered by LDA. According to discovered topics, a 
significant evolution and diversity were observed in the SDI 
in terms of in-demand roles and skills. The findings 
highlighted the knowledge and skills as well as technologies 
extensively used in the SDE industry such as programming 
languages, databases, development platforms, frameworks, 
and infrastructures. Our analysis can provide important 
insights into the understanding of the trends and demands in 
the SDI. The findings of the study may provide meaningful 
implications for the software development communities. At 
institutional level, the findings may guide to companies in 
identifying qualified staffs and academic institutions in 
meeting the need for well-trained software developers 
essential for the industry. Our methodology can be improved 
with new supportive practices to investigate the vocational 
trends and demands in different disciplines.  
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Abstract— The aim of this work is to identify and discuss 
causes of scalability challenges in the core of Agile software 
development and project management, which pertains to the 
Agile Manifesto in general and to the Scrum Guide in particular. 
First, the causes of challenges are identified with an analysis on 
the principles of the Agile Manifesto and the Scrum Guide, and 
on the results of a literature review conducted in the scope of the 
study. Then, the following causes of challenges are evaluated 
with our discussions and evidence from the literature where 
available: Physical dependencies, fragmentation and feudalism, 
short and static events, narrow focus on product, narrow focus 
on construction, and bottlenecks from one to many relations. 
The most significant contribution of this study is a thorough 
description of the causes of scaling challenges that are inherent 
in the core of Agile software development from a design 
perspective. 

Keywords—Agile, Software, Scrum, Scale, Challenge, Model, 
Framework  

I. INTRODUCTION 

Agile Software Development (ASD) methods were 
initially designed and work well for small, co-located 
development team settings [1, 7, 13, 14, 19, 41] and there exist 
claims asserting agile software development inherently bears 
inability to scale [10]. In the case of the ASD, experts believe 
that large-scale projects are quite different from small-scale 
projects regarding issues and challenges that they face [1, 8, 
15]. Meanwhile, the charm of being agile attracts many 
medium and even large-sized organizations [2] and more 
energy is being put into scaling the ASD across enterprises 
[35]. In response to this demand, the ASD community have 
come up with some models/frameworks for the large-scale 
including Scrum-of-Scrums, Large Scale Scrum (LeSS), 
Scaled Agile Framework (SAFe), Disciplined Agile Delivery 
(DAD), Spotify Model, Nexus and Scrum at Scale. 

Despite the existing effort on the scaling, the application 
of agile methods to large projects remains as a challenge for 
the community [1, 10]. Academic studies providing evidence 
on scaling the ASD are still scarce [8, 21, 23] and some 
questions arising at this point are: What are those challenges 
that large-scale projects are facing? Are they related to any 
inherent barrier of the core ASD (as proposed by the Agile 
Manifesto [4] itself) for scalability? It is wondered if the ASD 
could scale or if something else is needed [1]. These questions 
bring out the requirement for an evaluation of the ASD and its 
management, which are initially designed for small-scale, 
against to the need of scaling. 

The current understanding on scaling the ASD has been 
dominated by the views of consultants [16, 21, 23], who may 
evangelize the ASD with commercial concerns. This may 
cause polished success stories and a bias in evaluation. 

According to [29], the ASD is basically following the Gartner 
Hype Cycle and it has now reached the trough of 
disillusionment phase. This calls for a time for a context 
independent evaluation, based on the design aspect, to be 
holistic and complete in the scope.  

In this manner, the number of studies dealing with what 
kind of causes of challenges there might be pertaining to the 
core ASD and its management, and how to overcome the 
relevant issues are lacking, as also shown by the literature 
review carried out in this study. In order to address the gap 
mentioned above, this study is aimed to identify and discuss 
common issues of scalability challenges in the Agile 
Manifesto and the Scrum Guide [25] (named as the “core of 
ASD” from now on), as concrete bases for agile software 
development and management. 

This study elucidates the factors that are inherent in the 
core of ASD by design, assuming that it does not fully guide 
agility by default, and/or it supports being agile only for small 
scale or a particular context yet not fully for the large-scale. 
Thus, it can be considered as independent from the challenges 
that could be faced solely while implementing the ASD (the 
source of such challenges are assumed to be not from what the 
creators of the ASD have proposed, rather more about the 
natural progress of an implementation). By this way, our study 
opens gates to the questioning of the core of ASD for the sake 
of scaling from a design view. It is also characterized by its 
distinct attribute: being the first in the literature by addressing 
the causes of scaling challenges of the ASD from a design 
perspective. 

In conducting this work, while considering the Agile 
Manifesto for the values and principles of the ASD in general, 
Scrum has been preferred to study in particular. We assume 
this preference would contribute to be more concrete and also 
cover the most used agile management framework, i.e., Scrum 
[35]. The scope of the study then concerns project 
management in addition to software development in the ASD. 
Below is the research question (RQ) identified for this study: 

RQ: What are the causes of scalability challenges in the 
core of Agile software development in general and Scrum in 
particular, from a design perspective? 

The remaining of this article is organized as follows: in 
Section 2, we explain the term “large-scale” in the ASD 
context with a holistic and fundamental view, in order to 
capture the essence of large-scale better. Section 3 provides a 
list of few related studies. In Section 4, in order to address the 
roots of challenges in scaling, we go back to the origin of the 
ASD by re-visiting the values and principles of the Agile 
Manifesto and the Scrum Guide, as relevant with our RQ. We 
then enrich our findings in this section with the results of a 
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literature review. Section 5 includes discussions on our 
finding. Finally, in Section 6, we present conclusions and 
suggestions for future work. 

II. BACKGROUND: DEFINITION OF SCALABILITY 

IN ASD AND SCRUM 

Even though there are varying interpretations of what 
large- scale agile is [8, 15], projects exhibiting complex socio- 
technical interdependencies are essential characteristics of the 
large-scale agile [15]. Alternatively, measuring large- scale by 
the number of collaborating and coordinating teams is 
possible [9]. 

Large-scale agile bears complex knowledge boundaries 
within projects as well as interactive complexity and tight 
coupling with technologies and processes outside the projects 
[15], which is indeed a case very different from small-size 
project settings. For example, because the short-term horizon 
of iterations in Scrum is not enough for long-term project 
management, large-scale projects demand for sufficient 
management of dividing the large into smaller pieces and re-
integrating them into the whole. The Scrum Guide has been 
developed for a single team [7] and therefore single team 
implementations are where Scrum is the most comfortable 
[36]. Pushing Scrum out of its comfort zone by scaling is a 
stranger to the core of Scrum as proposed by the Scrum Guide 
[24]. Scrum focuses on the single iteration level for a single 
team [17, 36]. The core of Scrum as proposed by the Scrum 
Guide is based on a one-to-one relation: One team, one 
product, one product owner, one product backlog, one team 
using one product backlog working with one product owner 
for a product etc. This is the main reason of the call for Scrum's 
scaling and it is where the need for scalability arises for 
multiple teams. 

III. RELATED WORKS 

In order to enrich and complete our view on identified 
causes of scalability challenges of the ASD in this paper, the 
literature was scanned in a way by following the guidance in 
[31]. The search was done with the keywords (Scrum AND 
scale AND challenge), in the dates between 05/08/2019 and 
16/08/2019, through ACM Digital Library and Web of 
Science as well as IEEE Xplore, Google Scholar, Science 
Direct, and Scopus, using the web sites default settings. Table 
I summarizes the search results. 

TABLE I.  SEARCH RESULTS FOR SCALING CHALLENGES IN 
SCRUM 

Library Location Key Word # of Results
ACM Digital Library 

Metadata 
(title, abstract, 

key) 

Scrum scale 
challenge 

16 
IEEE Xplore 31 
Web of Science 37 
Science Direct 4 
Scopus  39 

Google Scholar Full content*  **first 100 (of 
11400 records)

* Google Scholar does not provide search by metadata different from title 
** Records are ordered by relevance with the web site default settings 

For the selection of articles, following propositions of 
inclusion criteria (IC) were specified and applied: 

IC1: Articles available in proceedings of workshops, 
conferences, journals, and conferences. 
IC2: Articles having a focus on Scrum. 

Following propositions describe the exclusion criteria 
(EC) that were specified and applied in article selection: 

EC1: Articles not available in English. 
EC2: Articles published in non-peer reviewed sources. 
EC3: Sources in literature not formally published (e.g., 
thesis and dissertations). 
EC4: Articles having a particular focus on ASD models 
other than Scrum (e.g., XP and Kanban). 
EC5: Articles in areas out of the scope of scalability in this 
study (e.g., strategic agility and business agility) 

A total number of 227 works were returned from the 
search results and examined through their titles and, where 
necessary, abstracts and texts. The selected 43 related works 
were examined further by their contents. A significant part of 
the related studies approaches the subject from a particular 
dimension, not with a holistic view, and mostly from the 
practical cases. Among these 43 papers, the studies [1, 2, 3, 5, 
8, 26] aim to cover a broader list of challenges. The study [8] 
conducts a systematic literature review on the challenges and 
success factors of large-scale agile transformation. The studies 
[1, 2, 3, 5] are from a workshop series dedicated to large-scale 
agile development, which are aimed to identify research topics 
for the large-scale ASD. The study [26] presents a structured 
literature review on challenges in large-scale agile 
development and identifies 79 challenges grouped into eleven 
categories. The rest 37 papers partly mention some challenges 
within their scopes, without aiming to cover the set of all 
possible challenges. 

Among those 43 papers, none of them handle of the 
subject from solely the design perspective or separate the 
challenges according to their source; implementation or 
design. Thus, as a reader, it is not fully possible to clearly 
distinguish the source of the challenges mentioned in the 
related papers whether they arise from the design of the core 
itself or implementation in a particular context. However, 
most of the challenges are implementation issues, as in the 
challenge list in studies [8, 26] including: change resistance, 
lack of investment, management unwilling to change, lack of 
training, keeping the old bureaucracy and such. This type of 
challenges can be regarded as the issues of inadequate or 
wrong implementation of agile values and principles in a 
particular context or a kind of time matter of a right 
implementation, not an issue spring from the design of the 
Agile Manifesto or Scrum itself. 

In the end of the review, there is no study to directly 
answer the research question of this particular work; none of 
them aiming to identifying causes of challenges of scalability 
in the core. However, to get benefit of the current literature, if 
a challenge encountered during the review is regarded by the 
authors of this study to be related to the design of the core 
ASD and Scrum then it is included in this work. This inclusion 
is explicitly exhibited in two ways: all the relevant resources 
are stated in Table II and as well as in relevant parts of the 
description body of the causes of challenges below. Thus, the 
identified causes of challenges of this study mix relatively few 
from the literature and mainly the investigation results of the 
authors from the Agile Manifesto and Scrum Guide. 

IV. CAUSES OF SCALABILITY CHALLENGES IN ASD  

Scrum inherits features from the Agile Manifesto. This 
invites us re-visiting agile values and principles to undermine 
the causes of the challenges of scalability, if any. Thus, this 
part of the study starts with identifying the fundamental and 
underlying points in the genes of the core ASD inhabiting the 
scalability. After a profound reading from the scalability 
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window over the agile values and principles and the Scrum 
Guide, the points regarding to feeding scalability challenges 
were identified and highlighted as in Table II. Accordingly, 
based on this examination of the authors on the Agile 
Manifesto and Scrum Guide, the following topics of causes of 
challenges related to scalability were determined: physical 
dependencies, fragmentation and feudalism, short and static 
events, narrow focus on product, narrow focus on 
construction, and bottlenecks from one to many relations. 

Finally, Table II lists and relates the causes of challenges 
obtained from the analysis of the Agile Manifesto and the 
Scrum Guide, and challenges from the related works obtained 
through the literature review. It can be noted that, 
interestingly, some of the issues related to scalability are not 

on the side of the Agile Manifesto but on the side of the Scrum 
Guide. This brings the question about to what extent Scrum, 
different from the Agile Manifesto, supports the ASD scaling 
and prohibits it. As seen in the table, some of the issues come 
from the software development dimension and some others 
are from the project management dimension. Software 
development and project management should be considered 
together as the two groups of processes are so intertwined and 
carried out together. Consequently, dealing with this pair of 
processes together makes our synthesis more complete and 
also broader in scope. 

Relating to RQ, in the following sub-topics, the authors 
discuss and explain each identified cause of challenge, 
including references to the relevant literature, where available. 

TABLE II.   LIST OF CHALLENGES FOR SCALING THE ASD 

This Study Agile Manifesto Scrum Guide Related Studies

Physical 
Dependencies 

“The most efficient and effective 
method of conveying information 
to and within a development team 
is face-to-face conversation”. 

“The Daily Scrum is held at the same time and place each day to reduce 
complexity.” 

 
- 

Fragmentation 
and Feudalism 

“Individuals and interactions over 
processes and tools” 
Self-organizing teams 

“Self-organizing teams…rather than being directed by others outside the team… 
cross- functional teams without depending on others not part of the team...” 
“The essence of Scrum is a small team of people” 

[1, 2, 5, 6, 8, 
11, 20, 21, 

26, 27, 28, 30, 
33, 34, 36]

Short and Static 
Events 

“… daily…working software 
frequently, from a couple of weeks 
to a couple of months… with a 
preference to the shorter 
timescale… a constant pace 
indefinitely…at regular intervals” 

Short and static iteration length, time-boxes of events 
“The heart of Scrum is a Sprint, a time-box of one month or less … A new Sprint 
starts immediately after the conclusion of the previous Sprint.” 
“Once a Sprint begins, its duration is fixed and cannot be shortened or 
lengthened.” “All events are time-boxed events, such that every event has a 
maximum duration…15-minute time-boxed event… four-hour meeting…” 
Potentially shippable products at the end of each iteration 
“…implementing only parts of Scrum is possible, the result is not Scrum.” 

 
 
 

- 

Narrow Focus 
on Product 

“Manifesto for Agile Software 
Development” 
Mentioning of “software” in five 
places 
“Working software over 
comprehensive documentation” 

16 times of mentioning of “product” in the Guide such as in “to manage 
work on complex products” 
There is no place for project management in the Guide. 
Intensive and limited focus on software development (rather than full 
solution delivery) 

 
 

[12, 15, 33] 

Narrow Focus 
on Construction 

“Working software over 
comprehensive documentation” 

Intensive and limited focus on software construction (not an end-to-end 
solution delivery) 
There is no place for release planning in the Guide. 

[8, 17, 18, 26, 
37, 42] 

Bottlenecks 
from One to 
Many Relations 

“Business people and developers 
must work together daily 
throughout the project” 

“Multiple Scrum Teams often work together on the same product. One 
Product Backlog is used to describe the upcoming work on the product.” 
A potential bottle neck on the Product Owner who serves for many 
customer and developers. 
“The Product Owner is one person, not a committee. The Product Owner 
may represent the desires of a committee in the Product Backlog, but those 
wanting to change a Product Backlog item’s priority must address the 
Product Owner.” 

[15, 21, 28, 
30, 38] 

A. Physical Dependencies 

The face-to-face communication mandates, naturally, two 
limitations: synchronizing people in terms of time and place. 
From the time perspective, one of the most prominent features 
of such a communication method is that it limits capabilities 
to the present time only. Meetings that are a means of 
communication are a derivative of the present time. Thus, 
abilities relevant to the past and future decline. Addiction to 
the place requires the teams to be close together. This has led 
to the conclusion that agile methods are appropriate for co-
located teams [1, 13, 19, 41]. Aside from this, the manner of 
face-to-face talks, which are advised as a communication tool 
[4], is a kind of challenge even for co-located teams, as it 
requires the same place at the same time for all relevant actors 
of multiple simultaneous teams and parties. Consequently, the 
Scrum’s nature depending on meetings and face-to-face 
communication on physical platforms manifests itself as a 

factor inhibiting flexibility and accompanying scalability in 
this way.  

Documentation and tools together play roles as a means of 
digitalization. Declining documentation and tool capabilities 
by the lack of power of digitalization feeds physical 
dependencies as well. Approaches in agile methods seem to 
focus on the present time and weakening capabilities for 
memory and reaching for the long future that the large-scale 
requires. This manifest itself as a hindrance in achieving 
scalable dimensions with documentation, tools and processes 
that are on the right hand side of the manifesto. 

B. Fragmentation and Feudalism 

“Divide and manage” is the ASD’s overall approach to the 
large pieces. There can be three primary stages in this path: 
fragmentation, operation, integration. During all the steps, 
inter-team coordination and communication are significant 
problems of the large organization adopting agile methods 
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needs to solve [1, 2, 5, 8, 26, 27, 30, 33, 34] because of the 
teams living in their (not necessarily yet potentially possible) 
individual, isolated and feudalized environments. Self- 
management that is a central principle in agile methods can 
reduce the ability to coordinate across teams effectively [30]. 
For example, merging of work packages of multiple teams can 
be a problem because of the many self-organized teams 
working to deliver an integrated working product to the 
customers [27]. Thus, for many teams without consistent 
guidance, friction and fragmentation may emerge [8]. 

For agile teams, there is a tendency to become overly 
differentiated or isolated from the rest of an organization [6] 
and they may, at least potentially, run at a discrete direction 
different from the common goals of projects, programs or 
designs. While a self-sufficient structure is an advantage, it 
may cause the teams to become estranged to the outer world 
and diverged from central designs, structures and formations 
in time [11]. They somehow lose abilities to influence outside 
of their own team [21]. Thus, in classical structures, while the 
separation of developer functions creates horizontal silos, in 
Scrum’s modular and granular structure vertical corridors that 
descent from customer to the team will cause a formation of 
vertical silos. 

The formation of teams as discrete cells working towards 
the same goal leads to a mass of inter-team communication 
and coordination costs [28], even in the most positive 
situation. In addition to all these challenges, it is a natural 
consequence that the self-organizing teams are inward facing 
[36], which weakens the outward-facing of the teams. One key 
issue in this regard is to investigate how to balance inter- team 
coordination and self-management in multi-team 
development [5]. Despite these challenges, coordination has 
been mainly investigated at the intra-team level for agile 
teams, yet the related literature is scarce on the effect of inter-
team coordination [20, 28]. 

C. Short and Static Events 

While the manufacturing sector has shaped the classical 
methods, the agile methods have been influenced by this 
approach unintentionally and have continued to experience 
the planning phenomenon, albeit not severely, but with 
different dimensions. The maximum duration and the 
frequency of the iterations and meetings have been fixed by 
the framework designers instead of the people implementing 
it. In this case, some assumptions arise for the large-scale: 1) 
it is possible to break the business needs down to the small 
pieces such that it would be possible and meaningful to 
manage them on a regular monthly and daily basis; 2) it is 
possible to create a potentially shippable product in each short 
and static iteration; 3) based on this, with no exception, it is 
expected to start counting from (sprint) 1 to come with a 
potentially shippable product and so forth; and 4) the time 
planning and design of sub-parts of sprints especially in large-
scale are expected to be perfectly mechanized with a perfect 
flow of events. However, each customer need is a whole and 
it is, sometimes, not dividable into such solid, static and short 
sprint lengths literally. The same difficulty prevails for time 
boxes of events at the developer side, especially for large-size 
projects when it calls for a longer time than what the 
framework forces. Large-scale developments that require 
harmonies of multiple sets increase these difficulties which 
are remarkable even for a single team. 

D. Narrow Focus on Product 

In its essence, the root of agility (as in the Agile Software 
Development) goes back to the industrial area. The agile 
approach that has been influenced by the industrial sector in 
its origin entered the world of software development with 
Scrum in the 1990's and evolved as such. Sticking to its 
history, Scrum's roots are nourished mainly by the production 
lines logic. Thus, the development in Scrum is behind the 
result itself and the management focus has remained in the 
shadow of the pure development [15].  

People want to manage changes, especially large and 
complex ones via project and its management [33]. Regardless 
of frameworks, the concept of project inevitably is a living 
phenomenon in the real life of IT. Moreover, the IT world is 
passionate about developing through the project, not the 
product. The reaction of the agile world to this situation 
emphasizes this reality: ten thousand results returning from 
Google Scholar with "agile project management" keyword, 
for just the time being. Interestingly, debates about the concept 
of the project continue in agile software development [12]. In 
the Scrum Guide, the horizon in this manner does not go 
beyond sprint planning borders. Thus, it neglects the 
(scalable) project space and this differs from the project 
definition of the customer who describes it from a holistic and 
a broader (and scalable) perspective. Similarly, project 
manager role is debatable, and has been underestimated and 
engaged to Scrum Master role [12] by prominent Scrum 
advocates, even though Scrum Master role is for the pure 
Scrum processes and not for the project. 

E. Narrow Focus on Construction 

Some questions still survive in the Scrum Guide for end-
to- end solution development, including pre- and post- 
development stages [18]. For the project transition phase, 
Scrum’s distant standing from the plan oriented attitudes 
keeps it within the boundaries of a sprint. This creates a 
noticeable gap in release planning in large-scale agile software 
development [17]. 

The state of the pre-development phase is similar. There 
are two kinds of predictions about the future of traditional 
methods: one for planning the future from now on and the 
other one for designing the future system from now on. Agile 
methods contradict to both approaches. While there are valid 
reasons for the former one, the latter leads to some obstacles 
to the scalability. 

In the agile approaches there is an assumption that change 
is inevitable in a software development context [15] and that 
requirements can only be finalized quite late in the 
development cycle [39], keeping it away from upfront 
designs. However, having an emerging architecture could 
hamper project progress when many teams are working in 
parallel [37], and creating a proper upfront architecture design 
of the system becomes challenging [26], when needed. 
Without a big picture in design, just as the overall design in 
the production band comes with and from the upfront setup, 
and the need for design is minimized, and design development 
is reduced at Sprint layer and made at small pace inside 
Sprints. This causes Scrum to be unable to locate the solution-
seeking activity needed by scalable projects. Similarly, study 
[8] reports that especially infrastructure and operations teams, 
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user experience and interaction designers are struggling with 
maintaining the big picture in design while working in short 
time horizons of iterations. 

With the proposition of Scrum, it is hoped that small pieces 
of design will flawlessly evolve into the big one, as happens 
in product automation systems. Because the design in the 
micro-scale will not be able to achieve the overall, small 
designs in the micro-scale make it difficult for the software 
developer to design the system from bottom-to-up, which is 
against the natural flow of the design that is from top-to-
bottom. Moreover, after a while, especially when large-scale 
designs are needed, fully focused on the low granularity of the 
single job in hand [42] and micro-scale designs may cause the 
developer to be blind to designing, further deepening the 
problem. 

F. Bottlenecks from One to Many Relations 

Unlike the other two defined roles, the Product Owner is 
affected differently from scalability. Large-scale programs 
often have a high number of stakeholders and users and their 
needs should be communicated to a number of developers 
[28]. A single Product Owner may have to serve for a large 
number of customers and a large number of development 
teams at the same time. For the Product Owner role, what 
distinguishes large-scale projects from small ones are about 
managing a continuous stream of quite detailed issues 
regarding requirements and user needs [15, 30, 38], the need 
to act as knowledge brokers and translator between a wide 
variety of actors and the Agile Software Development teams, 
dealing with an increasing number of systems, and unexpected 
interdependencies [15]. All these situations require the 
Product Owner to be able to reach the scalable dimension 
horizontally (systems, people, etc.) and vertically (from 
strategic to operational tasks). The fact that the Product Owner 
is only one person is a clear challenge creating a throat for 
scalability. “Adding” Product Owners can only be a part of the 
solution yet it may not work as expected [21]. 

V. DISCUSSION 

The identified causes of challenges in this work may lead 
to questioning the core of ASD in terms of scalability and may 
imply a call for an endeavor for re-designing or at least a 
proper reading of the Agile Manifesto and Scrum values and 
principles with scalability considerations. For example, when 
considered large projects may not grow organically but scale-
up perhaps as a Big Bang [15], the obligation to deliver a 
shippable product that ends in a predefined, static and short 
iteration should be revisited. Similarly, assuming that teams 
are to be self-organized, difficulty in simultaneously 
standardizing across teams and preserving some local 
flexibility [22] arise due to opposing forces for the teams at 
the large-scale. The emergence of dependencies between 
teams indicates that the ability of teams to act independently 
and in a self-organized manner is not valid. The goal of being 
self-organized for each individual team appears to be in 
opposition to organizing themselves with the consideration of 
other teams. Moreover, becoming more dependent upon other 
teams’ practices makes teams hardly self-organizing [15]. 

Some updates to the core that will prevent erroneous 
readings have become an obligation in the present day because 
of the perception that is formed over time due to erroneous 

readings. A common one is the paradigmatic assumption in 
the agile world that say the Agile Manifesto is more about a 
replacement of classic approach especially with its four 
underpinning values: Individuals and interactions over 
processes and tools, working software over comprehensive 
documentation, customer collaboration over contract 
negotiation, and responding to change over following a plan 
[15]. While there is value in the items on the right, the left side 
expunges it by overriding [29]. The fact that the values on the 
right hand-side can contribute to scalability (as already the 
case in the traditional development methods) should be 
considered, especially in the demanding era of digitalization. 

This work put forwards that scaling around the “sweet 
spot” of the core is a source of the challenges itself. 
Nevertheless, there are some widespread assumptions 
underlying current research on the large-scale agile 
development such that scaling up is seen as ‘linear’ and 
unproblematic, agile principles are seen as axiomatic and 
sacrosanct, and tailoring of agile methods is achieved through 
adding practices [15]. However, a solution to large- the scale 
does not simply imply “more of the same” found in small-
scale agile projects [43]. Add-ons can lead to more complex 
systems and networks of interdependencies [40], which do not 
suffice and go against the very idea of agility itself [15]. Such 
a mechanism deepens the scaling problem by reinforcing 
hereditary constraints related to scalability in the core of ASD 
which is initially designed for relatively smaller teams [7, 32]. 
Notwithstanding, Scrum evangelists exhort teams to adopt 
their methods whole, in such every project following Scrum 
must adopt every practice, as described in the Scrum manuals, 
books and courses [14]. This is a dilemma that must be 
overcome for the sake of scaling of Scrum. Even if we take 
the positive side assuming Scrum can scale, it has already 
created a space for itself on the small scale in practice. 
Application of the agility to the small-scale is such called as 
the agile “sweet spot” [41] resulting in a comfort zone for 
Scrum [36]. Leaving this comfort zone to reach scalable areas, 
by upgrading the core or not, is necessary if the agility is 
assumed to be the right of organizations regardless of their 
size. 

The above discussions must not mean to leave the values 
regarding absolute agility. Nevertheless, it is suggested that 
the agility required in the large-scale should expect more than 
combining their non-agile characteristics with the ASD. 
Agile-large might not be reached simply through hybrid 
approaches, but rather through handling complexities as they 
emerge [15], in its own specific way. In addition, it should be 
taken into account that there are differences in the Agile 
Manifesto and Scrum in terms of scalability challenges, as this 
study shows in part. 

VI. CONCLUSION, LIMITATON AND FURTHER WORK 

In terms of the possible challenges, the areas the current 
literature covers present similar topics. The studies commonly 
focus on the coordination aspects, assume the core ASD can 
scale linearly, and ignore to question the core for desired 
characteristics of scalability. However, this study shows the 
core of ASD inherently has some issues of challenges for a 
proper scaling that the current literature does not cover yet. 
The main contribution of this study is a thorough description 
of causes of scaling challenges from the design of the core. 
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We assume this contribution would be valuable especially for 
practitioners before diving into the implementation of scaling, 
and also for academicians to fill the research gap. However, 
the fact that study was carried out mainly desk-based, staying 
theoretical and leaning only on the authors’ analyses, creates 
a threat to the validity of its results.  

There are several avenues of future work. As an example, 
we plan to explore justification of the causes of challenges in 
this work with practice, and provide a comprehensive work on 
useful and useless aspects of the scaling models by 
considering the identified issues. Another opportunity for 
future work might be reviewing of the existing core of ASD, 
which was initially designed nearly two decades ago and 
might now be calling for updates, in order to come up with 
solutions supporting scalability in a more natural way. 
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Abstract— In this study, a new content based image retrieval 
(CBIR) method, which uses HSV histogram data is proposed. 
The model uses the HSV histogram to find the background from 
the image by analyzing the peaks in the histogram data and 
performing a moving window algorithm to identify the region 
within the histogram that belongs to the background colors. 
After identifying the background information, the sections of 
the image that are part of the background are removed from the 
original image and the remaining foreground or content 
information is stored for comparison with other images. In 
order to verify the methodology, a graphical user interface is 
developed and 1000 different images from 10 different groups 
from the coral database are put into the image database for 
comparison. The analysis and preliminary tests show that 
comparing only the foreground information of the images pro- 
vided better results than comparing images themselves, 
especially when searching for particular objects within the 
images. This algorithm can also be used as a background 
elimination technique to reduce the storage requirements of 
images and the comparison time between images can be reduced 
significantly. 

Keywords— Content based image retrieval, CBIR, RGB 
histogram, HSV histogram, background elimination, background 
correction, histogram enhancement, object retrieval 

I. INTRODUCTION 

Due to the low cost of scanners and storage devices, digital 
images are now playing an important role in describing, 
illustrating and disseminating picture and image related 
information. As a result, large image databases are being 
created and used in a number of applications, including 
criminal identification composed of face and fingerprint 
recognition, multimedia encyclopedia, geographic 
information systems, online applications for art and art 
history, medical image archives, etc. 

Image databases may be searched based on keyword 
indexing or simply by browsing. The problem with keywords, 
however, is that they may be subjective and it is very tedious 
to assign keywords to thousands of images. Hence, rather than 
being manually annotated by text-based keywords, images 
would be indexed by their own visual content, such as color, 
texture and shape, sum of which creates the Content Based 
Image Retrieval.  

In general, the goal of content-based image retrieval 
(CBIR) is to retrieve images similar to an image/sketch 

provided by the user [1]. This similarity could be color, 
texture, or shape. Human eye utilizes all of these features 
during the perception of an image. Similar to the human eye, 
visual information extraction in computer based image 
retrieval systems generally uses one or a combination of the 
features given above [2]. Any content-based image retrieval 
system can be considered as roughly consisting of two major 
steps: 

• Feature Extraction; evaluates the image from the point of 
the feature that could be given as color, texture and shape 

• Similarity Measurement subsystem; uses the results of the 
Feature Extraction step in order to find the similar images 

Color histogram is a feature addressed in MPEG-7 
standards and has been used by many researchers as it is a 
simple method to implement. It is usually not used by itself, 
however, and supported by other features to improve the 
retrieval accuracy [2]. 

Swain et. al. [3] proposed histogram intersection as a 
similarity measure for histogram matching given in equation 
1. 

       (1) 

 

Kuo and Chang [4] proposed a color histogram method for 
CBIR where they have classified the histogram bins into 
clusters using K-means algorithm. Shaila and Vadivel [5] also 
developed a histogram based CBIR application using a bin 
overlapped similarity measure. Pradhan et. al. [6] worked on 
a hierarchical CBIR framework that used color and shape 
features extracted through color histograms. Gagaudakis and 
Rosin [7] proposed using spatial information together with 
color histograms. They embedded virtual boundaries which 
reflect object spatial position information into color 
histograms. They obtained better retrieval results as a result of 
this approach. Pass et. al. [8] used color coherence vectors 
which also incorporate spatial information and proposed an 
image retrieval algorithm which involves the comparison of 
CCV’s. They also showed that this approach improved the 
retrieval quality. 
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Texture information was also used for providing valuable 
insights about the particular content to be retrieved from the 
image.  Tiwari et. al. [9] used a histogram refinement 
technique using texture descriptor for CBIR. In another study, 
Malik and Baharudin [10] analyzed different distance metrics 
using DCT domain histogram texture features. 

Deep learning based CBIR implementations also started 
appearing in the literature. Kruthika et. al. [11] used Capsule 
Networks and CNN for a CBIR system for Alzheimer’s 
disease diagnosis. 

Meanwhile, some researchers preferred to use HSV color 
domain for their applications. Kumari et. al. [12] used 
semantic information of the image from the HSV color space 
and proposed an efficient and enhanced system for CBIR. 
Bella and Vasuki [13] also implemented CBIR by using HSV 
color space as part of their feature set. 

Wu and Yan [14] proposed a background correction to 
improve the performance of the image analysis method they 
proposed. Their method, however, is designed for microarray 
image processing hence their images are somewhat spe- 
cialized. Kotoulas and Andreadis [15] proposed a hardware 
implementation of the composite color image histogram 
approach they preented. 

Even though, there are a vast number of CBIR 
implementations in the literature, we have not encountered 
research papers that have focused on backgound removal with 
HSV color histograms for CBIR applications. Hence, it 
motivated us to investigate this field further. 

In this study, we investigated the accuracy of a color 
histogram based image retrieval system in the hue, saturation, 
value (HSV) color space and attempted to improve the search 
results applying background correction to the images in the 
database. In our system the target image is selected from the 
image database and color histograms of this image is 
compared to those of the remaining images. The comparison 
uses mean square error between the normalized histograms 
and the results are returned in the descending order of 
similarity. The precision and recall parameters of the search 
results are obtained. The same tests were also performed on 
the image databes formed after applying background 
elimination and the results are compared. An improvement of 
%15 is obtained as a result of the background correction. 

II. COLOR HISTOGRAM BASED IMAGE RETRIEVAL 

A color histogram denotes the joint probabilities of the 
intensities of the three color channels. The color histogram is 
defined as ℎ , , , , = . { = , = , = }       (2) 

where R, G and B are the three color channels and N is the 
number of pixels in the image. The color histogram is 
computed by discretizing the colors within the image and 
counting the number of pixels of each color. 

One of the color based methods is Global Color Histogram 
(GCH). The global color histogram is a simple and well 
known approach to encode the color information of an image 
for CBIR. A GCH is described by a set of bins (one for each 
color), each one with a height given by the function =              (3) 

where  is the kth color in quantized color space,  is the 
number of pixels whose color is   and  is the total number 
of pixels in the image. The simplest quantization technique is 
to decompose the color space in equal size regions. For 
instance, the RGB (cubic) color space may be decomposed in 
several smaller cubes. The image color distribution is 
represented without any additional information about spatial 
location or shape of homogeneous colored regions. 

Images completely different from the perspective of users 
may have the same GCH. Hence, retrieval of images based on 
GCH is prone to yield a large number of false hits, especially 
when used with a large database of heterogeneous images. 

The RGB model has a major drawback: it is not 
perceptually uniform. Therefore, most of the systems use 
color space models other than RGB, such as HSV. 

A. HSV 

The Hue/Saturation/Value model was created by A. R. 
Smith [16] in 1978. It is based on such intuitive color 
characteristics as tint, shade and tone (or family, purity and 
intensity). The coordinate system is cylindrical, and the colors 
are defined inside a hexcone. The hue value H runs from 0 to 
360o. The saturation S is the degree of strength or purity and 
is from 0 to 1. Purity is how much white is added to the color, 
so S=1 makes the purest color (no white). Brightness V also 
ranges from 0 to 1, where 0 is the black. 

B. HSV Transformation 

In the hue circle, the primaries red, green and blue are 
separated by 120 degrees. A circular quantization at 20 degree 
steps sufficiently separates the hues such that the three 
primaries and yellow, magenta and cyan are represented each 
with three subdivisions. Saturation and value are each 
quantized to three levels yielding greater perceptual tolerance 
along these dimensions. Fig. 1 demonstrates the 
transformation from RGB to HSV pictorially. 

It is demonstrated that the HSV color space, quantized to 
166 values provides a suitable color space because it is 
uniform, complete, compact and natural. 

C. Global Features vs. Local Features 

Although the global color feature is simple to calculate and 
can provide reasonable discriminating power in Image 
Retrieval, it tends to give too many false results when the 
image database is large. Many research results suggested that 
using color layout (both color feature and spatial relations) is 
a better solution to Image Retrieval.  

There are two classes of techniques for color indexing: 
indexing by (1) global color distribution and (2) local or 
region color. An important distinction between these 
techniques is that indexing by global distribution enables only 
whole images to be compared while regional indexing enables 
matching between localized regions

 

Fig. 1. Transformation from RGB to HSV 
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within images. Both techniques are very useful for retrieval of 
images and videos but are suited for different types of queries. 

Color indexing by global distribution is most useful when 
user provides a sample image for the query. For example, if 
the user is interested in finding panoramic shots of a football 
game between two teams, then by providing one sample of the 
image others can be found that match the query image. Color 
indexing by global color distribution works well in this case 
because the user is not concerned with the positions of colored 
objects or regions in the images. However, when the user is 
interested in finding things within images, the global color 
distribution does not provide the means for resolving the 
spatially localized color regions from the global distribution. 

On the other hand, color indexing by localized or regional 
color provides for partial or sub-image matching between 
images. For example, if the user is interested in finding all 
images of sunsets where the sun is setting in the upper left part 
of the image, then regional indexing enables this query to be 
answered. Localized or regional color indexing is generally 
more difficult because it requires the effective extraction and 
representation of local regions. In both cases a system is 
needed for the automated extraction and efficient 
representation of color so that the query system provides for 
effective image retrieval. 

D. Storage and Indexing 

Image databases typically consist of thousands of images, 
taking up gigabytes of memory space. While advances in 
image compression algorithms have alleviated the storage 
requirements to some extent, the large volume of these images 
makes it difficult for a user to make queries and retrieve the 
data through the entire database. 

Indexing is often used as identifying features within an 
image; with indexing data structures, we mean structures to 
speed up the retrieval of features within image collections. For 
small collections of images, an indexing data structure is not 
needed, and a linear search can be sufficiently fast. 
Contemporary computers can perform simple matching of 
thousands of images in near real time. 

One possible way of storing the color information is to use 
three different color histograms for each color channel. The 
histogram approach is commonly used in most of the existing 
systems supporting query-by-color content. 

III. PROPOSED METHOD 

In this study we propose a content based image retrieval 
system based on color histograms. We have used an image 
database of 1000 images with different characteristics and 
obtained their color histograms in the HSV color space. We 
have also devised a graphical user interface where we can 
select the target image and display its RGB and HSV 
histograms. The software also allowed the user to select the 
number of images to be searched and display the retrieved 
images sorted in the descending order of similarity. 

The metric we chose for the accuracy of the retrieval is the 
Recall versus precision of retrieval plots. Precision and recall 
are defined in equations 4 and 5. =	 	 	 	 		 	 	        (4) =	 	 	 	 		 	 	        (5) 

Although using the color histogram by itself produces a 
certain level of success it also returns a number of images 
which are not similar by human visual standards. Hence, to 
improve the retrieval quality, a background elimination 
algorithm is applied to the images in the database. 

This algorithm uses the H-component of the HSV 
histogram and goes through the histogram to find peaks that 
indicate dominant colors throughout the image. The algorithm 
assumes there would be at least 1 peak in the image, which 
would belong to the background, if there are more peaks that 
would indicate the existence of certain objects within the 
image. The algorithm uses a peak detection procedure which 
compares the relative color intensities within a specified 
vicinity by using a moving window. In order for a peak to 
exist, the histogram level difference between the start of the 
window and the mid value (peak) must be above a certain 
threshold, the same is true for the difference between the mid 
value and the end of the window. When the peak is detected, 
a threshold level is set depending on the peak value, a typical 
value is %10 of the peak value. The cutoff colors from both 
sides of the peak are detected by extending to both sides until 
the histogram value goes below the threshold level. Also 
another criteria depends on the histogram integral within the 
chosen interval which must be above a specified threshold to 
be qualified as a peak. The selected peaks and their cutoff 
colors are ordered according to their histogram integrals from 
highest to lowest. As a result, the first peak provided by the 
algorithm is assumed to belong to the background, since it has 
the most dominant colors of the image. To retrieve only the 
foreground information, background is eliminated from the 
image from the cutoff points. If other peaks are detected by 
the algorithm, not only the background is eliminated, but any 
colors that remain outside the non-dominant peaks are also 
eliminated. With this approach, the objects from the images 
can be easily retrieved for comparison with other images. The 
demonstration of the algorithm on the Graphical user interface 
is shown in Fig. 2. 

IV. RESULTS 

An image is selected randomly from the database and a 
number of similar images (that would contain the same object 
or scene) are chosen from the same database by comparing the 
HSV histograms of the images and recall - precision results 
are analyzed . Precision and recall performances depend on if 
the retrieval query provided results from the same group of 
images or not. The analysis indicated when the number of 
retrieved images were kept low (between 1 to 5) the precision 
stayed high above 0.9. Meanwhile, the recall rate was low 
(0.01 to 0.05). Increasing the number of retrieved images 
reduced the precision while the recall rate increased, forming 
an inverse linear correlation between precision and recall rate. 
When 100 images were retrieved, the precision rate went 
down to 0.5 which was the same as the recall rate. 

With the application of the proposed algorithm to the 
images, new histograms were calculated and new searches 
were performed based on the corrected images. Same metrics 
are used to evaluate the performance of the retrieval system 
based on the corrected images. 

Two different tests were performed on the performance of 
the proposed algorithm. In the first test, the background 
elimination technique was performed on the selected image 
and the modified image without the background was com- 
pared with the images in the database. The results were worse 
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than the original HSV histogram comparison, mostly due to 
the fact that in the images, the background colors were more 
dominant than the actual content information. As a result, 
most of the similarities between the images were influenced 
by the background data, not the content itself. In order to 
validate these observations, the background colors in some of 
the images were altered to see the effects. The results showed 
the performance decreased significantly, indicating the 
importance of the background information in image 
comparison and content analysis. 

In the second test, the background elimination technique 
was performed not only on the selected image and but also on 
the images in the database when the comparisons were made 
and similarities are measured without the background data. 
The results showed an average of %15 improvement over the 
original comparisons. When the number of retrieved images 
were kept low (up to 5 images), the original HSV histogram 
comparison provided better performance, but when the 
number of retrieved images started increasing above that level, 
the background elimination method started outperforming the 
direct histogram comparison. 

The analysis indicated when the number of retrieved 
images were low (between 1 to 5) and the recall rate was low 
(0.01 to 0.05), the observed precision was around 0.85. 
Increasing the number of retrieved images once again, 
reduced the precision while the recall rate increased, forming 

an inverse linear correlation between precision and recall rate. 
When 100 images were retrieved, the precision rate went 
down to 0.6 which was the same as the recall rate, indicating 
the precision decrease was less compared with the original 
histogram comparison.  

V. CONCLUSIONS 

In this study, a background elimination algorithm is 
proposed for enhancing the content based image retrieval 
process. The algorithm is tested on a database of 1000 images. 
Different tests are performed on these images with and 
without background elimination. The results indicate that 
when the number of retrieved images are kept low, the direct 
HSV comparison provides better results, but when the number 
of retrieved images are increased, background elimination 
provided better results. Future studies will include selecting 
random images from different web sources and databases and 
measuring the performance of the technique and adapting 
machine learning models for the retrieval process. Spatial 
information extraction will be combined with the histogram 
data to improve the system. Furthermore, standard deviation 
of the color distribution within the image will be added as 
another feature to extract the object and background 
information. Also different window functions like gaussian, 
triangular, fuzzy membership will be tested in the algorithm 
to improve the performance.

 

Fig. 2. Graphical user interface showing background elimination performed by the proposed algorithm 
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Öz—Yapılan çalışma ile; işe alım sürecinin ön aşamasında 
olan mülakatlarda, adayın verdiği cevapları metne 
dönüştürerek anlamlandırması, diyalog akışı ile 
ilişkilendirerek sorduğu sorunun cevabını kontrol etmesi, 
adayın verdiği cevaba göre bir sonraki soruya karar 
verebilmesi ve elde ettiği sonuçlar doğrultusunda mülakat 
sonucunu raporlanmasını sağlayan yapay zeka mülakat 
sistemi sunulmaktadır. Sistemde, doğal dil işleme, semantik 
analiz, ontolojilerin oluşturulması ve kullanılması, 
sınıflandırma algoritmaları, makine öğrenmesi gibi 
teknolojik uzmanlık konularında çalışmalar yapılmaktadır. 

Anahtar Kelimeler—Semantik analiz, yetkinlik ontolojisi, 
sınıflandırma algoritmaları, doğal dil işleme, sanal mülakat 

Abstract— With the study; The interviews, which are the 
preliminary stage of the recruitment process, are translated 
into text by the job seekers’ answers. Then, it is ensured that 
the answer to the question is checked by associating it with the 
flow of dialogue and the system can decide the next question 
according to the answer given by the job seeker. According to 
these results, artificial intelligence interview system which 
provides reporting of interview results is presented. In the 
system, studies on natural language processing, semantic 
analysis, the formation and use of ontologies, classification 
algorithms, machine learning and technological expertise are 
carried out. 

Keywords—Semantic Analysis, Competence Ontology, 
Classification Algorithms, Natural Language Processing, 
Virtual İnterview 

I. GIRIŞ 

 Kurulduğu 1999 yılından bu yana Türkiye'nin en büyük 
istihdam platformu olan Kariyer.net, iş arama ve işe alım 
süreçlerinde yeni nesil teknolojilerle aday ve işverenleri 
internet ortamında bir araya getirir. 2014 Nisan ayında 
Bilim Sanayi ve Teknoloji Bakanlığı'ndan Ar-Ge merkezi 
unvanı alan Kariyer.net, geliştirdiği Ar-Ge içeriği yüksek 
projelerle personel istihdam sürecinde adayla işvereni en 
hızlı ve en verimli şekilde bir araya getirebilmek ve elindeki 
büyük veriyi etkin şekilde kullanabilmek için teknolojiyi üst 
seviyeye taşıyacak çözümler üretir.  

İş arayanlar, iş arama siteleri ve uygulamaları gibi web 
hizmetlerini giderek daha fazla kullanıyor [1]. Kariyer.net 
üzerinden de her ay yapılan 9 milyon civarında başvuruya 
karşılık olarak 30 bin civarında mülakat yapılır. Bu 
mülakatlar için büyük bir işgücü ve zaman kullanımı söz 

konusudur. Çalışma ile Kariyer.net olarak, aday ön 
mülakatlarının otomatize edilmesi ile mülakat sürecinin 
planlanması ve gerçekleştirilmesi için kullanılan iş,zaman 
ve para kaybını azaltıp, ön aşama sürecini hızlandırılmış 
olacaktır. Geliştirilen bu sistemde hedeflenen amaç, adayın 
pozisyona uygunluğu hakkında karar vererek, sistemin 
raporlayabilmesidir. 

Ön mülakat sisteminin geliştirilmesinde çeşitli 
yöntemlerden yararlanılmıştır. Metin içeriğinden 
kavramların ve ilişkilerin çıkarılmasında semantik analiz 
yönteminden, pozisyonlar ile yetenek ve yeterlilik 
arasındaki ilişkilerin oluşturulmasında ontoloji 
yaklaşımından, mülakat yanıtlarının ve değerlendirme 
sonuçlarının sınıflandırılmasında sınıflandırma 
algoritmalarından, mülakat metni içindeki cümle 
yapılarının çıkarılmasında  ise doğal dil işleme 
yöntemlerinden yararlanılmıştır.  

II. BENZER ÇALIŞMALAR 

    Birçok insan kaynakları sistemi, bilgisayar teknolojisi 
formları kullanılarak iş alım sürecini gerçekleştirir. Bu 
teknolojik gelişmeler, öncelikle insan kaynakları 
profesyonellerinin hız, etkinlik ve maliyet kontrolündeki 
iyileştirmelere yönelik güçlü taleplerden kaynaklanır 
[2]. Ayrıca, yapılan araştırmalarla, yeni teknolojilerin 
piyasalar, işletmeler ve bireyler üzerindeki etkisine ilişkin 
öngörülerde bulunmak için, anlamsal teknolojilerin 
işletmeden ve teknolojik açıdan potansiyel etkilerine 
yaklaşım sağlanır [1].  

    Bu konuda yapılan benzer çalışmaları inceleyecek 
olursak, TARDIS, NOnVerbal behaviour Analysis tool 
(NovA) (http://hcm-lab.de/projects/ssi/plugins/nova/) 
altyapısı kullanarak, mülakat yapan kişilerin kendi 
davranışlarını gözlemleyebildikleri, kişinin hareketlerinden 
duygularının tanınmasını da sağlama hedefli bir sistem 
oluşturdu [3]. Benzer olarak, kullanıcının davranışlarını 
inceleyip, gerçek zamanlı olarak sözlü ve sözel olmayan 
davranışlara cevap veren sanal araçlar geliştirilmiştir. İş 
arayan öğrenciler ve kariyer danışmanlarıyla 28 görüşme 
oturumundan bulunan verilerle geliştirilen MACH 
(My Automated Conversation coacH), görüşme soruları 
sorar, kullanıcı tarafından verilen belirli davranışları 
otomatik olarak taklit eder ve uygun sözsüz davranışlar 
sergiler. Etkileşimden sonra MACH, kullanıcının 
performansı hakkında görsel geribildirim sağlar [4].   
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    E-Gen system, iş mülakatları için verilen CV'lerin ve 
adayların e-mail ile verdikleri soru cevaplarının, adayın işe 
ne kadar uygun olduğuna karar verilmesinde kullanıldığı bir 
çalışmadır. Değişik benzerlik ölçütlerine (Needleman-
Wunsch hizalama skoru, cosine benzerliği gibi) göre 
cevapların doğru olup olmadığına karar verilmiştir[5].    

    Mülakat modülü içermeyen, ön eleme, kişilik testleri, 
CV incelemesi gibi aşamaların elektronik olarak 
yapılabileceğini gösteren çalışma ile üst pozisyonlar 
haricinde, böyle bir ön eleme sisteminin mülakat uzmanları 
kadar başarılı olabildiğini göstermiştir [6]. 

III. SISTEM DETAYLARI 

Kariyer.net’de  yılladır toplanmış olan ilan ve cv verisi 
için gerekli olan yetkinlikler listesi, mülakat sırasında alınan 
yanıtlar ile hangi yetkinliklerin aranması gerektiğini 
belirlemiştir. Sorular, doğrudan bu yetkinliklerin 
varlığı/yokluğu üzerine kurulmadığı için, yanıtın içerisinde 
hangi kavramların ve eylemlerin bu yetkinlikleri ne 
seviyede belirttiğini analiz etmeye ihtiyaç vardır. Örnek 
olarak aşağıdaki yanıt metni içerisinden “sonuç odaklılık” 
yetkinliğini değerlendirmek gerekir. 

“Koctaş yer döşemeleri bölümünde daha önceden satın 
almış olduğu laminant parkeyi iade etmek isteyen kızgın bir 
müşteri. Müşteriyi sakinleştirerek evine birlikte gitmeyi, 
kendisini şirket aracıyla götürüp getireceğimi söyledim. 
Evine gittiğimizde mobilyalarına uygun, değişik renklerde 
parkeler sunarak fikrinin değişmesini sağladım. Burada 
değişimi sağlayan aslında parke değil kişiye farklı yaklaşım 
ile kullanılan kelimeler ve sunumu değiştirmekti. Sonuç 
olarak koçtas’ ın belki de sonsuza kadar kaybedeceği 
müşteriyi mürid müşteri yaparak yeni parkelerini almasını 
sağladım. Müşteri hizmetlerine bıraktığı olumlu teşekkür 
günün zaferiydi.”  

Bu yanıtı analiz ettiğimizde;  

 “Koçtaş yer döşemeleri bölümünde daha önceden 
satın almış olduğu laminant parkeyi iade 
etmek isteyen kızgın bir müşteri” cümlesi bir 
müşteri tanımı yapmakta ve müşterinin sorunlu 
olduğunu göstermektedir.  

  Kendisini şirket aracıyla götürüp getireceğimi 
söyledim”, “fikrinin değişmesini sağladım” 
eylemleri kişinin sonuca ulaşmak için birden fazla 
aksiyonu sıralı olarak uyguladığını, planlı 
davrandığını, takım olarak değil de bireysel olarak 
çalıştığını ve müşteriye jest yaptığını gösteren 
ifadelerdir. 

 “yeni parkelerini almasını sağladım” eylemi de 
sonuca ulaştığını ve satışı yaptığını gösterir. 

Çalışmanın bu adımında, ontoloji ve morfolojik yapı 
analizi kullanılarak yukarıda anlatılan eylemlerin 
bulunması, bunların olumlu/olumsuz ifadeler olup 
olmadığı, soru ile ne kadar ilgili olduklarının tespiti, 
“yaptım” şeklinde kişisel bir çaba mı yoksa “yaptık” 
şeklinde bir takım çalışmasından mı bahsedildiğinin 
anlaşılması, satışın gerçekleştiği veya gerçekleşmediği 
sonucunu gösteren eylemin varlığının belirlenmesi gibi 
kuralların oluşturulması ve buna göre “sonuç odaklılık” 
yetkinliğinin değerlendirilmesi ortaya çıkmıştır. 

Kariyer.net’ te yayınlanan ilanlar kullanılarak, doğal dil 
işleme ve metin madenciliği yöntemleri ile, daha önce 
yayınlanan ilanlardan, farklı pozisyonlar için gerekli olan 
görev tanımı ve yetkinlik listeleri bulunmuştur. İlk 
aşamada, bu çalışmada geçen “satış temsilcisi” pozisyonu 
ile birlikte “muhasebe yetkilisi” pozisyonundaki ilanlar 
için yapılan çalışmada, 3000’e yakın pozisyon için adım 
adım aynı proses yürütülür.  

İlk aşamada pozisyon için oluşturulan ontoloji sorguları 
ile yanıttan bulunan ifadeler pozisyon için gerekli 
özniteliklere dönüştürülmüştür. Buradaki amaç, “faturaların 
kontrol edilmesi” ile “faturaların takip edilmesi” 
tanımlarının birbiri ile benzer anlamı ifade ettiğini 
ontolojiden bulmaktır.   

Bu yapı teorik olarak sonuç üretse de ontolojinin bunu 
destekleyecek şekilde zenginleştirilmesi çok yoğun bir 
manuel operasyon gerektirir. Bu nedenle, farklı cümlelerin 
ifade ettiği benzer tanımların bulunabilmesi için, ilan 
metinlerinden oluşturulan bir word2vec 
modeli uygulanmıştır. Bu modelin sağladığı çıktı ile 
bulunan benzer anlamlı tanımlar için ontolojiye tek bir ortak 
tanım girilmesi yoluna gidilmiştir. Sonuç olarak mülakat 
sorusuna verilen yanıt içinden bulunan ifadeler, word2vec 
modelinin benzerlik skorunun hesaplandığı ara bir 
katmanda işlenir ve pozisyon ontolojisinde buna karşılık 
gelen bir tanımın varlığına bakılır.   

Satış temsilcisi pozisyonu için adayın uygunluğu, 
aşağıdaki mesleki ve kişisel yetkinlikler üzerinden 
bulunmaya çalışılır.   

Mesleki yetkinlikler : 
  
 Müşteri Odaklılık  

 Etkileme ve İkna Kabiliyeti  

 Satış Odaklılık  

 Bilgi Toplama  

 Gelişime ve eleştiriye açıklık  

 Başarı Odaklılık  

 Sonuç Odaklılık  

 Kişisel Özellikler ve Kariyer Hedefi 

   
Kişisel yetkinlikler:  

 
 İletişim becerisi  

 Takım çalışmasına yatkınlık  

 Sorumluluk  

 Özgüven  

 Sadakat anlayışı  

 Stres toleransı  

 Türkçe kullanma becerisi  

 Hedef ve beklentileri  

 Öğrenme yeteneği  

   

310



 

Öncelikli olarak mesleki yetkinliklerin her biri için 
değerlendirmeyi sağlayacak makine öğrenmesi 
modellerinin kurulması üzerine çalışılmıştır. Modeli 
oluşturabilmek için, soruya verilen yanıt içerisinden, modeli 
eğitmekte kullanılacak öznitelikler seçilmiştir. 
Davranışsal/kişisel öznitelikler, doğrudan sorudaki 
beklentiyi ölçecek gizli soruların yanıtlarına odaklanır. 
Örnek olarak “Deneyimini anlatırken somut örnek 
kullanmış mı” özniteliği için yanıtın içinde geçmişe dönük 
olarak bir müşteriyi refere ederek anlatım var mı diye 
bakılır.  

Yanıtın içinde mesleki niteliklerin varlığını sorgulamak 
için, ilgili pozisyonun görev tanımını oluşturan ifadeler 
gerekir. Farklı pozisyonlar için bu ifadelerin neler olacağını 
bulmak konusunda yine kariyer.net tarafından 
geliştirilen morfolojik regex motoru kullanılır. Muhasebe 
pozisyonu için 15.000 ilan bu şekilde işlenmiş ve bulunan 
n-gram yapılarının toplam 40.000 ilan için tf-idf ağırlıkları 
hesaplanmıştır. Prosese örnek olarak aşağıdaki ilan metni 
için;  

“İstanbul taksim de bulunan merkez ofisimizde 
görevlendirilmek üzere myo veya üniversite mezunu 
muhasebe süreçlerinde en az 2 yıl deneyimli takım 
çalışmasına yatkın ms office programlarını iyi derecede 
kullanabilen muhasebe programlarının kullanım mantığına 
hakim öğrenmeye ve gelişime açık istanbul taksim 
bölgesine ulaşım sorunu olmayan muhasebe elemanı 
alınacaktır”  

bulunan yapılar:  
 gelişime açık  

 kullanım mantığına hakim  

 takım çalışmasına yatkın  

 muhasebe programlarının kullanım mantığına 
hakim  

 en az 2 yıl deneyimli  

 en az 2 yıl deneyimli takım çalışmasına yatkın  

 muhasebe süreçlerinde en az 2 yıl deneyimli  

 istanbul taksim de bulunan  

 istanbul taksim bölgesine ulaşım sorunu olmayan  

 ms office programlarını iyi derecede kullanabilen  

 muhasebe elemanı  

 ulaşım sorunu  

 üniversite mezunu  

 myo veya üniversite mezunu   

şeklindedir. İlan metni içinde geçebilecek cümle 
yapılarının oluşturduğu dar kapsam göz önüne alınarak 
morfolojik yapı sınırlandırması kullanmak, bu tür ilan 
metinleri için standart n-gram metin madenciliği 
yöntemlerine göre çok daha verimli sonuçlar verir. N-gram 
analizinde “n” için maksimum bir değer atanır. Böylece söz 
gelimi en fazla 5-gram kombinasyonlar çıkarılır, bu değerin 
yükseltilmesi varyasyonları arttıracak, azaltılması ise bazı 
anlamlı kombinasyoların göz ardı edilmesine yol 
açacaktır.   

Morfoloji örüntüsü kullanılırken bulunacak parça için 
bir kelime sınırlaması verilmemektedir. Bu yüzden hem 
fazla kelimeden oluşan anlamlı parçalar,  hem de az 
kelimeden oluşan anlamsız parçalar bulunur. Anlamsız olan 
parçaların analize girmesi gerekmediği için parçalar devre 
dışı bırakılır. 

N değerinin 5 olduğu bir n-gram analizi ile yukarıdaki 
metinden çıkarılacak n-gram sayısı 99 iken morfoloji 
motoru kullanılarak bulunan anlamlı yapı sayısı 14 
olmuştur.   

Yanıtın içindeki cümle yapılarından bu 
sonucun bulunması için Kariyer.Net tarafından 
geliştirilen morfolojik regex motoru kullanılır. Yukarıdaki 
paragraf için;  

 
“fiil(1) + önemsiz* + sıfat* isim* kısaltma* bilinmeyen*” 
ve   “ismin_i_hali(1) + ismin_nin_hali(0-1) + sıfat* isim* 
kısaltma* bilinmeyen*”   
 
yapıları kullanılarak eşleştirme yapılmıştır. Morfolojik 
Regex motoru geliştirilerek hem geniş hem de dar 
seçeneklerin bulunması sağlanmıştır. Böylece birinci 
örüntüye uyan “en az 2 yıl deneyimli takım çalışmasına 
yatkın” yapısının içindeki “takım çalışmasına yatkın” 
parçası da ayrı bir birim olarak bulunmuştur.  

Ön mülakatın diğer soruları da, kariyer.net’ in kendisi 
için yayınlanan satış temsilcisi ilanlarına eklenmiş ve 
adaylardan bu sorulara yazılı yanıtlar vermeleri istenmiştir. 
Eklenen sorular aşağıdaki şekildedir.  

1. “Başarıyla sonuçlanan bir müşteri örneğinden 
bahseder misiniz? Burada başarıyı ne sağladı?”  

2. “Sizi en çok zorlayan göreviniz ne oldu? Sonuca 
ulaşmak için neler yaptınız.”  

3. “Olumsuz bir süreç yaşadığınız fakat sonrasında 
olumluya çevirdiğiniz bir müşteri örneğinizi 
detaylarıyla paylaşabilir misiniz? Neyi farklı 
yaptınız?”  

4. “Müşteriye doğru ürünü satmak için nelere 
ihtiyacınız vardır? Bu bilgilere nasıl ulaşırsınız.”  

Bu soruların her biri için ayrı makine öğrenmesi modeli 
eğitilir. Aynı zamanda çok sınıflı-çok etiketli (multiclass-
multioutput) sınıflandırıcı modelleri de test edilerek 
sonuçlar karşılaştırılır. 

Örnek olarak 3 numaralı soru için yanıt metni içerisinde 
aşağıdaki öznitelikler “var/yok” şeklinde aranır : 

 Takımdan çalışmasından bahsediyor mu 

 Ürünü ön plana çıkarmış mı 

 Kademeli ve planlı bir süreç uyguluyor mu 

 Müşterisini tanıyor mu 

 Zor müşteri tanımı doğru mu 

 Yaptıkları, ilgili müşteri tipi için gerekli eylemleri 
karşılıyor mu 

 Yöntem ile ilgili somut örnek vermiş mi, sadece 
teorik mi anlatıyor 

 Örnek süreçleri detaylı anlatmış mı 
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 Doğru yetkinliklerden bahsetmiş mi 

 Çalıştığı sektörden bahsetmiş mi 

 Mülakat yapılan sektöre yakın mı 

 Satış konusunda sonuca ulaşabilmiş mi 

Modelleri eğtimek için özniteliklerin çıkarılması 
sırasında yanıtın içerisindeki ifadeler kullanılır. 
Özniteliklerin değeri bu ifadelerin yanıtın içerisinde olup 
olmamasına göre belirlenir. Türkçenin esnekliği nedeniyle, 
aynı anlama gelebilecek olan çok sayıda yapı olabilir. Bu 
yapıların saptanması için, semantik anlamlandırma 
sırasında ilan metinlerinden bulunan ifadeler kullanılarak 
bir word2vec modeli oluşturulmuştur. Bu model ile aynı 
anlama gelebilecek olan ifadeler aşağıdaki şekilde belirli bir 
oranda tespit edilebilir.  

Örnek olarak:  
 
 “diksiyonu düzgün” ifadesi için   

  [('prezentabl', 0.725927),  

 ('prezantabl', 0.704721),  

 ('güler_yüzlü', 0.694385),  

 ('ikna_kabiliyeti_yüksek', 0.690694),  

 ('insan_ilişkileri_kuvvetli', 0.668862),  

 ('insan_ilişkilerinde_başarılı', 0.668440),  

 ('güleryüzlü', 0.650220),  

 ('diksiyonu', 0.592174),  

 ('insan_ilişkileri', 0.586434),  

 ('kendine_güvenen', 0.574650)]  

 
 “askerliğini yapmış” için   

 [('askerliğini_tamamlamış', 0.928999),  

 ('askerlik_görevini_tamamlamış', 0.908503),  

 ('askerlik_hizmetini_tamamlamış', 0.9016459),  

 ('askerlikle_ilişiği_olmayan', 0.819579),  

 ('askerlikle_ilişkisi_olmayan', 0.807354),  

 ('askerlik_ilişiği_olmayan', 0.747454),  

 ('askerlikle_ilişkisi_bulunmayan', 0.693916),  

 ('askerlikle_ilişiği_bulunmayan', 0.689709),  

 ('askerlik_ilişiği_bulunmayan', 0.675543),  

 ('askerlik_engeli_olmayan', 0.651973)] 

 “kariyer hedefleyen” için 

 [('kariyer_hedefi', 0.65016),  

 ('kariyer_yapmayı_hedefleyen', 0.615556),  

 ('kendini_geliştirmek_isteyen', 0.572892),  

 ('çalışmaya_istekli', 0.551509),  

 ('kariyer_planlayan', 0.523690),  

 ('ilerlemek_isteyen', 0.523394),  

 ('kariyerini', 0.5148905),  

 ('kariyer_yapmayı_planlayan', 0.508102),  

 ('kendisini_geliştirmek_isteyen', 0.506826),  

 ('deneyim_kazanmak_isteyen', 0.498106)]  

sonuçları gösterilebilir.  
 
Öznitelikler çıkarıldıktan sonra eğitilen  makine 

öğrenmesi modellerinin başarıları Tablo I’de verilmiştir. 

TABLE I.  MAKINE ÖĞRENMESI MODEL BAŞARILARI 

Makine Öğrenmesi Model Başarıları  

Model Doğruluk Sonucu 

Two-Class Logistic Regression 0,839 

Two-Class boosted Decision Tree 0,661 

Two-Class Decision Forest 0,806 

 

IV. VARGILAR VE GELECEK ÇALIŞMALAR 

Adayların mülakat sorularına vermiş olduğu yazılı 
yanıtlar morfolojik analiz ve doğal dil işleme teknikleri 
kullanılarak ayrık ifadelere dönüştürülmüştür. Bu ifadeleri 
kullanarak pozisyon için önemli olan mesleki yetkinliklerin 
her biri için bir makine öğrenmesi modeli eğitilmiştir. Bu 
eğitilen modellerin sonuçlarının birleştirilmesi ile mülakat 
sonucunun genel değerlendirmesini bulma çalışmaları 
devam etmektedir. Bir yandan eldeki datayı 
zenginleştirmek için kariyer.net üzerinden başvuran 
adaylardan yeni yanıtlar toplanır. Böylece 20.000 in 
üzerinden mülakat sonucu verisi toplanması hedeflenir.   

Bulunan sonuçların doğruluğunu değerlendirmek için 
IK uzmanlarının mülakatları etiketlemesi için bir çalışma 
grubu oluşturulmuştur. Mülakat değerlendirme sonuçlarının 
toplanmasıyla sistemin başarısını ölçmek mümkün 
olacaktır.  
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Özet—Yılanlar, insanların en çok korktuğu hayvanlardan 
biridir. Özellikle kırsal kesimlerde insanlar ve yılanlar aynı 
ortamı paylaşmaktadırlar. Bu nedenle, insanlar bu tehlikeli 
hayvanlara yönelik koruma yöntemleri geliştirmek zorunda 
kalmışlardır. Yılanlar, zehirli olup olmadıklarını gösteren bazı 
fiziksel özelliklere sahiptirler. Burunlarının her iki yanında 
bulunan ısı çukurları, baş yapısının üçgen olması ya da fazla ve 
parlak pul yapısına sahip olması bu özelliklerden bazılarıdır. Bu 
çalışmada öncelikle yılanların fiziksel özelliklerine ait bir veri 
seti oluşturulmuştur. Sonrasında ise, veri madenciliği 
sınıflandırma algoritmalarından J48 algoritması kullanılarak 
zehirli yılanların tespitine yönelik sınıflandırma işlemi 
gerçekleştirilmiştir. Sonuçlar, yılanların zehirli olup 
olmadıklarının, yüksek sınıflandırma başarımı ile 
yapılabileceğini göstermiştir. Yılanların net olarak zehirli 
olduğunu gösteren bazı fiziksel özelliklerin belirlenemediği 
durumlarda da bir yılanın zehirli olup olmadığını nasıl tahmin 
edeceği bu çalışmada ayrıca araştırılmıştır. Bu aşamada elde 
edilen sonuçlar literatürde sıklıkla kullanılan bazı sınıflandırma 
algoritmaları ile de karşılaştırılmıştır. Çalışma sonucunda 
zehirli yılan tahmini için hangi özelliklere ihtiyaç olduğu tespit 
edilmiş ve en iyi sonucun J48 algoritması ile tahmin edilebileceği 
sonuçlarına varılmıştır. 

Anahtar Kelimeler — Yılanlar, Zehirli Yılanlar, J48 
Algoritması, Sınıflandırma, Veri Madenciliği 

Abstract — Snakes are one of the animals that people are 
most afraid of.  Especially in rural areas, people and snakes 
share the same environment. Therefore, they had to develop 
methods of protection for these dangerous animals. Snakes have 
some physical properties to determine whether it is venomous 
or not. Heat pits on both sides of their noses, whether the head 
structure is triangular or has excessive and bright flake 
structure are some of these features. In this study, firstly, a data 
set related to the physical properties of snakes was generated. 
After this process, data mining classification algorithms J48 
algorithm is used for the classification process for the detection 
of venomous snakes. Results show that high classification 
accuracy was obtained to predict snakes whether is venomous 
or not. Moreover, in case of the absence of some properties that 
give clear information about the snakes, it was investigated how 
is it possible to detect the venomous snakes. The results of this 
process were also compared with some algorithms often used in 
the literature. As a result of the study, it is concluded that what 
features are needed for the estimation of venomous snakes and 
that the best result can be estimated with J48 algorithm. 

Keywords — Snakes, Venomous Snakes, J48 Algorithm, 
Classification, Data Mining 

I. GIRIŞ 

Eski çağlardan beri yılanların her zaman ilginç canlılar 
oldukları düşünülmektedir. Çok uzun yaşamaları, hızlı hareket 
etmeleri ve bazı türlerinin zehirli olması nedeniyle hem 
tehlikeli hem de gizemli bir hayvan olma özelliği taşımaktadır.   

Yılan ailesi son derece geniştir. 456 cins ve 3000’in 
üzerinde türü bulunan yılanlar Antarktika ve birkaç ada hariç 
dünyanın her bölgesinde bulunmaktadırlar.  Bir spagetti gibi 
ince ve bir bozuk para üzerinde kıvrılabilecek kadar küçük 
olan türüne karşın ceylanı, geyiği, timsahı hatta bir insanı 
yutabilecek büyüklüğe sahip yılanlar da vardır. Zehirli ve 
zehirsiz olmak üzere genel olarak yılan türleri iki kategoriye 
ayrılırlar. Bu kadar çeşide sahip olan yılanların sadece 600 
türü zehirli yılanlardan oluşmaktadır. 600 tür yılan içinde 200 
tanesi ise insanlar için ağır yaralanmalara hatta ölüme sebep 
olabilecek derecede zehir içermektedir [1]. 

Yılanlar zehre sahip olsa da olmasa da genel olarak 
avlarını ısırarak etkisiz hale getirmeye çalışırlar. Bu da 
insanlarda genel olarak tüm yılanların zehirli olduğu 
düşüncesini uyandırmaktadır. Aslında araştırıldığı zaman 
zehirli ve zehirsiz yılanların fiziksel olarak birbirinden ayırt 
edilecek belirgin özellikleri vardır.  

Zehirsiz yılanların en belirgin özellikleri boylarının uzun 
olmasıdır. Avlarını etkisiz hale getirmek için herhangi bir 
zehir kullanamadıklarından avlarını canlı olarak yutarlar veya 
boğarak öldürürler. Bu yüzden kas yapıları oldukça 
gelişmiştir. Zehirli yılanlar ise, diğer türlere göre daha kısadır. 
Bu yılanlar, avlanma işlemini zehir ile gerçekleştirecekleri 
için çok güçlü bir yapıya sahip olmalarına gerek yoktur. 
Başları belirgin bir şekilde üçgen yapıya sahiptir. Göz 
bebekleri dikey bir şekil almaktadır [2]. 

Özellikle köylerde, çiftliklerde yaşayanlar veya avcılıkla 
uğraşanlar için yılanların zehirli olup olmadığı önemli bir 
konudur. Yılanların, her iki kategorisinde de ölümcül 
yaralanmalara sebep olan türler mevcuttur. Yılanlardan 
kaynaklanan yaralanmalarda, kişinin yılanın zehirli olup 
olmadığını tespit edebilmesi tedavi sürecine yardımcı 
olacaktır. 
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Çağımızda hemen hemen her alana uygulanabilen bir 
bilim dalı haline gelen veri madenciliği, insanların tehlikeli 
hayvanlara karşı savunmasında da kullanılmaktadır. 
Hayvanların genel özelliklerine ait veri setlerinden anlamlı 
kurallar çıkarmak veri madenciliği algoritmaları için kolay bir 
iştir. Veri madenciliği, eldeki mevcut verilerden kullanıcının 
işine yarayacak değerli bilgileri ortaya çıkarmak için 
kullanılan yöntemler bütünüdür. Amir ve arkadaşları, 
görünüşlerine göre yılan tanımlaması yapmak için J48, Naive 
Bayes, K – En Yakın Komşu Algoritması, Geri Yayılımlı 
Sinir Ağları gibi makine öğrenmesi algoritmalarını 
kullanmıştır. Algoritmaların uygulanması sonucunda geri 
yayılımlı sinir ağları ve K – En Yakın Komşu algoritması ile 
yüksek başarım elde ettiklerini göstermişledir [3]. 

Zehirli ve zehirsiz yılanların ayrımını yapmak önemli bir 
konudur. Genel olarak literatür çalışmalarında yılan zehrinin 
kimyasal yapısı, yılanların yaşadıkları ekolojik çevrenin 
morfolojik özelliklerine etkileri, fizikokimyasal yapıları 
üzerinde çalışmalar bulunmaktadır. Coz-Rakovac ve 
arkadaşları yaptıkları çalışmada Balkan Kırbaç Yılanlarının 
kan değeler verilerini alarak altı farklı makine öğrenmesi 
modeli kullanmışlardır. Yılanların doğal ortamları korunarak 
yapılan çalışma sonucunda biyokimya parametrelerinin 
yılanların fizyolojik ve çevresel faktörlerle birlikte 
metabolizmasında etkili olduğu tespit edilmiştir. Bu sonuçtan 
yola çıkarak bilinmeyen türlerin anlaşılmasında faydalı 
olabileceği düşünülmektedir [4]. Luiselli, Avrupa ve 
Afrika’da bulunun iki farklı yılan türünün karşılaştırmasını 
yapmıştır. Çalışmasında aynı ekolojik ortamda yaşamayan bu 
iki yılan türünün morfolojik olarak benzerlik gösterdiğini 
lojistik regresyon modeli ile araştırmıştır. Seçtiği bağımsız 
değişkenlerden her iki türün de aynı miktarda etkilediğini 
tespit etmiştir [5]. Ramos ve Selistre-de-Araujo, bir araştırma 
çalışması yapmışlardır. Yılan zehirleri içinde bulunan 
metaloproteaz ve disintegrin bileşenlerinin yapıları, işlevleri 
ve olası uygulama alanları üzerinde çalışmışlardır [6]. 

Literatür taraması yapıldığında, yılanların fiziksel 
özellikleri dikkate alınarak zehirli olma durumlarının tespit 
edilmesi hakkında pek fazla çalışma ile karşılaşılmamıştır. Bu 
çalışmada altı farklı aileye mensup yılanların fiziksel 
özellikleri incelenerek bir veri seti oluşturulmuştur. 
Literatürdeki yılan türü tespitlerinden farklı olarak bu 
çalışmada fiziksel özellikler dikkate alınarak sınıflandırma 
işlemi gerçekleştirilmiştir. Veri madenciliği yöntemleri 
sayesinde elde edilen sonuçlarda zehirli ve zehirsiz yılanların 
sınıflandırma algoritmaları ile tespit edilebileceği 
düşünülmektedir. 

II. MATERYAL VE METOD 

A. Veri seti 

Yılanların, gerek baş yapıları gerekse pul yapıları olsun 
sahip oldukları fiziksel özellikler zehirli olup olmadıkları 
hakkında bilgi vermektedir. Bu çalışma kapsamında 
kullanılan veri seti çeşitli kaynaklardan, yılanların sahip 
olduğu fiziksel özellikler toplanarak oluşturulmuştur [2,7,8]. 
Veri setinde altı yılan ailesine mensup yılanlar bulunmaktadır. 
Toplam 1329 örnek olan veri seti için 7 nitelik kullanılmıştır. 
Sınıflandırma niteliği olarak ise yılanın “zehirli” veya 
“zehirsiz” olma durumları tahmin edilmeye çalışılmıştır. 
Tablo I’de veri seti hakkında bilgiler verilmektedir. 

 

 

TABLO I. VERI SETI NITELIKLERI 

Boy 
Max Min 

700 cm 40 cm 

Pul  
Çok Pullu Az Pullu 

398 931 

Baş 
Üçgen Normal 

571 758 

Göz Bebeği 
Dikey Oval 

305 1024 

Renk 
Sarı Kahverengi Siyah Gri Yeşil 

372 425 132 239 132 

Kuyruk 
Çıngıraklı Düz 

106 1223 

Zehir 
Zehirli Zehirsiz 

542 787 

B. J48 Algoritması 

Bir karar ağacı algoritması olan J48 algoritması 
literatürdeki C4.5 ve ID3 algoritması ile aynı matematiksel 
özelliklere sahiptir. C4.5 algoritması sınıflandırmada 
entropiye dayalı hesaplamaları kullanarak ağacı 
oluşturmaktadır [9]. Entropi, bir veri setindeki düzensizliğin 
ölçütü olarak tanımlanır. < , , … , >  ifadeleri ile veri 
setindeki olasılıksal durumlar gösterilsin. Tüm olasılıkların 
toplamının bir olması gerektiği bilinmektedir. ∑ = 1    (1) 

Bu durumda entropinin formülü ( ) = −∑ ∗ log	( ) (2) 

denklemi ile verilmektedir. Bu formül kullanılarak veri 
setindeki tüm bölümler için entropi hesaplamaları yapılır. ID3 
algoritmasında entropi ile yapılan hesaplamalar karar 
noktalarını belirlerken, C4.5 algoritmasında bunlar birer oran 
olarak tutulmaktadır. Bu iki algoritma arasındaki en büyük 
fark ise C4.5’da normalleştirme kullanılmasıdır. Entropi 
hesaplaması bittikten sonra her bir nitelik için bilgi kazancının 
bulunması gerekmektedir.   ( , ) = ∑ | || | ( ) (3) 

Formülü ile bilgi değeri hesaplandıktan sonra, hesaplanan 
niteliğe ait kazanç değeri ç( , ) = ( ) − ( , ) (4) 

ile belirlenmektedir. Bu değer her nitelik için tek tek bulunur. 
En yüksek kazanca sahip olan nitelik kök düğüm olmaktadır. 
[10].  

Karar ağacı belirlendikten sonra budama işlemi yapılarak 
gürültülü veriler veri setinden temizlenir. Böylece karmaşıklık 
matrisinde daha güvenilir sonuçlar elde edilmektedir. 
Karmaşıklık matrisi bilgilerin doğruluğu hakkında bilgi veren 
bir tablodur. Dört farklı sonuca göre doğruluk, kesinlik, 
hassasiyet, hata oranı gibi ölçüm değerleri elde edilmektedir. 
Tablo II de karmaşıklık matrisinin genel hali görülmektedir. 
True Pozitif (TP) ile hem tahmin edilen hem de gerçek 
durumun pozitif olduğu durumdur. True Negatif (TN) ile 
tahmin ve gerçek durumda da negatif çıktı olmasıdır. False 
Pozitif (FP), tahmin edilen pozitif ama gerçek durumda 
negatif olmasıdır. False Negatif (FN) ise algoritmanın negatif 
çıktısı verdiği ama asıl durumun pozitif olmasıdır [11].  
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TABLO II. KARMAŞIKLIK MATRISI 

 Öngörülen Sınıf 

Doğru Sınıf 

 

TP FN 

FP TN 

 
Algoritmanın başarımını ölçeklendirmeye yarayan 

ölçekler ve formülleri şöyledir; 

Doğruluk; doğru sınıflandırılan örnek sayısının tüm uzaya 
oranlanmasıyla elde edilir [11].   ğ =    (2). 

Özgüllük; doğru şekilde tanımlanmış gerçek olumsuz 
örneklerin oranını tespit eden ölçektir [11]. Formülü ise Ö ü ü =     (3) 

şeklindedir. 

Pozitif Tahmin Değeri (PTD), doğru sınıflandırılan pozitif 
örneklerin tüm pozitif örnekleme bölünmesi ile bulunmaktadır 
[11]. =      (4). 

Hassasiyet ise toplam pozitif sınıf içerisindeki doğru 
tahmin edilen verilerin oranlanması ile bulunmaktadır [12]. 	 = 	     (5). 

Negatif Tahmin Değeri ise PTD nin tam tersi olarak 
negatif sınıflandırılan tüm örneklerin tüm negatif sınıfa 
bölünmesi ile elde edilmektedir. Formüle bakıldığında =                   (6) 

şeklindedir. 

 Literatürde sıklıkla kullanılan birçok sınıflandırma 
algoritması mevcuttur. J48 algoritmasının mevcut veri setine 
uygun olduğu düşünüldüğü için çalışma bu yönde yapılmıştır. 
Analizler yapılırken farklı algoritmalar da uygulanmış ancak 
en iyi tahmin başarımının J48 ile elde edildiği görülmüştür. 

III. DENEYSEL ÇALIŞMALAR 

      Bu çalışmada çeşitli yılanların fiziksel özelliklerine göre 
zehirli olup olmama durumları incelenmiştir. Veri setinde 
yılanlar “zehirli” veya “zehirsiz” olmak üzere iki sınıfa 
ayrılmaktadır. Çalışmalar WEKA yazılım ortamında 
yapılmıştır. Weka’daki sınıflandırma algoritmalarından J48 
algoritması, başarım test edilirken ise K-Katlı Çapraz 
Doğrulama Modeli kullanılmıştır. K değeri 10 seçilerek veri 
setinin 10 eşit parçaya bölünmesi ile her bir parçanın sırayla 
eğitim ve test verisi olarak analize dâhil edilmesi 
sağlanmıştır.  
      Weka’ya yüklenen veri setine J48 algoritması 
uygulandığında karar ağacının ısı çukuru özelliğine göre 
%100 başarım elde edildiği görülmektedir. Bir yılanda ısı 
çukuru mevcut ise zehirli, değil ise zehirsiz olduğu 
araştırmalar ile de görülmektedir.  

 
Şekil I. J48 uygulanması sonucunda çıkan karar ağacı 

Isı çukuru verisinin yılanların zehirli olup olmadıklarını 
belirlemede en önemli ölçüt olduğu belirlendikten sonra bu 
özellik veri setinden çıkarılarak yeniden analiz yapılmıştır. 
Böylece yılanların zehirli olmalarını sağlayabilecek diğer 
önemli özelliklerin de belirlenebilmesi sağlanmıştır. Veri 
setinde yapılan bu değişiklikten sonra tekrar J48 algoritması 
uygulanmıştır. Yeni oluşan karar ağacının kökü ise baş 
yapısına göre başlamaktadır. Baş yapısı üçgen olan yılanların 
zehirli olduğu algoritma ile tespit edilmiştir. Baş yapısı 
normal olan yılanlar için, ağaç farklı özelliklere bakarak 
dallanma göstermektedir. Başarım, bir önceki duruma göre 
düşüş gösterse de zehirli yılan tahmininde hala yüksek bir 
orana sahiptir. Son yapılan analiz için karmaşıklık matrisi 
Tablo III’ te görülmektedir.  

TABLO III. YILAN VERI SETINE AIT KARMAŞIKLIK MATRISI 

  Öngörülen Sınıf 

Doğru Sınıf 
Zehirli 540 2 

Zehirsiz 0 787 

 
Elde edilen Karışıklık matrisi incelendiğinde, sadece iki 

tane örneğin yanlış bir sınıfa atandığı görülmektedir. %99.84 
başarım ile yılanların fiziksel yapısına göre sınıflandırılması 
gerçekleştirilmiştir. Bu sınıflandırma sonuçlarına ait 
metrikler Tablo IV’te görülmektedir.  

TABLO IV. BAŞARIM ÖLÇEKLERI 

Doğruluk Özgüllük PTD Hassasiyet NTD 

99.84 1.00 1.00 99.63 0.997 

Isı çukuru veri setinden çıkarıldığı takdirde elde edilen 
karar ağacı Şekil II deki gibidir. 

 
Şekil II. Isı çukuru olmadığı zaman çıkan karar ağacı 

Baş özelliği üçgen olan yılanların kesin olarak zehirli 
olduğu kanısına karar ağacı ve karmaşıklık matrisine 
bakıldığında karar verilebilmektedir. Kök düğümde olan baş 
niteliği çıkarıldığında zehirli ve zehirsiz yılanların ne şekilde 
tahmin edileceği merak edilmiştir. Bu nedenle baş niteliği 
veri setinden silinerek yeniden J48 algoritması uygulanmıştır. 
Başarım %97.44’e düşse de karmaşıklık matrisi 
incelendiğinde iyi bir sınıflandırma yapıldığı 
görülebilmektedir. Bu uygulama sonucunda çıkan 
karmaşıklık matrisi Tablo V’teki gibidir. Bu duruma ait karar 
ağacı Şekil III üzerinde görülmektedir. 
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TABLO V. BAŞ ÖZELLIĞI ÇIKARILDIĞINDA OLUŞAN KARMAŞIKLIK 
MATRISI 

  Öngörülen Sınıf 

Doğru Sınıf 
Zehirli 508 34 

Zehirsiz 0 787 

 
Şekil III. Baş niteliği çıkarıldıktan sonra karar ağacı 

Karar ağacının kökü pul olarak değişmiştir. Bu nitelik 
incelendiğinde de çok pullu olan yılanların yüksek oranla 
zehirli olduğu görülmektedir. Baş niteliğinde olduğu gibi pul 
için de aynı düşünce söz konusudur. Bu nedenle bu özellik de 
veri setinden silinmiştir. Son değişiklikten sonra algoritma 
başarımında herhangi bir değişim olmamasına rağmen bir 
önceki karmaşıklık matrisinde 34 olan False Negatif değeri 
33 olup kalan 1 değerin False Pozitif sınıfında olduğu tahmin 
edilmiştir. Bu duruma ait karar ağacı Şekil IV ile 
gösterilmektedir. 
 
 
 
 
 

 
 

Şekil IV. Son durumda elde edilen karar ağacı 
 

Sınıflandırma algoritmalarından olan Rasgele Orman, K 
– En Yakın Komşu ve Naive Bayes algoritmaları da veri 
setine uygulanmıştır. Elde edilen sonuçlar J48 ile birlikte 
Tablo VI ile verilmektedir. 

TABLO VI. SINIFLANDIRMA ALGORITMALARI KARŞILAŞTIRMA TABLOSU 

 J48 K-NN Rasgele 
Orman 

Naive 
Bayes 

Başarım (%) 97.44 95.33 95.25 83.07 

Özgüllük 0.999 0.958 0.959 0.862 

PTD 0.99 0.940 0.941 0.797 

Hassasiyet 0.939 0.946 0.943 0.784 

NTD 0.959 0.962 0.960 0.853 

 
Bu sonuçlar da göstermiştir ki yılanların fiziksel 

özelliklerine göre zehirli olup olmadıklarını en iyi tahmin 
eden algoritma J48 algoritmasıdır.  

IV. TARTIŞMA VE SONUÇ 

Yılanlar, gizemli ve tehlikeli görünümleri ile bilim 
dünyasında pek çok araştırmaya konu olmuşlardır. Yılan 
zehirlerindeki kimyasal bileşenlerin sınıflandırılması, farklı 
ortamlarda yaşayan yılan türlerinin benzer özellikler 
göstermesi gibi değişik bakış açıları ile araştırmalar 
yapılmıştır.  

Yapılan çalışmada, literatürdekilerden farklı olarak 
yılanların fiziksel özellikleri ile bir sınıflandırma işlemi 
gerçekleştirilmiştir. Bu amaçla çeşitli kaynaklardan 
yılanların fiziksel özellikleri ile alakalı bir veri seti 

oluşturulmuştur. Daha sonra oluşturulan veri setine, veri 
madenciliği yöntemleri uygulanarak yılanların zehirli olup 
olmama durumu analiz edilmiştir. Sınıflandırma 
algoritmaları ile yapılan analizler sonucunda, yılanların 
zehirli ve zehirsiz olarak sınıflandırılmasında J48 
algoritmasının yüksek başarım gösterdiği sonucuna 
varılmıştır. Özellikle ısı çukuru, baş ve pul yapısı nitelikleri 
yılanların sınıflandırılması konusunda önemli rol oynadığı 
görülmüştür. Ayrıca bu özelliklerin net olarak bilinmemesi 
durumunda da sınıflandırma işlemi gerçekleştirilmiş ve 
başarımda sadece %2’lik bir düşüş gözlemlenmiştir. Bu 
sonuç, ısı çukuru, baş ve pul niteliklerin yokluğunda da 
zehirli ve zehirsiz yılanların sınıflandırılması başarılı bir 
şekilde yapılmaya devam edilebildiği gösterilmiştir. 

Bu analizler ışığında ileride yapılacak çalışmalar için daha 
fazla yılan ailesine ait verilerin toplanması, çıkan sonucun 
çok daha geçerli olmasını sağlayacaktır. Büyük bir veri seti 
ile yılanlar için genelleme yapılabilir. 
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Özet— Bilgisayar oyunlarının popülaritesi gelişen teknoloji ile 
artmaktadır. Özellikle kişilerin birbirleri ile etkileşimde olduğu 
çevrimiçi oyunlar çokça tercih edilmektedir. Çevrimiçi oyunlar 
arasında League of Legends, tempolu ve rekabetin yüksek 
olduğu oyunlardan biridir. Bu tarz oyunlarda şampiyonun 
seçim aşamaları ve seçim yasaklamaları önemlidir. Oyun 
sonucunun önceden tahmin edilebilmesi için veri analizi iyi bir 
şekilde yapılmalıdır. Veri analizlerinin yapılmasında veri 
madenciliği yöntemlerinden yararlanılabilir. Bu çalışmada, 
gelecek oyunlarda yapılacak olan seçimlerin, yasaklamaların ve 
oyun içi olayların, oyunu kazanma veya kaybetme 
durumundaki etkisi tahmin edilecektir. Veri setine 
sınıflandırma algoritmalarından bazıları uygulanmıştır. 
Yapılan çalışmalar sonucunda oyuncunun yaptığı seçimlerle 
oyunun kazanılması veya kaybedilmesi arasında bağlantı 
olduğu tespit edilmiştir.  
 
       Anahtar Kelimeler— Veri Madenciliği, Karar Ağaçları, 
Sınıflandırma Algoritması, League of Legends 
 
Abstract— The popularity of computer games is increasing with 
developing technology. Online games, where people interact 
with each other, are particularly preferred. Among the online 
games, League of Legends is one of the paced and highly 
competitive games. In such games, the champion's choices stages 
and selection restrictions are important. Data analysis should be 
performed well in order to predict the result of the game. Data 
mining methods can be used in data analyzes. In this study, the 
effect of the choices, restrictions and in-game events in future 
games on winning or losing the game will be predicted. Some of 
the classification algorithms have applied to the data set. As a 
result of the studies, it was determined that there is a connection 
between the player's choices and the winning or losing of the 
game. 

Keywords—Data mining, Decision Trees, Classification 
Algorithms, League of Legends 

I. GİRİŞ 

Teknolojik gelişmeler sayesinde büyük miktardaki veriler 
düzenli ve doğru bir şekilde kayıt altına alınabilmektedir. Tek 
başlarına bir anlam ifade etmeyen veriler çeşitli şekillerde 
işlenerek anlamlı hale getirilebilir. Verilerin analizinde 
istatistiki yöntemler birçok problemin çözümünde etkilidir. 
Ancak istatistik hesaplamalarının yetmediği durumlarda 
yapay sinir ağları, kural çıkarımı, mantık programlama, karar 

ağaçları, genetik algoritma gibi akıllı veri analizleri içeren veri 
madenciliği yöntemlerinin kullanımı gerekmektedir[1]. Veri 
madenciliği, büyük boyutlardaki veriyi değişik 
perspektiflerden ele alarak analiz etme ve veriyi işe yarar 
bilgiye dönüştürme işlevleri olarak tanımlanabilir. Veri 
madenciliği, sınıflandırma ve regresyon modelleri, kümeleme,  
birliktelik kuralları ve ardışık zamanlı örüntüler olmak üzere 
alt dallara ayrılmaktadır. Sınıflandırma ve regresyon 
modelleri tahmin edici; kümeleme, birliktelik kuralları ve 
ardışık zamanlı örüntü modelleri tanımlayıcı modellerdir.  

Sınıflandırma, eldeki mevcut veriler kullanılarak 
belirlenen sınıflara, yeni gelecek olan verinin yerleştirilmesi 
işlemidir. Sınıflandırma algoritmaları içinde karar ağaçları 
büyük öneme sahiptir. Karar ağaçları, hedef fonksiyonlarını 
hesaplayan ve öğrenilen sistemi bir ağaç olarak sunan bir 
algoritma ile çalışır [1]. Rasgele Orman algoritması literatürde 
sıkça tercih edilen algoritmalardan biridir. Bu algoritma, 
birden çok sınıflandırma yaparak, bu sınıflandırmaların 
sonucunu toplayıp genelleme yapmaktadır. Böylelikle 
analizlerde daha güvenilir sonuçlar elde edilmektedir [2]. Bir 
diğer karar ağacı algoritması ise J48 algoritmasıdır. Bu 
algoritmadaki temel çalışma prensibinde, entropi değerleri 
dikkate alınmaktadır [3]. Sınıflandırma problemlerinde etkili, 
bir başka algoritma ise WEKA’da IBK olarak bilinen, K En 
Yakın Komşu algoritmasıdır. Bu algoritma veri setinde 
bulunan veriler arasındaki mesafeyi dikkate alarak birbirine en 
yakın olan verileri aynı sınıfta nitelendirmektedir [4].  

Günümüzde, bilim insanlarının hala üzerinde yoğun 
olarak çalıştığı veri madenciliği ile ilgili gerçekleştirilen bazı 
çalışmalar aşağıda verilmektedir. Akar ve Güngör, Rasgele 
Orman algoritmasının etkinliğini göstermek için uydu 
görüntülerini sınıflandırma üzerine bir çalışma yapmışlardır. 
Çalışmalarını desteklemesi açısından 3 farklı sınıflandırma 
algoritması ile aynı çalışmayı tekrarlamış ve en iyi 
sınıflandırmayı Rasgele Orman Algoritmasının 
gerçekleştirdiğini göstermişlerdir [5].  Maji ve Arora kalp 
hastalığının erken teşhisinde sınıflandırma algoritmaları ve 
yapay sinir ağlarını kullanarak hibrit bir çalışma 
gerçekleştirmişlerdir [6].  

League of Legends (LoL) günümüzde çevrimiçi oyun 
severlerin en çok tercih ettiği oyunlardan bir tanesidir [7]. İki 
grubun birbirlerinin kalelerini ele geçirmeye çalışması 
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şeklinde oynanan rekabetçi bir oyundur. Oyun, gruplar 
halinde oynandığı için oyunun kazanılmasında grubun özelliği 
ve oyun içi olaylar etkili olmaktadır. Bu etkenlerin veri 
madenciliği yöntemleri ile analiz edilmesi oyuncular için 
kazanma şansını daha da artıracaktır. Ayrıca oyundaki 
seçimler ve yasaklamalar oyunun sonucunu etkileyen önemli 
parametrelerdir. Bu tarz çalışmalar, verinin çok olduğu ve iyi 
düzenlenmiş bir veri seti gerektirmektedir.  

Çevrimiçi oyunların analizi için veri madenciliğinden 
faydalanan bazı çalışmalar kısaca şöyledir. Besera ve ark, 
gerçekleştirdikleri çalışmada çevrim içi oyun oynayan kişiler 
arasında, bir oyun hesabını birden fazla oyuncunun kullanıp 
kullanmadığı tespit edilmeye çalışılmıştır. Bu kapsamda fare 
kullanımı ve tuş vuruşu dinamikleri dikkate alınarak veri seti 
oluşturulmuş ve kimlik doğrulama yapmak amaçlanmıştır [8]. 
Denediuk ve arkadaşlarının yaptıkları çalışmada oyuncuların 
davranışsal özellikleri ve oyun süreleri göz önüne alınarak 
oyunda kalma veya oyundan ayrılma durumları 
değerlendirilmiştir. Tahmin algoritması olarak Mixed Effects 
Cox Regression kullanılmıştır [9].  Sapienza ve ark., yapılan 
çalışmada, LoL oyuncularının davranışları ve performansları 
hakkında genel bilgiler toplamışlardır. Bu verilere Negatif 
Olmayan Tensör Faktörleşmesi (NTF) tekniği ile karar ağacı 
uygulamışlardır. Bu teknikte her bir veriyi bir tensör olarak 
göstererek özelliklere göre faktör matrisler elde edilmiştir. 
NTF tarafından vurgulanan özelliklere bakarak ve bu 
sonuçlardan elde edilen yorumları orijinal verilerle 
karşılaştırıp, her oyuncu grubunun topolojik özelliklerinin 
analizini gerçekleştirmişlerdir. Bu analizler sonucunda insan 
davranışları hakkında olumlu tahminlerde bulunulmuştur 
[10]. Silva ve arkadaşları yaptıkları çalışma ile oyunun belirli 
bir anında alınan verileri kullanarak oyunun sonucu tahmin 
edilmektedir. Çalışmalarında Tekrarlayan Sinir Ağı yapısı 
kullanmışlardır. 3 farklı tipte tekrarlayan ağ yapısı uygulanmış 
ve sonuçlar karşılaştırıldığında en iyi sonuçların basit RNN 
yapısı ile elde edildiği görülmektedir [11].  

Bu çalışmada, LoL verisinden elde edilen veri seti 
üzerinde bir uygulama gerçekleştirilmiştir. Çalışmanın amacı 
eldeki veriler analiz edilerek oyunun sonucunda hangi takımın 
kazanacağının tahmin edilmesidir. Bu amaçla veri 
madenciliği yöntemlerinden Rasgele Orman Algoritması, J48 
Algoritması ve K En Yakın Komşu Algoritmasının 
performansları karşılaştırılmış ve etkili sonuçlar elde 
edilmiştir. 

II. MATERYAL VE METOT 

A. Veri seti 

Bu çalışma kapsamında yapılacak analizlerde, Kaggle 
platformu içerisinde bulunan verilerden yararlanılmıştır [12]. 
Bu verilerde 59 adet nitelikten 57 adedi oyunu oynayan her iki 
grubun da bilgilerini içerirken, 2 veri, oyunu hangi takımın 
kazandığı ve oynanma zamanı bilgisini içermektedir. 
Verilerin tamamı sayısal değerlerden oluşmaktadır. Toplam 
51490 kayıttan 26077 veri birinci takımın kazandığı bilgisini, 
25413 veri ise ikinci takımın kazandığı bilgisini tutmaktadır. 

B. Sınıflandırma Algoritmaları 

Bu çalışma kapsamında Rasgele Orman algoritması, J48 
ve K En Yakın Komşu algoritmaları kullanılmıştır.  

Rasgele Orman algoritması; birden fazla sayıda karar 
ağacı oluşturarak sınıflandırma yapan bir algoritmadır [13]. 
Bu algoritmanın verimli çalışabilmesi için önemli noktalardan 
bir tanesi yeterli sayıda ağaç oluşmasıdır. Ağaç sayısı yetersiz 

olduğunda uyum sorunu ortaya çıkmakta ve algoritmanın 
başarısı olumsuz etkilenmektedir [14]. Kısaca; Rasgele 
Orman algoritması çok sayıda karar ağacı oluşturmakta ve bu 
ağaçları birleştirerek daha etkili bir sonuç elde etmektedir. 
Borsa, E- ticaret, Tıp, Bankacılık gibi pek çok alanda 
kullanılmaktadır. 

J48 algoritması, karar ağacı algoritmalarındandır. Her bir 
nitelik için entropi değerleri dikkate alınarak 
oluşturulmaktadır [3]. Entropi değerine dayalı kazanç 
miktarları hesaplanarak kazancı en yüksek olan nitelik 
dallanmanın gerçekleşeceği nitelik olarak seçilmektedir. Bu 
işlemler sonuç ağaç tamamen oluşana kadar 
tekrarlanmaktadır. 

K En Yakın Komşu algoritması ise veri setindeki değerler 
arasındaki mesafeyi belirli uzaklık kriterlerine bağlı olarak 
hesaplayan ve sınıflandırmayı gerçekleştiren algoritmalardır 
[4].  

C. Başarım kriterleri 

Başarım Kriterleri, gerçekleştirilen çalışmanın başarılı bir 
çalışma olup olmadığını belirlemek için kullanılır. 
Sınıflandırma performansının belirlenebilmesi adına 
öncelikle karışıklık matrisinin oluşturulması gerekmektedir. 
Karışıklık matrisi veri setine sınıflandırma algoritmaları 
uygulandıktan sonra verilerin sınıflara doğru yerleşme 
sayılarını vermektedir. Tablo I’de karışıklık matrisi 
gösterilmektedir. 

TABLO I.   KARIŞIKLIK MATRISI 

Tahmin Sınıfı 

G
er

çe
k 

Sı
nı

f 

 Pozitif Negatif 

Pozitif TP FN 

Negatif FP TN 

 

Tablo I’deki “Pozitif” ve “Negatif” ifadeleri veri setindeki 
sınıfları oluşturmaktadır. TP ve TN değerleri verilerin doğru 
sınıfa yerleştirilme sayılarını vermektedir. FP ve FN ise yanlış 
sınıfa yerleştirilen verilerin sayısıdır [15].  

Karışıklık matrisinden elde edilen bilgileri kullanarak 
sınıflandırma algoritmasının başarım kriterleri 
hesaplanmaktadır. Kullanılan kriterlerden bir tanesi 
doğruluktur. Doğruluk, veri setinde bulunan tüm veriler 
arasında doğru sınıfa yerleştirilen verilerin oranını ifade 
etmektedir. Denklem 1 de doğruluğun formülü 
gösterilmektedir [15]. 

 Doğruluk = TP + TNTP + TN + FP + FN																			(1) 
  

Bir diğer önemli başarım kriteri ise duyarlılıktır.  Denklem 
2 de gösterilen formülden de anlaşılacağı gibi pozitif sınıfa ait 
olan toplam örnek sayısı içerisinde doğru sınıfa yerleştirilmiş 
olanların sayısını vermektedir. 

 Duyarlılık = TPTP + FN																																							(2)			 
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Sınıflandırma başarısının belirlenmesinde kullanılan 
parametrelerden birisi de kesinliktir. Bir diğer adı ise pozitif 
tahmin değeridir(PTD). PTD, belirli koşullar altında analiz 
sonuçları ne zaman yapılırsa yapılsın her zaman aynı sonuçları 
verme oranı olarak bilinmektedir [16]. Denklem 3 de PTD 
kriterinin formülü gösterilmektedir. Denklem incelendiğinde 
pozitif sınıfta tahmin edilen değerler arasında gerçekten 
pozitif sınıfa ait olan değerleri bize vermektedir.  

 PTD = TPTP + FP																																											(3) 
 

Özgüllük ise sınıflandırma problemleri için bir diğer 
başarı kriteridir. Özgünlük ise negatif sınıfta olan bireyler 
arasında negatif sınıfta olarak tahmin edilen bireylerin oranını 
ifade etmektedir [17].  

 Özgüllük = TNTN + FP																																					(4) 
 
Negatif Tahmin Değeri (NTD) ise PTD nin tam tersi 

olarak negatif sınıfta olduğu tahmin edilen değerlerin 
arasından gerçekten negatif sınıfına ait olanların 
belirlenmesidir. Denklem 5’de formülize edilmiş hali 
gösterilmektedir. 

 NTD = TNTN + FN																																											(5) 
 

LoL oyunundan elde edilen veriler kullanılarak 
gerçekleştirilen uygulama için yukarıda açıklaması yapılan 
başarım kriterleri göz önünde bulundurulmuştur.  

III. DENEYSEL ÇALIŞMALAR 

Bu çalışmada, LoL oyuncularının oyunu kazanma 
durumları analiz edilmektedir. Veri setinde sınıf niteliği 
olarak oyunu oynayan iki grup verilmektedir. Analiz için veri 
madenciliği yöntemlerinden Rasgele Orman Algoritması, J48 
ve K- En Yakın Komşu algoritmaları kullanılmıştır. 
Uygulama WEKA programı ile gerçekleştirilmiştir. 

Veri setinde var olan sayısal değerler arasında farkı daha 
az seviyeye indirmek için analize başlamadan önce 
normalizasyon yapılmıştır. Normalizasyon işleminde amaç, 
veri setinde bulunan her bir niteliğin sayısal değerlerini belirli 
bir aralık içine alarak niteliklerin birbirleri üzerindeki baskın 
etkisini ortadan kaldırmaktır [18]. Normalizasyon işlemi 
WEKA programında gerçekleştirilmiştir.  

 Analizde test yöntemi olarak K Kat Çapraz Doğrulama 
seçilmiştir.  Bu çalışma için k değeri 10 olarak belirlenmiştir. 
Bu test modelinde veri seti k tane eşit parçaya bölünür ve her 
parça ayrı ayrı test verisi olacak şekilde k tane analiz 
gerçekleştirilir. Daha sonra elde edilen k tane sonucun 
ortalaması alınarak sonuç değeri elde edilir. Böylelikle veri 
setindeki tüm örnekler hem eğitim hem de test verisi olarak 
kullanılmış olmaktadır [19].  

 Veri setinin daha sağlıklı analiz edilebilmesi ve analiz 
başarısına bir etkisi olmadığı için “creationTime”, “gameId”, 
“seasonId” nitelikleri veri setinden çıkarılmıştır. Analiz 
esnasında herhangi bir filtre kullanılmamıştır. Sınıf nitelikleri 
olan takımlar A ve B harfleri ile kodlanmıştır.   

  

TABLO II.   KARIŞIKLIK MATRISLERI 

Rasgele Orman 
Algoritması 

Tahmin Sınıfı 

G
er

çe
k 

 
Sı

nı
f 

 A B 

A 25351 726 

B 840 24573 
 

J48 Algoritması 

Tahmin Sınıfı 

G
er

çe
k 

Sı
nı

f 

 A B 

A 25141 936 

B 908 24505 

 

K - En Yakın 
Komşu 

Algoritması 

Tahmin Sınıfı 

G
er

çe
k 

Sı
nı

f 

 A B 

A 23947 2130 

B 2126 23287 

 

 
 Gerçekleştirilen analizler sonucunda oluşan karışıklık 
matrisleri Tablo II’ de gösterildiği gibidir. Tablodan da 
anlaşıldığı üzere kullanılan tüm algoritmalar için veri 
setindeki örneklerin çoğunluğu doğru sınıfta tahmin 
edilmiştir. Kullanılan veri seti üzerinde uygulanan tüm 
algoritmaların kabul edilebilir seviyede etkili olduğunu 
göstermektedir. Bu durumda en iyi sınıflandırmanın Rasgele 
Orman algoritması ile gerçekleştirildiği görülmektedir. 

TABLO III.   BAŞARIM KRITERLERI  

 
Doğruluk

(%) 
Duyarlılık Özgüllük PTD NTD 

Rasgele 
Orman  

96.95 0.97 0.96 0.96 0.97 

J48 96.41 0.96 0.96 0.96 0.96 

K En Yakın 
Komşu 

91.73 0.91 0.91 0.91 0.91 

 

Tablo III’de LoL veri setine seçilen sınıflandırma 
algoritmaları uygulanarak elde edilen sonuçlar gösterilmiştir. 
Analiz sonucunda elde edilen bu değerler kullanılan veri seti 
için diğerlerine oranla en uygun sınıflandırmayı Rasgele 
Orman algoritmasının gerçekleştirildiği görülmektedir.   

IV. SONUÇLAR 

Bu çalışmada, günümüzde oldukça popüler olan LoL 
oyununa ait verileri kullanarak oyun sonunda hangi takımın 
kazanacağı tahmin edilmeye çalışılmıştır. Kullanılan veri seti, 
59 nitelik ve 51490 veriden oluşmaktadır. Nitelikler, oyunu 
oynayan gruplara ait bilgileri, oyunun oynanma süresini ve 
oyunu hangi takımın kazandığına dair bilgileri içermektedir. 
Sınıf niteliği olarak oyuna katılan takımlar gösterilmektedir ve 
hangi takımın kazanacağı tahmin edilmektedir.  
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Tahmin için veri madenciliği yöntemlerinden 
faydalanılmıştır. Bu yöntemlerden, Rasgele Orman, J48 ve K 
En Yakın Komşu algoritmaları bu çalışmada kullanılmıştır. 
WEKA uygulaması aracılığıyla gerçekleştirilen çalışmanın 
sonucunda Rasgele Orman algoritması ile %96.95 oranında 
doğruluk elde edilmiştir. Analiz sonuçlarına göre, LoL 
oyununu hangi grubun kazanacağının tahmininde veri 
madenciliği yöntemleri etki sonuçlar vermektedir.  

Elde edilen sonuçlar, kullanılan verilerin oyunun 
sonucunu belirlemede etkili olduğunu göstermektedir.  
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Abstract—Non-governmental organizations (NGO) depend 

on their members to survive. They need to reach the potential 

volunteers. They also aspire to keep track of their members’ 

effectiveness and to motivate those members to be more active. 

The volunteers need a transparent system, where their privacy 

is preserved. Our meetings with several NGOs show that there 

is a solid need for a transparent, effective and trustworthy 

system, where NGOs can track their members’ effectiveness, 

create enthusiasm and even collaborate with the volunteers 

from other NGOs. A system, where gamification principles are 

used for member motivation and the reputation of any member 

is calculated by his/her activities, is proposed. The blockchain 

technology will be used for the gamification process and the 

decentralized digital identity management. The decentralized 

digital identity management approach will help in providing the 

volunteers to gain full control over their identities and ensure 

the privacy. A design approach for the proposed system, the 

expected requirements and some possible use case scenarios 

have been presented. The prototype is implemented via 

Hyperledger Fabric and Hyperledger Indy software platforms, 

as a proof of concept. Chaincodes are to be implemented for the 

system to work autonomously. 

Keywords— Non-governmental organizations, social projects, 

gamification, blockchain, decentralized digital identity 

I. INTRODUCTION 

Non-Governmental Organizations (NGOs) aim to make 
the society socially active. Recent researches demonstrate that 
educated people in the USA and Europe trust NGOs more than 
companies and the media [1]. NGOS consist of members 
(volunteers) who came together for a purpose on voluntary. 
This voluntary potential is one of the most significant 
resources for the development of the NGO. Ensuring 
volunteers to become more active in the NGO is a challenge 
to be accomplished. Encouraging people to volunteer can be 
accomplished by building reliance between the participant and 
the NGO and strengthening their loyalty by giving 
responsibility to them [2].  

We propose a sustainable member motivation and 
management system which we call NGO-TR. This system 
will use gamification techniques and the blockchain 
technology. The system will support multiple NGO’s and 
multiple volunteers. 

The reliability of the members and their performances in 
the activities determine the reputation of the member and most 
NGOs need a profiling system that they can assess the 
reputations and track the progress of each volunteer. Processes 

are expected to perform transparently and reliably in such a 
system. Profiling can mean disturbing to some, this process 
can also be accomplished by taking privacy measures. 
Gamification techniques can be used to make this process fun. 
These methods can be used to increase the participation and 
encouragement of members, as the volunteers can be 
motivated to increase their reputation by being a more active 
volunteer [3]. Achieving these processes autonomously is 
important for trust and reliability. Autonomous systems can 
be accomplished by using blockchain technology. Smart 
codes can be used to establish trust between parties. 

There will be multiple NGO parties and multiple 
volunteers and the volunteer may not prefer to share his/her 
identity with all. In traditional methods, the identity data is 
stored in some centralized authority and the users assume that 
their data’s privacy and integrity is preserved. Decentralized 
digital identity management approach can be used to give the 
volunteers full control over their identities and ensure the 
personal data privacy and integrity [4]. 

In the next section, fundamentals is explained. Related 
works are given in section 3. The proposal of the system is 
explained in section 4. Finally, results and conclusion are 
given. 

II. FUNDAMENTALS 

A. Sustainable Volunteer Motivation and Management 

The reasons that lead volunteers to engage in voluntary 
activities in an NGO can be various. Volunteers can 
categorized diversely according to their experience, aims and 
expectations. The management should try to reach the desired 
efficiency and performance of the volunteers, which is a big 
challenge. The sustainability of volunteering should be aimed. 
An efficient volunteer management is necessary to provide all 
these [5]. 

If volunteer management is implemented with more 
systematic and proven criterias, modern and effective 
solutions to the difficulties experienced with volunteers can be 
improved. Many of the issues related to volunteer 
management will be eliminated if the following systematic 
steps are considered: 

• Determining the required volunteers 

• Defining the roles of volunteers 

• Supplying proper roles to the volunteers  
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• Informing their roles to the selected volunteers 

• Providing trainings to the volunteers 

• Evaluating and analysing the feedbacks from the 
volunteers 

• Tracking the volunteer potential and ensuring mutual 
satisfaction 

The systematically and transparently tracking of all these 
necessary steps can be facilitated in the NGOs with the use of 
the autonomous systems. The sustainability will increase, 
when volunteers track the progress they have made both 
personally and collectively. The adaptation of autonomous 
systems to NGOs will bring the ability to track the tasks 
achieved by all members within the organization 
transparently. The situation will create a confidence 
atmosphere between the NGO and the volunteer, as well as 
increasing the volunteer's devotion and performance [5]. 

One of the major issues in voluntary management is 
finding non-pecuniary motivation sources for sustainability. 
Non-governmental organizations can take some encouraging 
steps to increase voluntariness. Transparent scoring systems 
can be a good idea if it is well designed with gamification 
principles. This can be used to increase volunteers' attention 
and motivation. The transparent scoring systems can be used 
to evaluate volunteers by their activities and increase their 
competence within the community [5]. 

B. Blockchain 

Blockchain is a technology where the aim is to establish 
trust without intermediaries. Blocks are created by keeping 
each record linked to each other. This forms a decentralized 
and secure structure which is called the ledger. The records 
are ensured that they are tamper-proof. This data is kept in 
devices called the nodes. 

There are different blockchain structures that vary 
according to the anonymity of the nodes and the trust between 
the nodes. These are shown in Fig. 1 [7]. Any node in the 
open/permissionless blockchain can join and exit the network 
at any time, download protocols and view transactions. The 
validators are anonymous and there is lack of trust in 
Open/Permissionless blockchain structures. Bitcoin is an 
example of a Open/Permissionless blockchain. In the 
permissioned blockchain, only consortium members can join, 
exit, download protocols and view transactions. 

Validators are not anonymous and there is trust in 
closed/permissioned blockchain structures. This structure is 
suitable for the enterprise solutions. This solution is also 
energy efficient and scalable. Hyperledger is an example of 
this blockchain structure. Hyperledger is preferred in this 
project because of this features. 

Hyperledger Umbrella Project was launched by IBM in 
December 2016. It was later incorporated to the Linux 
Foundation. Hyperledger Indy (http://www.hyperledger.org) 
is a framework designed for the distributed digital identities. 
It can work with 2600 credentials in a minute [11]. Users can 
manage their identities on their own without any need of an 
organisation with Indy [12]. 

 

 

Fig. 1. Anonymity/Trust of Validators 

C. Gamification 

Gamification is one of the most popular approaches in our 
age which is focused on the interaction of people with devices 
[10]. It is a concept which uses the power of the games in order 
to create motivation for not so entertaining purposes [11]. It 
can be used for an enterprise to manage the engagement of 
members and enhancement of productivity [10]. As an 
example, an automobile retail chain received 95 percent 
voluntarily participation rate with gamification efforts [12]. 
Thus, it can be implemented in NGO’s to benefit from these 
features. According to self determination theory; people have 
three psychological needs which are the needs of competence, 
autonomy and relevance. If these needs are met, people are 
naturally motivated [13]. In the system we propose, it will let 
the person gain credits by his/her actions while providing the 
autonomous run of the system. The competence is to be 
satisfied by the reputation and the volunteers activities will be 
profiled to assess that. The motivation is to be met by the sense 
of belonging and the gamification techniques will be used to 
reach this goal. 

D. Decentralized Identity Management 

User information is usually kept in several databases in 
each service provider. This solution is inefficient, hard to 
secure and hard to maintain. Identity control mechanisms are 
needed where the user has the total control of his/her data. 
Decentralized approach to the digital identity issue can 
provide that control and privacy to the user over their identity 
data [4]. The main technique that is to be studied is the Zero 
Knowledge Proof (ZKP). ZKP is the method that is used to 
prove an argument without revealing any information about it 
[14]. Thus, an identity can be claimed and proved without 
actually sharing the credentials by using ZKP and 
decentralized digital identity management. These solutions 
ensure data integrity and will reduce the risks of the data 
breaches. Users will have the right to share the requested parts 
of their personal data. Decentralized applications will be able 
to reach the shared data when access granted through the 
blockchain based solutions [15-16]. 

III. RELATED WORKS 

We had proposed a NGO communication platform in an 
old publication [17]. NGO’s were at the center of that study 
and there were trust issues which we believe can be solved 
with the blockchain technology. Blockchain based digital 
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identity management solutions are summarized in [16]. 
Transforming organizations through gamification is covered 
in [10]. There are blockchain based products which use 
gamification principles in the market such as Whappy 
(https://www.whappy.it) and Open Social 
(https://www.getopensocial.com). Table 1 compares these 
solutions with our solution NGO-TR. Open Social group 
claims that social rewards have no real-world value and have 
a cryptocurrency token based rewarding model [18]. Whappy 
uses blockchain to make gamification and loyalty programs 
reliable [19]. NGO-TR is not a commercial solution and does 
not depend on cryptocurrency. It is energy efficient as it does 
not use PoW consensus protocol. 

TABLE I.  COMPARISON OF NGO-TR WITH OTHER SOLUTIONS  

 Digital 

Identity 

Gamification Reputation Blockchain 

Usage 

Whappy No Yes Yes Make 

gamification 

and loyalty 

programs 

reliable 

Open 

Social 

No Yes Yes Cryptocurrency 

Token based 

Rewarding 

model 

NGO-

TR 

Yes Yes Yes Digital Identity 

+ Reward 

IV. SYSTEM PROPOSAL 

The system which is proposed to be used for the volunteer 
management and motivation is shown in Fig. 2. NGOs and the 
users interact with the system through the smart codes (smart 
chains). The system proposal includes the following 
subsystems which will be described in the following 
subsections: 

• Digital Identity System: User details are kept in the 
digital identity system. Prototype is being 
implemented in the Hyperledger Indy blockchain 
framework. Privacy and integrity of the user data will 
be satisfied. 

• Profiling (User Activity) System: User activities will 
be kept in a database with an activity history. All the 
successfully finished and unfinished activities will be 
kept with remarks if needed. This database can also be 
implemented as a blockchain ledger even it is not a 
must. 

• Gamification (Awarding) System: User activities can 
be reviewed and rated by both the NGO and other 
volunteers that participated on a specific activity. 
Successful volunteering activities will be rewarded 
and total points of the volunteer will be kept in 
Hyperledger Fabric blockchain framework. 

This system uses blockchain structure to ensure that the 
assets are kept without any manipulation and work 
autonomously. However, it will make sense when more than 
one party is involved in the consensus process. Following 
conditions are expected for a proper system setup: 

• NGO have management in more than one region and 

more than one country. Each region of that NGO can 

be a node and this system will also ensure trust 

between regions and countries.  

• More than one NGO can use this system and ensure 

trust between each other. 

• Volunteers can be involved in more than one NGO 

and reputation is to be calculated by taking this into 

account. 

• Sponsor firms and other organizations may be 

involved in the future phases of the project. 

• NGO can request an active (enrolled) volunteer’s 

personal information from directly the volunteer. 

The datasets which are to be used can be classified as: 

• User Public Dataset: Publicly available information. 

• User Personal Data (Digital ID): The information to be 
shared on the consent of the volunteer. 

A. Datasets & Profiles 

User public datasets consists of public personal data and 
user activity records. The publicly available datasets will be 
processed to form the following two profiles: 

• Public profile: This profile is formed of the selected 
information of the volunteer which the user wants to 
keep public. It is formed of username, avatar and other 
public information.  

• Activity profile: This profile is formed from the user 
activity records which the user took part in it. 

• These records can be kept in a relational database like 
MySQL or even Hyperledger Fabric can be used. 
Database can also be preferred in the system as the 
public records will not contain private personal data 
and there is no trust related issue. This selection is also 
based on performance issues as this data will 
consistently be analysed by the Machine Learning 
Techniques. 

User personal data (Digital ID) will be kept private in a 
global blockchain network. This data will consist of 
volunteer’s private information such as name, address, phone 
number etc. Hyperledger Indy will be used to form a prototype 
system. The personal data of the volunteers will be stored in 
the decentralized blockchain network. 

 

Fig. 2.  NGO-TR volunteer management and motivation techniques 
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Workflow for an activity process is shown in Fig. 3. The 
NGOs or autonomous codes (chain code) will ask consent of 
the volunteer to reach some parts of his/her personal data. 
These data will be processed to form the private profile of that 
user. Volunteers can accept or deny personal information 
request of the NGOs. 

B. Reaching Possible Volunteers Process 

The system will be constructed in such a way that NGOs 
will not need to search for volunteers. The steps of reaching 
possible volunteers will be as follows: 

Step 1: Propose an activity and specify the needed profile 
of the volunteers. 

Step 2: An autonomous code will query the volunteer 
activity profiles with generic criterias. The generic criterias 
will be experience, history of activism or the reputation. The 
system will query the database and supply the list of 
volunteers regarding to those criterias. These criterias are also 
planned to be automatically generated with the machine 
learning algorithms.  

Step 3: Smart contract will send invitations to this list of 
possible volunteers and then ask them for their enrolment in 
that volunteer activity. 

Step 4: NGO will ask these users to access their personal 
data which is stored in Hyperledger Indy ledger. Volunteers 
can give permission to the NGO for the requested data. Then 
the NGO can use this information to contact them to 
collaborate in an event. 

C. Gamification (Awarding) Process 

The NGO will reward the user with a specific amount of 
token after the event is completed. Current version of the 
Hyperledger Fabric does not support tokens, so assets will be 
used as a token. Token will be implemented in the future with 
the upcoming version of the Hyperledger Fabric. The token 
amount can be specified during the announcement of the 
activity and also the performance of the volunteer. These 
tokens will be used to form the value which will be used to 
show the global volunteer reputation. Gamification principles 
will be used to increase the volunteer motivation. 

 

Fig. 3. Workflow for the Activity Process of NGO-TR 

Gamification part will be implemented in the following 
studies. Different techniques will be tested with the volunteers 
of the Ahbap NGO and the appropriate game dynamics will 
be selected. The game dynamics which is planned to be 
implemented are [19]: 

• Points 

• Levels 

• Challenges 

• Badges 

• Leaderboards 

V. IMPLEMENTATION 

The implementation platform is selected as an ordinary PC 
with 8 GB of RAM, 1 TB of HDD and i7 Intel 2.7 GHz CPU. 
Hyperledger Fabric 1.4 is going to be used for tokenizing. The 
assets will be used for this, then tokens will be used with the 
Hyperledger Fabric 2.0 version. A couple of Hyperledger 
Fabric Peers representing different NGO nodes is installed and 
run in the Docker containers. Each NGO has its own channel 
in order to have transactions with its own members and a 
common channel for all nodes is going to be created. Each 
peer will have a database for keeping the assets (user public 
dataset) of the volunteers. Those assets will also keep the 
tokens (points) that a volunteer earned. 

A mobile application is going to be used by NGOs for 
reaching the volunteers’ public information which is stored in 
the Fabric ledger. Hyperledger Indy 1.9 is selected to manage 
the digital identities. The demo scenario is implemented as a 
proof of concept where it is shown that it’s possible to share 
the requested volunteer (user private) data with the NGO. 
Project code and details will be reachable through the project 
github repo (https://github.com/MSKU-BcRG/NGO-TR). 

VI. RESULTS AND CONCLUSION 

Our previous NGO communication platform proposal [17] 
was not focused on the volunteer and the NGO’s didn’t realize 
the benefits of such a communication platform. The world is 
changing as decentralized technology platforms ensure 
systems without intermediaries. In this NGO-TR proposal, we 
put the volunteer as the main user of the system and dream of 
a world where any citizen can contribute to any activity of any 
NGO. The volunteer does not need to be a member if the NGO 
permits that case. 

NGO-TR system is proposed for increasing the members 
activeness in the NGOs in this study. The proposed system is 
designed to increase the volunteers’ activeness and ensure the 
personal data privacy. All the activities will be transparent to 
all users in the system. The NGO’s will be able to actively 
monitor the volunteers’ activeness in the level that the 
volunteer permits. 

We believe that such a tamper-proof, transparent and 
autonomous system will help in managing the NGOs in a more 
democratic way. This study is a proof of concept that such a 
system is possible. Gamification techniques will help in the 
sustainability of the volunteers activeness. The decentralized 
technologies with ZKP will resolve the problems of identity 
management and privacy. However blockchain technology is 
still evolving and there are still challenges to be solved. Even 
this means changing the code and even the system eventually, 
we believe it worths the effort. 
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Future works will include improving this system 
according to the feedbacks from the NGOs. The system will 
be tested with NGOs and machine learning algorithms will be 
run to optimize the profiling process. 
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Abstract— With the developing technologies, many data that 
are not measured or measurable in the past but not recorded are 
now recorded and stored in the databases. Classical statistical 
knowledge has made it impossible to extract meaningful data 
from a small number of data, but data mining methods have 
emerged by combining classical statistical methods with modern 
technology. With data mining methods it is now easier to 
establish decision support systems with meaningful data 
obtained from meaningful data among many data stacks. The 
purpose of this study is to address the relationship between data 
mining methods and health services. It is not a system, method 
or method to decide on behalf of physicians. Ultimately, the best 
decision is the personal observation and experience of the 
physician. The intensive business will work in the sense of 
developing an intelligent system that will support the tempo of 
decision making and the complexity of data among the tempo. 
From this, the KNN algorithm was applied to the Sepsis data set 
and 121 samples were classified correctly in a total of 128 
samples. The accuracy of the KNN algorithm is 94.53% for this 
data set. Naive Bayesian algorithm was applied to the Sepsis 
data set and the accuracy rate was calculated as 93.73%. 

Keywords— data mining, sepsis data mining, KNN, naive 
bayesian 

I. INTRODUCTION  

Today, many types of data that were not measurable or 
recorded in the past, is recorded and stored in databases with 
developing technologies. Classical statistical science allowed 
us to extract meaningful data from a small number of data. 
However, with the growth of data, more adaptive and faster 
techniques have emerged than classical statistical methods. 
With data mining methods, it is now easier to identify 
knowledge data among many data stacks and to create 
decision support systems with meaningful data obtained. 

Data analysis methods have significantly affected the 
health field. Laboratory devices, which previously worked 
with a limited number of parameters, have now reached a 
structure that operates with a large number of parameters. 
Many non-measurable data have now become measurable and 
more importantly, it is possible to compare new data over 
historical data. This has led to more data being generated, and 
now requires the use of decision support systems to assist 
healthcare professionals [1]. 

Neonatal sepsis is a condition that presents with signs of 
infection in the first thirty days of life. The diagnosis of sepsis 
can be defined as early-onset, late-onset, and very late-onset 
sepsis. Early neonatal sepsis is usually transmitted in the birth 
canal or during delivery, while late neonatal sepsis can be 
transmitted in the birth canal or the hospital, environment, 

community, home. Very late onset sepsis is generally seen in 
infants born with low birth weight and long-term hospital 
treatment and rarely from the community [2].  

According to the epidemiology of neonatal sepsis, in 
developed countries, each living organism is seen between 1-
10 births per 1000 births, whereas in underdeveloped 
countries this number can be between 49-170.  Bacteria 
causing sepsis vary according to geographical location, 
country and hospital. here are many risk factors that cause 
early neonatal sepsis. Premature birth, low birth weight, early 
birth of the mother's birth waters, infection of the membrane 
surrounding the baby, multiple pregnancies and excessive 
vaginal examination during delivery are among the main risk 
factors [2]. 299 infants who were admitted to the neonatal 
intensive care unit of Monroe Carell Jr. Children's Hospital, 
the Vanderbilt University of America within 1 month of 18 
months were evaluated for late-onset sepsis. All Clinical, 
Laboratory and Microbiology data were collected and nine 
different machine learning algorithms were applied to these 
data [3]. The records, findings, and laboratory tests of 741 
adult patients with at least two of the criteria for systemic 
inflammatory response syndrome at Davis University of 
Health Systems, California, USA were investigated. Bayes, 
Macrov Models, Support Vector Machine, Gaussian Mixing 
algorithms were used for estimating mortality and predicting 
lactate levels [4]. In the study performed in the birth 
department of Centro Hospitalar Tamega e Sousa Hospital in 
Portugal, a data set was created with the data collected using 
the Jaundice Meter device at 8-hour intervals and clinical data 
of 231 patients in newborn infants with jaundice. J48, C4.5, 
Naive Bayes, Sequential minimum optimization algorithms 
were analyzed with and compared with each other in terms of 
accuracy, sensitivity and specificity [5]. 

Data mining methods have successful applications in the 
fields of Electronic Commerce, Marketing, Cement Strength 
Prediction [6], Hydraulic Behavior Prediction [7], Signal 
Analysis [8], Material Analysis [9] as well as useful 
applications in Genetics [10] and Healthcare [11]. 

Medical data is very rich in content maintenance and 
contains a lot of knowledge waiting to be discovered. By using 
the KNN and Bayesian classification methods, 13 
qualifications were evaluated on 909 patient data and used to 
develop a Smart Heart Disease Prediction System. In the study 
conducted by eliminating data inconsistencies with Weka, the 
accuracy rate in Naive Bayesian was 96.5% and the accuracy 
rate in KNN was 88.3% [12]. The large increase in the amount 
of data produced in today's health institutions and collected 
from medical devices has revealed the need for an 
autonomous solution to make inferences from these data. it is 
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possible to access interesting and useful information among 
the data stacks using data mining techniques. The valuable 
hidden knowledge obtained in this way can be used to improve 
and accelerate business efficiency and the quality of decision-
making processes. Prediction in healthcare services, decision-
making, decreasing the cost of health care, early detection of 
infectious diseases, modeling of diagnosis and treatments 
applied will enable us to look at events from different 
perspectives and access valuable hidden knowledge [13].  

This study aims to discuss the relationship between data 
mining methods and health services. It is not to develop a 
system, method or method to decide on behalf of physicians. 
As a result, the best decision is the personal observations and 
experience of the physician. There will be efforts to develop 
an intelligent system that will support the physician at the 
point of decision-making between intense work tempo and 
data complexity. The KNN Algorithm was applied to Sepsis 
data set; 82 samples were classified correctly in 88 samples. 
The accuracy of the KNN algorithm is 94.53% for this data 
set. Naive Bayesian algorithms were applied to sepsis dataset 
and the accuracy rate was 93.73%. 

II. THE CONCEPT OF SEPSIS  

Sepsis is a severe infection involving all organs and 
systems in the body. Newborn sepsis is a life-threatening 
disease in infants. Sepsis is an important cause of morbidity 
and mortality for newborn infants. Therefore, timely diagnosis 
and treatment are of great importance [14]. In developed 
countries, the rate of neonatal sepsis in the population is 
between 1-10 per 1000 live births, while in developing 
countries this ratio is between 49 and 170 per 1000 live births 
[2].  

A. Diagnosis of Sepsis 

The diagnosis of newborn sepsis is a symptom that occurs 
within 28 days after live birth. The definitive diagnosis is 
made by following bacterial growth in blood culture [15,16]. 
However, it is difficult to make the diagnosis because the 
symptoms and signs specific to the disease are difficult to 
understand, blood culture results take time, and blood culture 
results may be wrong. Neonatal sepsis is divided into three 
different classes according to the time of detection by the 
Medical Authorities [17]. 

• Early-Onset Newborn Sepsis 

• Late-Onset Newborn Sepsis 

• Very Late-Onset Newborn Sepsis 

B. Neonatal Sepsis Data Set 

The data in the data set used in this study were collected 
by Uzm. Dr. Fatma UZUN by filling the datasheets between 
May 2013 and January 2014 at the Neonatal Intensive Care 
Unit of the Department of Pediatrics of Fırat University 
Hospital. [17] 

C. Description of Dataset  

Gender: Male, Female 

Birth Type: 1- Cesarean Birth, 2-Normal Birth  

Birth Weight: Below 1-1500 grams, between 2-1500-
2500 grams, between 3-2500-4000 grams, 4-4000 grams 
above 

Birth Week: 1- 38 Weeks and Above, 2- 32-37 Weeks, 3- 
28-31 Weeks, Below 4- 28 Weeks 

Actual Birth Week: The week of birth 

Blood Group Mismatch: The mismatch between the 
Mother and Baby Blood Groups is checked. 1-No, 2-Yes 

Celestone Application: Celestone Drug administered by 
injection to the anti-inflammatory mother whose active 
ingredient is betamethasone in ampoules. 

Rhogam Application: It is a drug application applied to 
mothers who have a threat of miscarriage and blood group Rh- 
after the eighth week of pregnancy [18]. 

Sespis Diagnosis Time: Sepsis is divided into 3 sections 
according to the time of diagnosis. 

Before 72 hours; Early Sepsis (Value: 1) 

After 72 hours; Late Sepsis (Value: 2) 

30 days and later; Too Late Sepsis (Value: 3) 

Sepsis Story: Is there a sepsis story before? (1: None, 2: 
Yes) 

Antibiotic Use: Is there any previous antibiotic use? (1: 
None, 2: Yes) 

RDS: RDS (Respiratory Distress Syndrome) is a clinical 
manifestation with more than 24 hours of bruising, rapid and 
groggy breathing, which occurs within the first 4 hours after 
delivery due to lack of surfactant and immature lungs [19]. 

Surfactan: Drug administration (1: Done, 2: Not done) 

III. BAYESIAN CLASSIFIER 

Let X be defined as a new class that we don't know which 
class it belongs to. Let x data be { , , ,…, }. Assuming 
that we have a training set named C and that there are m class 
{ ,  , ,..., } in this training set; 

According to Bayes theorem, when the X event occurs, the 
probability of occurrence of  is as in equation (1) [ ]: 

 ( \ ) = ( \ ) ( )( )           (1) 

In order to obtain faster results during the calculation, the 
simplification path for the probability of ( ) can be used. If 
we want to simplify, we can use the correlation in equation (2) 
considering that  values are independent of each other. ( \ ) = ( \ ) ( )          (2) 

If all properties are independent during this process, 
equation (3) should be used [20]. ( \ ) = ∏ ( \ ) = ( \ ) × ( \ )…×( \ )																																																																																							(3) 

Since the denominators in	 ( / ) are equal,  can be 
assigned to the class to which they belong only by using share 
values. Obtained by selecting the largest denominator with the 
values of which class can be easily determined using equation 
(4) [21]. arg = { ( \ ) ( )}         (4) 

IV. KNN ALGORITHM  

The K-Nearest Neighbor (KNN) algorithm was first 
described in the early 1950s [22]. The KNN algorithm was 
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initially given to large training sets and did not gain popularity 
due to lack of computing power. The KNN algorithm gained 
importance with the increase in computing power of 
computers after the 1960s [1,23]. 

The purpose of the KNN algorithm is to classify the 
incoming object by using its training set of objects that have 
been previously classified using effective properties. When 
making this prediction, the distance of the new object to each 
object in the training set is calculated. Among these distances, 
k is selected and k is classified according to the classes of the 
selected object. K value is chosen randomly [22,23]. 

V. DIAGNOSIS OF NEWBORN SEPSIS WITH  MACHINE 

LEARNING TECHNIQUES  

In the data set, gender, birth type, birth weight, birth week, 
actual birth week, blood group mismatch, Celestone 
Application, Rhogam Application, Antibiotic Use, RDS, 
Surfactant fields were processed with machine learning 
algorithms. K-Nearest Neighbors (KNN), which is a distance-
based classification method, and Naive Bayesian algorithm 
which is a statistical-based classification method, was used as 
a Machine Learning Algorithm. From this data set, the time of 
sepsis diagnosis was tried to be predicted and a decision 
support system for an early warning was aimed. 

KNN is an algorithm for determining the class of new 
incoming data by comparing it with previous classes or 
predicting the nearest class [24]. The confusion matrix is a 
table structure that allows an algorithm to be visualized and 
understandable in the field of machine learning. In the KNN 
algorithm, N Nearest Neighbor value is calculated as 3 [25]. 

Naïve (Pure) Bayesian Algorithm is one of the statistics-
based Bayesian classification algorithms. It is Probability-
based. It is easy to apply and successful in performance. 
Cross-validation plays a very important role during Naive 
Bayesian implementation. It is mainly used in environments 
where the target is foreseen and wants to predict how 
accurately a forecasting model will perform in practice. In a 
prediction problem, a model is typically provided with a data 
set in which training is performed, the results of which are 
known, and another set of data in which the model is tested. 
The purpose of cross-validity is to test the model's ability to 
predict new data and give an idea of how the model will be 
generalized. 

TABLE I.  CONFUSION MATRIX KNN AND NAIVE BAYESIAN 

 KNN Naive Bayesian 

 P N P N 

Sepsis Pozitif (SP) 82 6 81 7 

Sepsis Negatif (SN) 1 39 1 39 

 

According to the KNN algorithm, the number of True 
positives is 82 while the number of True negatives is 39. The 
number of false negatives was 6 while the number of false 
positives was 1. According to the Naive Bayesian algorithm, 
the number of true positives is 81 while the number of true 
negatives is 39. The number of false negatives was 7 while the 
number of false positives was 1. In both algorithms, the 
number of false positives was found to be 1, while the true 
negative number was 39. The difference between the two 

algorithms was found to be true positive for the KNN 
algorithm by Naive Bayesian algorithm. While the KNN 
algorithm directly detected 82 of 88 patients diagnosed with 
sepsis, 40 of the control group detected 39 of the sepsis 
patients correctly and found that 1 intact patient was actually 
sepsis. The Naive Bayesian algorithm directly detected 81 of 
88 patients diagnosed with sepsis, while 40 of 39 control 
sepsis patients correctly identified and 1 intact patient was in 
fact sepsis. 

TABLE II.  THE RESULTS OF THE KNN VE NAIVE BAYESIAN 
CLASSIFIER 

 KNN Naive Bayesian 

Class SP SN W SP SN W 

TP Rate 0,93 0,97 0,94 0,92 0,97 0,93 
FP Rate 0,02 0,06 0,03 0,02 0,08 0,04 
Precision 0,98 0,86 0,95 0,98 0,84 0,94 
Recall 0,93 0,97 0,94 0,92 0,97 0,93 
F-Mea. 0,95 0,91 0,94 0,95 0,90 0,93 

 

KNN algorithm The average of patients diagnosed with 
true positive sepsis was 0.945. False positives found a mean 
of 0.038 in patients who were not diagnosed with sepsis. The 
mean Naive Bayesian algorithm was 0.938 for patients with 
true positive sepsis. The mean of the patients who were not 
diagnosed with sepsis was 0.042. If we compare the sharpness 
values for both algorithms, the average of 0.950 for KNN is 
0.944 for the Naive Bayesian algorithm. While the sensitivity 
values are 0.945 in the KNN algorithm, this value is 0.938 in 
the Naive Bayesian algorithm. The mean F-Score comparison 
was 0.946 in the KNN algorithm and the average in the Naive 
Bayesian algorithm was 0.938. The effects of both algorithms 
on the neonatal data set were analyzed and their implications 
revealed. 

VI. RESULTS AND DISCUSSION  

Active use of data mining methods in the field of medicine 
can produce predictions that will serve as a preliminary 
warning for the detection of certain diseases. Machine 
learning techniques are likely to be a decision support system 
to assist the physician at the point of deciding some diseases. 
It would be beneficial for teams developing software on 
hospital information systems to apply data mining methods 
and integrate these methods into all processes of Hospital 
information management systems. Analysis of health data by 
data mining experts will be effective in shaping the health 
policies to be developed in our country. From the disease to 
the region, from the region to the disease will be made through 
multi-faceted examinations of health investments and 
pharmaceutical industry will give an idea. In addition, the 
number of clinical decision support systems should be 
increased by examining disease data accumulated over time in 
the databases. 

In this study, data mining methods used in medicine, 
neonatal sepsis data set are examined, KNN and Naive 
Bayesian algorithms are explained. These algorithms were 
applied to a part of the newborn data sepsis data set and an 
early diagnosis detection system was tried to be established. 
The aim of this study is to provide a decision support system 
for physicians for early diagnosis rather than an automatic 
diagnosis system. According to the results obtained by the 
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study, KNN algorithm made Sepsis diagnosis with 94.53% 
accuracy rate while Naive Bayesian algorithm produced an 
accuracy rate of 93.75%. These accuracy rates show that; In 
the field of medicine, it is seen that there are stacks of data 
which can be extracted from valuable knowledge. 

 
[1] Altay, Osman, and Mustafa Ulas. "Prediction of the autism spectrum 

disorder diagnosis with linear discriminant analysis classifier and K-
nearest neighbor in children." 2018 6th International Symposium on 
Digital Forensic and Security (ISDFS). IEEE, 2018. 

[2] Cengiz A.B. , “Yenidoğan Sepsisi”, Çocuk Enfeksiyon Dergisi, 2009 

[3] Mani S. ve Akd. “Medical decision support using machine learning for 
early detection of late-onset neonatal sepsis”, Journal of the American 
Medical Informatics Association, 2013 

[4] Gültepe E. ve Ark. “From vital signs to clinical outcomes for patients 
with sepsis: a machine learning basis for a clinical decision support 
system”, Journal of the American Medical Informatics Association, 
2013 

[5] Oliveira A. ve Ark.,” Applying data mining techniques to improve 
diagnosis in neonatal jaundice.” BMC Medical Informatics and 
Decision Making, 2012 

[6] Açikgenç, M., Ulaş, M., & Alyamaç, K. E. (2015). Using an artificial 
neural network to predict mix compositions of steel fiber-reinforced 
concrete. Arabian Journal for Science and Engineering, 40(2), 407-419. 

[7] Bilhan, O., Emiroglu, M. E., Miller, C. J., & Ulas, M. (2018). The 
evaluation of the effect of nappe breakers on the discharge capacity of 
trapezoidal labyrinth weirs by ELM and SVR approaches. Flow 
Measurement and Instrumentation, 64, 71-82. 

[8] Altay, O., & Ulas, M. (2018, March). Location determination by 
processing signal strength of Wi-Fi routers in the indoor environment 
with linear discriminant classifier. In 2018 6th International 
Symposium on Digital Forensic and Security (ISDFS) (pp. 1-4). IEEE. 

[9] Altay, O., Gurgenc, T., Ulas, M., & Özel, C. (2019). Prediction of wear 
loss quantities of ferro-alloy coating using different machine learning 
algorithms. Friction, 1-8. 

[10] Altay, O., Ulas, M., Mahmut, O. Z. E. R., & Ece, G. E. N. C. (2019, 
June). An Expert System to Predict Warfarin Dosage in Turkish 
Patients Depending on Genetic and Non-Genetic Factors. In 2019 7th 
International Symposium on Digital Forensics and Security (ISDFS) 
(pp. 1-6). IEEE. 

[11] Altay, O., & Ulas, M. (2019). The Use of Kernel-Based Extreme 
Learning Machine and Well-Known Classification Algorithms for Fall 

Detection. In Advances in Computer Communication and 
Computational Sciences (pp. 147-155). Springer, Singapore. 

[12] Ansari U. ve Ark. “Predictive Data Mining for Medical Diagnosis: An 
Overview of Heart Disease Prediction”, International Journal of 
Computer Applications (0975 – 8887) Volume 17– No.8, March 2011 

[13] Milovic B.,” Predıction And Decision Making In Health Care Using 
Data Mining”, Kuwait Chapter of Arabian Journal of Business and 
Management Review, 2012 

[14] Cengiz A.B. , “Yenidoğan Sepsisinde Değerlendirme ve Yönetim”, 
Güncel Pediatri Dergisi, 2007 

[15] Cengiz, A. B.. Yenidogan Sepsisi/Neonatal Sepsis. Cocuk Enfeksiyon 
Dergisi, 3(4), 174, (2009). 

[16] ÖRS, R., & KONAK, M. (2013). Yenidoğanın Geçici Takipnesi. 
Turkiye Klinikleri Pediatric Sciences-Special Topics, 9(1), 13-17. 

[17] Uzun F., “Yenidoğan Sepsisli Bebeklerde Erken Tanıda Serum Crp, 
Prokalsitonin Ve Cd64 Düzeylerinin Önemi”, Fırat Üniversitesi, Tıp 
Fakültesi-Çocuk Sağlığı ve Hastalıkları Anabilim Dalı, Tıpta 
Uzmanlık Tezi, 2015 

[18] Topaloğlu S.,” Gebelik ve rh (kan) uyuşmazlığı”, 
http://www.suheylatopaloglu.com/gebelik/19-site-
icerigi/makaleler/gebelik/146-gebelik-ve-rh-kan-uyusmazl-g, Access 
Date :28.04.2018 

[19] Aldemir B. “Respiratuvar distress sendromu(RDS)”, 
http://www.drbulentaldemir.com/rds/ , Access Date: 28.04.2018 

[20] Friedman, N., Geiger, D., & Goldszmidt, M. (1997). Bayesian network 
classifiers. Machine learning, 29(2-3), 131-163. 

[21] Cheng, J., & Greiner, R. (1999, July). Comparing Bayesian network 
classifiers. In Proceedings of the Fifteenth conference on Uncertainty 
in artificial intelligence (pp. 101-108). Morgan Kaufmann Publishers 
Inc.. 

[22] Keller, J. M., Gray, M. R., & Givens, J. A. (1985). A fuzzy k-nearest 
neighbor algorithm. IEEE transactions on systems, man, and 
cybernetics, (4), 580-585. 

[23] Cover, T., & Hart, P. (1967). Nearest neighbor pattern classification. 
IEEE transactions on information theory, 13(1), 21-27. 

[24] Thanh Noi, P., & Kappas, M. (2018). Comparison of random forest, k-
nearest neighbor, and support vector machine classifiers for land cover 
classification using Sentinel-2 imagery. Sensors, 18(1), 18. 

[25] Powers, D. M. “Evaluation: from precision, recall and F-measure to 
ROC, informedness, markedness and correlation”. (2011). 

 

 

330



978-1-7281-3992-0/19/$31.00 ©2019 IEEE 

Suggesting a Humor-oriented Action-based 
Learning System for Gamification to Design 

Information and Learning Management Systems  
 

Tunç D. Medeni 
Management Information Systems 

AYBÜ 
Ankara Turkey 

tuncmedeni@gmail.com 

 

Demet Soylu 
Information and Document 

Management 
AYBÜ 

Ankara Turkey 
bunchnoble@gmail.com 

 

İ. Tolga Medeni 
Management Information Systems 

AYBÜ 
Ankara Turkey 

tolgamedeni@gmail.com 

Abstract— While gamification is a popular trend in 
information and learning systems design, it has a limited 
conceptual base. In order to address this limitation with a useful 
conceptual framework for gamified information and learning 
systems, this paper first integrates Kolb's and Bloom's models. 
Then it adds a refractive dimension to interlink the actual and 
incongruent reality to incorporate a humor orientation for 
learning by doing (or action). Finally, Nasreddin Hodja's 
educative tales are used to illustrate the phases of the suggested 
model integration, hoping also to contribute to the dissemination 
of these valuable tales. 

Keywords— Information systems, learning management 
systems, gamification, Kolb's learning cycle, Bloom's taxonomy of 
learning, refraction, incongruency, humor, Nasreddin Hodja  

I. INTRODUCTION 

Gamification is one of the methodological paradigms 
drawing attention of academics and practitioners in education, 
information studies, and human-computer interaction 
researches [1].   As for the educational field, it is gaining 
momentum in learning with the support of developments in 
electronic learning and online game design, and it suggests the 
use of game mechanics and dynamics in learning 
environments.  

Gamification and game-based information systems and 
learning or edutainment has become popular, as it is 
increasing the user and learner motivation and engagement. 
New applications, tools and models are becoming available to 
be widely used and diffused ever than before.  As a 
consequence, in literature, some models have been proposed 
for gamified learning atmosphere and emphasizing the 
relation of performance, motivation and learner/user 
engagement with gameful designs and materials ([2]; [3]; [4]), 
and they are currently integrated into miscellaneous contexts 
for systems design.  However, there is still need to support 
these practical and technological advancements with rigorous 
and relevant theoretical frameworks and underpinnings [5].  

Accordingly, the purpose of this paper is to develop a 
tailored model for gamification to contribute to the design of 
information and learning systems. To do so, Kolb’s process 
cycle of experiential learning ([6]) and Bloom’s taxonomy of 
educational objectives will be linked to develop an integrated 
model of action-based learning system. This model will then 
be augmented by incorporation of humor, as a significant 
gamification and learning element, into the suggested mental 
framework. The resulting humor-oriented learning model will 
be illustrated further by tales of Nasreddin Hodja, a famous 

humorous storyteller in Turkish and relative cultures ([7], [8]) 
whose stories are used for educational purposes (for instance, 
[9] from [10]).  For future research, additional humoral 
elements are also suggested. Having fun is also not forgotten!. 

II. LINKING KOLB’S AND BLOOM’S CONTRIBUTIONS TO 

LEARNING AND INFORMATION SYSTEMS DESIGN 

Reference of [11] illustrates  the  linkage  between  Kolb’s 
experiential learning and learning styles inventory  and  
Bloom’s learning/knowing taxonomy, as significant models 
for learning and information systems. The  four  steps  
explained  in  Kolb’s  model (concrete experience,  reflection,  
formation  of  new  concepts  and  test  concepts)  supports the 
improvement of learner’s or information user’s higher level 
skills. 

 
Fig. 1. “The Link between experiential learning and Bloom’s Taxonomy” 

(Source, [11], Figure 1) 

While the interlink is useful, it is important to make a 
clarification with respect to use of Bloom’s original [12] (or 
revised taxonomy). In the original taxonomy synthesis and 
evaluation are used (, and later synthesis is replaced by 
creating and changed order with evaluation), and this original 
taxonomy seems to be a better fit for the interlink with Kolb’s 
model ([13], it is also later updated but the essential 
experiential learning cycle remains the same). Accordingly 
Kolb’s experiential learning model can be reinterpreted as the 
below depiction. 

 
Fig. 2. Co-authors’ Reintepretation of the Interlinks between Kolb’s and 
Bloom’s Models based on the suggestions of [11], Figure 1) 
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Here, concrete experience matches with applying, 
reflective observation with analysing, abstract 
conceptualization with synthesising and active 
experiementation with evaluating, respectively. In this cylic 
intepretation, applying is the preceding and re-starting phase 
in accordance with Kolb’s and Bloom’s perspectives. 

The (other) lower order processes (or skills) such as 
remembering and understanding (or knowledge and 
comprehension in the revised and original taxonomies 
respectively) should also not be left out and can be considered 
as embedded in each phase as prerequisite capacities, i. e. in 
order to apply, analyse, synthesise and evaluate we should first 
have the related knowledge and comprehension (, or 
remember and understand the related issues). These embedded 
para-processes (or para-process skills) go alongside and 
support the other processes. However, applying, analysing, 
synthesising and evaluating can be stand-alone activities on 
their own, although they can also be combined with each other 
(similar to Kolb’s learning styles inventory). The resulting 
model (, which itself can be considered a result of synthesising 
activity!) can provide a useful action-based learning system 
based on Kolb’s cycle and Bloom’s taxonomy. 

 
Fig. 3. Action-based Learning System based on Kolb’s Cycle and Bloom’s 
Taxonomy of Learning Processes, Styles and Outcomes (Source: Coauthors) 

The system perspective here is in accordance with 
Becerra-Fernandez and Sabherwal’s approach [14] to 
knowledge and information, relating these (together with data) 
to events as part of a system of information, decision and 
action. Accordingly knowledge and understanding are 
considered at a more meta or para level than the other 
processes. 

This action-based learning system introduced above can 
be enhanced by a humor-oriented approach. This learning 
approach will be discussed as the following. 

III. HUMOR-ORIENTED (GAMIFIED) LEARNING AND 

INFORMATION EXCHANGE 

Humor has become a serious issue in education and other 
information interactions ([15]; [16]). Accordingly, 
incongruency is a critical aspect of humor-based learning 
([17]). Inferences made between actual reality and 
incongruent reality can be important sources of different 
learnings and information exchanges within an information 
system [18]. Refractive views, which occurs during cross-
realm informative interactions (similar to optical refraction as 
an analogical metaphor), could bridge different realities could 
be a good way to realize these inferences [19]. This refractive 
inference (or incongruencing) can be seen as a peri-process (or 
peri-process skill) for humor-oriented information exchange 
and learning that encloses or encircles the other interactive 
processes (or skills) as part of an information system (based 

on the conceptualizations of [14]. Accordingly a model for 
humor-oriented action-learning system can be suggested.  

 
Fig. 4. Humor-oriented Learning and Information System Supported by 
Refractive Inference and Incongruencing 

Nasreddin Hodja’s tales/stories can be good exemplifiers 
of this humor-oriented modeling of learning. His stories have 
been used and interpreted for learning, and other social 
phenomenon but not particularly for a theoretical model 
construction for humor-based learning, for which they could 
be invaluable. 

For instance, in the story of “The Cauldron That Died” 
([7]): 

Nasreddin Hodja, having need for a large cooking 
container, borrowed his neighbor's copper cauldron, then 
returned it in a timely manner. 

"What is this?" asked his neighbor upon examining the 
returned cauldron. "There is a small pot inside my cauldron." 

"Oh," responded the Hodja. "While it was in my care your 
cauldron gave birth to a little one. Because you are the owner 
of the mother cauldron, it is only right that you should keep its 
baby. And in any event, it would not be right to separate the 
child from its mother at such a young age." 

The neighbor, thinking that the Hodja had gone quite mad, 
did not argue. Whatever had caused the crazy man to come up 
with this explanation, the neighbor had a nice little pot, and it 
had cost him nothing. 

Some time later the Hodja asked to borrow the cauldron 
again. 

"Why not?" thought the neighbor to himself. "Perhaps 
there will be another little pot inside when he returns it." 

But this time the Hodja did not return the cauldron. After 
many days had passed, the neighbor went to the Hodja and 
asked for the return of the borrowed cauldron. 

"My dear friend," replied the Hodja. "I have bad news. 
Your cauldron has died, and is now in her grave." 

"What are you saying?" shouted the neighbor. A cauldron 
does not live, and it cannot die. Return it to me at once!" 

"One moment!" answered the Hodja. "This is the same 
cauldron that but a short time ago gave birth to a child, a child 
that is still in your possession. If a cauldron can give birth to 
a child, then it also can die." 

And the neighbor never again saw his cauldron. 

Besides its comparative punchline with respect to short-
term and long-term gains, this tale is a good example of using 
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the constructed knowledge of cauldron's becoming alive to 
address the issue of losing the pot and gaining the cauldron. 
As one new incident is realized based on the previous 
experienced case, the story pilot and moral lesson in this tale 
can be linked with Concrete Experience (Applying) as the 
beginning and re-start point of the model. 

Then, in the story of “Look like a Bird”, Nasreddin Hodja, 
who has never seen a stork before, is told and thinks that it is 
a kind of a bird, when he was given one. Giving it a strange 
look, Hodja takes the stork home, shortens its beak and legs, 
looks at it for awhile and says, "Good now you look like a 
bird." ([20], p. 59) 

Examining the stork by benefiting from the relevant 
information about being a bird and (, even if it harms the stork) 
breaking it into pieces such as beak and legs in order to explore 
relationships and get results is a good illustration of analysing 
[21]. It is given, in fact, a satirical example of how such 
analytical approaches could result in wrong conclusions, if 
they are not done correctly [22]. 

In the tale, “They make it star(s)”, someone that wants to 
mock Nasreddin Hodja asks him “when the moon becomes 
crescent (new moon), what happens to the old moon?”, Hodja 
responds with a smart answer: “They clip it and make it 
star(s)” [23]. 

Making stars from old moons is then a good example of 
new knowledge creation in the form of abstract 
conceptualization and synthesising. People know that the 
moon takes different forms so that they can identify and 
follow the progress of time, but still a different conceptual 
intepretation is suggested by Hodja for this natural 
phenomena, integrating relavant logical and metaphorical 
information [24] 

Finally, in the tale “What if it becomes leavened!” ([23], 
Story #3) : 

Nasreddin Hodja puts some food in his saddle-bag and 
sets out. At noon, he sits under a tree by Lake Akşehir. He eats 
some bread, olives and a bowl of yogurt merrily in the shadow. 
While he is shaking the bowl of yogurt, someone sees him and 
asks: 

- “What are you doing, Hodja?” 

- “I’m leavening the lake.” 

- “My God! Can the lake be leavened? Is that possible?” 

- I also know that it can’t, but what if it becomes leavened! 

Hodja also knows that a lake can not be leavened but still 
suggests to do so. Reasoning behind this suggestion can be 
linked with certain philosophical perspectives [25].Whatever 
the reason is, what if scenarios stimulate our imagination (and 
creativity), leading us to active experimentation and 
evaluating our options. 

The below figure illustrates the link of these selected 
stories with the basic model phases/stages. Refractive 
inference and incongruencing is evident in all these examples 
as a core enabling process (Figure 5). 

 
Fig. 5. Phases of Nasreddin Hodja’s Tales to Illustrate the Phases in the 
Humor-oriented Information and Learning System 

More interestingly, these stories exemplify leaps or 
conversations between the different phases/stages of learning, 
underlying the interlinks with action and experience. These 
leaps or conversations among phases are achievable thanks to 
the refractive inferences between actual reality and 
incongruent reality. For instance, in the story of “The Hodja 
and His Eight Donkeys” [7] (or Nine according to different 
sources): 

The Hodja had eight donkeys; he mounted one of them. At 
the end of his ride he counted them, but he saw only seven. He 
forgot the one he was sitting on. After dismounting he counted 
eight. This so confused him that he asked a passerby, "Earlier 
there were only seven, but now there are suddenly eight!" 

"The one you were sitting on brought the number to eight." 

The Hodja answered, "But how was I to see what I had on 
my behind?" 

While the story seems to be related with a basic knowledge 
of remembering how to count on the surface, it actually leads 
to deeper levels of meaning and higher levels of learning. 
Simply put, the story draws attention to the role of observer 
during an observation and analysis process.  

In different versions of this story, there are in fact different 
number of donkeys and different endings (as if purposefully 
made to fit well with the theme of the tale (, as if in an 
interactive story)!) In some of the versions, searching for what 
is owned (the donkey or what it symbolises) as if it is missing 
is underlined. One of the related intepretations underline the 
lack of self-awareness or reflexiveness in humans [26]. (The 
ending in this version can even be connected with another 
famous anectode about Hodja, his deciding to sit and ride on 
his donkey backward in order to see his back side.) 

In another anectode, “A man keeps his word”, Nasreddin 
Hodja is asked how old he is and he answers that he is forty 
years old. When he is later asked about his age in the following 
years, he again says he is forty, acknowledging cheerfully that 
he is a man of his word and keeps it that way! [23]. This 
anectode similarly exhibits using memory of previously 
learned materials such as counting and again converting it into 
a higher level of awareness of age and a new related integrated 
conceptualization thanks to a synthesis with a partial and 
biased understanding of social trustworthiness. 

As one of the mostly cited and inferred tales, in “You’re 
right too” ([23], Story #47): 

A man comes and tells an event he experienced to 
Nasreddin Hodja, who is the cadi (judge) at that time. He asks 
before he leaves:  
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- “Am I not right, Hodja?” 

- “Yes, you’re right,” says Hodja. 

Soon after another man comes and tells the same event 
according to himself. Then he asks: 

- “Am I not right, Hodja?” 

- “Yes, you’re right,” says Hodja. 

After the man leaves, his wife calls out from within the 
room: 

- “Effendi, you said <You’re right> to both of them. One 
of them can’t be right, can he?” 

- “You’re right too!” says Hodja. 

This tale initially demonstrates an understanding of the 
facts related with the actual case and confirms this 
understanding for all parties concerned. Then it continues with 
acknowledgment of a more absolute fact, relativity of reality 
and how it can be interpreted and evaluated differently, 
leading to (widening or limiting) new options or outcomes. 

A similarly well-known tale, “Eat, My Coat, Eat” also 
reminds us not to be deceived by (and evaluate someone with) 
the appearance [7]. Moreover the pilot of the story justifies the 
latter course of action of coat's eating based on the former 
experience, benefiting from the comprehension with respect 
to the information gathered at the banquet: 

The Hodja was invited to a banquet. Not wanting to be 
pretentious, he wore his everyday clothes, only to discover 
that everyone ignored him, including the host. So he went back 
home and put on his fanciest coat, and then returned to the 
banquet. Now he was greeted cordially by everyone and 
invited to sit down and eat and drink. 

When the soup was served to him he dunked the sleeve of 
his coat into the bowl and said, "Eat, my coat, eat!" 

The startled host asked the Hodja to explain his strange 
behavior. 

"When I arrived here wearing my other clothes," 
explained the Hodja, "no one offered me anything to eat or 
drink. But when I returned wearing this fine coat, I was 
immediately offered the best of everything, so I can only 
assume that it was the coat and not myself who was invited to 
your banquet." 

There are also other comparative discussions (in Turkish) 
with respect to Descartian logic and other philosophical 
perspectives ([10]; [27]), as well as importance of humor for 
philosophy and reality [28] that uses Nasreddin Hodja’s tales 
and anectodes. For example, in one of these, Hodja calls that 
whereever he stands is the centre of the world. “If you don’t 
believe it, you can measure it.” ([23], final page) (As in 
quantum mechanics, process of measuring determines the 
outcome of measurement that is previously unclear). Further 
deliberations and elaborations could be made on these 
accounts, however, with respect to the suggested model 
development, the examples given above help to achieve a 
complete picture, which could be seen in the below figure 
(Figure 6). 

 
Fig. 6. How Nasreddin Hodja’s Tales Illustrate the Conversion and 
Conversation of the Phases in the Humor-oriented Learning 

IV. CONCLUSION AND FUTURE RESEARCH 

This finalized picture exhibits a significant interlink and 
mutual support between theory (the suggested new model) and 
practice (the recalled Nasreddin Hodja stories). First of all, it 
illustrates the educational power of these tales attributed to 
Nasreddin Hodja, which come from their capacity to interlink 
different phases of learning and other informative interactions 
(for instance between remembering or understanding and 
synthesising and evaluating), bringing these phases together 
and completing the full learning and action cycle, and as a 
result the tales can give or deliver readers important lessons or 
punchlines. (Accordingly, it also synthesises the original and 
revised versions of Bloom’s taxonomy.) In return this also 
confirms the effectiveness of the model suggested in this paper 
that combines and furthers Kolb’s and Bloom’s contributions 
to learning and action practice and theory.  

The appearance of these tales in different cultures also 
underline a combination of individual and collective 
intelligence, which could also be further investigated and 
elaborated, benefiting from a perspective that incorporates 
knowledge creation and management at different societal 
levels and ontological entities (including technology 
supported ones) ([29], [30], and [31]). Furthermore, benefiting 
from Gallen’s humoral theory that utilizes four natural 
elements for personal well-being ([32]) and interlink of these 
natural elements with the phases of Kolb’s learning cycle [33], 
future elaborations could also be made with respect to the 
humor contributions for personal learning and development 
(with possible implications for body-mind unity and impact of 
learning). This final figure gives a snapshot of the possible 
direction of this suggested future work in game design (Figure 
7). 

 
Fig. 7. Ultimate Humoral Model for Gamification-based Learning and 
Action 
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Meanwhile, certain measurement tools can be developed 
to test the response of learners towards the suggested model 
phases and Nasreddin Hodja tales. In conclusion, while there 
could be certain confusion (in accordance with incongruency) 
due to the flexible use of certain existing and new 
terminology, it is hoped that the suggested model 
development would be useful for the theory and practice of 
information and learning systems, paving the way for 
gamification-based action-learning. 
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Abstract— The size of ConNN (Convolutional neural 
network) tends to increase every year. Thus, it consumes plenty 
of power to be able to run it. To reduce the power consumption, 
choosing the right hardware platform is important. Field 
programmable gate area (FPGA) is also known as low power 
platform for low level digital design. Therefore, this paper 
proposes an implementation of ConNN using FPGA in order to 
reduce the power consumption. We describe the simple ConNN 
which is optimized ConNN framework compatible with FPGA. 
Moreover, we implement the handwritten digit recognition to 
evaluate the performance of our framework. 

Keywords—Convolutional Neural Network, FPGA, Lenet-5, 
Embedded system design 

I. INTRODUCTION  

After the winner of ILSVRC competition [1], 1.2M 
images in 1K categories, present the convolutional neural 
network as a model of classification since 2012. The winner 
improved the accuracy every single year. At 2012, AlexNet 
[2] reduced error from 25.8 to 16.4%. The ResNet [3] 
achieved error 3.57% in 2015. Increasing the size of model is 
the key of this achievement. The size of convolutional neural 
network is increasing from 8 layers from to 269 layers in 
2016. Consequently, the model requires a greater number of 
computation processer. Thus, the model can consume a 
plenty of power. 

At present, the hardware platforms for running neural 
network are CPUs and GPUs. The Central processor units 
(CPUs) has ability to perform almost every task. CPUs has 
advantages in flexibility computation, and compatible with 
various platform. However, the architecture of CPUs has been 
designed for general purpose task. Thus, it has average 
performance in every task. Another platform is Graphics 
processing units (GPUs). This is typically processor for 
graphics workloads. There are many core parallelism 
processors. GPU has advantage in high performance and easy 
to use. However, it highly consumes energy.  

     The solution of hardware comes out with Application-
Specific Integrated Circuits (ASICs) hardware platform 
names Tensor Processing Unit (TPU). This hardware is built 
to accelerates the inference phase of neural network. It has 
been designed specifically for running neural network 
application. Thus, it performs better than CPUs and GPUs in 
term of power consumption and computation speed. However, 

the disadvantage of TPUs is unable to customize the hardware 
and it has really high cost to design. 

Therefore, power consumption and speed of computation 
is a trade-off in hardware platform selection. We have been 
investigating in the new hardware platform solution. We have 
found that FPGA has high potential performance in both low 
power consumption and large number of processing units. 
Moreover, the cost of designing is far cheaper than ASICs. 
However, the disadvantage of FPGA is the difficulty of design 
especially in computing complex operation and memory 
organization. In addition, present neural network framework 
does not support FPGA yet. For this reason, FPGA is not a 
hardware choice for neural network implementation at 
present. 

Currently, neural network framework mainly supports 
GPUs and CPUs. However, there are not compatible with 
FPGA. There are optimized frameworks that has been 
designed for running neural network in small devices as 
embedded or mobile devices. It removes complex and keep 
only necessary operation. Nevertheless, it is not compatible 
with FPGA because there are operations that is unable to 
synthesize to be circuits for FPGA.  

For this reason, we implement our own framework based 
on convolutional neural network theory. We choose a basic 
ConNN model, Lenet-5, in order to evaluate and compare our 
design with others. The objective of this paper is to represent 
how to implement ConNN model in FPGA and to prove that 
FPGA is the future hardware platform for ConNN.  

The rest of the paper is organized as follows. Section II 
reviews an overview of ConNN, comparison of optimized 
purpose frameworks and illustrates the Lenet-5 model. 
Section III describes the framework design. Section IV 
presents the experimental results. Section V covers 
conclusions.  

II. LITERATURE REVIEW 

A. Convolutional neural network (ConNN) 

In neural network, there are convolutional layer, pooling 
layer, fully connected layer and activation function. The 
following sections describes the details of each layer. 

1) Convolutional layer: Giving input image with size 
N1xN2 and each element pixel represented by 𝑥 , . Then we 
give the weight window for convolution which has size of 
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K1xK2, and each weight can write as 𝑤 , . The output of 
convolution is Z and each element can call as 𝑧 , . Thus, the 
convolution should be written as (1). 

 
 

z ,  =   w( , )x( , )    (1) 

There are two hyper parameters which are padding (P) and 
stride (S). The padding parameter is used to expands the input 
size from the border with zero. Stride is the sliding window 
step. In other word, it is scanning step in order to compute 
convolution for all input element. Fig. 1 illustrates the 
diagram of convolutional layer process.  

 

 
Fig. 1.  The overview diagram of convolutional layer 

Giving input size of w × h × c, weight size of  f × f × c  
and number of weight channel, we define stride (S) and 
padding (P). The depth size (c) of input and weight must be 
the same size. The first filter convoluted with input and we 
will get one output value in the first channel. Then each filter 
convoluted with input and stack it together. For this reason, 
output becomes volume as well.  

In conclusion, convolutional layer used to extract the local 
feature of image. There are 4 hyper parameters which are 
weight window size, number of filters, stride and padding. 
The number of learning parameter is f × f × c × No. channel. 

1) Pooling layer: The Pooling or sub-sampling idea has 
been widely used for reducing an activation sample. All 
activation samples present the features of the input. There are 
two methods for pooling which is average, max pooling. 
Even there is L2 pooling but rarely used. There are three 
hyper parameters which is pooling size, stride and which 
method to evaluate. The pooling size is a region's size to 
evaluate and the stride is the sliding step. The pooling does 
not have weight parameters to adjust but it is also important 
to find and extract the feature.  

2)  Fully connected layer: This layer is exactly classical 
neural network. All activation from previous layer are 
connected. The output of this layer can be computed by (2).  

 
 Z =  X ⋅ W  + b  (2) 

Where X is activation from previous layer, W is weights 
parameters and 𝑋, 𝑊 ∈ 𝑅 ×  and b is bias. 

3) Activation function: The commonly activation 
functions are Sigmoid, Rectified Linear Unit (ReLU) and 
Tanh. Recently successful model proved that ReLU is fast 
convergence. Therefore, we implement only ReLU activation 
in this paper. The definition of ReLU activation represented 
as 𝑅𝑒𝐿𝑈(𝑎 )  =  𝑚𝑎𝑥(0, 𝑎 ) . The activation work as 

threshold at zero. When input is lower than zero then the 
output is 0 otherwise the output is equal to input. It is rapidly 
converging in stochastic gradient descent.  

4) Activation function: The commonly activation 
functions are Sigmoid, Rectified Linear Unit (ReLU) and 
Tanh. Recently successful model proved that ReLU is fast 
convergence. Therefore, we implement only ReLU activation 
in this paper. The definition of ReLU activation represented 
as 𝑅𝑒𝐿𝑈(𝑎 )  =  𝑚𝑎𝑥(0, 𝑎 ) . The activation work as 
threshold at zero. When input is lower than zero then the 
output is 0 otherwise the output is equal to input. It is rapidly 
converging in stochastic gradient descent.  

B. Neural network framework for embedded devices 

 The neural network framework for embedded devices 
topic has been studied by many researchers. The limitation of 
resource is the critical problem. Our objective is to implement 
the model in FPGA. Therefore, we designed our own 
optimized neural network framework which compatible with 
FPGA. We explored the existing embedded proposed 
framework in Table I. We will evaluate the computation speed 
and learning accuracy of our framework by comparing the 
performance with these frameworks in the same computer.  

TABLE I. THE FEATURE COMPARISON OF EXISTING EMBEDED 
ConNN FRAMEWORK 

Feature support 
Tiny 
DNN 
[4] 

Tiny 
CNN 
[5] 

Xilinx 
tiny 
CNN[6] 

Our 
ConNN 
[7] 

Language C++ C++ C++ C++ 
Convolutional 
layer 

Padding     
Stride     

Pooling layer Max     
Average     

Loss function MSE     
Cross 
Entropy 

    

Activation 
function 

Tanh     
Sigmoid     
SoftMax     
ReLU     

Optimization 
methods 

Stochastic 
gradient 
decent 

    

Momentum     
Adam     
RMS prop     

Binarized neural network     
Batch normalization     
Parallel training computation     
Support Caffe-pretrain     

 The Tiny-DNN support various neural network features. It 
is a basis design of other frameworks. The framework is 
implemented using C++. The framework accelerates training 
process by running in parallel architecture. Moreover, it is able 
to import the pre-train model from Caffe framework. In other 
word, we can train the model using Caffe and run in Tiny-
DNN.  

 Tiny-CNN is developed based on Tiny-DNN framework, 
but the authors reduced the features of convolutional layer by 
fixing the padding and stride.  In other word, we cannot 
modify the padding and stride in convolutional layer. The 
framework does not support pre-train Caffe and batch 
normalization.  
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 Xilinx tiny-CNN is inspired from Tiny-DNN framework. 
The framework has binarized layer in order to optimize the 
neural network model for FPGA. However, the binarized layer 
has only feed forwarding process. Therefore, it could not run 
in training. 

 Our-ConNN is our C++ implementation framework. It 
supported several layers with fully configuration. However, 
we did not implement with parallel computation and batch 
normalization technique because we want to keep it simple 
and be able to run in FPGA.  

 In conclusion, we will evaluate training performance of 
our framework with the others. However, these frameworks 
use unable synthesize function. Therefore, we will not 
implement and test in FPGA.   

C. Convolutional neural network in FPGA 

 Neural network models consist of a large amount of 
weights. For example, AlexNet has over 60 million 
parameters. FPGA has limited resources. Therefore, most of 
researchers investigate an efficient solution that could be able 
to implement ConNN on FPGA. The direct way to decrease 
size of hardware of computation is reducing the size of 
parameter. In order to implement in FPGA, rather use 32 bits 
floating point unit researchers instead use fixed point 
precision unit for input and weight parameter. Table II 
presents the existing models that has been proposed the 
precision reduction in FPGA for establishing neural network 
model. 

TABLE II PRECISION REDUCTION METHOD IN VARIOUS ConNN 
MODELS 

(Model) Precision 
size(bits) 

Authors Resource used 
#LUT #DSP #FF #BRAM 

VGG16 16  [8] 226K 256 - 1,510 
8  [9]  139,385 900 85,172 390 
Dynamic  [10] 182,616 780 127,653 486 
1bits 
(binary) 

[11] 47,946 4 208,818 1367 

AlexNet 32  [12] 206,821 2,872 323,092 1,021 
16  [13] 273,805 2,144 262,703 1,913 
8 [14] 101,953 692 127,577 198 
Dynamic  [15] 121K 256 - 1,552 

Lenet-5 32 [12] 233,215 2,907 307,617 477 
16 [16] 38,136 206 42,618 144 
4 [17] 30,984 2,300 63,555 466 

In Addition, another approach that considers the size of 
parameter according to workload of each layer. In other word, 
the parameter size of each layer can be different. The 32 bits 
floating point or single precision are implemented in high-end 
FPGA virtex7 by[12], [16] The resource utilization of 32 bits 
is higher than 8 bits. Thus, they have to implement in the large 
FPGA. The proposed of binary parameter has been explored 
in [11]. The authors applied a binary bit for weight and input 
parameter and represent as Binary neural network. They 
achieve to run the large neural network model in small FPGA.  

 Thus, precision reduction is an important approach in 
order to implement neural network in FPGA. There is trade-
off between bit size and accuracy, but those works have been 
proved that reducing precision bit does not highly effect to 
performance of neural network. 

D. Handwritten digit recognition using ConNN model 
(lenet5) 

In order to validate the optimized frameworks from 
previous section, we evaluated the framework by 
implementing Lenet-5 [18] which has been proposed the 
neural network architecture for handwritten and machine-
printed character recognition in 1990’s.  

The Lenet-5 architecture consists of three convolutional 
layers, two average pooling layers and two fully connected 
layers. The classifier is SoftMax. The architecture diagram of 
Lenet5 illustrates in Fig. 2.  

 
Fig. 2 The overview of Lenet-5 architecture 

The model begins with input image size of 32x32 pixels. 
The output has 10 classes (digit 0-9). The Lenet-5 model has 
61,706 weight parameters from C1, C3, C5, FC6 and OUT 
layer.  In each convolutional layer, there are no padding. The 
stride is all equal to 1. The pooling layer has 2x2 window size 
and stride is 2. Thus, this model is quite simple and have 
small of weights that is able to implement in FPGA. 

III. FRAMEWORK DESIGN 

A. Framework architecture 

 We implemented our ConNN without using available 
library. We implement with libraries in C++. The ConNN 
framework support convolutional layer and stride and padding 
are configurable. It is also support fully connected layer, 
pooling layer (max and average). The framework is 
compatible with only activation layer as Rectified linear unit 
(ReLU).  

 In order to train the model, this framework support 4 
different learning methods including of Stochastic gradient 
descent (SGD), SGD with momentum, Root mean square 
propagation (RMSprop) and Adaptive moment estimation 
(Adam). 

 The following code in Fig. 3 is an example of creating 
layer definition. Giving input of 32x32x1 and weight of 5x5x1 
with 6 filters, the conv_layer is the function prototype of 
assigning in convolutional layer which giving stride of one 
and no padding. The pool_layer and fc_layer is the function 
prototype for pooling layer and the fully connected layer 
respectively. 

 
Fig. 3. The C++ definition of layer in our framework  
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B. Hardware model creation process 

This section describes the implementation of framework 
in FPGA. In order to implement in FPGA, we have to create 
digital circuit file called Bitstream (.bit). Xilinx has 
implementation tools named Vivado. It includes design 
simulation, synthesize design, place & route and bitstream 
file generation.  Moreover, Xilinx developed software called 
Vivado High-Level Synthesis (HLS) which is allow to run 
software libraries from C or C++. The process diagram of 
circuit design using C++ is represented in Fig. 4 

The process begins with designing neural network model 
from our C++ framework. Then, we use Vivado HLS 
simulation to simulate the behavior of the model when it runs 
on hardware. After that, we run IP synthesis to generate 
circuit box called IP core. It contains the details of neural 
network model as a circuit. After generating IP core then we 
integrate IP core with Zynq processor, Direct memory access 
(DMA) in block design creation.  

The final process is bitstream generation. It starts with 
synthesize, implementation, place, route and generate 
bitstream file. Finally, we download bitstream file into FPGA 
and start running the circuit. However, there are invalid c++ 
function that are not be able to synthesize. The following 
section describes the synthesize limitation. 

C. Synthesize limitation 

In convolutional neural network, it requires dynamic 
memory allocation such as malloc or calloc in order to store 
large amount of variable. However, it is unable to use malloc 
or calloc it in FPGA. For this reason, we have to design the 
framework with only constant memory as array variable.  

Another important requirement from convolutional neural 
network is mathematics libraries. It is unable to run some 
mathematics function especially exp () which is used in 
sigmoid function. Thus, we did not implement sigmoid 
function at present. 

Therefore, we have to avoid these limitations in order to 
implement the Simple ConNN framework. Moreover, we 
also need to modify data precision since FPGA has very 
limited resources. The details of data precision reduction are 
noted in next section. 

D. Fixed point data precision 

Data precision is a technique for reducing the size of 
circuit. From the literature review section, we have seen that 
all the research papers applied this method.  FPGA allows 
user to define the number of bits for the size of variable. Thus, 

we can specific the size of variable. The fixed-point variable 
is described as ap_fixed<W, I> which W is total word length 
and I is integer word length. For example, giving 
ap_fixed<5,2>, it means that we define the fixed-point 
variable size of 5 bits which 2 bits use for the number above 
decimal point and remaining 3 bits use for the fractional 
point. We investigated in two different variable size in order 
to compare the precision and resource utilization.  

E.  Hardware architecture of data streaming  

We implement the lenet-5 model using AXI4 streaming. 
The AXI4 is a part of ARM microcontroller buses design. In 
Vivado, there are three types of AXI4 which is AXI4, AXI4-
lite and AXI4-stream. The AXI4-stream supports our Lenet-
5 model requirement because it is compatible with high speed 
streaming data without address requirement (no memory 
mapped). It behaves like a FIFO of infinite depth. The 
structure is sequentially read and written. 

The overview of streaming architecture design in FPGA 
is represented in Fig.  5. The Zynq processor is a master. The 
Lenet-5 model IP core works as slave module. The Lenet-5 
model is connected to DMA controller via AXI S2M bus in 
order to send the data to Zynq processor. The processor 
connects to Lenet-5 via DMA controller with AXI M2S.   

 
 
 
 
 
 

IV. RESULTS 

According to all frameworks use unable synthesis 
libraries. Thus, we can compare our framework with others 
in only training process. After we trained the model then we 
run this model in FPGA. This section describes the 
performance of each framework and results when the model 
run in FPGA. 

A. Framework setup 

In order to train the model, we use MNIST dataset [19]. 
This is the database of handwritten digits that has a training 
set of 60,000 examples, and a test set of 10,000 examples. 
The digits have been size-normalized and centered in a fixed-
size image of 28x28x1. In order to be equal, we have set the 
same initial configuration for all frameworks following. 

 Weight initialization: Xavier (6) 
 Bias initialization: constant (0) 
 Optimization method: Stochastic gradient descent 

(SGD) with momentum 
 Mini-batch set: 16 (60 for Caffe) 

we implement not only embedded framework, but also 
famous framework called Caffe[20]. This is opensource 
library of the neural network which is developed by Berkeley 
AI Research (BAIR) and by community contributors. 

Fig.  5. The diagram of hardware design in FPGA for streaming the data 
between Lenet-5 and Zynq processor  

Fig. 4 The diagram of designing hardware in FPGA using C++ 

Vivado HLS simulation 

Vivado HLS  
IP synthesis 

 Block design creation 
(Integrate IP with 

Processor) 

FPGA 

C++ synthesizable file 

IP core (circuit box) 

Bitstream 

C++ based NN 

C++ framework 

Bit stream generation 
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B. Training and Testing  

Firstly, we measure the time of running in training model 
of 60,000 datasets. We average the processing time in 5 
iterations. The results are represented in Fig.  6. 

The result is obviously shown that Caffe frameworks 
processing time is fastest (33.8s). Our framework (our-
ConNN) has 110.99s following by Xilinx-tiny-CNN 
(164.08s), Tiny-CNN (170.47s) and Tiny-DNN (181.30s) 
respectively. According to the results, Our-ConNN 
framework is able to perform significantly faster than others 
optimized framework, but it is slower than Caffe. 

The training dataset is 60,000 examples. For each epoch, 
we evaluate the training accuracy with testing dataset (10,000 
examples). The Caffe's accuracy is significantly higher than 
the others optimized framework. Xilinx-tiny-CNN strongly 
performs near to Caffe. Our-ConNN framework has lowest 
accuracy from 1st -5th epoch obviously. In addition, the 
accuracy tends to drop at 5th epoch. 

According to the results, Xilinx-tiny-CNN has highest 
accuracy compare to other frameworks and our-ConNN has 
lowest accuracy. In other word, our-ConNN is slowest 
learning compare to others framework.  

After we trained the model using our framework, then we 
save all the weights and start the hardware model creation 
process in order to run in FPGA. 

C. Lenet-5 synthesized 

We implement lenet-5 with three different data precision. 
Firstly, we use floating point precision (32 bits). Secondly, 
we design specific precision size to be 16 bits and 4 bits for 
decimal word size. Thus, fractional has 16 - 4 = 12 bits. The 
lastly precision is 8 bits size with 4 bits for decimal word size. 
The results of hardware resource used is shown in Table III. 

TABLE III. LENET-5 RESOURCE USED IN DIFFERENT PRECISION 
VARIABLE 

Resource 
Type 

Floating 
point 
(32 bits) 

Ap_fixed 
<16,4> 

Ap_fixed 
<8,4> 

8 bits 
fixed 
point[16] 

32 bits 
floating 
point[12] 

BRAM 
18K 

258 132 68 144 477 

DSP48E 43 17 4 206 2,907 
FF 13,248 8,264 3,976 42,618 307,617 
LUTs 27,434 18,426 11,372 38,136 233,215 

 
 
 

From the resource utilization results, fixed point precision 
consumes resources much lower than floating point. In other  
word, using fixed point, the circuit is much smaller than 
floating point precision. Moreover, our implementation 
design is able to achieve lower resource used comparing with 
8 bits fixed point and 32 bits floating point from the existing 
research. However, there is a consequence of precision 
reduction. The error of the model is higher when we have 
smaller precision size. In one data example, the cross-entropy 
error of model with ap_fixed 16 and 8 bits is 6.063 and 28.762 
respectively.  

D. The performance of Lenet-5 in FPGA 

This section reports the execution time of the model and 
performance comparison between CPU and FPGA. We run 
the model with CPU Intel Core M-5Y10 (0.8GHz up to 
2GHz).  

We implement in FPGA Zed board 7Z020 by configure 
the clock to be 100MHz. We measure the time from sending 
the data image (32x32) until it receives the results back. The 
results show in Table IV. 

TABLE IV. POWER CONSUMPTION AND EXECUTION TIME OF 
LENET-5 ON CPU AND FPGA 

Hardware 
based 

Data precision Execution 
time (s)  

Power  
(Watt)  

Total 
power  
(Watt)  

CPUs Floating point 32 
bits 

0.0011 4.5  0.00495 

FPGA Ap_fixed<16,4> 0.0032 1.51 0.00483 
FPGA Ap_fixed<8,4> 0.0030 1.47  0.00441 

 
The execution time of CPUs is lowest. In other word, CPU 

is fastest following by FPGA with ap_fixed8 and ap_fixed16 
precision respectively. The CPU Core M-5Y10 is designed 
for a Tablet device. It has extremely low power consumption 
comparing to general CPUs. Although CPUs is low power, 
but FPGA is still lower three times than CPUs. The total 
power consumption is calculated from the execution time 
multiplies with power consumption. According to the result, 
The FPGA with ap_fixed 8 has lowest total power 
consumption following by FPGA with ap_fixed 16 and 
CPUs.  
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V. CONCLUSIONS AND FUTURE WORKS 

This paper represents the implementation of ConNN 
model using FPGA. We constructed the optimized C++ 
framework for ConNN. Lenet-5 model was used in order to 
recognize the hand digit written dataset from MNIST and to 
be framework evaluator. Moreover, we optimized the size of 
model in FPGA by using data precision reduction technique. 

According to the embedded framework evaluation results, 
our ConNN framework performs fastest processing time 
without parallel feature but it is not satisfied with training 
accuracy. The results of FPGA implementation show that the 
resource utilization and the model accuracy depend on the 
data precision. We concluded that the size of circuit model is 
reduced when we use smaller data precision. However, the 
consequence is the model accuracy come out with lower 
precision.  

The execution time of Lenet-5 in CPUs is faster than 
FPGA. In other word, CPUs perform higher throughput than 
FPGA. However, the total power consumption results show 
that FPGA consumes lower power than CPU in both 16- and 
8-bits variable size. This is the significant results to prove that 
FPGA is a valuable hardware platform to implement 
convolutional neural network. 

In future, we will optimize FPGA resource with other 
technique for ConNN. Thus, it will be able to run with the 
larger neural network model and giving higher throughput 
result. 
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Abstract— Parallel coordinates are well-known 
instruments for large and multi-dimensional data set 
visualization. However, data cluttering and overplotting 
are significant problems for graphing parallel 
coordinates and becoming worst in the Big Data age. 
Thus, by bundling comparable edges or polylines in 
parallel coordinate graph, the bundling method has 
overcome the above mentioned issues. This research 
utilizes one of the bundling clustering techniques applied 
to a parallel coordinate graph to show and explore the 
information relationship pattern. A clustering prototype 
called PCG In Bundling is being developed with the aim 
of visually interpreting the data by converting the static 
data form into an interactive form. The photovoltaic 
dataset used in this project was primarily gathered from 
the UiTM Shah Alam Green Energy Research Centre. 
Currently, the dataset is stored in Microsoft Excel, 
which is static and hardly interpretable. This project 
therefore seeks to assist users analyze and discover the 
relationship patterns on the dataset by visualizing the 
graph of parallel coordinates. Bundling method has 
therefore been introduced to the parallel coordinate 
graph of photovoltaic datasets to cluster information and 
help users discover data relationship patterns. The 
functionality of this clustering prototype has been 
evaluated. As anticipated, the cost-based edge-bundling 
algorithm implemented in this project is efficient and 
can assist users analyze and interpret data relationship 
patterns. To conclude, this project is a success and 
fulfilled all the necessary scopes. 

Keywords— Parallel Coordinates, Bundling, Data 
Visualization, Cost-based Approach, Big Data 

I. INTRODUCTION  

Recently, the quantity of data which consisting of text, 
picture, audio, video and other types of information, also 
known as Big data, are exponentially increasing [1, 2, 3]. As 
a result, data visualization has attracted attention in data 
analytics as an important tool. This makes it easier for 
viewers to understand trends and patterns [4]. Data 
visualization is an important technique for big data analysis 
that means the visual prominence of data [5]. According to 
[6, 7], individuals can use data visualization to perform 
greater observation and analysis of big data. In addition, 

more emphasis is placed on visual information 
representation to efficiently comprehend the vast quantity of 
information in addition to discovering real value and 
connection between data [5, 6]. Visual analysis of 
multidimensional data is cardinal during these contemporary 
days in a variety of fields of application such as 
mathematics, statistics, climate science, medicine and 
bioinformatics [8, 9]. Researchers have therefore performed 
several compelling methods to show, process, filter and 
interpret the data contained in the datasets. 

Parallel coordinate graph has become a common method 
for visualizing complicated multivariate datasets [10]. In 
short, parallel row axes depict all dimensional variables in 
the parallel coordinates graph, whereas a polyline (linking 
the sample positions on the axes) represents the data sample. 
Parallel coordinates can scan big data with elevated 
efficiency. In addition, this parallel coordinate graph shows a 
multidimensional information overview as each dimension is 
represented uniformly [11]. On top of that, parallel 
coordinates graph can also show and visualize data 
relationship patterns as it can conduct visual analytics. 
According to [12], to provide better understanding, find 
patterns and identify countless relationships of complicated 
information, the use of visual analytic tools which is the 
association of visual analytic methods is crucial. Visual 
analytics instruments must practically support the smooth 
and flexible use of rapid visualization [13]. 

However, one of the primary difficulties in using parallel 
coordinates graph in this latest big data trend is data clutter. 
It restricts information recognition of relationship patterns. In 
parallel coordinates graph, visual clutter also decreases the 
quantity of helpful data that can be grasped. In addition, it is 
difficult to discover the relationship pattern in parallel 
coordinates graph owing to the advent of big data. An axis 
arbitrary positioning heavily affected the patterns disclosed 
by the graph of the parallel coordinates [10]. Therefore, the 
information need to be clustered in order to obviously see the 
relationship pattern besides resolving some ambiguity issues 
[14]. In evaluating these big data, another issue with the 
present clustering method is no interaction between users and 
graph as the graph is static. For this reason, any manipulation 
of the graph assessment, such as the discovery of pattern 
relationships between multiple parameters, is difficult [15] 
and must be performed manually. To sum up, the present 
method of clustering is inadequate. 
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In conclusion, a case study prototype implementing one 
of the parallel coordinate graph clustering methods will be 
suggested. This prototype allows users to interactively 
cluster information in a graph of parallel coordinates. The 
objective of this study is therefore to create a prototype that 
supports clustering method which is bundling for parallel 
coordinate graph. For this prototype, bundling was chosen as 
the clustering technique to assist in the discovery of 
relationship patterns in parallel coordinate graph. 

This article initiates the methods of visual analytic 
techniques. Section III describes the clustering using 
bundling, continues with bundling algorithms. Section V 
focuses on the method of bundling. The results and 
discussions is in section VI where the focus is on the 
bundling technique's functionality testing. To sum up, 
Section VII will conclude this paper. 

II. VISUAL ANALYTIC TECHNIQUES 

Visualization method which interactively extract hidden 
knowledge through data patterns and relationships is known 
as visual analytics in accordance to [15]. As shown in Fig. 1, 
this visual analysis comprises of several methods which are 
filtering, coloring, brushing, slick grid and bundling. 

 
Fig. 1: Visual Analytic Techniques 

A. Filtering 

Filtering can be described as a method that allows users 
to regulate the perspective of the information in order to 
concentrate only on the interest portion and conceal other 
insignificant items [15]. On top of that, it is also possible to 
use filtering to decrease information clutter, information 
complexity and simplify information patterns. In summary, 
to limit the amount of information entity to be displayed, 
filtering can be implemented. Filtering is therefore a crucial 
method in visual analytics as it is uncommon to view vast 
quantities of information at once. 

B. Coloring 

Coloring as the method of visual analytics is a strong 
component in visualization, according to [16]. Coloring is 
used to indicate certain variety or level of products. For 
instances, to differentiate temperature levels such as warm 

temperature and cool temperature. Red color can be used to 
show the warmest temperature, while the coolest 
temperature is the blue one. False use of colors, however, is 
disturbing. 

C. Brushing 

Brushing is used in almost every interactive 
visualization setting [17]. Basically, this method enables 
users to select and highlight certain components that are 
bundled by the brush to distinct locations on the plotted 
chart. It offers a better understanding into how this brushing 
method appears in other aspects. To sum up, visual analytics 
brushing is a method used to see how adjacent areas are 
spread within a different perspective [18]. 

D. Slick Grid 

The slick grid view is the easiest visualization as it 
represents tabular information in the form of a table, in 
accordance to [19]. This table shape can also be reordered 
by its columns. Other than that, this slick grid perspective 
operates better with other visualization methods, such as the 
parallel coordinate graph, although it can be produced as a 
stand-alone visual. Slick grid can therefore provide 
customers in the form of a table with a clearer and better 
perspective of the information. 

E. Bundling 

Bundling can be classified as one of the techniques of 
clustering. This specific method basically operates by 
combining and bundling edges with comparable 
characteristics or features such as length, direction and 
position. Section III provides further explanations of the 
bundling method. 

III. CLUSTERING USING BUNDLING 

Bundling is one of the parallel coordinate graph 
clustering methods. Edge-bundling is an efficient method for 
decreasing visual clutter in accordance to [20]. In addition, 
bundling associated edges will increase node readability [20]. 
The primary concept of bundling is to visually merge edges 
with comparable characteristics such as length, direction and 
position, thus considerably minimizing edge crossings and 
enhancing readability [21]. The fundamental edge-bundling 
method begins with comparable edges being deformed and 
grouped into bundles. Thus, it provides the initial edge-
cluttered visualization with abstraction and uncluttered 
display. Edge-bundling methods can be categorized into six 
separate methods: cost-based techniques, geometry-based 
methods, image-based techniques [22], force-directed edge-
bundling approaches, divided edge-bundling approaches, and 
finally, hierarchical edge-bundling approaches. The node 
positions are still the same in the edge-bundling phase of the 
aforementioned methods, only the edge shapes are modified. 
The node positions have several meanings semantically, such 
as geographical places. 

Cost-based method has been chosen as one of the 
algorithms in bundling method in this specific research as it 
enables for shape determination of curved edges by ink or 
energy cost. People can have more understanding and 
knowledge about the information right from the overview by 
using this specific method. If users have clear insight and 
more knowledge about the datasets, this contributes 
indirectly to a stronger comprehension of the clusters and the 
information itself. In addition, edge-bundling methods 
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support the assessment of information in a broader context. 
Moreover, individuals can also investigate the interactions 
and on-demand information. Generally, by applying this 
edge-bundling as the clustering method, almost all 
parameters of the graphs can be altered individually. Such 
alteration are datasets, bundle tension, opacity, bundle 
threshold, background, coloring and others. 

IV. BUNDLING ALGORITHM 

Basically, this bundling technique's algorithm is very 
data-dependent. The bundling algorithm must therefore be 
reworked owing to the nature of the information. Some 
major sections of the bundling algorithm can be redesigned 
and emphasized in detail. 

A. k-means Algorithm (Euclidean Distance Metrics) 

k-means algorithm involving Euclidean distance metrics 
can be used before starting the bundling process to calculate 
the appealing force between parallel polylines. Generally, 
by calculating the root of the square gap between two 
points, Euclidean distance is a parallel line distance between 
two points. The fundamental Euclidean distance is 
calculated on the basis of the following equation for a 
clearer comprehension. 	 ∑     (1) 

Assuming X and Z are two distinct points, and D is the 
distance between the two. To sum up, the lower the D value, 
the greater the similarity of the X and Z range. Thus, the two 
lines in the graph are highly likely to be drawn together. 

B. Curve Smoothness 

Curve smoothness is implemented to increase the 
visibility of the structure in the information across various 
axes. Many graph drawings have concentrated on drawing 
styles with angular bends but low curve complexity, 
according to [23]. Compared to curve ones, for instance, it is 
hard to attract straight and parallel polylines. Therefore, 
with the piecewise cubic Bezier curve ideas [24], curve 
smoothness that can also be called edge complexity can be 
formalized. 

C. Bundling Strength (Linear Weighting Scheme) 

To search for the consequence of global optimization, a 
linear weighting scheme or linear programming is 
implemented. The outcome of global optimization is 
essential to discover new intersections point before 
calculating the bundling's new strength. The new 
intersection point, X' is calculated using the formula below. 1   ; 	0  1  (2) 

Based on the aforementioned formula, consider X as the 
intersection between the original straight polyline of the 
parallel coordinates graph and the bundle axis. The bundling 
strength, β occurs when X is pulled or attracted towards the 
cluster centroid, C. 

V. METHOD OF BUNDLING TECHNIQUE 

For this project, three major contributions in bundling 
method are k-means algorithm, curve smoothness, and 
bundling power, as shown in Fig. 2. K-means algorithm 
involving Euclidean distance metrics was used to calculate 

the appealing force between parallel polylines before the 
bundling method was initiated. Other than that, in order to 
understand the bundled curve model, this clustering 
prototype also involves curve smoothness control as parallel 
coordinate graph consists of straight polylines. During the 
bundling method, these parallel lines made it difficult to 
draw certain edges. Because of this, before bundling them 
together, the parallel lines must be in curve shape. Bundling 
strength is the last contribution in the bundling technique 
portion. Further explanation is given below for these three 
major contributions to this project. 

 
Fig. 2: Main Contribution in Bundling Technique 

In general, the purpose of bundling is to bundle the 
parallel coordinate polylines diagram according to the 
clustering in the vicinity of each axis. In addition, bundling 
method is cardinal to provide soft curves that are simple for 
the eyes of humans to follow and explore the patterns of 
relationships. Bundling edges close each information axis 
apply this method in accordance with the clusters in each 
dimension.  

Basically, this bundling technique's algorithm is very 
data-dependent. The algorithm used for this project is an 
approach algorithm based on cost-based edge bundling. 
However, owing to the nature of the information, it is 
necessary to redesign this algorithm. This cost-based edge-
bundling algorithm is introduced on the parallel coordinate 
graph by considering straight lines as flexible springs and 
applying an appealing force between lines to cluster and near 
each other's parallel lines. Euclidean distance, which is one 
of the distance metrics types of k-means algorithm, is used to 
calculate the appealing force before bundling all associated 
parallel lines together. The formula of computing Euclidean 
distance is provided in sub-section IV (A). 

Users can regulate the curve smoothness and bundling 
strength through the use of the supplied slider in this specific 
project. In addition, users can also bundle using clusters 
determined by parameters chosen. Therefore, curve geometry 
is implemented to increase the visibility of structure in the 
information across various axes. Besides that, the curve 
geometry was also used to disclose or find structure within 
clusters and to solve the problem of cross-over. 

On top of that, excellent approximation is obtained using 
curve control points and tangents to the initial polylines. The 
basic fact here is that a piecewise cubic Bezier curve 
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replaced the corresponding original polyline (because the 
lines are in parallel shape that are quite difficult to bundle 
later), with the aim of producing a bundled parallel 
coordinate graph curve model. Curves corresponding to 
information points are grouped between neighboring 
parameter axes within the same cluster. A bundle axis is first 
placed midway between the parameter axes in order to 
realize this bundled curve model. Then the control points of 
Bezier are properly placed. Curve adjustment (curve 
smoothness) within a specified cluster is performed by 
shifting its control point on the bundle axis toward the 

centroid cluster value on the bundle axis.  

In summary, Fig. 3 demonstrates the steps engaged in the 
construction of the bundled curve model, whereas Fig. 4 
explains how curves are produced as a diagram. 

Fig. 3: Steps of Constructing Bundled Curve 

 
Fig. 4: Curve Smoothness 

Parameter 1 and parameter 2 are engaged in building 
Bezier curve parts based on Fig. 4. Y, Z, Z, Y ' function as 
secondary engines of command while the red dotted line 
represents the core of the package. The bundle axis 
(parameter 1 and parameter 2) is positioned between the 
two parameters. The control points of Bezier curves are 
defined by the parameter, bundle or secondary control 
axes. The green dot shows the centroid cluster capable of 
attracting the built Bezier curves. As a consequence, the 
initial polyline (black dot) goes through X while the curve 
parts pass through X' (aqua dot).  

Next, as already stated, this prototype enables users to 
regulate and adjust the power of the bundling. First, the 
strength of bundling can be described briefly as how tightly 
the curves are pulled together within a cluster. By referring 

to Fig. 4, X is regarded as the junction between the parallel 
coordinate graph's initial straight polyline and the bundle 
axis. The bundling force, β happens when pulling or 
attracting X (black dot) towards the centroid cluster, C 
(green dot). A linear weighting system or linear 
programming is implemented in this project, based on the 
formula mentioned in sub-section IV (B) to search for the 
consequence of global optimization. To sum up, the strength 
of the bundling rises and when X ' is closer to the centroid 
cluster, the cluster of bundled lines becomes tighter. Fig. 5 
shows how the strength of bundling works for a better 
comprehension. 

 
Fig. 5: Bundling Strength 

In summary, the relationship patterns of the parallel 
coordinate graph can be readily found and disclosed by 
changing the curve smoothness and bundling strength. 

Basically, this bundling technique's algorithm is very 
data-dependent. The bundling algorithm must therefore be 
reworked owing to the nature of the information. Some 
major sections of the bundling algorithm. 

VI. RESULTS AND DISCUSSION 

This section elaborates the testing stage in order to 
ensure that the system works well in accordance with the 
demands and also to prevent any conditions that could 
jeopardize the system. The test findings will be discussed 
and analyzed.  

A. The Features 

Fig. 6 demonstrates the parallel coordinates graph's 
default configuration. Solar data will be loaded 
automatically. 

 
Fig. 6: Default Setting of Bundling Function 

In addition, the user can also use the provided slider to 
control and adjust the curve smoothness and bundling 
power. Because of the linear weighting scheme applied in 
the cost-based approach algorithm, the bundling strength 
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can be adjusted from value 0 to 1. Users can determine the 
bundle cluster based on parameters selected. 

Fig. 7 demonstrates the after effect when the curve 
smoothness is adapted to 0.25 and value 1 as the bundling 
force with three brushes at the parameter labeled WS, GS 
and MT parameters. In summary, this test outcome 
demonstrates that the bundling feature works very well. 

 
Fig. 7: Curve Smoothness and Bundling Strength Adjustment 

     Besides that, by determining certain parameters that 
he or she intends to cluster using bundling method, user can 
communicate with this specific clustering scheme. For 
example, based on Fig. 8, it shows that the data was 
clustered using bundling technique in accordance with the 
parameter named MT, with two brushes at parameter WD 
and MT. Fig. 9 also shows the output of the bundled curve 
line with two different bundling strength values of 0 and 1. 
The outcome shows that the data cluster is bundled very 
tightly when the strength of bundling rises. The parameter 
named WS determines the bundle using the cluster. In brief, 
the bundling method used in this clustering scheme 
decreases parallel coordinate graph information clutter in 
addition to assisting users discover relationship patterns. 

 
Fig. 8: Output of Bundling Function 

B. Redesign the Bundling Technique 

Bundling algorithm is basically highly dependent on the 
nature of the data. Because of this reason, owing to the 
nature of the information used for this project, the cost-
based edge-bundling algorithm needs to be redesigned. 
Thus, there are three major contributions to the bundling 
technique part in this project.6 demonstrates the parallel 

coordinates graph's default configuration. Solar data will be 
loaded automatically. 

 
Fig. 9: Differences of Bundled Curve with Different Value of 
Bundling Strength 

• k-means Algorithm 

 The first adaptation is k-means clustering that performs 
Euclidean distance metrics to calculate the appealing force 
before bundling together all associated neighboring axis 
parallel lines. Generally, by calculating the root of the square 
gap between two points, Euclidean distance is a parallel line 
distance between two points. On the basis of the formula, it 
can be concluded that the lower range value contributes to 
the greater likelihood of attracting the two lines together in 
the parallel coordinate graph. 

• Curve Smoothness 

 Curve smoothness is also cardinal to understand the 
bundled curve model. Within clusters, the curve geometry 
was used to find and disclose structure and solve the cross-
over problem. A piecewise cubic Bezier curve substituted the 
respective initial straight lines to create a bundled curve 
model of the parallel coordinate graph is the basic fact of 
curve smoothness. 

• Bundling Strength 

 Bundling strength control, which is calculated using 
linear weighting system or linear programming, is the last 
contribution in the bundling technique stage. To search for 
the outcome of global optimization, computing and 
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implementing a linear weighting system is very essential. In 
short, the bundling strength increases and when the new 
intersection point (resulting from the linear weighting 
scheme) is closer to the cluster centroid, the cluster of the 
bundled lines becomes tighter. 

VII. CONCLUSION 

The system was created in accordance with the 
statements and goals of the issue that were studied. Parallel 
Coordinate Graph in Bundling technique is a system that 
implements bundling as the clustering method. It has been 
effectively created based on data clustering in parallel 
coordinates graph that assist the recognition of relationship 
pattern. During the creation of this clustering prototype, a 
cost-based edge-bundling algorithm was introduced among 
all six edge-bundling methods. On top of that, based on the 
overall functionality testing as discussed in Section 6, this 
clustering system which implements bundling technique in 
parallel coordinates graph can be fully used in order to see 
the relationship patterns of data. 

As for future works, while taking into account the nature 
of the data, more visual analytical methods such as coloring 
function can be introduced to the bundling method. In 
addition, opacity improvement is another recommendation 
that can be made. In brief, this will assist users find data 
relationship patterns readily. On the other side, in terms of 
the bundling algorithm, it is possible to achieve future 
improvement and enhancement by applying a hybrid 
bundling algorithm rather than using only one edge-
bundling algorithm. 
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Abstract— Nowadays, data sharing has become faster than 

ever. This speed demands novel search methods. Most popular 

way of accessing the data is to search its tag. Therefore, 

creating tags, captions from an image is a research area that 
gains reputation rapidly. In this study, we aim to refine image 

captions by utilizing Self Organizing Maps. We extract image 

and caption pairs as feature vectors and then cluster those 

vectors. Vectors with similar content clustered close to each 

other. With the help of those clusters, we hope to get some 
relevant tags that do not exist in the original tags. We 

performed extensive experiments and presented our initial 

results. According to these results, the proposed model 

performs reasonably well with a 54% precision score. Finally, 

we conclude our work by providing a list of future work. 

Keywords— image tagging, tag refinement, self organizing 

maps, SOM, clustering. 

I. INTRODUCTION 

Tagging images with respect to patterns within images is 
an important research area. Increasing demand to smartphone 

market, results a digital image ocean. Large companies such 
as Facebook, Flickr need reliable image searching methods 

to locate the desired image in the digital image ocean. Thus, 

those images are needed to be categorized to make searching 
easy. In the past, tags were placed by humans. However, 

humans did not take the time to tag images properly. Hence, 
automatic image tagging methods are proposed [1-2]. 

Although they have decent image tagging success rates, they 
surely make mistakes. 

Therefore, image tag refinement comes into play. Image 
tag refinement is the name of the process of removing 

imprecise tags and supplement incomplete tags  [3]. Our aim 

in this paper is to enhance the existing tags by creating a new 
image tag refinement model. In this model, we adapted Self 

Organizing Maps (SOM) [4]- an unsupervised neural 
network model - to create clusters from combined image and 

tag feature vectors as an input to the refinement process. 

The rest of the paper is organized as fo llows. Section II 

gives brief information about the methods that we have used. 

Section III defines our problem formulation as clear as 
possible. Section IV introduces our solution to the previously 

defined problem. Section V summarizes our findings and 
results. Finally, in  Section VI, we give a summary of our 

method, problem and solution. We also suggest future works 
to improve our method. 

II. BACKGROUND 

We used VGG16 [5] as our image feature extractor 

network. VGG16 is a pretrained deep convolutional neural 
network architecture. It is trained on ImageNet: A Large-

Scale Hierarchical Dataset [6]. VGG16 consists of 16 weight 

layers. The first 13 of those layers are convolutional layers 
and the rest is fully connected. For the first 4 convolutional 

layers, 2 max pooling layers are attached between every two 
layers. For the rest of the convolutional layers, 3 max 

pooling layers are attached between every three layers. After 

the convolutional section, 3 fully connected layers are 
present. The last of these layers is the softmax layer and it 

performs image classification. ReLU [7] is used as the 

activation function for all of the layers except for the last 
one. VGG16 can generalize other datasets as well. Thus, it is 

suitable for our purposes. 

Sometimes tagging algorithms provide imprecise and 

incomplete tags for an image. At those times, a tag 
refinement process is needed. At its typical case, a tag 

refinement algorithm finds semantic-related images in 
training set for an image by using its tags. Then, it constructs 

a star graph from those candidate images based on visual 

similarity[3]. Finally, tags of those images are used to make 
necessary changes on the existing tag set to reach the final 

refined tag set. 

Self Organizing Map (SOM) is an unsupervised neural 

network model which  capable of clustering, regression, 
dimensionality reduction and data visualizat ion. SOM tries to 

capture a discrete representation of the data being studied by 

exp loiting the similarities in the input space. SOM has two 
layer; input and output layer. In  the output layer, neurons are 

laid on a grid (generally 2 or 3 dimensional) in a way that 
they can represent the similar patterns in the input layer. 

Output neurons have neural weights inside them. Input layer 
has the training samples and generally training samples are 

the members of high dimensional spaces. Neural weights in 

the SOM must have the same dimension as the input data. 
With the help of their neighborhood and internal mechanics, 

neurons can project high dimensional data into a low 
dimensional one. By using these projections, we can 

visualize and cluster the input data. Unlike most of the neural 
network models, SOM utilizes a competitive - cooperative 

learning model. Learn ing process consist of a competition 
and cooperation parts. In the competition part all neurons 

compete against each other. Neuron with a weight which is 

most similar to the current input selected as the winner. 
Similarity metric is a predefined distance metric like 

Euclidean distance or cosine distance. Therefore winner 
neuron is the closest to the current train data. Henceforth, 

winner neuron and its neighborhood brought closer to the 
train data. In this part of the learning process, each winner 

neuron teaches its neighborhood about the training samples, 

hence it is called cooperative. Learning rate and the distance 
of the neighborhoods decay over time in order to prevent 

overfitting. There are various numbers of neighborhood 
configuration in the SOM literature [8]. 

III. PROBLEM DEFINITION 

In this study, we employed Flicker8k dataset [9]. In this 

dataset, there are images with their corresponding captions. 
Each image has five captions. We aim generating additional 

new tags by utilizing the provided images and their captions. 
This process is called tag refinement. 
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There are extensive research about image tag refinement 

[10-12]. Most related works summarized as follows. 
Guillaumin et al. [10] employed a weighted nearest-

neighborhood approach to predict image tags. Neighborhood 
weights are calculated according to neighborhood rank or 

distance. Sang et al. [11] proposed a method called Ranking 
based Multi-correlation Tensor Factorization (RMTF). This 

method tries to model the ternary relationship between user, 

image, and tag and reconstruct a more refined user-aware 
image tag associations. A ranking based model estimat ion is 

used to interpret the tagging data while estimating the model. 
In another study, a novel method called regularized Latent 

Dirichlet Allocation (rLDA) is used [12]. In this method, tag 
similarity and tag relevance are dealt simultaneously in an 

iterative manner. This situation allows to explore multi-wise 
relationships among tags. 

Unlike other studies, we aim achieving tag refinement by 

exp loiting the similarities in the latent subspace of similar 
images. We used SOM in order to get similar latent space 

representations together on image clusters. We also put 
previously added tags into the input vector of the SOM to 

hopefully get more logical clusters. By doing that, we 
expected to capture some relevant tags from similar neighbor 

images. 

IV. SOLUTION METHOD 

Our solution method is composed of three steps. They 
are:  

1. Preprocessing 

2. Training 

3. Evaluation 

The details of these steps are explained in the fo llowing 
subsections. 

A. Preprocessing Data 

The data we’ve used for both testing and training 

purposes comes from the Flickr8k dataset. Flickr8k dataset 
has 8091 annotated images. To cluster the dataset with SOM, 

we preprocess it first. 

The first stage of preprocessing is conducted on images. 
The process is shown in the upper part of the Fig. 1. We 

utilized VGG16 as feature extractor. Thus, we did not use the 
softmax output layer of the VGG16, but the latest fully 

connected layer. We passed each image from the VGG16 
model and got the 4096 dimensional feature vectors as 

output. 

The second one is converting annotations into Bag of 
Words (BoW). This process is shown in the lower part of the 

Fig. 1. In the dataset, each image has exactly five captions 
attached to it. We tokenized the captions, remove the stop 

words and perform a stemming algorithm to create BoW. 
Then, we encoded BoW into a binary  representation. This 

allowed us to express BoWs with a one long string of 1s and 

0s. 

Then both image feature vectors and binarized BoW 

vectors concatenated to form the input vector of the SOM. 
This vector is shown as Combined Image-Tag Feature 

(CITF) vector  in Fig. 1. Then we split them into training and 
test subsets. We used training subset in order to train a SOM 

model. 

B. Training and Testing Operations 

Originally Flickr8k dataset is partitioned into two 
subsets. The first part, training part, contains 6000 images 

and the second part, test part, contains 2000 images. Every 
image in Flickr8k has exactly five captions associated with 

them. We operated on the training subset. As discussed 

above, we applied preprocessing techniques on to these 6000 
images. We obtained 6000 CITF vectors. Afterwards, we 

split 6000 CITF vectors into training and test subsets. We 

 
Fig. 1. The preprocessing pipeline and generation of Combined Image-Tag Feature (CITF) vectors. The upper part extracts the image features via 

VGG16 deep convolutional network model. The lower part creates bag of words (BoW) representations of given captions via a met hod called stemming. 
Then, creates a binary representation for the constructed BoW. Finally, both of those feature vectors are concatenated into each other. 
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utilized 5900 of these vectors for training and 100 for testing. 

We passed the 5900 CITF vectors to the SOM as inputs to 
train it. Then, we tested the results with the remain ing 100 

unseen CITF vector. 

C. Configuring the SOM Model 

We made use of a package called MiniSom [13] to build 
our SOM model. We conducted extensive simulations for 

deciding on a proper hyperparameter set. First, we started 
with a relatively  small grid size. Then, we d iscovered small 

grid sizes like 10x10 or even 30x30 cannot reflect the 
training data well enough. We decided a grid size of 80x80 

would express the data, clusters and the neighborhood well. 

Due to the space limitations we only provided the 
hyperparameters that gives the best result. The decided 

hyperparameter values can be found in Table I. 

D. Evaluation 

After preprocessing stage, we trained our SOM model 
with 5900 CITF vectors and test its performance with 100 

CITF vectors. We wished to employ the original captions as 
ground truth. However, when we analyzed the captions, we 

discovered some of them are not relevant with the 
corresponding image. An example is shown in Fig. 2. The 

captions marked with red are the unrealistic ones. Thus, we 

were not able to calcu late a recall score for this dataset. 
Because of this drawback, we implemented two metrics for 

evaluation of the correctness of the generated tags. In the 
first metric, the generated tags are compared with the 

corresponding images by a human being, an observer. 
Observer marks whether a generated tag is correct or 

incorrect. According to these records, we calculated a 
precision score for each test image. Then, we took the 

average of all of the precision scores to get a final precision 

score. Precision scores is calculated according to the (1). 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 (1) 

TP, true positive, means the tags created by the SOM that 
are relevant, meaningful with the test image. FP, false 

positive, means the tags created by the SOM are meaningless 
according to the test image. 

In the second metric, we compared the SOM generated 
tags, 𝑇𝐺 , with the original tags 𝑇𝑂  for each given image. The 

difference operation was performed from SOM's point of 

view. You can see this operation in (2). 

TABLE I.  T HE HYPERPARAMETER VALUES THAT WE USED IN OUR 

SOM MODEL. 

Hyperparameter Value  
Grid Size 80x80 

Neighborhood Function Bubble / Circular 

Radius (σ) 2 
Learning Rate 0.5 

Decaying Rate Default  

Epochs 2000 

Distance Metric Minkowski 

Wight Initialization Random Sampling 

 
Tags Refined = 𝑇𝑅 =𝑇𝐺 − ( 𝑇𝑂∩𝑇𝐺 ) (2) 

𝑇𝐺  is the tag set that is generated by SOM. 𝑇𝑂  is the 

original tag set that is obtained after the preprocessing of 

captions. The equation finds the intersection set of the 
original tags and proposed tags. Then, subtracts the 

intersection from the generated tags. Resultant set, 𝑇𝑅 , is the 

set of tags that is generated by SOM which are not included 
in the original set 𝑇𝑂 . So, these are the refinement proposals 

for the original tags. We named them as Tags Refined (TR). 

Different tags between the two sets are also checked by the 
observer considering the corresponding image. Again, the 

observer marked the correct and incorrect tags and we 
calculated a precision score for each of the tags in 𝑇𝑅 . Then, 

we took the average of the precision score. 

As mentioned earlier, we randomly selected 100 samples 
from all of the CITF vectors for testing purposes. These 100 

CITF vectors were not used while training SOM. After the 

training phase, we passed test samples to the SOM and found 
the winner neuron for each test sample. At each test sample, 

every winner neuron’s and its circular neighborhood’s 
weighted activation was calculated. This weighted activation 

forms the SOM’s response to the current test sample. 60\% 
of the winner neuron’s activation and 5% of every adjacent 

neighbors’ activations summed in order to form the response. 
Relevant part of this activation was decoded to get the tags. 

Before decoding we only  accept activation values above a 

certain threshold. With the help of some extensive 
experiments, we found this threshold as 0.3. After getting 

SOM's responses to each test image, we decoded them to 
find the SOM generated tags. Afterwards, we evaluated our 

model's precision according to the two metrics explained 
above. 

 

Fig. 2. The captions of the Flickr8k dataset is sometimes unreliable. Some captions (shown in red) are either irrelevant or nonsensical. 
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V. RESULTS 

We believe that clustering of CITF vectors were quite 

satisfactory. In order to provide some visual evidence, we 

extracted SOM's hit map. Hit map represents which neuron 
won for which training sample during the training phase.  

Then we decoded the relevant part of the CITF vectors in 
order to visualize the clusters. In Fig. 3, you can see the 

decoded images. As you can see, CITF vectors similar to 
each other clustered over the same neurons. Note that, we 

utilized CITF vectors during training. Fig. 3 only visualizes 
the results with images by using the relevant part of the CITF 

vectors. 

We report our results in two categories. They are analytic 
results and visual results. Analytic results are the calculations 

that we performed to measure our methods accuracy. Visual 
results are the presentation of generated tags with its 

associated images. 

A. Analytic Results 

Our analytic results are based on observers’ evaluation 
rather than assuming dataset captions as ground truths. As 

exp lained before, dataset contains incorrect tags and we 

cannot accept them as ground truths. The Table II 
summarizes our findings. 

The average number of tags that are proposed by our 
SOM model is about 16. This means that for each of the 

newly seen images, our method proposes 16 tags in average 
without caring about if those tags exist in the original tag set 

(𝑇𝑂 ). About 54% of those tags are completely relevant with 

the context of the corresponding image. Other 46% of the 
tags are either completely irrelevant or plausible in the sense 

of another similar context (i.e. grandstand balcony vs. deck 

balcony). 

The average number of new tags that SOM proposes is 

about 13. This means that we propose approximately  13 new 
tags for a newly seen image. About 47% of those new tags 

are completely relevant with the image. The remaining tags 
are either completely irrelevant or relevant in an another 

similar context as above. 

In addition to those results, we noticed that as the number 
of proposed tags increases, the accuracy decreases. We made 

 
Fig. 3. With the help of the hit  map, we can get an information about which CITF vector won the competition during training. We decode CITF 

vector's relevant part in order to visualize the image clusters. CITF vectors with similar content are clustered close to  each other. Note that, those images 
are not our CITF vectors. 
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this observation by looking at the Pearson correlation 

coefficient between precision and number of tags for both 

sets. The coefficient is about -0.33 for both sets. 

B. Visual Results 

In this section, we present some images and their 

corresponding refined tags. The initial results are very 

promising. 

In the Fig. 4, we put three of the most successful tag 

refinement examples. The black writings are the original tags 
that are given by the community and the red ones are the 

newly suggested tags. All suggested tags are comply with 
their corresponding images. Their precision is 100%. 

Similarly, in Fig. 5 you can see the three worst tag 

refinements. All suggested tags are irrelevant with their 
corresponding images. Fortunately, we do not have many of 

them. Most of our results are between those two extremes. 

VI. CONCLUSIONS 

In this study, we aim refining given tags for an image. 
We are doing that by enhancing and enriching the already 

given tags. We utilized SOM to cluster the similar images 
and tags to borrow some relevant tags from different 

neighbor images. Best of our knowledge, there are no studies 
that utilizes SOM for the image tag refinement. Since this 

study is our initial work, we only present the preliminary 

results. 

We observed some drawbacks in our problem. The 

weights of the image features and tags are not same for the 
SOM model. This is because the scale of the values does not 

match with each other. For example, the value of an image 
feature can float around 0 and 28, at the same time the value 

of the corresponding tag can only take values either 0 or 1. In 

addition, the distance metric of the SOM should be changed 

into a more suitable one (i.e. cosine similarity).  

There are also some problems in Flickr8k dataset. The 

dataset is a heavily biased one. Almost all of the captions 
contain several repetitive words such as dog, man, woman, 

black, white, etc. Thus, in our future experiments, we plan to 
work on some other datasets. 

To improve our SOM model, we plan to utilize more 
sophisticated SOM architectures (i.e. VQTAM [14]). We 

will also practice some changes in the weight update process 

of SOM. We will experiment with weight update methods 
that are more appropriate for image or caption attributes. We 

will also plan to merge the results of several randomly 
selected neighbor neurons to get possibly more improved 

results. We also believe that categorizing the image tags can 
increase our performance. 
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Abstract—Pulse DC sintering (PDCS) systems are an 
effective way of producing sintered materials. Such systems are 
commonly used for research by universities and for series 
manufacturing by factories. It is important to measure and 
record currents, voltages, container resistance, power, and 
consumed energy of a PDCS system during sample production 
period. Industry 4.0 is the new industry revolution and is 
happening now. Internet of things (IoT) is also enveloped by 
Industry 4.0. In the future, more devices in factories or 
laboratories are to be connected to ethernet or internet. A 
sintering system can also be connected to such networks using 
IoT. This allows remote control and data acquisition of sintering 
process. The data acquired by IoT can be used to make a 
sintering process database. In this paper, it is shown how to 
make such an IoT-based sintering system using off-the shelves 
integrated circuits. Also, the algorithm needed to control such 
system and manage the material database is given.  

Keywords—Industry 4.0, IoT, embedded system design, PDCS, 
measurement system. 

I. INTRODUCTION 

In 1913, Weintraub and Rush first patented a new sintering 
technique using electric current and pressure together [1, 
2].This method, developed by scientists Weintraub and Rush, 
for sintering refractory materials such as conductive carbide-
nitride powders, can be considered the beginning of the 
modern PDCS system [3]. The mechanical pressure applied 
simultaneously with the electric current is used to combine or 
synthesize the particles and simultaneously concentrate the 
material in the desired configuration. Applied electrical 
current and mechanical load constant throughout the sintering 
processor may vary. Especially, the current can be adjusted by 
the thyristor-controlled power electronics block manually or 
automatically, thus providing the required electrical dynamics 
[4]. That’s why it is important to model PDCS system 
electrically and thermally [3, 5, 6]. It is shown that an PDCS 
system can be controlled without using a temperature system 
in [4].  

Industry 4.0 is changing human life and work environment 
considerably in present. In the future, the factories are going 
to have more devices or manufacturing utilities connected to 
internet or ethernet. IoT permits devices and systems to 
communicate with each other. A survey on Internet of Things 
Technologies are found in [7–10]. One of the IoT applications 
available in the literature is intelligent laboratory management 
systems [8, 11]. A laboratory can be turned into a remote 
laboratory based on IoT for performing remote experiments 
[9, 12, 13].  Laboratory equipment such as PDCS can be 
managed using IoT [7]. Common IoT integrated circuits can 
be used to measure device voltages, currents, container 
temperature, etc. and turn it on and off remotely. A 
microcontroller-based circuit can be used to acquire and 
record the PDCS voltages, currents, container temperature, 

etc. using external memories such as SD card. The recorded 
data has information on power and energy requirements, the 
sample production dynamics, and the equivalent electrical 
circuit of the PDCS system. Such data can be recorded and be 
used to analyze system dynamics, sample energy 
requirements, to minimize process power consumption and to 
design better PDCS systems. The recorded data can also be 
sent to computer via internet using cheap off-the shelves 
integrated circuits.  

To the best of our knowledge, there is no such a IoT-based  
PDCS system reported in literature with the properties 
mentioned here.  In this study, a PDCS system connected to 
Internet of Things and controlled via it is examined and also 
the method and circuits needed to make such an PDCS system 
are given.   

The paper is arranged as follows. In the second section, a 
PDCS system is briefly discussed. In the third section, the 
electrical system of the IoT-based PDCS system is given. In 
the fourth section, the algorithm to control such system is 
presented. The paper is concluded with the last section. 

II. GENERAL INFORMATION ABOUT PDCS SYSTEMS 

 
The PDCS system is a new generation sintering system 

and has superior features compared to other conventional 
methods. The mechanical structure of the system is shown in 
Fig. 1. The pulsed DC electric current is used in the system to 
provide the heat required to produce the sample during the 
sintering process.  

 
Fig. 1. Principle mechanical structure representation of the PDCS systems 

In the output of the system, rectified and a DC pulsed 
electric current is used. Heat energy generated by the flow of 
this current through the container and the pins is used for the 
sintering of the material. A photograph during the sintering 
process is shown in Fig. 2. 
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Fig. 2. Container photograph of the system during the sintering process 

III. IOT-BASED PDCS SYTEM DESIGN 

A. A general overview of the system. 

Schematic representation of our proposed IoT-based 
PDCS system is shown in Fig. 3. In this study, it is aimed to 
measure the AC (utility) side signals of a PDCS system and 
use them on IoT basis. Considering the schematic 
representation, the system components can be considered in 3 
main groups. The first one is the PDCS system together with 
the 3-phase electricity network to which it is connected. The 
second one is a microcontroller-based measurement unit with 
AC current and voltage sensors. Finally, a PC that will use IoT 
based remote access is included in the system. 

 

 

 
Fig. 3. Schematic representation of proposed IoT-Based PDCS System.

B. Microcontroller Board 

In this study, by considering its features and powerful 
computing capability, STM32F429 microcontroller based on 
Arm Cortex-M4 has been chosen. STM32F429 from 
STMicroelectronics is a powerful programming environment 
with 180 MHz operating frequency, high number of digital 
inputs and outputs, PWM / DAC / ADC features, SD card / 
OTG support.  

The current and voltage measurement sensors and the 
wireless transmission unit, which is the main component of 
the IoT interface, are integrated in the microcontroller board.  
Firstly, the reference voltage is generated since the system will 
work with sinusoidal signals. In this way, the required offset 
voltage is generated by considering the amplitude in the 
negative alternate. 

C. Voltage and Current Measurement Modules 

Current transformers are used to measure the currents 
drawn from the three-phase network. For current 
measurement, transducers with 100/5A conversion ratio are 
connected to the mains phase inputs of each phase. A 3-phase 
current transformer (ENS.3PH 20 3X100 / 5A), which 
corresponds to this spec values, is shown in Fig 4. These 
current transformers directly connected to the phases are then 
connected to an additional current transformer to get lower 
current ratios followed by a resistor. Then the current signal is 
measured from the ADC input of the microcontroller to which 
the resistor is connected. 
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Fig. 4. 3-phase 100A / 5A current transformer (ENS.3PH 20 3X100 / 5A) 

There are two possibilities for voltage measurement. The 
first one is measuring voltage via voltage transformer. The 
second is to use a voltage divider-based structure considering 
a high voltage conversion ratio (proportional to the ADC input 
level / phase voltage). In both cases, the negative alternate is 
processed by considering the measurement level with the 
reference level. 

D. IR Temperature Measurement Modules 

In addition to measuring AC electrical signals, the sample 
temperature is also measured throughout the process. For this 
purpose, an IR based temperature meter which gives an analog 
voltage proportional to the measured temperature  has been 
used. The analog output of the IR based temperature meter is 
read with an ADC input of the microcontroller. 

E. IoT Wireless Communication Module 

One of the most basic components of the system is the 
wireless communication module used to create the IoT 
infrastructure. Although IEEE 802.11 a / b / g / n / ac based 
WLAN units can be used for this purpose, distance-related 
attenuation and signal break problems occur in these units. 
Therefore, to overcome these problems, RF communication 
based Xbee XB24-Z7WIT-004  as shown in Fig. 5 modules 
have been used. 

 
Fig. 5. XBee S2 Wireless Module 

IV. EXPERIMENTAL RESULTS AND A DATABASE ALGORITHM 

FOR THE IOT-BASED PDCS SYSTEM 

In this section, some acquired waveforms such as the 
container temperature, RMS value of utility phase voltage, 
RMS value of utility phase current during sintering process of 
the PDCS system is given.  

A. Current, Voltage and Temperature Measurements  

Container temperature, RMS value of utility phase 
voltage, RMS value of utility phase current (measured only 
for one of the phases) are acquired by the microcontroller and 
recorded in SD card and shown in Fig. 6 – Fig. 8. Such data 
can be used to estimate power, energy consumption and 

thermal dynamics of the PDCS system. Additional waveforms 
can be measured to enrich the data but due to space 
considerations and scope of this paper are not further 
inspected here. 

 
Fig. 6. Container temperature with respect to time. 

 
Fig. 7. RMS AC input voltage with respect to time. 

 
Fig. 8. RMS AC input current with respect to time. 

B. An IoT-based Sintering System Algorithm 

The experimental data whose samples are shown in the 
previous section is a valuable asset to evaluate 
thermodynamics of the samples produced by PDCS systems 
and also evaluate their performance considering efficiency 
and harmonics such systems. For example, when the power of 
the PDCS which can be found by multiplying phase voltage 
and phase current for each phase of the device and adding 
them together can be used to calculate the consumed energy 
required for the sample production by taking its time 
integration; 

 ( ) ( ) ( ) ( ) ( ) ( ) ( )a a b b c cp t v t i t v t i t v t i t= + +   (1) 
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Further processing of the data can yield more information 
about the thermal dynamics and the physical nature of the 
PDCS system and its produced samples. Such important data 
can be stored in a database in a remotely connected PC using 
the IoT-based PDCS system given in this paper. A sample 
algorithm for forming such database is given in this section. 
Flowchart of the Algorithm is given in Fig. 9.  

 
Fig. 9. Flowchart of the system program. 

If the algorithm is explained; the PDCS can be turned on 
or off by the user, the PDCS reads and records voltage, current 
and temperature of the system once activated, and send it to 
the PC using XBee S2 Wireless Module, the PC program 
records the data in a file and, therefore, forms the database of 
the PDCS system. More recorded waveforms would make 

such database more valuable. The algorithm is open for 
development. Also, the sensorless control method given in [4] 
can be incorporated into it. 

V. CONCLUSION 

Industry 4.0 is changing manufacturing systems very 
quickly. In this study, an IoT-controlled PDCS system is 
introduced. The system can measure the process variables 
such as voltage, current, temperature, etc. The system can be 
activated by remote control which makes it a good candidate 
for factory and academic use. The system also records the 
measured data and produces a database for post processing. 
Such a database can be used to make more efficient sintering 
system, optimize the production process, calculate energy 
requirements, etc. In the future, we expect that much quicker 
and more efficient sintering systems which is based on IoT 
will emerge. The paper outlines the method for how to do it 
and can be used for future designers as a starting point. 
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Abstract—Pulse DC sintering (PDCS) systems, an effective 
way of producing sintered materials, are complex systems. They 
need to be modelled both electrically and thermally. Such a 
system can be controlled manually or automatically. To the best 
of our knowledge, a closed loop control of the PDCS system is 
not available in the literature yet.  In this study, simplified model 
of a PDCS system is performed and a PID controller is designed 
to control the container temperature using Simulink toolbox of 
Matlab. The PDCS model and the PID controller design method 
based on the computer aided design proposed in this study can 
be used by the PDCS designers as an essential part of the system 
level design issues. 

Keywords— Computer Aided Design, automatic control, 
industrial software development, PDCS. 

I. INTRODUCTION  

The Pulse DC Sintering system is a production method 
that allows many different types of material to be produced for 
many years. [1–3]. It is referred to in the literature by many 
different names. However, the common denominator of all is 
to produce test material economically in short times. In this 
way, it not only contributes to the economy, but also provides 
a cleaner, environmentally friendly production compared to 
traditional methods. That’s why it is important to model PDCS 
system electrically and thermally [4–6].  

Industry v4 is changing industry and devices considerably. 
In the future, we are going to have more smart devices. A 
manually operated PDCS device is examined throughout [4–
6]. When sintering process starts, the container current of the 
PDCS system is increased gradually at the beginning and then 
kept constant manually by the operator. If The PDCS system 
is automated to keep track of a reference container 
temperature profile, such a control would make the device 
smarter and more compatible with Industry v4. Such a PDCS 
system can also be used with Internet of things (IoT) 
infrastructures and be turned into a remote controlled 
laboratory device in the future [7–9].   

In recent years, Yener et al [4–6] has been working 
extensively on the modeling of such a PDCS system thermally 
and electrically with the aim of production of materials with 
minimum energy loss by using electric current in the most 
efficient way. It is important for the PDCS system to be heated 
gradually and this is done manually in [4–6, 10] and the other 
PDCS systems, to the best of our knowledge, [1], do not have 
a temperature control. If the temperature of the PDCS system 
is controlled as desired, it would allow the user to have more 
control on the sintering process.  

 

The PDCS system can be automated to track the reference 
temperature desired using a PID controller. Such controllers 
are commonly used in electric power systems [11–18]. To the 
best of our knowledge, controlling such a PDCS system with 
a PID controller is not reported in literature yet. In this paper,  
the control of the PDCS system  is shown to be possible with 
a PID controller. A PDCS system is very complex and hard to 
model, i.e. it has coupled thermal and electrical dynamics [4–
6]. That’s why a reduced PDCS model is used. Simulink 
toolbox of Matlab is used during simulations. A method is also 
suggested to optimize the PID controller parameters. 

The paper is arranged as follows. In the second section,  
basic information on a PDCS system and its simplified model 
are given. In the third section, the computer-aided design and 
the simulations of the PID-controller of the PDCS system are 
presented. The paper is concluded with the last section. 

II. A SIMPLIFIED MODEL OF PDCS SYSTEM 

A. Basic Information About PDCS System 

Pulsed DC current is used in the system output to provide 
the heat needed to produce the sample during the process. A 
three phase AC chopper is used at primary windings of a 
transformer to adjust the rms value of the phase voltages (and 
therefore to adjust the rms value of the output or the container 
current) and each secondary phase has two center-tapped 
windings. The output of the secondary windings is rectified 
and shorted through the PDCS container. A DC pulsed current 
flows through the PDCS container to melt the sample. The 
operator set the required DC current amplitude flowing 
through the sample manually. Thyristors of the power 
electronics circuits are triggered by the system for the required 
current amplitude. Due to space considerations, the 
mechanical structure representation and the electrical schema 
of the PDCS system are not given in this paper. The needed 
information can be found in  [4–6, 10] 

B. Temperature Dependence of The PDCS Container 
Electrical Resistance 

The electrical resistance of the container and the stiffs’ of 
the PDCS, Rcon, system is hard to calculate [1] and obtained 
experimentally in [6]. A PWL function be used to model the 
resistance function approximately without any significant 
error. The PWL model of the resistance is used in this study 
and it is shown in Fig 1. 
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Fig. 1. The PWL model of container electrical resistance versus container 
temperature. 

C. Thermal Model of the PDCS System  

The lumped parameter thermal circuit model of the PDCS 
system is shown in Fig. 2.  The electrical power dissipated in 
the container ignoring copper bar voltage drops is given as  

 ( ) ( ) ( ) ( )2
cntp t v t i t i t R= ⋅ =   (1)                                       

Where v(t), i(t) and Rcnt are the container voltage, current, 
and the electrical resistance respectively. 

The state-space equation of the reduced system is given 
below as 

 ( ) ( )transfer

dT
C p t p t

dt
= −   (2)                                       

Where C is the heat capacitance of the container and the 
stiffs, ptransfer the total transferred heat power from the 
container and the stiffs, and the T is the container and the 
stiffs’ temperature. 

The container and the stiffs’ temperature are taken to be 
the same. The total transferred heat power can be given as the 
sum of the radiated power transferred from the stiffs and the 
container to the ambience, the convection power from the 
stiffs and the container to the ambience, and the conducted 
power transferred from through the pins to the copper bars. 
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  (3)                                       

whereT∞ is the ambient temperature, CT is the copper bars’ 

temperature, k is the Stephan-Boltzman constant, ε is the 
emissivity of the steel, A  is the container and the stiff’s total 
area, h is the natural air convection constant.  

The lumped parameters such as the nonlinear thermal 
resistances and the heat capacitance of the container and the 
stiff system corresponding to the radiation, convection and 
conduction powers are shown in Fig. 2.  The sample volume 
is less than container volume. So is the heat capacity of the 
sample. Therefore, its effect in the thermal dynamics is 
ignored. The copper bar temperatures are also taken to be 
equal to the ambient temperature to simplify the thermal 
dynamics. 

 

 
 

Fig. 2. The lumped parameter thermal circuit model of the PDCS system. 

D. Temperature Dependence of Stiff Thermal Resistance 

RTH shown in Fig. 2.  is thermal resistance of the stiff 
section between the container main body and a copper bar and 
it is studied in [5]. The container stiffs are made of steel and 
their thermal conductivity is a function of temperature. 
Therefore, the thermal resistance, RTH of the inter-stiff 
sections staying between the container and the copper bars is 
modelled as temperature-dependent resistance [10]: 

 
( )

stifft
TH

S stifft

h
R

k T A
=   (4)                   

In this study, instead of using (4), using the experimental 
data of the equivalent stiff thermal resistance, RTH with 
respect to the difference between the container and the copper 
bar temperatures given in [5] is used for modeling the system 
as shown in Fig. 3. 

 
Fig. 3.  The PWM model of stiff thermal resistance as a function of the 

difference between the container and the copper bar temperatures. 

E. PDCS System Model 

In this section, the simplified/reduced PDCS system 
model is given. The PDCS system current which is a pulsed 
DC current is shown in Fig. 4. The electrical power dissipated 
in the container depends on RMS value of the PDCS current. 
Therefore, the RMS value of the current should be controlled 
not its instantaneous value. Here, it is assumed that we are able 
to control the thyristor-based power electronics to have the 
RMS value of the PDCS current needed. The equivalent 
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system model of the PDCS system is shown in Figure 5. The 
RMS value of the current is shown as a current source which 
can be done due to the fact that the electrical dynamics are 
quite quicker than the thermal dynamics.  The dissipated 
power within the container is also modeled as current source 
of the thermal equivalent circuit shown in Fig. 5. The stiffs’, 
the convection and the radiation thermal resistances are 
modeled as nonlinear resistances.  

 
Fig. 4. PDCS Container Current. 

 
Fig. 5. Simplified Equivalent Model of the PDCS System. 

III. PID SYSTEM DESIGN USING SIMULINK 

The container temperature should not rise too quickly to 
avoid instantaneous overheating and consequently to allow 
the reaction to take place properly. Otherwise, the sintering 
process would just be simplified to giving the highest current 
possible in PDCS system under the high hydraulic pressure 
required. That’s why the reference temperature can be risen  
linearly  in the time interval of [0, t1] and then be kept constant 
in the time interval of [t1, t2]. The desired container  
temperature profile of a sintering process can be seen in Fig. 
6.   

Simulink is a powerful simulation tool and used to 
simulate the system. A PID controller whose block diagram is 
shown in Fig. 7 is used to control the PDCS system.  Simulink 
block diagram of the whole PDCS system with the PID 
controller is shown in Fig. 8. The system is simulated for a 
few different PID parameter values and the results are given 
here.  

 

 
Fig. 6.  The desired temperature profile. 

Container temperature and container current with respect 
to time are shown in Fig. 9 for randomly chosen PID 
parameters (KP=10, KI=-0.1, KD=5). The plots show that and 
the system is out of control, i.e. the container temperature does 
not track the reference temperature. The uncontrollable 
system behavior can be prevented by choosing better PID 
parameters. A better control is shown in Fig. 10 for the PID 
parameters: KP=2, KI=2, KD=5. The container temperature 
which shows an under-damped characteristic tracks the 
reference temperature better, i.e. it has some oscillation 
however the oscillation decays and the temperature settles on 
the desired temperature value. The system has acceptable error 
in this case.  

The Simulink has an algorithm to tune the PID parameters 
optimally by linearizing system. The optimization of the 
controller is done using the algorithm and the container 
temperature obtained can be seen in Figure 11 for the optimum 
PID controller parameters: KP=96.9179, KI=0.79217, 
KD=10.4323. Compared to Fig. 9 and 10, the container 
temperature shown in Fig. 11 has less settling time and no 
overshoot for the optimized gains and the container 
temperature follows the reference temperature quite well. As 
illustrated in this section, the computer aided tuning of the PID 
controller can easily be done using Simulink which is a very 
useful tool for the designer.     

 
Fig. 7. PID Controller. 
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Fig. 8. Simulink Block Diagram of The PID controlled PDCS System. 

(a) 

(b) 

Fig. 9. a) Container temperature and b) system output current with respect 
to time, respectively for randomly chosen PID parameters and 
uncontrollable system behavior. KP=10, KI=-0.1, KD=5. 

 

 

(a) 

(b) 

Fig. 10. a) Container temperature and b) system output current with respect 
to time, respectively for the PID parameters set by trail and error and 
the system being controllable with acceptable error. KP=2, KI=2, KD=5. 
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(a) 

(b) 

Fig. 11. a) Container temperature and b) system output current with respect 
to time, respectively for the optimum PID parameters (the optimum 
system behavior) ; KP=96.9179, KI=0.79217, KD=10.4323. 

IV. CONCLUSION 

The PDCS system has become an important tool in both 
academia and industry. It is a complex system due to having 
so many variables. The system requires a gradually increasing 
container temperature at the beginning for a time interval and 
then keeping temperature constant after that till the end. 
Therefore, an automatic control system can be used to control 
the container temperature. A PID controller is used for this 
purpose in this paper. The PID controller parameters are 
optimized with Simulink. The reduced PDCS model and the 
PID controller design method based on the computer aided 
design given here can be used by the PDCS designers as a 
starting point. As a future work, we suggest an optimization 
method based on energy consumption minimization of the 
PDCS system is needed and research can be done about it. 
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Abstract—Central Pattern Generator (CPG) has an 
important role in controlling the locomotion part of the 
animals. Bio-inspired Central Pattern Generators can find 
application areas in robotic and control applications. FPGA 
implementations of Central Pattern Generators have already 
been studied in literature. Not all institutes have FPGA 
systems. In this paper, it is shown that like STM32F103 devices 
which use the Cortex-M3, a Hindmarsh-Rose (HR) neuron 
model can be made using a cheap microcontroller board. The 
experimental results verify that the system is successfully able 
to reproduce the original Central Pattern Generator patterns.  

Keywords—Embedded systems, microcontroller-based design, 
biomedical signal processing, Hindmarsh-Rose (HR) neuron, 
Central Pattern Generator (CPG) 

I. INTRODUCTION 

A biological neuron model is a mathematical description 
of the properties of certain cells in the nervous system that 
produce sharp electrical potentials along the cell membrane. 
Several different spiking neuron models has been presented 
with various levels of accuracy and complexity in [1–6]. 
The most accurate (spiking) neuron model is Hodgkin-
Huxley  (HR) model [1]. HH model is cumbersome 
computational-wise. Fitzhugh-Nagumo and Hindmarsh-
Rose (HR)  neuron models are simplications of Hodgkin-
Huxley model [2, 3, 5].  More information about Spiking 
Neuron Models can be found in [7].  

The central pattern generators can be implemented in 
control applications [8–10]. That’s why it is important to 
model and emulate them. A type of central pattern generator 
based on HR model is explored in [11]. Central Pattern 
Generators (CPGs) are biological neural circuits and they 
are also made of spiking neurons. Correspondingly, a CPG 
can be constructed by connecting a set of spiking neurons. 
Their rhythmic patterns control the locomotion part of both 
vertebrates and invertebrates [11].  

Hindmarsh–Rose neuron model has become increasingly 
popular to make CPGs recently [12–17]. Izhikevich model 
is also a simple model but it gives good results [6] and it is 
used to make a real-time biomimetic central pattern 
generators in an FPGA [12]. The AdEx neuron model not 
only is an accurate biological model but also it has high 
precision and used in a CPG generator [14, 15]. A 
mathematical neuron model based on the Hodgkin– Huxley 
model proposed by Komendantov and Kononenkois used to 
build another CPG network [16]. A Hindmarsh–Rose 

neuron model is used to make CPGs [17].  FPGAs are used 
to make all the neuron models [12–17]. Microcontrollers are 
successfully used to make EKG and EEG signal generators 
in [18–22]. They are slower but cheaper than FPGAs. Not 
all the institutes or departments have FPGAs.  

In this paper, the central pattern generator based on HR 
model is performed using a STM32F103 microcontroller 
based implementation. Experimental output signals has been 
acquired using two digital analog converters (DACs) that 
are connected to the microcontroller outputs. Two coupled 
neurons are emulated with the designed emulator. Any state 
variable output of the concerned neuron can be chosen and 
be sent out by the user. Experimentally obtained waveforms 
are given. 

The paper is organized as follows. HR neuron model is 
briefly discussed in the second section. The circuit principle 
diagram is given and MatlabTM simulations of 
microcontroller-based CP generator is performed in the third 
section. Experimental results are also presented in this 
section. The paper is finalized with the conclusion section. 

II. MATERIAL AND METHOD 

A. Hindmarsh–Rose Neuron Model 

HR model consists of fallowing three differential 
equations [5]: 

 

( )( )( )

2

0

( ) ( ) ,

. ,

dx
y aF x bG x z I

dt
dy

c d x y
dt
dz

r s x t x z
dt

= − + − +

= − −

= − −

 (1) 

Where 

 
3

2

( ) ,

( )

F x x

G x x

=
=

 (2) 

Using these expressions, an HR neuron model is 
described by the three state variables, x, y, and z which 
represent the membrane potential, the recovery variable, and 
the adaptation current, respectively.  
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Adaptation current z slowly varies and increases when 
the neuron fires. x0 is the x-coordinate of the stable sub-
threshold equilibrium point if the external current applied to 
the neuron is equal to zero, i.e. I = 0. It is a control 
parameter that interrupts or advances the activation of the 
adaptation current.  

The other parameters are the constants: b is an intrinsic 
parameter and r is the activation rate. HR model produces 
different shapes of patterns if its parameters are changed. 
Parameter I is used to control activation and frequency of 
the neuron. For small I values, no rhythmic output is 
available. If I exceeds a limit value, a rhythmic pointed 
pattern is observed. If I is increased more, spike frequency is 
also increased. 

B. HR Model-Based Central Pattern Generator Network  

A CPG network is performed by coupling spiking 
neurons. Its mathematical model can be expressed as [1]: 
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c dG x y
dt
dz
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dt

ψ
=

= − + − + + +

= − −

= − −


 (3) 

Where, i HR neurons’ index, e represents sensory 
feedback, g is the gain, and Wij is the synaptic coupling 
strength. If Wij  = 0, this means that there is no connection 
between the two neurons. A positive Wij demonstrates the 
excitatory and a negative Wij demonstrates an inhibitory 
behavior between the two neurons [1]. As in [17], the 
synaptic coupling function ψ(xj) is chosen as  

 ( ) ( ),  0 .j jmaxx xψ =  (4) 

In this network, three time-dependent variables such as 
xi, yi, zi are used to characterize each HR neuron. Model 
dynamics can be modified by changing the parameters 
including Ii (ith neuron external current value).  

Simulation of two coupled HR neurons’ behaviour is 
made in MatlabTM. Fig. 1 shows the obtained CPG anti-
phase patterns. 

C. Discretization 

 The discretized equations can be expressed is given 
below: 

( )
( )

( )( )

2

0

[ 1] [ ] [ ] ( [ ]) ( [ ]) [ ] ,

[ 1] [ ] . [ ] [ ] ,

[ 1] [ ] [ ] [ ]

i i s i i i i i

i i s i i

i i s i i

x n x n T y n aF x n bG x n z n I

y n y n T c d x n y n

z n z n T r s x n x z n

+ = + − + − +

+ = + − −

+ = + − −

  (5) 

Where [ ]ix n  [ ]iy n , and [ ]iz n  are the nth discrete time 

values of ith neuron and sT  is the  time step for 
discretization.  

 

x 1

 

a) 

y 1

 

b) 

z 1

 

c) 

x 2

 

d) 

y 2

 

e) 

z 2

 

f) 

Fig. 1. CPG bursting anti-phase patterns: bursting (down) 
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III. DESIGN CONSIDERATIONS AND EXPERIMENTAL RESULTS 

OF THE CENTRAL PATTERN GENERATOR CIRCUIT 

The schematic of the microcontroller-based circuit of 
CPG System is shown in Fig. 2. It consists of 
STM32F103C8T6 microcontroller, two DACs.  

The microcontroller solves the desired state variables of 
the CPG equations  [ ]ix n , [ ]iy n , and [ ]iz n using Euler 
method and sends them to the output using the DACs and as 
shown in the Fig. 2.  

The neurons’ state variables can be reset using reset 
input (pin) of the microcontroller. The number of neurons 
can be increased with the switch S. At the output of the 
DACs connected to the microcontroller output ports for the 
time interval, ( 1)s snT t n T≤ ≤ + , the state-variables are 
obtained as 

 

[ ]
[ ]
[ ]

( ) [ ] ( ) ( ( 1) )

( ) [ ] ( ) ( ( 1) )

( ) [ ] ( ) ( ( 1) )

i i s s

i i s s

i i s s

x t x n u t nT u t n T

y t y n u t nT u t n T

z t z n u t nT u t n T

= − − − +

= − − − +

= − − − +

, (6) 

In the equations, ( )u t is the unit step function. 

 

Fig. 2. The principle block diagram of microcontroller-based circuit CPG 
system 

It should not be forgotten that the system is only able to 
send only two of the chosen state-variables at a time. The 
scaling parameters and sampling time Ts are determined 
considering the system dynamics. Since we have a limited 
frequency, the number of calculations are limited per 
second. That’s why the number of CPG neurons must be 
limited. Increasing number of neurons would result in 
decreasing performance. The number of the maximum 
neurons emulated is equal to 2 and for the solution of CPG 
equations’ Euler method is used. If Runge-Kutta method 
were chosen to solve, the number of the solvable neurons 
would be less than a quarter of what is solvable with Euler 
method. 

Experimental output waveforms of the microcontroller 
based CPG generator is obtained using a digital 
oscilloscope. The STM32F103 microcontroller board is 
programmed, the differential equations are solved with 
Euler method and the digital signals from the 
microcontroller are sent out to DACs to obtain the analog 
CPG signals. The CPG outputs acquired are shown in Fig. 3. 

 
a) 

 
b) 

Fig. 3. Experimental output waveforms showing bursting behaviour 
acquired for the parameters,   a=1, b=3, c=1, d=5, r=0.001, s=1, w11=0, 
w12=0.5, w21=0.5, w22=0, g1=0.6, g2=0.3, e=0, I1=1, I2=1, x0, Vs=0: a) 
x1(t) output taken from DAC1 b) y2(t) output taken from DAC2  

The experimental waveforms are in good agreement 
with the simulation results. The proposed CPG signal 
generator can produce the CPG waveforms. However, the 
effect of quantization is clearly seen in Fig. 3 b) Increasing 
the DAC resolutions would decrease the effect of 
quantization.   

IV. CONCLUSIONS 

FPGA-based CPG generators are quite expensive. 
Therefore, a cheap, easy and robust design of an appropriate 
practical realization representing of a CPG generator is of 
great importance from the real-world control applications 
and neuronal studies perspective. In this paper, a 
microcontroller-based CPG signal generator is implemented. 
It is shown that the circuit can produce the expected Central 
Pattern Generator waveforms. In comparison to the prior 
studies, this implementation is more practical and 
producible with only an STM32F103, two DACs and off-the 
shelf components. The desired output of the spiking neural 
network can be selected and taken from the DAC outputs. 
The quantization is visible in experimental waveforms. R-C 
filters can be used to filter/reduce quantization ripple.  
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The FPGA-based CPG designs provide more accuracy 
however it is more expensive and harder to implement. 
Depend on the application, the microcontroller-based CPG 
realization can be used. It is a cheap solution compared to 
FPAA and FPGA-based ones despite of having slower 
speed. The realized system provides easy analysis of the 
CPG signals. It is easy and possible to modify the program 
and use a neuron model other than H-R. Such circuits can 
also be used in biomedical laboratories to show concepts for 
education or for studies.  
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Öz—Bu çalışma ile; yöneticilerin kullanımına yönelik doğal 
dil etkileşimli ve bağlam temelli bir raporlama asistanı 
geliştirilmiştir. Rapor isteyen yönetici ile dil tabanlı doğrudan 
etkileşebilen bu sistem; güncel kurum ve yönetici 
parametrelerini, eski geçmiş raporlara yönelik yapılan 
değerlendirmeleri dikkate alarak verilerin en doğru biçimde 
raporlanmasını sağlayacak bir yapı sunmak üzere 
tasarlanmıştır. Tasarlanan bu proje ile dijital dönüşüm 
alanında örnek bir çalışma yapmak amaçlanmıştır. Projede, 
bağlam tanıma, kavram çıkarma, doğal dil işleme, bağlılık 
analizi, veri tümleştirme, tekilleştirme ve otomatik doküman 
üretimi gibi birbirinden ayrı alanlarda disiplinler arası çalışma 
gerçekleştirilecektir. 

Anahtar kelimeler—İnsan bilgisayar etkileşimi, doğal dil 
işleme, bağlam temelli çıkarsama, bağlılık analizi 

 

Abstract— This study develops an interactive context-based 
natural language personal reporting assistance system for 
managerial use. The system, interacting directly with the user 
who wishes to make language-based orders to obtain reports, 
will provide a structure that ensures the most accurate reporting 
of data by taking consideration into current institutional and 
administrative context and evaluations made for past reports. 
The aim of this project is to make a sample study in the field of 
digital transformation. In this system, interdisciplinary study is 
carried out in different fields such as context recognition, 
natural language processing, data integration, deduplication 
and automatic document generation. 

Keywords—Human computer interaction, natural language 
processing, context-based inference 

I. GİRİŞ 

Kurulduğu 1999 yılından bu yana Türkiye'nin en büyük 
istihdam platformu olan Kariyer.net, iş arama ve işe alım 
süreçlerinde yeni nesil teknolojilerle aday ve işverenleri 
internet ortamında bir araya getirir. 2014 Nisan ayında Bilim 

Sanayi ve Teknoloji Bakanlığı tarafından Ar-Ge merkezi 
olarak tescillenmiştir.  

Firmalarda uygulanmaya çalışılan veri ambarı projelerinin 
dörtte üçü başarısız olur. Bu sistemleri kullanması beklenen 
yöneticilerin yeni bir sistemi öğrenme konusundaki 
isteksizliği ve sistemin kullanım zorluğu, iş hayatındaki pratik 
kullanımı  engeller. Bu çalışmanın amacı, insan – bilgisayar 
etkileşimini  insan-insan iletişimi şeklinde simüle edecek bir 
sanal asistan vasıtası ile, kullanımı eğitim gerektirmeyen bir 
raporlama ortamı geliştirmektir. Tasarlanan sistem, güncel 
kurum parametrelerini, yönetici parametrelerini ve geçmiş 
raporlara yapılan değerlendirmeleri dikkate alarak verilerin en 
doğru bir biçimde raporlanmasını sağlayacak bütünleşik bir 
yapıdır. Rapor oluşturma asistanı olarak adlandırılabilecek  bu 
sistemde, kurumsal hafıza sürekli olarak korunacak ve 
yöneticiye göre özelleştirilmiş raporlar hazırlanabilecektir. 

Geliştirilecek sistemde temel rapor nesnesinin alt 
bileşenleri tanımlanarak bu bileşenlerin farklı kaynaklardan 
bağlam temelli elde edilmesini sağlayan bir mimari 
uygulanacaktır. Sistemde kullanıcı arayüzü, veri 
görselleştirme, bağlam tanıma, doğal dil işleme, veri 
tümleştirme, deduplikasyon ve otomatik doküman üretimi 
gibi birbirinden ayrı alanlarda disiplinler arası çalışma 
gerçekleştirilecektir. 

 

II. BENZER ÇALIŞMALAR 

Doğal dil işleme ve raporlama alanlarında yapılan benzer 
çalışmalar incelendiğinde, multimedya alanında benzer bir 
amaç taşıyan doğal dil işleme ile multimedya dizilerinin 
oluşturulmasını ele alan yayın incelenmiştir [1]. Sesli yapılan 
komutlardan veri sorgusu yapılması için kullanılan patent 
örneklerinden biri [2] benzer çalışmalara örnek olarak 
gösterilebilir. Expert Systems with Applications dergisinde 
yayınlanmış olan çalışmada [3] karar destek sistemlerinden 
yönetici seviyesindeki kişilerin beklentileri tanımlanmış ve 
bu ihtiyaçlara yanıt verebilecek yazılımların özellikleri 
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tanımlanmıştır. Örnek raporlar oluşturulurken bu yapılardan 
da faydalanılmıştır. Oldukça eski olmasına karşın tıp 
alanında sesli komutlar kullanılarak tıbbi raporların yaratılıp 
e-posta yolu ile tanımlanan alıcıya gönderileceği bir sistem 
de [4] proje kapsamının anlamını vurgulaması bakımından 
incelenmiştir. Veri inceleme tekniklerinin genel bir özetinin 
yapıldığı proje [5] kapsamında bağlam ve kurumsal verilerin 
raporlanmasında ustaca rapor oluşturulması için veri 
inceleme tekniklerinin geniş spektrumda kullanılması 
gerektiği vurgulanmıştır. Emniyet güvenlik personelinin 
kullanımına yönelik geliştirilen bağlam temelli bir araç içi 
sesli asistan projesi, polis teşkilatına yönelik bilgi raporları ve 
sorgulamaların sesli asistan ile alınması ve sunulması 
gerçekleştirilmiştir. Başarım oranı bağlam çözümlemesi ile 
oldukça yüksek olan bu proje [6] projenin önemli 
girdilerinden biri olmuştur. Alan ontolojisinin girdi metnini 
düzenleyip çıkarsama yapmak ve yeni veri oluşturmak için 
kullanılan fatura raporlama sistemi [7] yöneticilerden gelen 
rapor isteklerinin uygun hale getirilmesi için örnek teşkil 
edecek bir sistem olmuştur. Ontoloji kullanılarak doğal dil 
girdilerinden nasıl daha net ifade çıkarsanabileceği 
konusunda ise StarLab teknik raporundan faydalanılmıştır 
[8]. Raporlamada kullanılması planlanan algoritmaların 
seçilmesi ve veri ile eşleştirilmesini ele alan veri görüntüleme 
ve raporlama tekniklerinin genel olarak nasıl kullanıldığını 
ele alan bir araştırma makalesidir. 

Veritabanı sorgulaması ve veri girişi için ses arayüzünün 
nasıl kullanılması gerektiği üzerinde oluşturulan model proje 
için örnek teşkil eden bir başka çalışmadır [9]. 

III. SISTEM DETAYLARI 

Bir rapor talebi cümlesi, özellikle çok uzun ve karışık bir 
hale getirilmediği sürece, makul kullanım ihtiyaçları 
içerisinde altı farklı parçadan meydana gelmektedir. Örneğin, 
“Bana bağlı saha ekibinin aylık satış tutarlarının, satış 
yetkilisinin bölümü bazlı listesi” talebinin parçaları Tablo 
I’deki gibidir: 

TABLO I. RAPOR TALEBI CÜMLESI ÖRNEĞI I 

Rapor Talebi Cümlesi Örneği I 

Alt Kırılımlar Açıklama 

Veri   Satış tutarları 

Rapor Tipi  Liste 

Filtre  Bana bağlı, saha ekibinin 

Dağılım  Aylık 

Alt Grup  Satış yetkilisinin bölümü 

Çıktılar  Ay-Yıl, Bölüm, Satış Tutarı 

 

Rapor talepleri aynı zamanda bu listede görünmeyen, 
açıkça belirtilmemiş ama talebin doğası ve işin yapılma 
şeklinden kaynaklanan gizli filtreler ve çıktılar içermektedir. 
Rapor talebinde açıkça belirtilmese de satış rakamları, içinde 
bulunulan yıl için istenmektedir. Raporun bağlamına göre bu 
çıkarımların yapılması raporlama sisteminin kullanıcı 
gözündeki başarısını yükselten bir etmen olacaktır.  

Bir diğer örnek olarak “Bana bağlı yenileme ekibi 
yetkilileri tarafından son 1 ay içerisinde teklif verilmemiş ve 
3 ay içinde aranmamış olan firmalar listesi” talebi için tablo 
Tablo II’ deki gibidir. 

TABLO II. RAPOR TALEBI CÜMLESI ÖRNEĞI II 

Rapor Talebi Cümlesi Örneği II 

Alt Kırılımlar Açıklama 

Veri   Firmalar 

Rapor Tipi  Liste 

Filtre Bana bağlı, yenileme ekibi, son 1 ayda teklif 
verilmemiş, son 3 ayda aranmamış 

Dağılım  Yok 

Alt Grup Yok 

Çıktılar  Firma ID, Firma adı, Son aranma tarihi, Son teklif 
tarihi, Satış Yetkilisi 

 

Burada da, çıktıda kullanılacak verilerin listesi açıkça 
belirtilmeyip sadece “firma listesi” şeklinde verilmesine 
rağmen, bu listenin faydalı olması için gerekli olan diğer 
kolonlar da sistem tarafından çıkarılmalı ve raporun içinde yer 
almalıdır. Bu başlıkların ne olacağı, geçmiş taleplerden ve veri 
yapısında “firma” nesnesi ile en yakın ilişki içinde olan diğer 
nesneler arasından seçilecek şekilde kurgulanmaktadır.  

Bağlılık analizi (dependency parsing), Türkçenin yapısı 
nedeniyle genel çözümü zor bir problem olmaktadır. Türkçede 
cümlenin parçalarının sırası değişebilir. Örnek olarak  “Bana 
bağlı saha satış ekibi yetkililerinin, hedef tipi kırılımında aylık 
toplam satış tutarları nelerdir” cümlesini “Bana bağlı saha 
satış ekibi yetkililerinin, aylık toplam satış tutarları hedef tipi 
kırılımında nedir” şeklinde kullanmak tamamen doğru ve 
anlaşılır bir kullanım şeklidir.  

“ve / veya / virgül” kullanımı da cümlenin bazı 
parçalarının birlikte kullanılmasını sağladığı için anlamsal 
olarak genişletilmesi gereken bir durum oluştururlar. Örnek 
olarak “Bana bağlı yenileme ekibi yetkilileri tarafından son 1 
ay içerisinde teklif verilmemiş ve aranmamış olan firmalar 
listesi” cümlesinde “aranmamış” eyleminin de “son 1 ay 
içerisinde” gerçekleşmesi gerekmektedir. Analizi yapan 
sistemin, cümlenin anlamı kaybetmemek ve doğru parçaları 
bulmak adına bu durumu da gözetmesi gerekir. 

Bu ihtiyaçlar doğrultusunda cümlenin parçalara ayrılması 
sonucunda elde edilen sonuç Şekil 1’de gösterilmektedir. 

 

 

 

Şekil 1.  Parçalarına ayrılmış cümle örneği 

Hiyerarşik yerleşim parçaların birbirine nasıl bağlandığını 
göstermektedir. Bir sonraki adımda “ve” ile ayrılan parçalar 
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birbirlerine alt hiyerarşilerini aktarırlar. Yapı Şekil 2’deki 
düzende gösterilebilir. 

  

Şekil 2.  Parçalarına ayrılmış cümle örneği 

 

Bu parçalar içerisinden rapor için gerekli bölümler 
çıkarıldığında ise Tablo III’ teki sonuçlar elde edilir. 

TABLO III.  RAPOR IÇIN GEREKLI BÖLÜMLER 

Rapor İçin Gerekli Bölümler 

Alt Kırılımlar Açıklama 

Veri   Firmalar 

Rapor Tipi  Liste 

Filtre Bana bağlı, yenileme ekibi, son 1 ayda teklif 
verilmemiş, son 1 ayda aranmamış 

Dağılım  Yok 

Alt Grup Yok 

Çıktılar  Firma ID, Firma adı, Son aranma tarihi, Son teklif 
tarihi, Satış Yetkilisi 

 

“Son 1 ay” şeklinde olan ve zaman ile ilgili olan ifadelerin 
tam karşılıklarının bulunması için bir alt rutin geliştirilmiştir. 
Bu alt rutin kullanılarak Tablo IV’teki dönüşümler 
yapılmaktadır. 

TABLO IV. ZAMAN ILE ILGILI OLAN IFADELERIN DÖNÜŞÜMLERI 

Zaman İle İlgili Olan İfadelerin Dönüşümleri 

Talep Edilen Tarih Dönüşmüş Hali 

Son 1 ay   15.11.2018 – 15.12.2018 arası 

Henüz  Bugünden (15.12.2018) öncesi 

1 yıldır  15.12.2017 – 15.12.2018 

2 gündür  13.12.2018 den sonra 

Talep cümlesinin içindeki zaman parçalarının çıktıları 
sadece kendi kelimeleri ile belirlenmezler. Örnek olarak 
“Aralık ayı” gibi son derece basit görünen bir zaman parçası 

Tablo V’de belirtilen durumlarda farklı zamanlara karşılık 
gelmektedir. 

TABLO V.     ARALIK AYI ILE IFADE EDILEN FARKLI ZAMAN DILIMLERI 

Aralik Ayı İle İfade Edilen Farklı Zaman Dilimleri 

Talep Edilen Tarih Karşılık Gelen Zaman Dilimleri 

Aralık ayı  Aralık 2019 

Geçen Aralık ayı Aralık 2018 

Aralık ayı içinde aranmış  Aralık 2018 

Aralık ayı içinde aranacak Aralık 2019 

2017 nin aralık ayı  Aralık 2017 

 

Tablo V’de görüldüğü gibi zaman parçasından önce veya 
sonra gelen “geçen”, “2017” gibi parçalar sonucu 
değiştirmektedir. Zaman parçasından sonra gelen fiilin geçmiş 
(aranmış) veya gelecek olması da (aranacak) zaman 
parçasının gösterdiği zaman dilimini değiştirmektedir. 

“Yenileme ekibi” gibi şirket kültüründe ve iş yapış 
şeklinde tanımlı olan yapıların öğrenilmesi için bir tanım 
listesi oluşturulmuştur. Aşağıda bu listeden örnekler 
gösterilmektedir. 

 (entityType.product, "hr-venue") 

 (entityType.type, "ar-ge") 

 (entityType.product, "kariyer.net") 

 (entityType.type, "pasiften kazanım") 

 (entityType.group, "swat ekibi") 

 (entityType.group, "telesales") 

 (entityType.type, "lead") 

 (entityType.role, "agent") 

 (entityType.action, "login") 

 (entityType.type, "mobil web") 

 (entityType.type, "mobil app") 

 

Bu tanımlar çizge sorguları oluşturulurken önceden 
hazırlanmış veya kullanıcı tarafından sonradan tanımlanmış 
hazır çizgelere dönüştürülmektedir.  

Talep cümlelerinden elde edilen parçalar ile birlikte, 
kullanıcının geçmiş rapor talepleri için tercihleri, yukarıda 
bahsedilen “gizli filtre ve çıktılar”, kullanıcının pozisyonu 
bilgileri kullanılarak makine öğrenmesi modelleri 
geliştirilmektedir. Bu modeller, yeni bir kullanıcı sistemi 
kullanmaya başladığında gereken öğrenme eğrisini 
kolaylaştırmak ve ilk deneyimin tatminkar olmasını sağlamak 
için kullanılacaktır. Sisteme yeni veriler ve etiketler girildikçe 
bu modeller gelişecektir. 

Test ortamı için kullanılacak verinin bir kısmı ilişkisel 
SQL veritabanından çekilerek 3’lü gösterim formatına 
dönüştürülmüş ve triplestore a aktarılmıştır. Bu işlemler  
sistem tarafından otomatik olarak yapılmaktadır. TripleStore 
sistemleri çizge sorgulaması yapmaya imkan veren yapılardır. 
Basit olarak nitelendirilebilecek üçlü formatta (subject – 
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predicate – object) verilerin ontolojik olarak kayıt edilmesine 
ve SPARQL dili kullanarak sorgulanmasına izin verirler. 

 “Bana bağlı saha ekibinin aylık satış tutarlarının, satış 
yetkilisinin bölümü listesi” talebinin SPARQL sorgusuna 
dönüşümü Şekil 3'te görülebilir. 

 

 
Şekil 3.  Talep – SPARQL sorgusu 

Kullanıcıdan gelen talebin ayrıştırılması sonrası raporda 
istenen veriyi bulmak için uygun sorgu oluşturulacak ve veri 
kaynağından talep edilecektir. Talepten anlaşılan rapor tipine 
göre (liste / bar grafik / skaler değer) gelen verinden raporun 
oluşturulması için chart.js kütüphanesi kullanılmaktadır. Aynı 
grafik üzerinden birden fazla veri setinin gösterilmesi ihtiyacı 
bu kütüphane ile sağlanabilmektedir. Diğer grafik çizme 
kütüphaneleri (D3.js, highcharts.js vs ) incelenmeye devam 
edilmektedir.  

Oluşturulan rapor, web sayfası, pdf veya powerpoint slayt 
olarak raporu talep eden kişiye ulaştırılır. Bu kanalların 
geliştirilmesine devam edilmektedir. 

IV. VARGILAR VE GELECEK ÇALIŞMALAR 

Talepler üzerine üretilen raporlar, isteğin şekline göre 
tarayıcının içerisinde veya e-posta ile gönderilen sunum veya 
doküman halinde oluşturulabilir. Kullanım yoğun olarak 
tarayıcı bazlı çalışan web uygulaması üzerinden olacaktır. Bu 
uygulama geliştirilmeye devam etmektedir. 

Talebin alınmasından raporun oluşturulması ve 
kullanıcıya ulaştırılması aşamasına kadar olan süreç birden 
fazla alt sistemi içermektedir. Alt sistemlerin listesi aşağıda 

verilmiştir. Her bir alt sistem ayrı bir modül/uygulama olarak 
geliştirilmektedir. Bu modüllerin bir arada çalışmaları için 
gerekli olan servisler, protokoller ve iletişim yapıları 
kurgulanmaktadır. 

 
 Talebin düzeltilmesi / hatalı yazımların 

kontrol edilmesi 
 Talebin parçalara ayrılması 
 Kullanıcı tarafından doğrulanması 
 Gizli öğelerin belirlenmesi ve çıkış 

listesinin zenginleştirilmesi 
 Sorguların oluşturulması 
 Grafik veya liste raporun oluşturulması 
 Kullanıcıya gösterilmesi / gönderilmesi 
 Sonuçların kayıt (log) altına alınması 
 Kullanıcı ve rapor tercihlerinin 

güncellenmesi 
 Kullanıcıdan geri bildirim alınması 

Çok yakın bir zaman içinde sistemin test versiyonu genel 
kullanıma açılacaktır. Kullanıcı geri bildirimleri ile sistemin 
geliştirilmesine devam edilecektir. 

Tüm sistemin sonuç performansını takip etmek üzere bir 
raporlama ve izleme yapısı da oluşturulmaktadır. Gelen geri 
bildirimlere göre her kritik alt rutinlerde iyileştirme 
çalışmaları gerçekleştirilecektir. 
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Özet— Trafik işareti saptama, akıllı ulaşım sistemleri ve 

sürücü destek sistemleri için temel işlemlerden birini 

oluşturmaktadır. Bu çalışmada, görüntü işleme temelli trafik 

işaret saptama için yeni bir yöntem önerilmiştir.  Önerilen 

yöntemin performansı, özellik çıkarım aşamasında hem renk 

bilgisi hem de trafik işaretlerinin geometrik şekilleri dikkate 

alınarak artırılmıştır. Çalışmada RGB renk uzayı 

kullanılmıştır. İlk olarak, gürültü giderme ve morfolojik 

işlemler sayesinde görüntü şekilsel olarak işlenebilir hale 

getirilmiştir. Daha sonra, şekil tabanlı yaklaşımla üçgen, 

yuvarlak ve kare şekilleri dikkate alınmış, bağlantılı bileşenler 

yardımıyla şekillerin tanınması yapılmış ve trafik işareti 

olmayan şekiller görüntüden çıkarılmıştır. Böylece geriye kalan 

nesneler, görüntüdeki trafik işaretlerini oluşturmaktadır. Veri 

setine uygulanan deneysel çalışma sonucunda görüntüdeki 

trafik işaretlerinin saptandığı görülmektedir. 

Anahtar Kelimeler—bağlantılı bileşen; görüntü işleme, 

morfolojik işlemler, renk/şekil işleme, trafik işareti saptama. 

Abstract— Traffic sign detection is one of the basic 

operations for intelligent transport systems and driver 

assistance systems. In this study, a new method for traffic sign 

detection based on image processing was proposed. The 

performance of the proposed method has been increased by 

taking into account both color information and geometric 

shapes of traffic signs in the feature extraction phase. The RGB 

color space was used in the study. First, noise reduction and 

morphological processes were made the image formally 

tractable. After that by dint of the shape-based approach, 

triangular, circular and square shapes were taken into 

consideration, shapes were identified by means of connected 

components and figures without traffic signs were removed 

from the image. Thus, the remaining objects formed the traffic 

signs in the image. As a result of the experimental study applied 

to the data set, it was seen that the traffic signs in the image were 

detected. 

Keywords— connected component; image processing; 

morphological processes; color/shape processing; traffic sign 

detection. 

I. GİRİŞ 

Akıllı ulaşım sistemlerine ilgi gün geçtikçe artmaktadır ve 
birçok sürücü destek sistemi geliştirilmiştir. Ayrıca gün 
geçtikçe trafiğe çıkan araç sayısı önemli derecede artmaktadır. 
Bu durum, trafik yoğunluğuna ve beraberinde trafik 
kazalarının artmasına sebep olmaktadır. Trafik kazalarını 

azaltmak için öncelikle trafik işaretlerine ve kurallarına 
uymak gerekmektedir. 

Trafik işaretleri, sürücüleri yol koşulları ve kısıtlamaları 
ya da hangi yöne gidecekleri hakkında bilgilendirmek için 
yollara yerleştirilmiş işaretlerdir. Çevrelerinden ayırt 
edilebilmeleri için renk ve şekilsel olarak iyi bir şekilde 
tasarlanmışlardır [1]. Trafik ortamında, işaretler trafiği 
düzenler, sürücüyü uyarır ve belirli eylemleri emreder veya 
yasaklar. Gerçek zamanlı ve sağlam bir otomatik trafik işareti 
tanıma özelliği sürücüyü destekleyebilir, hatalı eylemler 
yapmasını engelleyebilir ve böylece sürüş güvenliğini ve 
konforunu önemli ölçüde artırabilir [2]. 

Trafik işaretlerini saptamak ve tanımak, güvenli sürüş, yol 
planlama, robot navigasyon vb. birçok uygulama içeren 
bilgisayarlı görü alanında güncel bir konudur [3]. Günümüzde 
yol saptama ve izleme adı altında yapılan çalışmalar oldukça 
artış göstermektedir. Böyle bir görevi yerine getirebilecek bir 
sistem, sürücüler için bir asistan olarak kullanılabilir, onları 
belirli bir işaretin (örneğin bir otoyolda önceden tanımlanmış 
bir çıkış) veya bazı riskli durumların (örneğin izin verilen 
maksimum hızdan daha yüksek bir hızda sürüş) var olduğu 
konusunda uyarabilir.  

Otonom araçlarda trafik işaretleri, sürücülere ortamdaki 
kurallar, yasaklar veya uyarılar hakkında bilgi vererek yol 
gösterici olabilmektedir [4]. Tanıma ve sınıflandırma 
işlemleri için birçok farklı yöntem geliştirilmiştir. Trafik 
işaretlerini otomatik tanıma çalışmalarının temeli 1990’lı 
yıllara dayanmaktadır. Trafik işareti algılama yöntemleri üç 
ana kategoriye ayrılabilir: renk tabanlı, şekil tabanlı ve makine 
öğrenimi tabanlı yöntemler [3]. Trafik işaretleri genellikle 
kırmızı, sarı ve mavi olduğu için çalışmalarda renk tabanlı 
yöntemler yaygın olarak kullanılmıştır. Bu yöntemler 
aydınlatmadaki değişikliklere karşı duyarlı olduklarından, 
yöntemlerde normalize edilmiş RGB [4] ve HSI [5] gibi 
birçok renk uzayı sıklıkla kullanılmıştır. 

Şekil tabanlı yöntemler, aydınlatmada daha sağlam 
değişiklikler içeren trafik işaretlerini tespit etmek için daire, 
üçgen ve kare gibi trafik işaretlerinin şeklini kullanmıştır [3]. 
Referans [6] çalışmasında kenar görüntüsünün Hough 
dönüşümüne bakılmış ve görüntüdeki şekil yalnızca açı 
ayrımlarına dayanılarak algılanmıştır. Hough dönüşümü 
genellikle daireler ve üçgenler gibi trafik işaretlerini tespit 
etmek için kullanılmıştır. 
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Son zamanlarda, trafik işaretlerini saptamak için makine 
öğrenmeye dayalı nesne algılama yönetmeleri dikkate 
alınmıştır. Trafik işareti tespitinde kayan pencere tabanlı 
yöntemler ve ilgi bölgesi (ROI) tabanlı yöntemler 
bulunmaktadır [7]. Trafik işaretini tespit etmek ve iyi sonuçlar 
elde etmek için HOG [8] ve Viyola-Jones [9] kullanan kayan 
pencere tabanlı yöntemler önerilmiştir. Fakat, bu yaklaşımlar 
zaman alıcıdır. Ayrıca kayan pencere boyutunu ve en boy 
oranını belirlemek zordur [7]. İlaveten, gerçek zamanlı trafik 
işareti tespiti ve tanınması gerektiğinden, bu yöntemler pratik 
kullanımdan uzaktır [3]. 

Referans [10] çalışmasında ilgi bölgesi (ROI) çıkarımı ile 
trafik işareti saptama gerçekleştirilmiştir. Bunların dışında 
evrişimsel sinir ağı ve kapsül ağları gibi farklı yöntemler de 
önerilmiştir. Referans [11] çalışmasında ilk önce, destek 
vektör makinelerini kullanılarak orijinal görüntü gri ölçeğe 
dönüştürülmüş, daha sonra tespit ve tanıma için sabit ve 
öğrenilebilir katmanlara sahip evrişimsel sinir ağları 
kullanılmıştır. Referans [12]’de evrişimsel sinir ağı 
kullanılarak trafik işaretlerinin yerini ve kesin sınırını aynı 
anda tahmin eden yeni bir trafik işareti tespit sistemi 
önerilmiştir. Kapsül ağlarını kullanan [13] çalışmasında, 
bulanık, döndürülmüş ve bozuk görüntülerde bile 
sınıflandırma ve tanıma işlemleri doğru şekilde 
gerçekleştirilerek güvenilirlik arttırılmıştır. 

Bu çalışmada, aracın ön kısmından çekilen görüntülerdeki 
trafik işaretlerinin renk ve şekilleri dikkate alınarak bir 
saptama yöntemi önerilmiştir. Renk uzayı olarak RGB 
seçilmiştir. Şekilsel özelliklerde ise üçgen, yuvarlak ve kare 
nesnelerin ayırt edilmesi sağlanmıştır. Morfolojik işlemlerle 
desteklenen yöntem sonucunda veri setindeki tüm 
görüntülerde başarılı sonuçların elde edildiği gözlenmiştir.  

II. YÖNTEM 

Bu bildiride önerilen yöntem ön işleme, bölütleme, 
morfolojik işlemler, özellik çıkarımı ve son olarak trafik işaret 
saptama olmak üzere 5 aşamadan oluşmaktadır. Bu aşamalar 
Şekil 1 ile gösterilmiştir. 

 

Şekil 1. Önerilen yöntemdeki ana işlem adımları 

A. Ön İşleme 

Görüntü işleme çalışmalarında daha iyi ve doğru sonuçlar 
elde edebilmek için ön işleme kullanılmaktadır. Görüntü renk 
bilgisinin değiştirilmesi, gürültü giderme, ölçeklendirme gibi 
işlemler bu aşamada gerçekleştirilmektedir.  

B. Bölütleme 

Bölütleme algoritmaları genellikle benzerlik veya 

bağlantı kriterlerini dikkate alır. Trafik işaretleri genellikle 

karakteristik renklere sahip olduğu için çevresindeki 

nesnelerden ayırt edilebilmektedir. Bölütleme, renk 

kriterlerine dayanan piksel sınıflandırma işlemiyle ele 

alınmaktadır [14]. 

C. Morfolojik İşlemler 

Morfolojik işlemler, genişletme ve daraltma işlemlerini 

kapsar. Bir yapı elemanı ile morfolojik işlem, bazen küçük 

boşlukları ve eksik sınırları doldurmak için, bazen de 

görüntüye yayılan birçok kıvılcım gürültülerini filtrelemek 

için renk bölümlendirilmesinden sonra gerçekleştirilir. 

Morfolojik kapama işlemi, bölümlenmiş nesneler üzerinde 

ardışık birkaç pikselden küçük boşlukları gidermek için 

kullanılır. Morfolojik açma işlemi ise tek nokta veya küçük 

damla şeklindeki aykırı kıvılcım gürültüsünü gidermek için 

kullanılır. Kısacası morfolojik filtreler görüntü işlemede 

etkili bir yöntemdir [15]. 

D. Özellik Çıkarımı 

Bu aşamada görüntüdeki önemli bilgilerin elde edilmesi 

için şekilsel özelliklerden faydalanılır. Trafik işaretleri 

üçgen, yuvarlak ve kare olmak üzere belirli şekillere sahiptir. 

Görüntüden bu şekillere ait özellikler çıkarılarak trafik 

işaretinin saptanması sağlanmıştır. Şekillerin tanınması için 

bağlantılı bileşenler özelliği kullanılır. Pikseller arasındaki 

komşuluk ilişkisini dikkate alarak elde edilen bağlantılı 

bileşen özellik değerleri üçgen,  yuvarlak ve kare şekillerini 

içerirse, bu şekiller arka plandan ayrıştırılarak özellik 

çıkarımı gerçekleştirilir. 

E. Trafik İşareti Saptama 

Öznitelikler dikkate alınarak görüntüden çıkarılan trafik 

işaretleri görüntülenir ve ayrıca görüntüdeki konum bilgisi 

gösterilir. 

III.     DENEYSEL ÇALIŞMA 

Bu çalışmada, trafik işareti saptama için aracın ön 
kısmında bulunan kamera ile çekilen görüntüler kullanılarak 
trafik işaret saptama gerçekleştirilmiştir. Kullanılan veri seti 
Samsun ili Atakum ilçesinde farklı yer ve zamanlarda 
çekilmiş 20 görüntüyü içermektedir. Görüntülerdeki trafik 
işaretleri; azami hız sınırlaması, yaya geçidi, ileri ve sola 
mecburi yön, sağa tehlikeli viraj, kasisli yol, dönel kavşak, 
duraklama ve park etmek yasak gibi tehlike uyarı, trafik 
tanzim ve park etme işaretlerini içermektedir.  Çalışmada 
kullanılan verilere ait örnek görüntüler Şekil 2 ile 
gösterilmiştir.  

İşlemler, MATLAB 2018b benzetim ortamının Image 
Processing Toolbox’ı kullanılarak gerçekleştirilmiştir. 
Program, 2.5 GHz işlemci ve 16 GB belleğe sahip bir 
bilgisayarda koşulmuştur. Ortalama işlem süresi 0.58 sn’dir. 

(a) (b) 

(c) (d) 

Şekil 2. Veri seti örnek görüntüler a) Sağa mecburi yön b) Yaya geçidi c) 
Duraklamak ve park etmek yasaktır d) Okul geçidi 
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Şekil 3. Önerilen yöntemin işlem adımları 

İşlemler, MATLAB 2018b benzetim ortamının Image 
Processing Toolbox’ı kullanılarak gerçekleştirilmiştir. 
Program, 2.5 GHz işlemci ve 16 GB belleğe sahip bir 
bilgisayarda koşulmuştur. Ortalama işlem süresi 0.58 sn’dir. 

Görüntülere uygulanan işlem aşamaları Şekil 3’te 

verilmiştir. İlk olarak giriş görüntülerinin aynı çözünürlüğe 

sahip olması için görüntü boyutu yeniden düzenlenir ve gri 

seviye görüntüye dönüştürülür. Burada kullanılan girdi 

görüntüsünün renk uzayı RGB’dir. Trafik işaretlerine 

bakıldığında neredeyse tümünde renklerin mavi ve kırmızıdan 

oluştuğu görülmektedir. Gri seviye görüntüye 

dönüştürülürken kırmızı ve mavi renk bileşenleri ayrı ayrı 

işlenir. Gürültü giderme işlemi 3x3 boyutunda medyan filtre 

kullanılarak gerçekleştirilir. Bir sonraki aşamada mavi ve 

kırmızı renk bileşenleri eşiklemeye tabi tutularak tek bir 

görüntüde birleştirilir. Burada kırmızı, mavi veya her iki renge 

sahip trafik işaretlerinin saptanabilmesi amaçlanmıştır. Bu 

aşamalara ait örnek görüntüler Şekil 4’de gösterilmiştir.  

Siyah-beyaz görüntü elde edildikten sonra morfolojik 

açma ve kapama işlemleri gerçekleştirilmiştir. Kapama işlemi 

ile şekillerde eksik kalan kısımların veya boşlukların 

doldurulması, açma işlemi ile de trafik işaretlerine ait 

olamayan küçük gürültü nesnelerinin yok edilmesi 

sağlanmıştır. Bir sonraki aşamada şekilsel özellikler dikkate 

alınarak trafik işareti olmayan nesneler görüntüden 

ayıklanmıştır. Burada trafik işaret şekilleri olarak üçgen, kare 

ve yuvarlak ele alınmıştır. Nesnelerin bağlantılı bileşenleri 

göz önüne alınarak bu üç şekil sınıfına girmeyen nesneler 

elenmiştir. Bağlantılı bileşenler için MATLAB Image 

Processing Toolbox içerisinde bulunan regionprops metodu 

kullanılmıştır. Burada nesnelerin geometrik merkez, alan 

çevre, genişlik ve yükseklik bilgileri elde edilmiştir. Bu 

bilgiler ile yuvarlak (1), kare (2) ve üçgen (3) metrikleri 

hesaplanmıştır. Daha sonra metrik değerleri dikkate alınarak 

Şekil 5 ile verilen karar ağacı oluşturulmuştur. Karar ağacı 

sonucunda herhangi 3 şekle ait olmayan nesneler trafik işareti 

olamayacağı için görüntüden çıkarılmıştır.  

 

    Yuvarlak metrik =
Çevre∗2

    4∗𝑝𝑖∗𝐴𝑙𝑎𝑛
               (1) 

 

𝐾𝑎𝑟𝑒 𝑚𝑒𝑡𝑟𝑖𝑘 = {  

𝐺𝑒𝑛𝑖ş𝑙𝑖𝑘

𝑌ü𝑘𝑠𝑒𝑘𝑙𝑖𝑘
  ,   

𝐺𝑒𝑛𝑖ş𝑙𝑖𝑘

𝑌ü𝑘𝑠𝑒𝑘𝑙𝑖𝑘
< 1 

𝑌ü𝑘𝑠𝑒𝑘𝑙𝑖𝑘

𝐺𝑒𝑛𝑖ş𝑙𝑖𝑘
 ,    𝑑. 𝑑.                         

      (2) 

 

Üç𝑔𝑒𝑛 𝑚𝑒𝑡𝑟𝑖𝑘 =  
𝐴𝑙𝑎𝑛

𝐺𝑒𝑛𝑖ş𝑙𝑖𝑘∗𝑌ü𝑘𝑠𝑒𝑘𝑙𝑖𝑘
                  (3) 

 

 

(a) (b) 

(c) (d) 

Şekil 4. a) Ölçeklenmiş görüntü b) Kırmızı renk bileşenine ait gri seviye 
görüntü c) Mavi renk bileşenine ait gri seviye görüntü ve d) Kırmızı + mavi 
renk bileşenlerinin eşikleme sonrası siyah-beyaz görüntü 

 

 

Şekil 5. Geometrik şekiller için karar ağacı  

Nesnelerin alan değerleri dikkate alınarak trafik 
işaretlerinin çok büyük ve küçük boyutlarda olmayacağı 
bilgisine bakılmıştır. Piksel bazlı bakıldığında tüm görüntüye 
oranla %1 - %2 arasındaki nesneler trafik işareti olabilecek 
boyuttadır.  Bunun dışında kalan aykırı nesneler görüntüden 
elenmiş ve sonuç görüntü elde edilmiştir. Daha sonra trafik 
işareti görüntüden çıkarılarak saptama işlemi gerçekleştirilmiş 
olur. Bu aşamaları içeren görüntüler Şekil 6 ile verilmiştir. 

Veri setinde bulunan bir diğer görüntüye ait tüm işlem 
adımları Şekil 7 ile gösterilmiştir. Bir görüntüde birden fazla 
trafik işaretinin bulunması durumunda renk ve şekil tabanlı 
yöntemde saptama işlemi tüm işaretlerde gerçekleştirilmiştir. 
Önerilen yöntem, veri setindeki diğer görüntülere de 
uygulanmış, işlemler sonucunda, görüntü içerisinde saptanan 
trafik işaretlerinin doğru şekilde bulunduğu görülmüştür. Bu 
görüntülerde ilk saptanan trafik işaretleri Şekil 8 ile 
verilmiştir. 
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(a) (b) 

(c) 

(d) 

Şekil 6. a) Açma-Kapama işlemleri sonrası görüntü b) Şekilsel özelliklere 
uymayan nesnelerden giderilmiş görüntü c) Sonuç görüntüsü ve d) Saptanan 
trafik işareti 

 

 (a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 

Şekil 7. a) Ölçeklenmiş görüntü b) Kırmızı renk bileşenine ait gri seviye 
görüntü c) Mavi renk bileşenine ait gri seviye görüntü d) Kırmızı + mavi renk 
bileşenleri eşikleme sonrası siyah-beyaz görüntü e) Açma-Kapama işlemleri 
sonrası görüntü f) Şekilsel özelliklere uymayan nesnelerden giderilmiş 
görüntü g) Sonuç görüntüsü ve  h) Saptanan trafik işareti 

(a) 
(b) 

(c) 

(d) 
(e) 

(f) 

(g) 
(h) (i) 

(j) 
(k) 

(l) 

(m) (n) 

(o) 

(p) (q) 
(r) 

Şekil 8. Görüntülerde saptanan trafik işaretleri a) Yaya geçidi b) Sağa mecburi 
yön c) Duraklamak ve park etmek yasaktır d) Okul geçidi e) Yaya geçidi f) 
Park etmek yasaktır g) Kasisli yol h) Duraklamak ve park etmek yasaktır i) 
Dönel kavşak j) Dur k) Sağa tehlikeli viraj l) Onarım yaklaşım levhası m) İleri 
ve sola mecburi yön + dönüş adası ek helvası n) Her iki yandan gidiniz + 
dönüş adası ek helvası o) Azami hız sınırlaması + ışıklı işaret cihazı p) 
Tramvay hattı ile oluşan kavşak q) Azami hız sınırlaması ve r) Park etmek 
yasaktır + kasisli yol 

IV. SONUÇLAR 

Bu çalışmada, trafik işareti saptama için şekil ve renk tabanlı 
bir yaklaşım önerilmiştir. Türkiye’de trafik işaret renklerinin 
kırmızı ve mavi renk odaklı olduğundan, bu veriler ön plana 
çıkarılmıştır. Gürültü giderme, eşikleme ve morfolojik açma-
kapama işlemlerinden sonra daha iyi sonuçlar üretecek 
görüntü elde edilmiştir. Trafik işaret şekillerinin üçgen, 
yuvarlak ve kare olması da dikkate alındığında, bu şekiller 
dışındaki nesneler görüntüden ayrıştırılmıştır. Sonuç olarak 
elde kalan nesnelerle trafik işaret saptama işlemi 
gerçekleştirilmiştir. Veri setinde bulunan 20 görüntünün 
tamamı için trafik işareti saptamanın doğru şekilde yapıldığı 
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görülmüştür. Bu çalışmada kullanılan veri setini kendimiz 
ürettiğimiz için, literatürdeki diğer çalışmalarla performans 
değerlendirmesi yapılamamıştır. İleriki çalışmalarda, önerilen 
yöntemin diğer veri setleri kullanılarak performans 
karşılaştırmasının yapılması planlanmaktadır. Ayrıca renk ve 
şekil esaslı yöntemle elde edilen çıktı görüntülerinin, 
evrişimsel bir yapay sinir ağı veya başka bir makine öğrenme 
yöntemi kullanılarak saptama işlemi gerçekleştirilebilir. 
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Özet—İlgili paydaşların, yönetime ait bilgilere ve karar alma 

alanlarına erişerek yönetim süreçlerini izleyebilmesine ve bu 

süreçlere katılmasına olanak sağlayan Açık Yönetim Verisi, 

şeffaflık, hesap verilebilirlik, iş birliği, katılımcılık, kamu 

faydası sağlayan yeni iş olanakları ve benzeri faydaları 

sağlarken, Açık yönetim verisinin uygulanmasına yönelik 

girişimler hem sosyal hem teknolojik boyutta birçok zorluk 

içermektedir. Bu zorluklar nedeniyle, bu girişimler 

başarısızlıkla sonuçlanmakta veya sürecin başında birçok 

kurum ve kuruluş açık yönetime geçmeyi kabul etmemektedir. 

Yapılan Sistematik literatür taraması sonrasında, literatürde 

ülkemiz için açık yönetim verisinin fayda ve zorlukları bütüncül 

bir bakış açısı ile ortaya konulması ile bu zorlukları aşmak için 

bir yol haritası ortaya koyan bir çalışmanın eksikliği tespit 

edilmiştir. Bu eksikliği gidermek amacı ile bu çalışma 

kapsamında, açık yönetim verisinin fayda ve zorlukları, 

bütüncül bir yaklaşımı içeren sosyo-teknik bakış açısı ile 

tanımlayarak, bu zorlukları aşmak için yapılması gerekenleri 

içeren bir yol haritası açık yönetim verisine geçişi hedefleyen 

organizasyonların faydasına sunulmuştur. 

Anahtar Kelimeler—Açık Veri, Açık Yönetim Verisi, Fayda ve 

Zorluk Analizi, Sosyo-Teknik Yaklaşım, Yol Haritası  

Abstract—Open Government Data enables stakeholders to 

monitor and participate in governance processes by accessing 

governance information and decision-making areas while 

providing transparency, accountability, cooperation, 

participation, new job opportunities that provide public 

benefits. However, many open government data initiatives 

either fail or never start because of the challenges it has. After 

conducting the systematic literature review, it was determined 

that there is a lack of study covering analyzing the benefits and 

challenges of open government data in a holistic perspective and 

providing a road map to overcome these difficulties for our 

country. In order to satisfy this gap, this study aims to define the 

benefits and challenges of open government data from a holistic 

socio-technical perspective and derive a roadmap including 

guidelines to overcome these difficulties for the benefit of 

organizations aiming to transition to open government data. 

Keywords—Open Data, Open Government Data, Benefit and 

Challenge Analysis, Socio-Technic Approach, Road Map 

I. GİRİŞ 

Gelişmiş ve gelişmekte olan ülkeler, son yıllarda 
yönetimde şeffaflık, katılımcılık ve işbirliği ilkelerini temsil 
eden ve bilginin paylaşımını savunan bir yönetim şeklini 
benimsemektedirler. Bu durum, açık devlet ve açık yönetim 
verisi kavramlarını, geçtiğimiz on yılda hem kamu hem özel 
sektör açısından önem kazanan ve birçok araştırmacının 
ilgisini çeken bir konuma getirmiştir. Açık Devlet, 
“vatandaşların devlete ait bilgilere ve karar alma alanlarına 
erişim yoluyla devlet süreçlerini izleyebileceği ve 

etkileyebileceği alan” olarak tanımlanmaktadır [1]. 2009 
yılında Açık Devlet Direktifinin [2] yayınlanması ile 
yaygınlaşan açık devletin temel boyutları; şeffaflık, işbirliği 
ve katılım olarak belirlenmiştir [3]. Açık Veri ise, herhangi 
biri tarafından serbestçe kullanılabilen ve yeniden 
paylaşılabilen veri [4] olarak ifade edilirken,  Açık Yönetim 
Verisi, açık veri kavramı çerçevesinde oluşturulan ve 
yayınlanan devlet/yönetim verisi olarak tanımlanmaktadır. 
Açık yönetim verisinin yönetim faaliyetlerinin etkinliğini ve 
etkisini arttıracağı konusunda yaygın bir görüş bulunmaktadır 
[5]. Bu etki, bir bilginin hızlıca kamuoyuna yayılması 
olabileceği gibi özel sektöre açılan veriler ile yenilikçi 
uygulamaların geliştirilmesini de kapsamaktadır. 

Ülkelerin açık yönetim verisindeki mevcut durumlarını 
ölçerek, birbirleri arasında objektif kıyaslanmasını sağlayan 
bağımsız ölçümleme çalışmaları mevcuttur. Bu çalışmaların 
amacı, ülkelerin açık yönetim verisini ne derece kullanıldığı 
ne derecede bu yönetime geçebildiğini ölçerek, açık yönetim 
verisine geçişte ne kadar başarılı olduklarını tespit etmektir. 
Bu çalışmalardan en kapsamlı olanı Open Data Barometer 
olup, Birleşmiş Milletler sahipliğinde, ülkelerin açık yönetim 
hedeflerine ne derece ulaştıklarını ölçmek ve ülkeleri kendi 
aralarında kıyaslamak için kullanılmaktadır [6]. Türkiye, 
Open Data Barometer verilerine göre açık yönetim 
kapsamında 2018 yılında 31 puan ile 30 ülke arasında 26. 
sırada yer almaktadır.  Açık Devlet Ortaklığı’na (Open 
Government Partnership) üye olan Türkiye, 2016 yılında 
gerekli açık devlet planlarını oluşturmaması nedeniyle, 
statüsü aktif olmayan üye olarak güncellenmiştir. Türkiye’de 
açık yönetim ve açık yönetim verisini kapsayan mevzuatlar 
olmamasına rağmen, konunun yasal altyapısını 
oluşturabilecek Bilgi Edinme Kanunu ve Kişisel Verilerin 
Korunması Kanunun yürürlükte olması, açık yönetim için 
başlangıç seviyesinde olunduğunu vurgulamaktadır [7]. Açık 
yönetim verisi tüm ülkelerin gündeminde olduğu gibi 
Türkiye’nin de gündeminde olmasına rağmen, 2009 yılında 
Amerika Birleşik Devletleri’nde yayınlanan, açık devlet 
direktifi gibi bir stratejik plan henüz oluşturulmamıştır. 

Türkiye’deki birçok kurum ve kuruluş için açık yönetim 
verisinin etkin bir şekilde yönetimi sağlanarak daha şeffaf, 
katılımcı, yenilikçi bir yönetim sağlamak popüler bir hedef 
olmasına rağmen bu geçişin önünde birçok zorluk 
bulunmaktadır. Bu zorluklar nedeniyle, birçok kurum ve 
kuruluş açık yönetime geçmeyi reddetmekte, birçoğu ise, açık 
yönetim verisiyle ilgili projeler başlatmalarına rağmen, bu 
zorluklar nedeniyle, başarısız olmaktadır.  

Bu çalışmanın amacı, açık yönetim verisinin fayda ve 
zorluklarını sistematik bir şekilde, bütüncül bir yaklaşım ile 
hem sosyal hem teknolojik boyutları kapsayacak şekilde 
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tanımlayarak, bu zorlukları aşmak için yapılması gerekenleri 
içeren bir yol haritasını açık yönetim verisine geçişi 
hedefleyen kurum ve kuruluşlara sunmaktır. Böylece, açık 
yönetim verisine geçiş için kamu faydasını sağlayacak yeni 
projelerin başlatılması ve bu geçiş projelerinin başarılı bir 
şekilde tamamlanması sağlanarak, daha şeffaf, katılımcı, 
erişilebilir, iş birliği yapılabilen ve kamu faydası sağlayan 
yenilikçi uygulamaların geliştirebildiği bir yönetime geçişin 
sağlanması, dolayısı ile uluslararası alan indeks 
sıralamalarında ülkemizi daha üst seviyelere taşınması 
hedeflenmektedir. 

Bu çalışma kapsamında, bir sonraki bölümde yapılan 
sistematik literatür taramasına yer verilmiş olup, literatürde 
yer alan açık yönetim verisinin fayda ve zorluklarını inceleyen 
araştırmalar tespit edilmiştir. Sonrasında, açık yönetim 
verisinin faydaları ve zorlukları incelenmiştir. Ardından, bu 
zorlukları aşmak için önerilen yol haritasına yer verilmiştir.   

II. LİTERATÜR TARAMASI 

A. Sistematik Literatür Taraması 

Literatürde yer alan açık yönetim verisi fayda ve 
zorluklarını kapsayan çalışmaların belirlenmesi için 
Kitchenham [8] tarafından önerilen yöntem doğrultusunda 
yapılan Sistematik Literatür Taraması’nın aşamaları Tablo-
1’de verilmiştir. 

TABLO 1- SİSTEMATİK LİTERATÜR TARAMASI AŞAMALARI 

Adımlar Açıklamalar 

Arama Dili Araştırma İngilizce dili temel alınarak yapılmıştır. 

Arama 

Sorgusu 

Arama operasyonu başlık, özet veya anahtar kelimelerde 

gerçekleştirilmiştir. Aramada kullanılan anahtar 

kelimeler istenilen sonuçları yansıtacak şekilde 
düzenlenmiştir. Arama: (("open government" OR "open 

government data") AND ("benefits" OR "obstacles" OR 

"barriers")). 

Veritabanı Scopus, Web of Science ve Google Scholar veri 
tabanlarından faydalanılmıştır.  

Referans 

listesi 
kontrolü 

Scopus ve Web of Science veri tabanlarından 189 adet 

makaleye ulaşılmıştır. İlk olarak, kopyalanmış çalışmalar 
çıkarılmış, daha sonra ise bu çalışmalar başlık, özet ve 

anahtar kelimelerine göre incelenmiştir. Son durumda 

Scopus, Web of Science veri tabanlarından toplamda 24 
adet ilgili çalışmaya ulaşılmıştır.  

Alıntı 

Araması 

SSCI ve SCI indeksleri aramaya dahil edilmiştir. Eleştiri 

yazıları, seriler, tanıtım yazıları ve toplantılar arama dışı 
bırakılmıştır.  

Sonuçların 

Yönetimi  

Sonuçlar Microsoft Excel tablosu ile yönetilmiştir. 

Birincil 

Çalışmaları

n Seçilimi 

Birincil çalışmaların başlıkları, özetleri ve anahtar 

kelimeleri incelendiğinde 24 adet çalışmanın açık 

yönetim verisi fayda ve zorluk analizi ile ilgili olduğuna 

karar verilmiştir. 

Çalışmanın 
Kalitesinin 

Değerlendir

ilmesi 

Birincil çalışmalardan 15 çalışma detaylı inceleme 
sonucu açık yönetim verisi ile ilgili fayda ya da zorlukları 

ile ilgili ampirik bir çalışma sunmadığından elenmiştir. 

Birincil çalışmalardan 9 çalışma gerçekleştirdikleri 
araştırmalar ile fayda ve zorlukları faktörler olarak ortaya 

koyan ampirik çalışmalar olduğundan birincil çalışmalar 

olarak ele alınmıştır. Bu çalışmaların referansları da bu 
çalışma kapsamında incelenmiştir. 

B. Açık Yönetim Verisi Faydaları ve Zorluklarını İnceleyen 

Çalışmalar 

Sistematik literatür taraması sonucunda tespit edilen açık 
yönetim verisinin sağladığı faydaları inceleyen çalışmalar 
Tablo 2’de, karşılaştığı zorlukları inceleyen çalışmalar ve 
önemli faktörler Tablo 3’de özetlenmiştir [9–17].  

TABLO 2 – AÇIK YÖNETİM VERİSİNİN  FAYDALARIYLA İLGİLİ ÇALIŞMALAR 

Yayın Açıklama  Faktörler 

Schmidthubr 
vd. (2019) 

[14] 

Avusturya’da kentsel gelişim 
ile ilgili açık devlet girişimine 

katılımda bulunan 1041 

katılımcıyla yapılan anket 
çalışması ile faydalar 6 

kategoride tanımlanmıştır. 

Şeffaflık 

İşbirliği 

Katılım 

Operasyonel kapasite 

Güven 

Meşruiyet 

Altayar  
(2018) 

[15] 

Suudi Arabistan’da açık 
yönetim girişimlerinde 

yönetici pozisyonunda çalışan 

10 katılımcı ile mülakat 
teknikleri kullanılarak tespit 

edilen açık yönetim verisinin 

faydaları 6 başlık altında 
tanımlanmıştır. 

Şeffaflık ve hesap 
verilebilirlik 

Devlet verilerine 

erişimin kolaylaşması 

Yenilik desteklemesi 

Devlet hizmetlerinin 

iyileşmesi 

Operasyonel faydalar 

Katılımı teşvik etmesi 

TABLO 3 – AÇIK YÖNETİM VERİSİNİN ZORLUKLARIYLA İLGİLİ 

ÇALIŞMALAR 

Yayın Açıklama  Faktörler 

Wang, 
Shepherd & 

Button (2019) 

[11] 

İngiltere’de açık yönetim 
verisi paylaşımında yetkili 

olan çalışanlar ile yapılan 

mülakatlar sonucu, açık 
yönetim verisinin karşılaştığı 

zorluklar, 8 adet kategoride 
gruplamıştır. 

Liderlik 

Ekonomik sebepler 

Yetersiz kaynaklar 

Güç 

Güven sorunu 

Veri kalitesi 

Kullanıcı etkileşimi 

Gizlilik 

Benitez-Paez, 

Degbelo, 
Trilles & 

Huerta (2018) 

[17] 

Kolombiya ve İspanya’daki 

vakaları da ele alarak hem 
literatür hem anket çalışması 

ile veri kullanıcılarının 

karşılaştığı zorluklar 
tanımlamıştır. 

Ulaşabilirlik 

Keşfedilebilirlik 

Standardizasyon 

Güncellik 

Kullanılabilirlik 

Veri kalitesi 

Parung, 

Hidayanto, 
Sandhyaduhit

a, Ulo & 

Phusavat 
(2018) [16] 

Endonezya’da açık yönetim 

verisi portalları ile ilgili 
yetkililerle gerçekleştirilen 

mülakatlar sonucunda 27 

zorluk 5 temel kategoride 
ortaya konmuştur. 

Ekonomik 

Yasal ve Gizlilik 

Devlet kültürü 

Teknik 

Sosyal 

Shao &  

Saxena 

(2018) 
[13] 

Tanzanya’da açık devlet 

girişiminde önemli 

pozisyonlarda görev alan 11 
kişi ile açık devlet verisinin 

zorluklarını 8 temel 

kategoride tanımlanmıştır. 

Teknoloji 

Mevzuat 

Yasal altyapı 

Açık Devlet Ortaklığı 

Kaynak ihtiyacı 

Yetenekler 

Paydaşların katkısı 

Veri kullanımı 

Barry & 

Bannister 
(2014) 

[10] 

İrlanda’da Kamuda çalışan 

üst düzey yöneticiler ile 
yapılan mülakatlar ile 20 

adet zorluk tanımlanmıştır. 

Ekonomik 

Teknik 

Kültürel 

Yasal 

İdari 

Riskle ilgili 

Janssen vd. 
(2012) 

[9] 

Hollanda’da Kamuda çalışan 
müdürler, yöneticiler ve son 

kullanıcılar ile yapılan 

mülakatlar sonucu 57 adet 
zorluklar ortaya konmuştur. 

Kurumsal 

Görev karmaşıklığı 

Kullanım ve katılım 

Mevzuat 

Bilgi kalitesi 

Teknik 

Zuiderwijk 
vd. (2012) 

[12] 

A.B.D., Avusturya, 
Yunanistan ve Norveç’te 

gerçekleştirilen çalıştaylar 

ve Hollanda’da yapılan 
mülakatlar ile 118 adet 

sosyo-teknik zorluklar 

tanımlanmıştır. 

Mevcut olma durumu 
ve erişim 

Bulunabilirlik 

Kullanılabilirlik 

Anlaşılabilirlik 

Kalite 

Verileri bağlama ve 
birleştirme 

Meta veri 

Veri sağlayıcı ile 

etkileşim 

Açma ve Yükleme 
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Bu çalışmalar incelendiğinde, genellikle bir ülke ya da 
bölgede özelinde, çoğunlukla ilgili çalışanlar veya 
kullanıcılarla yapılan mülakatlar sonucu, açık yönetim 
verisinin fayda ve zorluklarının farklı kategoriler çerçevesinde 
ele alındığı tespit edilmiştir. Karşılaşılan temel zorluklar 
kaynak eksiklikleri, gizlilik kaygıları, açık veri uygulamaları 
ile ilgili bir standartlaşmanın olmaması, veri kalitesi, yasal 
mevzuatlar, faydaların ölçülebilmesi ile ilgili eksikler ve güç 
ile kazanç kaybı korkusu olarak ortaya çıkmaktadır [9–17]. 
Faydalara bakıldığında, şeffaflık, hesap verilebilirlik, katılımı 
teşvik, devlet hizmetlerinin iyileştirilmesi, güven ve meşruiyet 
sağlaması gibi faktörler ortaya konmuştur [13–15].  

Literatürdeki bu araştırmalar, açık yönetim verisinin fayda 
ve zorluklarını ortaya koyarak katkı yapmak için bir altyapı 
oluşturmasından dolayı önemlidir. Fakat bu çalışmalara 
baktığımız zaman, hiçbirinin Türkiye’de yapılmadığı, 
faydaları ve zorlukları birlikte incelemediği, bu tanımladıkları 
zorlukları aşmak için bir yol haritası sunmadığı dikkate 
alındığında, literatürde bu alanda bir eksiklik tespit edilmiştir. 

Bu eksikliği gidermek amacı ile bu çalışma kapsamında 
ülkemiz için açık yönetim verisinin fayda ve zorlukları 
bütüncül bir bakış açısı ile ortaya konulması ile bu zorlukları 
aşmak için bir yol haritasının ortaya konulması 
hedeflenmektedir. 

III. AÇIK YÖNETİM VERİSİNİN FAYDALARI 

Açık Yönetim Verisinin temel faydaları, Şekil 1’de 
gösterildiği gibi Şeffaflık, İş Birliği, Katılım, Erişilebilirlik ve 
Yenilikçi Uygulamalar olarak gruplandırılmaktadır.  

Şekil 1. Açık Yönetim Verisi Faydaları 

A. Şeffaflık  

Şeffaflık “demokratik toplumların vatandaşlarının ve dış 
paydaşların yönetimin girişimlerini takip etmesi” [18] olarak 
tanımlanmakta olup, insanlar ve yönetim arasında sağlanan 
açık iletişim olarak ifade edilmektedir [19]. İlerleyen 
teknolojiyle birlikte, şeffaflığın sağlanması son yıllarda 
gelişmiş devletlerin temel vizyonlarından biri haline gelmiştir. 
Günümüzde devlet verilerinin açık hale getirilmesini 
kapsayan, 100’den fazla girişim bulunmaktadır [20]. Bu 
girişimlerin öncüleri, Amerika Birleşik Devletleri’nde 2009 
yılında Obama başkanlığındaki hükümet tarafından 
yayınlanan “Şeffaflık ve Açık Hükümetle İlgili Mutabakat 
Muhtırası” ve Birleşik Krallık’ta yayınlanan açık veri 
kaynakları oluşturulması ve yaygınlaştırılmasını kapsayan 
“Akıllı Hükümet” bildirisidir [21].  Açık yönetim verisi 
sayesinde sağlanan şeffaf yönetimde, organizasyonda işlerin 
nasıl yapıldığı herkese açıktır ve finansal gelirlerin nasıl 
harcandığı hesap verilebilirdir.  

B. Katılım 

Katılım, vatandaş, hissedar, ilgili diğer kuruluş gibi dış 
paydaşların yönetimin karar alma süreçlerine dâhil olmasıdır. 
Açık yönetim verisi sayesinde, organizasyonun politika 
oluşturma süreçlerinde dış paydaşların katılımı teşvik 
edilerek, toplumun kolektif bilgisi ile oluşan sinerjik değer 

yaratılmaktadır [3]. Kitlelerin Bilgeliği ve Kalabalığın Gücü 
olarak da adlandırılan bu yöntem ile daha etkin karar alma 
süreçleri gerçekleşmektedir. Birleşmiş Milletler tarafından 
geliştirilen e-katılım endeksi ile hükümetlerin paydaşlarına 
verdiği bilgi, paydaşlarla etkileşimi ve karar alma süreçlerine 
dâhil edilmesi gibi kriterlere göre ülkeler değerlendirilmekte 
olup, 2018 yılındaki sıralamada Kore, Danimarka ve 
Finlandiya gibi ülkeler ilk sırada yer alırken, Türkiye 37. 
Sırada yer almaktadır [7]. 

Hesap verilebilirliği sağlayan açık yönetim verisi 
sayesinde, yapılan harcamalar ve sunulan hizmet verimliliği 
ve uygunluğu hakkında dış paydaşların katılımı ve söz sahibi 
olması sağlanmaktadır. Kamu sektöründe portaller aracılığı 
ile sağlanan açık yönetim verisi ile vatandaşların devlet 
yönetimine katılımının artmasıyla birlikte demokratik 
yönetimin hızla yaygınlaşması beklenmektedir [22].  

C. Erişilebilirlik 

Erişilebilirlik, tüm paydaşların açık yönetim verisini ya da 
katılım seçeneklerini kullanma becerisi olarak ifade 
edilmektedir [23].    

Açık yönetim verisi sayesinde artan erişilebilirlik, 
organizasyonların yanı sıra devlet kurumları, özel sektör, sivil 
toplum kuruluşları ve vatandaşları kapsayacak şekilde, 
toplumda daha yüksek iş birliğini mümkün kılmaktadır. 
Böylece, örgüt kültüründe yalnızca açıklık, şeffaflık ve hesap 
verilebilirliğe değil aynı zamanda paylaşma, iş birliği ve daha 
yüksek katılıma doğru bir dönüşüm yaratılmasını 
sağlamaktadır. 

D. İşbirliği 

İş birliği kavramı, demokratik sürece katılım için ortak 
çaba gösterilmesini kapsamaktadır [19]. İşbirliği, projelerde 
bireylerin, özel ve kamu kurumları gibi tüzel kişilerin ortak 
katılımının sağlanmasıdır [24]. Açık yönetim verisi sayesinde, 
organizasyonun yönetimi ve işleyişi hakkında daha fazla bilgi 
sahibi olmak, yönetimde görülen eksikleri ve kusurları 
yetkililere bildirmek ve yetkililer ile sürekli iletişim halinde 
olarak iş birliği içerisinde sorunların giderilmesine yönelik 
çalışmaları yakından takip etmek mümkün hale gelmiştir. 

E. Yenilikçi Uygulamalar  

Yenilikçi uygulamalar, açık yönetim veri kaynaklarının 
kullanılarak yaratıcı çözümler sunan uygulamaların 
geliştirilmesi olarak ifade edilmektedir. Açık veri 
kaynaklarının sunulması ve sürekliliğinin sağlanması, 
uygulama geliştiriciler için yenilikçi mobil veya web 
uygulamaları geliştirmelerini teşvik etmektedir.   

 Akıllı şehir konseptinin tamamen hayata geçirilerek, 
vatandaşların günlük yaşam kalitesini arttıracak yenilikçi 
uygulamaların geliştirilebilmesi için açık yönetim verilerinin 
kullanımı büyük önem arz etmektedir [25]. Örneğin, 
Finlandiya’nın Helsinki şehri için geliştirilen yenilikçi akıllı 
şehir uygulamalarında açık yönetim veri kaynakları 
kullanılmıştır [26]. 

IV. AÇIK YÖNETİM VERİSİNİN ZORLUKLARI 

Açık yönetim verisinin zorlukları sosyo-teknik bir 
yaklaşımla bütüncül olarak ele alınarak, Şekil 2’deki gibi 
teknolojik ve sosyolojik zorluklar altında gruplandırılmıştır. 

A. Teknolojik Zorluklar 

1) Yetersiz BT Altyapısı  

Şeffaflık

Katılım

İşbirliği

Erişilebilirlik

Yenilikçi Uygulamalar 
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Açık yönetim veri altyapısının oluşturulması için çeşitli 
kaynaklardan toplanan verilerin sürekli olarak yönetilmesi 
(toplanması, işlenmesi, saklanması ve dağıtılması) 
gerekmektedir [27], [28]. Bu nedenle, açık yönetim veri 
kümelerinin devamlılığının sağlanabilmesi için ölçeklenebilir 
bir altyapı mimarisi ve bu mimari üzerinde çalışabilecek, 
güncel veri yönetimi yazılımları/araçları ile modüler olarak 
çalışabilmesine ihtiyaç duyulmaktadır.  

Yetersiz BT altyapısı, açık yönetim verilerin gerçek 
zamanlı olarak toplanması, analiz edilmesi, depolanması ve 
paylaşılmasında önemli zorluklar yaratmaktadır.  

2) Karmaşıklık 
Karmaşıklık “yeniliğin anlaşılması ve kullanılması zor 

olarak algılandığı derece” olarak tanımlanmaktadır [29]. 
Açık yönetim veri kümelerinde karmaşıklık, istenilen verinin 
paydaş tarafından anlaşılmaması, işlenerek anlamlı bilgi 
çıkarılamaması, istenilen veri kümesinin değişik formatlarda 
bulunması veya veri kümelerine ulaşım ve kullanımı ile ilgili 
açıklayıcı bir yönlendirici araç seti veya yardım masasının 
bulunmaması gibi zorluklar yaratmaktadır [30].  

3) Veri Yönetimi 
Açık yönetim verisi bağlamında paylaşılan veri, 

“platformdan bağımsız, makina okunabilir ve verinin tekrar 
kullanılabilirliğini etkileyecek herhangi bir kısıtlama olmadan 
topluma erişebilir” olmalıdır [2]. Açık yönetim verilerinin, 
gerçek zamanlı, makineler tarafından işlenebilir, lisanssız, 
herkes tarafından kullanılabilir olması gibi gereksinimleri 
karşılayabilmek için veri standart ve politika programlarının 
geliştirilmesi ve uygulanması gerekmektedir [31].  Açık 
yönetim verisine geçiş sürecinde veri yönetimi kapsamında 
karşılaşılan önemli zorluklar şu şekilde sıralanabilir [9]: Veri 
oluşturulması, veri seçimi, veri uyumlaştırılması, veri 
yayınlanması, veri aralarında ilişki kurulması, veri arama, veri 
bulma, veri kullanma, veri temizleme süreçlerini kapsayan 
Açık Yönetim Verisi Yaşam Döngüsünün etkin bir şekilde 
yönetilmesi; Veri yönetim politikasının oluşturulması; Veri 
kümelerinin meta-veri standartlarının belirlenmesi; Veri 
kalitesinin güvence altına alınması; Veri güvenliğinin 
sağlanması; Veri kaynaklarının entegrasyonu.  

4) Mevcut BT Sistemleriyle Entegrasyon  
Açık yönetim verilerinin sağlandığı platformlarda 

verilerin, başka platformlarda veya yazılımlarda 
yayınlanabilmesi, kullanılabilmesi, tekrar kullanılabilmesi 
için entegrasyonun sağlanması gerekmektedir. Açık yönetim 
verisinin önündeki mevcut BT Sistemleriyle Entegrasyon 
kapsamında diğer uygulamalarla uyumlu bir şekilde çalışacak 
teknoloji, veri, yazılım ve iş katmanlarını içeren kurumsal 
mimarinin tasarlanması ve yeni geliştirilecek yenilikçi 
uygulamaların bu mimariye göre geliştirilmesi gibi zorluklarla 
karşılaşılmaktadır. 

B. Sosyolojik Zorluklar 

1) Yetersiz İnsan Kaynağı 
Çalışanların açık yönetim verisi yönetimi ile ilgili yeterli 

bilgi ve beceriye sahip olmamaları, bu yenilikler ile ilgili 
olarak herhangi bir farkındalığa sahip olmamaları ve yenilikçi 
bir yaklaşıma sahip olmadıkları için bu yeniliklerle ilgili 
bilgilenmeye de direnç göstermeleri açık yönetim verisinin 
önündeki engellerdendir [32]. Ayrıca, yetersiz insan kaynağı, 
vatandaşları bilgilendirememesi ve eğitilememesine neden 
olmaktadır [33]. 

 

Şekil 2. Açık Yönetim Verisi Zorlukları 

2) Yetersiz Finansal Kaynak 
Finansal kaynak, organizasyonun açık veri sisteminin 

kurulması ve aktif olarak devamlılığını sağlaması için gerekli 
BT ve insan kaynaklarına ayıracağı bütçeyi tanımlamaktadır. 
Açık yönetim verisi kullanımı ve yaygınlaştırılması için 
gerekli olan finansal kaynakların bulunması ve 
kullanılmasının sağlanması önemli bir zorluktur [34]. 

3) Yetersiz Üst Yönetim Desteği  
Açık yönetim verisiyle ilgili girişimler, diğer birçok 

girişim gibi üst yönetim desteği sağlanmadan ve 
organizasyonun hedefleri belirlenmeden başarılı 
olamamaktadır [35]. Üst yönetim desteği yeniliklerin 
benimsenmesi açısından rehberlik, destek ve bağlılık sağlayan 
önemli bir faktördür [36]. Üst yönetim desteği, açık yönetim 
verisi altyapısının kurulması ve aktif olarak kullanılabilmesi 
için büyük bir önem taşımaktadır [37]. Üst yönetimin açık 
yönetim verisi yaklaşımının yararlarını benimsemesi, 
çalışanlarının bu yaklaşımı yaygın olarak kullanmasına ve 
benimsemesine teşvik etmektedir.  

4) Örgüt Kültürü 
Örgüt kültürü, “Dış uyum ve içsel entegrasyon sorunlarına 

çözüm bulmada bir grup tarafından benimsenmiş temel 
varsayımların kalıbı” olarak ifade edilmektedir [38]. 
Örgütlerin açıklığa yönelik kültürü, yenilikçi politikalar için 
destekleyici bir ortam ve bilgi paylaşımı için teşvik yaratır 
[37]. Açık yönetim verisinin yaygın hale gelmesi için 
öncelikle açık yönetim verisinin sağlayacağı faydalar, 
organizasyonun tüm birimlerinde benimsenmelidir ve tüm bu 
birimlerde yaygın olarak açık yönetim verisini kullanacak bir 
kültür oluşturulmalıdır [39].  

5) Mevzuat Eksikliği  
Devlet düzenleme uygulamaları, vergi politikaları, patent 

yasası ve politikaları, fikri mülkiyet hakları ve çeşitli devlet 
politikaları tüm teknolojilerin benimsenmesini etkilemede 
önemli bir faktör olarak ortaya çıkmaktadır [37], [40]. Başarılı 
bir Açık yönetim veri sisteminin oluşturulması için 
geliştirilecek mevzuatlar ve yasalar, katılım ve işbirliğinin 
derecesini belirler ve şeffaflığı arttırır [36]. 

6) Veri Paylaşımına Yönelik Güven Eksikliği  
Açık yönetim verisine yönelik kurumların uyumundaki 

isteksizliklerin sebebi verilerin yanlış ve kötü niyetli kullanımı 
endişesidir [41]. Ayrıca verinin kalitesi de kamuoyu açısından 
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olumsuz görüşler yaratabileceği sebebi ile önemli bir güven 
faktörüdür. 

7) Gizlilik 
Açık yönetim verilerinde yönetim birimlerinin gizli 

verilerinin ve vatandaşların kişisel bilgilerini içeren verilerin 
paylaşılması ve kötü niyetli kullanımını kapsayan Gizlilik, 
açık yönetim verisi girişimlerinin önünde bir engeldir [9], 
[42], [43]. Açık yönetim verilerinin anonimleştirilmeden 
paylaşılması, vatandaşların ve kurumların/kuruluşlara ait 
verilerin, büyük veri ortamında işlenerek sürekli olarak 
izlenmesi ve bu verilerin kötü amaçlı yazılımlar için 
kullanılması mümkündür. Gerekli gizlilik şartlarını 
sağlayacak şekilde açık yönetim verisi girişimlerinin 
yönetilmesi gerekliliği, bu girişimlerin önündeki en büyük 
zorluklardan biridir.  

8) Güç Kaybı Korkusu 
Kurumların ve Kuruluşların verilerinin halka açık olarak 

yayınlanması ile işleyişleri, çalışılan projeleri, projelerin 
bütçeleri ve hatta farklı örgütlerin aynı proje üzerinde nasıl 
çalıştığı kolayca takip edilebilir olacaktır [10]. Bu durum dış 
paydaşların yönetimsel süreci yakından takip etmesine ve 
yönetimsel kararların doğruluğu üzerinde tartışmasına yol 
açacağından, yönetim verilerin açık olarak yayınlanması bir 
güç kaybı kaygısını ortaya çıkarmaktadır. Bilginin güç 
olduğuna inanılan bir düzende, sadece kendinde olan verileri 
herkesin kullanımına açmak çoğu yönetimin tercih etmediği 
bir durumdur. Açık yönetim verisine geçiş girişimlerinin 
önündeki en büyük engellerden biri ekosistemdeki hakimiyeti 
kaybetme korkusudur. 

V. TARTIŞMA 

Tespit edilen engelleri aşarak, açık yönetim verisinin 
faydalarını elde edebilmek [24], [44], [45] için yapılması 
gerekenleri içeren yol haritası önerisi şu şekildedir: 

• Ulusal boyutta açık yönetim verisine geçiş girişiminin 
başlatılması için açık yönetim verisine geçiş 
direktifinin hazırlanarak, yayınlanması  

• Açık veri yönetiminin kurum ve kuruluşların stratejik 
planına dâhil edilmesi, kurum politikası olarak 
benimsenmesinin sağlanması  

• Açık yönetim verisinin faydaları ve gerekliliği 
hakkında üst yönetime ve çalışanlara farkındalık 
eğitimlerinin verilip, gerekli iletişim kanallarının 
kurulması ile açık yönetime geçişi engelleyebilecek 
kültürel bariyerlerin aşılması ve üst yönetimin 
desteğinin sağlanması 

• Üst yönetim organları tarafından, açık veri kültürünü 
yaygınlaştıracak bildirilerin yayınlanması, teşvik 
mekanizmalarının oluşturulması 

• Üst yönetim desteği ile yeni yönetim mevzuatlarının 
hazırlanması, yeni veri standartlarının tanımlanması ve 
gizlilik gereksinimlerinin gözden geçirilmesi  

• Veri standartlarının oluşturulması, yayınlanması ve 
uygulandığının garanti altına alınması  

• Uzun dönemli açık yönetim verisi yönetim 
planlamasında, harcanan finansal kaynakların geri 
dönüşünü sağlayacak, rasyonel olarak toplum hayatına 
pozitif etki yaratacak projelerin üretilerek, kar veya 
tasarruf üretmesinin sağlanması 

• Açık Yönetim Verisi Projelerinde sağlanan faydaları 
ölçümleyecek, sağlanan sosyal fayda, yatırımın geri 
dönüş oranı vb. kriterleri içeren bir değerlendirme 
mekanizmasının kurulması  

• Açık yönetim verisiyle ilgilenen bir birimin 
organizasyonlarda kurulmasının sağlanması 

• Açık yönetim verisinin kullanıcıların günlük 
aktivitelerine entegre edilmesi, açık yönetim 
girişimlerinde halk ile etkileşimin gündelik bir aktivite 
haline gelmesinin sağlanması  

• Açık yönetim verilerinin paylaşılmasında bir gizlilik 
mevzuatının takip edilmesi ve paylaşılan verilerin bu 
mevzuat çerçevesinde kontrol edilmesi  

• Çalışanların açık yönetim etkileşimi çerçevesinde 
sosyal medya kullanımı ile ilgili eğitimler alması  

• Veri Yönetimi, Kurumsal Mimari, Yazılım Yönetimi, 
Veri Mimarisi, BT Altyapı yönetimi alanlarında iş 
gücünün istihdam edilmesi 

• Meta-datalar ve veri mimarilerinin tanımlanması 

• Veri Oluşturulması, Veri Seçimi, Veri 
Uyumlaştırılması, Veri Yayınlanması, Veri Aralarında 
İlişki Kurulması, Veri Arama, Veri Bulma, Veri 
Kullanma, Veri Temizleme süreçlerini içeren Açık 
Yönetim Verisi yaşam döngüsünün etkin bir şekilde 
yönetildiğinin garanti altına alınması  

• Organizasyonda bütüncül bir yaklaşımla kurumsal 
mimari altyapısının çıkartılması, hangi iş sürecinde 
kullanılan hangi yazılımdaki hangi veri tabanı hangi 
sunucuda tutulduğunun tespit edilmesi ve 
değişikliklerin anlık olarak yönetilmesinin sağlanması 

VI. SONUÇ 

Bu çalışma kapsamında açık yönetim verisinin sağladığı 
faydalar incelenmiş olup, açık yönetim verisine geçişin ve 
yaygınlaştırmanın önündeki engeller, sosyo-teknik bir 
yaklaşım ile bütüncül olarak ele alınmıştır. Açık yönetim 
verisinin sağladığı faydalar, şeffaflık, iş birliği, katılım, 
erişilebilirlik ve yenilikçi uygulamalar başlıkları altında 
gruplanmıştır. Açık yönetim verisinin zorlukları ise teknolojik 
zorluklar ve sosyolojik zorluklar olarak iki ana başlık altında 
incelenmiştir. Teknolojik zorluklar, Yetersiz BT Altyapısı, 
Karmaşıklık, Veri Yönetimi, Mevcut BT Sistemleriyle 
Entegrasyon iken, Sosyolojik zorluklar, Yetersiz İnsan 
Kaynağı, Yetersiz Finansal Kaynak, Yetersiz Üst Yönetim 
Desteği, Örgüt Kültürü, Mevzuat Eksikliği, Veri Paylaşımına 
Yönelik Güven Eksikliği, Gizlilik ve Güç Kaybı Korkusu 
olarak tanımlanmıştır. Ayrıca, çalışma kapsamında Açık 
Yönetim Verisinin önündeki engelleri aşarak, faydalarını elde 
edebilmek için yapılması gerekenleri içeren yol haritası 
sunulmuştur.  

Gelecek çalışmalar kapsamında, bu çalışmada ortaya 

koyduğumuz fayda ve zorlukları Türkiye’de kamu sektöründe 

açık yönetim verisi alanında çalışan uzman kişileri içerecek 

kantitatif bir araştırma ile geçerlemek ve Türkiye özelinde bu 

zorlukların önem sıralamasını belirleyerek, en önemli 

zorlukları aşmak için neler yapılabileceğine dair ilgili kişilerle 

yapılan bir çalıştay sonrasında, daha detaylı bir yol haritasının 

sağlanması hedeflenmektedir. 
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Abstract—Brain hemorrhage refers to hemorrhage within the 

brain tissue or between the surrounding bone. Therefore, head 

hemorrhage can lead to many dangerous consequences, especially 

brain hemorrhage. Early and correct intervention by experts in 

such cases is important for the patient's life. In this study, 

computed tomography images of brain hemorrhage are classified 

by AlexNet which is one of the convolutional neural network 

models used recently in the biomedical field. In this scope, the data 

set is restructured with the autoencoder network model and heat 

maps of each image in the data set are extracted to improve the 

classification success. The number of images in the data set is then 

increased by approximately 10 times using the data augmentation 

technique. The classification process is performed using support 

vector machines. As a result, the best success rate in the 

classification was 98.57%. In conclusion, the proposed approach 

contributed to the classification of cerebral hemorrhage images. 

Keywords— Biomedical image processing, brain hemorrhage, 

autoencoder network, heat map, deep learning. 

I. INTRODUCTION 

Brain hemorrhage is a staminal disease caused by the sudden 

increase of blood in the human body in the skull and brain area. 

Therefore, even a sudden blow to the human skull causes a 

brain hemorrhage. Brain hemorrhage is a disease that occurs 

with symptoms such as sudden headache, nausea, dizziness, 

and vomiting. Failure to intervene early and properly may result 

in stroke or death due to brain damage [1], [2]. 

In recent years, deep learning and machine learning 

methods have been used together in the analysis of medical data 

sets [3] – [5]. As a result, many modern hospitals have set up 

data monitoring and collection units to keep pace with advances 

in technology. These units established with the help of the 

computer systems aim to develop diagnostic methods on patient 

data [6] – [8]. Especially, deep learning architectures and 

machine learning methods have been used intensively in the 

detection of various diseases [9] – [11].  

In this study, computerized tomography (CT) images of 

patients with cerebral hemorrhage were classified. Besides the 

convolutional neural network model (CNN), autoencoder 

structure and heat map method were used to increase the 

classification success. Some of the studies conducted in this 

field considering the literature are as follows: Phong D. Tong et 

al. [12] used CNN models to classify images of brain 

hemorrhage. They increased the number of samples in the 

existing data set by using the image augmentation techniques. 

Support vector machine (SVM) model was used a classifier. 

The success rate was reported in the range of 97% and 99%. 

Mohammad Arbabshirani et al.[13] designed the CNN 

architecture to classify brain hemorrhage images. They used 

two fully connected layers that can ensure 1000 features in the 

designed CNN. The accuracy of the model was 95%. Gong et 

al. [14] classified brain CT images as normal and bleeding. 

They used ellipse placement, background subtraction, and 

wavelet decomposition with transfer learning model. The 

success rate was 88.5%. Awwal Muhammad Dawud et al. [15] 

classified brain CT images as normal and bleeding. They used 

AlexNet as a transfer learning model in the study. The data set 

was replicated by augmentation method. They used the SVM 

method as a classifier. The success rate was reported as 93.48%. 
This study is organized as follows: the data set and methods 

are presented in Section 2. The proposed method is explained 
in Section 3. The experimental results are reported in Section 4. 
In Sections 5, discussion and conclusion remarks are given, 
respectively. 

II. MATERIALS AND METHODS 

A. Data Set 

This data set contains of 100 normal brain and 100 
hemorrhagic CT images. It consists of totally 200 samples. The 

 
Fig. 1. Image example of data set classes; (a) normal CT image, (b) 

hemorrhagic CT image. 
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data set ensures the samples divided into two classes as normal 
and hemorrhage. There is no distinction between the types of 
bleeding. Each image represents a different person. Therefore, 
the images were collected from 200 different patients.  

Each image is 24 bits deep and the resolution values are 
variable. The file extension of the images is PNG [16]. An 
exemplary subset image of the images contained in the data set 
is shown in Fig. 1.  

B. Transfer Learning Model  

AlexNet consists of convolutional layers, pooling layers and 

fully connected layers (FC) [4], [17]. The aim of the convolution 

layer is based on the process of circulating the entire image with 

the selected filter size [11], [18]. The size of the filter can be set 

as 3×3 or 5×5 pixels. Thus, it is created the input of the next 

layer with the filter applied to the image. Activation maps are 

generated as a result of convolution layers [19]. The function of 

the activation maps contains the unique features of the input data 

[20]. The pooling layer keeps image features, reduces image size 

and costs, and also keeps image information intact [21]. In 

addition, this structure decreases the number of parameters [22]. 

The FC layers are respectively assigned to a single vector by 

flattening the features from the previous layer, they perform the 

update of the weights, and give the last possible values for each 

label [23]. In the AlexNet, the input size of the image is set to 

227×227 pixels. The size of the filter can be selected as 3×3 or 

5×5 pixels in this model [24]. The schematic view of the 

AlexNet model is illustrated in Fig. 2. 

C. Support Vector Machine Classifier  

SVM is a machine learning method used for regression and 

classification. This method essentially places the properties 

extracted in the data set into the coordinate plane. It then creates 

a boundary area that divides the data set into classes during the 

training. Thus, a hyperplane field is obtained. The maximum 

margin area is determined by the optimization method. In the 

next step, the features of  the data in the hyperplane are classified 

by SVM [25].   

D. Autoencoder Network 

Autoencoder firstly compresses the multidimensional data 
through hidden layers. Then, it is an uncontrolled learning 
model that takes part in the reconstruction of data by processing 
the features derived from the compressed data. In other words, 
it is a neural network model that can capture the characteristics 
of the internal structure of the data to regenerate the input data 
[26]. This model outlines: it occurs from the input layer, hidden 
layer(s), and output layer. The process between the input layer 
and the hidden layer is called the encoder. The process step 
between the hidden layer and the output layer is called the 
decoder [27]. 

E. Heat Maps Technique 

Heat map is a graphical representation in which matrix-

based feature values obtained from images are represented 

within a certain color range. Heat maps are a useful technique 

that is often used in images in the biomedical field, in analysis 

images of biological systems, or in images of landforms. Heat 

maps emerge from the two-dimensional matrix values, which 

include the features extracted from the image. The color range 

is determined by the values in the feature matrix. Larger values 

are represented by darker colors. Similarly, smaller values are 

represented by lighter colors [28].  

If it is desired to generate heat maps of the images in the data 

set, these data must be composed of two sets of variables with 

different structures. Variables in sets; it occurs mainly over a 

certain time interval and these variables represent phenomena 

with a one-way relationship. Variables within the set are 

converted to the z-transform format so that they can be 

compared among themselves. One of the most important points 

is the form of these variables in data types (binary, sequential, 

continuous). Thus, variables examine among themselves in 

terms of similarity relationship. Thus, heat maps visualize by 

coding the values obtained from the fixed points on the image 

[29]. The heat map subset images are given in Fig. 3. 

F. Image Augmentation Techniques 

Data augmentation techniques are used together with 

traditional methods or deep learning methods to improve the 

accuracy of classification [30]. In this study, the image 

augmentation algorithm was used by using the Keras library in 

Python [31]. The rotation, width and height change, cutting, 

zooming, horizontal turning, brightness, and filling operations 

were performed on the data set. The image rotation degree was 

set to be randomly generated from 0 to 30. Width-height 

change, zoom and horizontal rotation ratio were selected as 0.2. 

Each class in the data set was augmented about 10 times in this 

study.   

III. THE PROPOSED METHOD 

In the proposed approach, the AlexNet architecture was used 

for training of the data set. The classification was performed 

using the features obtained in the FC8 layer of the AlexNet 

architecture. SVM method was used as classifier. Other steps 

are as follows: In the first step, a new data set was created by 

processing the original data set with the autoencoder model. In 

this study, the autoencoder model was compiled using Python 

[32]. In autoencoder model, the input size was set to 128×128. 

The learning rate value was set to 0.001 and ADAM [33] was 

chosen as the optimization method. The mini-batch size that 

allows data to be processed simultaneously was set to 16 [34]. 

Lastly, the new image set consists of three-color channels 

(RGB), such as the original image set. In the second step, heat 

maps of the new data set created. A total of 200 heat mapped 

images was obtained. In the third step, the data augmentation 

method was used to increase the classification accuracy. Here, 

200 heat mapped image data were increased by about 10 times 

to obtain approximately 2101 images. As a final step, the 

 
Fig. 2. The schematic representation of AlexNet model. 
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samples were classified using SVM method. The design of the 

proposed approach is shown in Fig. 4. 

IV. EXPERIMENTAL RESULTS 

The validity of this study is related to sensitivity, specificity, 

precision, F-score, and accuracy. The used performance metrics 

with their mathematical forms are given as follows [35]: 

 Sensitivity =  
(TP)

(TP + FN)
 (1) 

Specificity =   
(TN)

(TN + FP)
 (2) 

Precision =   
(TP)

(TP + FP)
 (3) 

F − score =   
(2TP)

(2TP + FP + FN)
 (4) 

Accuracy =    
(TP + TN)

(TP + FP + FN + TN)
 (5) 

Herein true-positive (TP) and true-negative (TN) correspond to 

correctly diagnosed samples belonging to the normal class 

whereas false-positive (FP) and false-negative (FN) correspond 

to the misdiagnosed samples belonging to hemorrhage class, 

respectively.  

The experimental study was compiled using MATLAB 

(R2019a) software installed on 64-bit Windows 10 operating 

system. The computer has an NVIDIA GeForce 2 GB graphics 

card, Intel© i5 - Core @2.5 GHz processor and 8 GB RAM.  

The experiments were divided into three steps. In the first 

experiment, the original data set was processed by AlexNet 

architecture. Then it was classified by SVM method. The 

success rate was 90.0%. In the second experiment, the original 

data set was reconstructed with the autoencoder model and the 

heat maps of the resulting image set was extracted. Then it was 

classified by SVM method. The success rate was 92.5% at this 

experiment. In the third experiment, the data set processed by 

autoencoder model and thermal map method was augmented 

approximately 10 times by using Keras library in Python 

software. Zoom, rotation, brightness, conversion parameters on 

the image have been changed. The augmented data set was then 

trained with the AlexNet architecture. The classification 

success rate obtained in the last experiment was 98.57%. Also, 

the original data set was augmented by 10 times and classified 

by SVM method. Heat map and autoencoder models were not 

used here. The success rate was 95.95%. The analysis results of 

the experiments are shown in Table I. The confusion matrices 

obtained in the experiments are shown in Fig. 5. Also the 

accuracy and the loss graphs of the third experiment are shown 

in Fig. 6. 

V. DISCUSSION AND CONCLUSION 

The aim of this study was to evaluate the success of the 

proposed approach by using hemorrhagic and normal brain CT 

images. The low resolution of the images adversely affected the 

classification results. Since the data set used in the study was 

limited, the data augmentation methods were used to maintain 

the validity of the proposed approach. The results of the first 

and second experiments showed that the autoencoder model 

and the heat map method contributed to improving the 

generalization ability of the proposed model. Therefore, in the 

future studies, these methods will be used again on data sets and 

will be tested on different CNN models. 

As a result, this study showed that the reconstruction of the 

images on the data set contributes to the classification results. 

The achieved success rate was increased from 90% to 98.57% 

using the proposed approach. 

 
 

Fig. 3. Heat map of the sample image taken from data set; (a) normal brain CT image, (b) hemorrhagic brain CT image. 

 

 

Fig. 4.  The overall block diagram of the proposed model. 
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Özet—Günümüzde şirketler personel ve zaman maliyetini 
minimum seviyeye indirmek için, ellerinde var olan veriler ile 
sürekli hesaplama ve araştırma yaparlar. Şirket içerisinde ise 
bunu sağlamak ve daha iyi hizmet verebilmek amacıyla 
çalışanların, iyileştirme önerilerini veya şikayetlerini 
girebilecekleri bir ortam sunarlar. Bundan dolayı “Bireysel 
Öneri Sistemlerinin” kullanılması, son yıllarda kurumsal 
firmalar tarafından artış göstermektedir. Öneri sistemlerini 
otomatikleştirmek ve birtakım analizler yapabilmek için ise, 
günümüzde yaygın olarak kullanılan ve gelişmekte olan makine 
öğrenmesi teknolojilerinden faydalanılmaktadır. Öte yandan 
makine öğrenmesi problemlerinde karşılaşılan sorunlardan 
birisi de dengesiz dağılım gösteren veri seti problemidir. Gerçek 
dünyada da dengesiz dağılım gösteren veri setleri oldukça 
fazladır. Bu çalışmada veri setlerini dengeli hale getiren ROS, 
RUS, SMOTE ve ADASYN yöntemlerinin sınıflandırma 
algoritmaları üzerindeki sonuçları analiz edilmiştir ve en iyi 
sonucu veren “SMOTE” yöntemi ve “Gradient Boosting 
Classifier” sınıflandırma algoritması tercih edilmiştir.  

Anahtar Kelimeler—Makine Öğrenmesi, Öneri Sistemleri, 
Dengesiz Veri seti, ROS, RUS, SMOTE, ADASYN 

Abstract— Nowadays, companies continuous calculations 
and research with the available data to minimize the cost of 
personnel and time. Within the company, they provide an 
environment in which employees can enter their suggestions for 
improvement or complaints with the purpose of provide better 
service. Accordingly, use of "Personal suggestion systems" has 
been increasing by corporate companies during the recent years. 
In order to automate suggestion systems and make some 
analyzes, commonly used and developing machine learning 
technologies are used today. On the other hand, one of the 
problems encountered of machine learning as is the data set 
problem having imbalanced distribution. In the real world, data 
sets have imbalanced are quite a much. In this study, the results 
of ROS, RUS, SMOTE and ADASYN methods on the 
classification algorithms were analyzed and the best method 
“SMOTE” and “Gradient Boosting Classifier” classification 
algorithm which gave the best results were preferred. 

Keywords—Machine Learning; Recommendation Systems, 
imbalanced dataset, ROS, RUS, SMOTE, ADASYN   

I. GİRİŞ 

     Teknolojinin ilerlemesi ile birlikte kurumsal firmalar 
çalışanları ile dijital ortamlar üzerinden iletişim kurmaya 
başlamışlardır. “Bireysel Öneri Sistemleri” bu amaç 
doğrultusunda geliştirilip kullanılan sistemlerdir. Bireysel 
Öneri Sistemleri ile birlikte şirket çalışanlarının yaratıcı 
fikirlerinin değerlendirilmesi, uygulamaya konularak 

organizasyonun sürekli olarak iyileştirilmesi ve şirket olarak 
zaman ve maliyet kaybının minimum seviyeye indirilmesi 
sağlanmaktadır. Makine öğrenmesi, pek çok farklı alanda 
olduğu gibi öneri sistemlerinde de sıklıkla tercih edilen bir 
yöntem haline gelmiştir. Bu bağlamda öneri sistemlerine 
makine öğrenmesi entegre edilerek kullanıcılar tarafından 
sisteme girilen talep/öneri veya şikayetlerin otomatik olarak 
kategorize edilmesi şirketlerin tasarruf edebilmesi için ihtiyaç 
haline gelmiştir.  
     Makine öğrenmesi fikrinin temelinde, analitik model 
oluşturmayı otomatikleştiren bir veri analizi yöntemi vardır. 
Makine öğrenmesi, sistemlerin veriden istenilen bilginin 
öğrenilmesini, öğrenme kalıplarının belirlenmesini, 
minimum insan müdahalesi ile karar verebilmesini ve bu 
karar doğrultusunda meydana bir sonuç çıkarmasını sağlayan 
bir yapay zekâ dalıdır. Makine öğrenmesi ile model oluşturma 
sürecinde iki temel yöntemden faydalanılmaktadır. Gözetimli 
öğrenme (supervised learning) ve gözetimsiz öğrenme 
(unsupervised learning). İki yöntem arasındaki en temel fark 
şudur; gözetimli öğrenme, eğitim verileri üzerinden bir 
fonksiyon üreten makine öğrenmesi tekniğidir ve 
etiketlenmiş veriler ile çalışır, gözetimsiz öğrenme ise 
etiketlenmemiş veriler üzerinden bir yapıyı tahmin etmek için 
fonksiyon üreten makine öğrenmesi tekniğidir. 
     Gözetimli öğrenmeye dayalı makine öğrenmesi 
tekniklerini kullanarak bir sınıflandırma problemi 
gerçekleştirilmesi söz konusu ise; kullanılan sınıflandırma 
algoritması, algoritmanın parametreleri kadar modelin 
performansını etkileyen veri setinin yapısı da son derece 
önemlidir. Son birkaç yılda gerçek dünyadaki veri setlerinde 
sınıf dağılımları arasında dengesizliklerin meydana gelmesi 
durumu yaygın bir hal almaya başlamıştır ve bu durum 
oluşturulan modellerin başarısını etkilemektedir. 
Dengesizlik, veri setinde bulunan sınıfların farklı oranlarda 
olduğu anlamına gelmektedir. Örneğin; veri setinde iki sınıf 
var ise veri setinin dengeli olması için %50- %50 oranında 
dağılım göstermesi gerekir aksine kullanılan veri setindeki 
örneklerin dağılım oranlarında bir sınıf %90, diğer sınıf ise 
%10’luk bir dağılım gösteriyorsa literatürde bu durum 
dengesiz dağılım gösteren veri seti olarak adlandırılmaktadır. 
Bu tarz problemlere ise özel teknikler ile yaklaşmak 
gerekmektedir. 
     Dengesiz veri setleri ile yapılan metin madenciliği 
çalışmalarında sadece doğruluk oranı (accuracy) modelin 
başarısını değerlendirmek için tek başına yeterli bir ölçüt 
değildir. Bu nedenle farklı metriklerin de incelenmesi 
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gereklidir. Alıcı Operatör Karakteristikleri (Receiver 
Operator Characteristics- ROC) [1] analizi, alanın altında 
ROC eğrisi (Area Under the ROC Curve- AUC) [2] gibi 
ölçütler veya Tablo I’ de belirtilen hata matrisi (Confusion 
Matrix) modelin performans ölçümü için baz alınmaktadır. 
 

   TABLO I.  HATA MATRİSİ 

 Tahmin Edilen Değerler 

Gerçek 
Değerler 

 Pozitif Negatif 

Pozitif TP FN 

Negatif FP TN 

 

Başarım değerlendirme metrikleri literatürde şu şekilde 
geçmektedir: 

Doğruluk (Accuracy) (A) = 	 	                  (1) 

 

Kesinlik (Precision) (P) = 	                                 (2) 

 

Duyarlılık (Recall) (R) =                                   (3)     

 

F-Ölçümü (F-Measure) ( ) = ∗ ∗
                           (4) 

 

     Denklem 1’de tahminlerin doğruluk oranı, denklem 2’de 
pozitif tahminlerin gerçekte kaçının pozitif olduğunun oranını 
hesaplanır. Denklem 3 ise pozitif durumların ne kadar başarılı 
olarak tahmin edildiği oranıdır. Son olarak denklem 4’te ise 
kesinlik ve duyarlılık olarak hesaplanan değerlerin harmonik 
ortalaması hesaplanır. 
 
     Metriklerin hesaplanmasında kullanılan TP, FN, FP ve TN 
değerleri şu şekilde açıklanabilir: 
 

 TP: Doğru Pozitif 

 FN: Yanlış Negatif 

 FP: Yanlış Pozitif 

 TN: Doğru Negatif 

     Dengesizlik problemini çözmek için literatürde birçok 
yöntem mevcuttur. Bu çalışmada Rastgele Örneklem 
Arttırma (Random Over Sampling- ROS), Rastgele 
Örneklem Azaltma (Random Under Sampling- RUS), 
Sentetik Azınlık Örneklem Arttırma Tekniği (Synthetic 
Minority Oversampling Technique – SMOTE) ve 
Uyarlanabilir Sentetik Örnekleme Yaklaşımı (Adaptive 
synthetic sampling approach- ADASYN) yöntemleri ile 
çalışılmış ve sınıflandırma algoritmaları ile modelin başarısı 
test edilmiştir. 

A. Problem Tanımı 

     Şirketlerde işletilen süreçlerde birçok aksaklık 
çıkabilmektedir ve çıkan aksaklıkların hangi birim tarafından 

ve ne zaman, nasıl çözüleceği; bu durumların takibi ve 
yönetilmesi firma içerisinde personel ve zaman maliyeti 
yaratmaktadır. Şirket çalışanlarının öneri veya şikayetlerini 
sistem üzerinden girmeleri ve girilen bu isteklerin doğru ve 
en kısa şekilde sonuçlandırılması son dönemlerde ihtiyaç 
haline gelmiştir. Bundan dolayı çoğu kurumsal firmalarda 
Bireysel Öneri Sistemleri kullanılmaya başlanmıştır. Bu 
çalışmadaki belirlenen amaç, oluşan maliyetleri minimum 
seviyeye indirmek ve personel tarafından girilen talepleri 
otomatik olarak kategorize etmektir. Bu durumu çözmek için 
makine öğrenmesi algoritmaları kullanılarak bir model 
oluşturulacaktır.  
     Günümüzde kullanılan verilerin sayısı ve içeriği sürekli 
olarak artmaktadır. Bu artış kullanılan sektöre göre çeşitli 
alanlarda belirli dağılımlar göstermektedir. Bireysel öneri 
sistemlerinde de kullanıcılar tarafından girilen birçok 
kategori vardır ve her kullanıcı farklı kategorilere öneri/talep 
veya şikâyet girmektedir. Bundan dolayı veriler arasında 
dengesiz bir dağılım oluşmaktadır. Verilerin bu şekilde 
dağılım göstermesi, oluşturulan modelin doğru tahmin 
yapmasını olumsuz etkilemekte ve model başarısını 
düşürmektedir. Bu sebeple model oluşturulmadan önce 
dengesiz dağılım gösteren veri seti çözülecektir. Sonrasında 
çeşitli sınıflandırma algoritmaları üzerinde çalışılarak 
kullanıcıya en doğru sonucu veren model oluşturulacaktır. 

II. LİTERATÜR ÇALIŞMASI 

     Literatürde dengesiz veri setlerinin dengeli hale 
getirilmesi ile ilgili birçok çalışma mevcuttur. Chawla ve 
arkadaşları [3] dengesiz veri dağılımını çözmek için yeni bir 
yöntem olan SMOTE yöntemini tanıttılar. SMOTE, pozitif 
örnekler veren en yakın komşunun ağırlıklı ortalamasını alan 
en yakın gözlemleri üretir. Örneklerin tutarsızlığını azaltır. 
Farklı boyutlardaki verilere sahip çeşitli veri setleri üzerinde 
deneysel olarak değerlendirilir. Veri setlerinde var olan 
azınlık sınıfların sayılarının çoğaltılması ile ilgili bir 
araştırmada RUS [4] metodu denenmiştir. Verilerin 
çoğaltılması ile veri setinde dengenin nasıl bir seviyede 
olacağıyla ilgili kendi kendine karar mekanizmasına sahip 
olan bir metot önerilmiştir. Örnek bir çalışmada ise dengesiz 
dağılım gösteren veri setleri üzerinde destek vektör 
makineleriyle [5] çalışılarak nasıl kullanılması gerektiği 
incelenmiş ve modelin daha başarılı sonuçlar verebilmesi için 
araştırma yapılmıştır. Yüksek başarı oranı için veri setini 
dengeli hale getiren SMOTE yöntemi önerilmiştir. Önerilen 
bu yöntem ile destek vektör makineleri daha yüksek oranda 
başarı gösterdiği gözlemlenmiştir. He ve Garcia [6] ise 
yaptıkları bir çalışmada dengesiz veri setlerinin kullanım 
alanlarına değinmişlerdir. Veri yapıları incelenerek verilerin 
daha anlamlı hale gelmesi için algoritmaların nasıl 
kullanılacağı anlatılmıştır. Son dönemlerde literatürlerde yer 
alan bir diğer çalışma ise veri setlerinde bulunan dengesiz 
örneklerin veri özelliklerinde adaptif bir metot kullanılmış 
olmasıdır. Adaptif Çoklu Sınıflayıcı (Adaptive Multiple 
Classifier System- AMCS) [7] ile çeşitli örnekler için başarılı 
sonuçlar elde edilmiştir. Veriler sınıflandırılırken veri 
setindeki örnek sayısı, sınıf etiketleri gibi metrikler de ele 
alınmıştır. 

III. DENGESİZ VERİ SETİ ÇÖZÜM YÖNTEMLERİ 

     Bir veri setinde, veri örneğini yeterince temsil edemeyen 
bir azınlık sınıfı olduğunda, eğitimden daha dengeli bir sonuç 
alınması ve bu örneklerin çoğaltılması için örnekleme 
teknikleri kullanılabilir. Eğer veri setindeki örnek miktarı 
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sayısı yetersiz ise over sampling (aşırı örnekleme) tekniği 
kullanılır. Bir diğer yöntem ise aşırı örmek içeren sınıflardan 
örnekleri çıkarmak için kullanılan under sampling 
yöntemidir. Şekil 1’de örnekleme yöntemlerinin dengesiz 
veri setleri üzerinde kullanım şekilleri gösterilmiştir. 
 

 
Şekil 1. Örnekleme Yöntemleri (W.Badr, 2019) 

A. Rastgele Örneklem Arttırma 

Rastgele örneklem arttırma (ROS) [8], eğitim verilerinde 
bulunan azınlık sınıfların birden fazla kopyası ile 
çoğaltılmasıdır. Birden fazla aşırı örnekleme yapılabilir. Bilgi 
kaybına yol açmaz. Önerilen eski bir yöntemdir. 

B. Rastgele Örneklem Azaltma  

     Rastgele örneklem azaltma tekniği (RUS) [9] ile çoğunluk 
azaltma sınıfında yapılan işlem rastgele yapılır. Rastgele 
seçim yaparken önemli olabilecek yararlı bilgileri de atabilir. 
Bu durum modelin başarısını olumsuz yönde etkileyebileceği 
için bir dezavantaj olarak sayılır. 

C. Sentetik Azınlık Örneklem Arttırma Tekniği 

SMOTE [10] yöntemi, örnekleme teknikleri arasında en 
çok tercih edilen yöntemlerden birisidir. Şekil 2’de gösterilen 
bu yöntemde veri setinde bulunan her azınlık sınıf örneği alınır 
ve bu örneğin k komşuluklarına bakılarak sentetik örnekler 
oluşturulur. Diğer örnekleme yöntemlerinden en önemli farkı 
ise, azınlık sınıfında bulunan örneklerin kopyalanarak 
çoğaltılması yerine yakın komşuluklarına bakılarak sentetik 
örneklerin üretilmesidir. Çalışma mantığı şu şekildedir: 
Özellik vektörünün en yakın iki komşusu belirlenir, iki nokta 
arasındaki uzaklık hesaplanır ve 0 ile 1 arasında rastgele bir 
değer ile çarpılarak yeni bir sonuç hesaplanır. Bu işlemler 
tanımlanan tüm özellik vektörleri ile tekrar hesaplanır böylece 
sentetik örnekler çoğaltılmış olur. 

 
Şekil 2. SMOTE Yöntemi (R.Walimbe, 2017) 

D. Uyarlanabilir Sentetik Örnekleme Yaklaşımı 

     SMOTE yönteminin geliştirilmiş bir versiyonudur. 
ADASYN [11] yönteminde, farklı azınlık yüzde seviyelerine 
göre veri dağılımını dengelemek için ağırlıklı bir dağılım 

tercih edilmiştir. Öğrenilmesi zor olan sınıflar için daha fazla 
sentetik veri üretilir. Böylece dengesiz sınıf dağılımdan 
dolayı oluşan eğilim azaltılmış olur. 

IV. ÖRNEKLEME YÖNTEMLERİNİN AVANTAJLARI VE 

DEZAVANTAJLARI 

     Kullanılan iyileştirme yöntemlerinin avantajları ve 
dezavantajları vardır. Büyük bir veri seti ile çalışılıyorsa, 
RUS yöntemi; küme içerisindeki örneklerin sayısını azaltarak 
çalışma süresini ve depolama sorunlarını iyileştirebilir. 
Bunun yanı sıra yararlı bilgileri de atabilir ve veri setinden 
rastgele seçilen bir örnek, anlam ifade etmeyebilir. Bu yüzden 
gerçek test verileri yanlış sonuçlara neden olabilir. Bu 
yöntemin aksine ROS yöntemi, hiçbir bilgi kaybına yol 
açmaz ve örnek azaltmaya göre daha iyi performans gösterir 
ancak örnekleri çoğalttığı için aşırı öğrenmeye yol açabilir ve 
model verileri ezberleyebilir. SMOTE yöntemi ise, örneklerin 
çoğalmasından ziyade sentetik örnekler oluşturduğundan, 
ROS yönteminin neden olduğu ezberleme sorununu azaltır ve 
faydalı bilgilerin kaybına neden olmaz. Dezavantajı ise 
gürültü üretmesidir. Gürültüler ise tahmin edilmesi güç ve 
modelin kafasını karıştıran, genelde diğer sınıflar ile iç içe 
geçmiş gözlemlerdir. Ayrıca, yüksek boyutlu veriler için çok 
etkili değildir. ADASYN’nın en büyük avantajı ise 
“öğrenmesi zor” örnekler için daha fazla veri oluşturulmasına 
ve model için daha fazla negatif veri üretilmesine imkân 
sağlamasıdır. SMOTE gibi veri setini sentetik olarak 
dengelemeye yardımcı olur.      

V. VERİ SETİ VE ÖZELLİKLERİ 

Bireysel Öneri Sistemleri için gerçek hayatta kullanılan 
veri setleri dengesiz dağılım gösterebilmektedir. Bu çalışmada 
da 5890 veriden oluşan ve 5 kategoride etiketlenmiş bir veri 
seti ile çalışılmıştır. Tablo II’ de görüldüğü üzere bu çalışmada 
kullanılan veri seti de dengeli dağılım göstermemektedir. 

           TABLO II. VERİLERİN ÖZETİ 

ETİKET  İÇERİK SAYISI 

ISG (İş Sağlığı ve Güvenliği) 3396 

Diğer 1521 

Çevre 779 

Bilgi Güvenliği 109 

Enerji 85 

 
     Kullanılan veri seti “Etiket” ve “İçerik” olarak iki 
öznitelikten oluşmakta ve örneği Şekil 3’te gösterilmektedir.  

 

Şekil 3. Veri İçeriği 

     Eğitim ve sınıflandırma işlemlerine başlamadan önce 
kullanılan veri seti belirli ön işlemlerden geçirilmelidir. Veri 
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seti içerisindeki tüm içeriklerden noktalama işaretleri 
temizlenerek, bütün karakterler küçük harfe çevrilmiştir. 
İçeriklerdeki durak kelimeler ve tek harfli karakterler 
silinmiştir. Türkçe veri seti ile çalışıldığı için Zemberek [12] 
kütüphanesi yardımıyla kelimelerin köküne inilmiştir ve 
sınıflandırma algoritmalarının metin verilerini nümerik 
olarak anlayabilmesi için TF-IDF metodu ile uzay vektörü 
oluşturulmuştur. 
     Modelin başarısını etkileyen en önemli unsurlardan bir 
tanesi veri setinin gösterdiği dağılımdır. Algoritmalar 
genellikle modelin dengeli dağılım gösterdiğini varsayarak 
bir başarımda bulunmaktadır ama öncelikle veri seti kontrol 
edilmelidir ve dengesiz dağılım söz konusu ise çözülmelidir. 
Eğer elimizde bulunan veri setine daha fazla veri toplayarak 
örnek oranı arttırılırsa bu durum büyük bir avantaj sağlar ve 
veriler daha dengeli hale gelmeye başlar, modelin başarısı 
artar. Bazı durumlarda ise performans metriklerini 
değiştirmek modelin başarı oranını arttırmak için bir çözüm 
olabilir çünkü dengesiz dağılım gösteren veri setlerinde 
doğruluk (accuracy) değeri her zaman modelin gerçek 
başarısını göstermeyebilir. Veri setini dengeli hale getirmek 
için yapılabilecek bir diğer yöntem ise daha önce açıklanan 
yeniden örnekleme metotlarını kullanmak olabilir. 
     Bu çalışmada programlama dili olarak PYTHON [13] 
kullanılmıştır. Kullanılan sınıflandırma algoritmaları scikit-
learn [14], iyileştirme yöntemleri ise imbalanced-learn [15] 
kütüphanesi kullanılarak yüklenmiştir. Verilerin %20’lik 
kısmı test, kalan %80’lik kısmı ise eğitim için kullanılmıştır.   
Ayrıca modele aynı anda kullanılan yöntemleri ve 
parametreleri vermek için Pipeline [16] yapısından 
faydalanılmıştır. Kullanılan sınıflandırma algoritmalarından 
en iyi sonucu veren algoritma ve parametrelerini belirlemek 
için ise GridSearchCV [17] metodundan faydalanılmıştır.  

VI. SONUÇ 

     Model çalıştırılmadan önce dengesiz dağılım gösteren veri 
setine iyileştirme yöntemleri denenmiştir ve örneklem 
sayıları tabloda gösterilen değerlere ulaşmaktadır. Tablo III’ 
de görüldüğü üzere SMOTE, ADASYN ve ROS örneklem 
sayısını arttırırken, RUS örneklem sayısını en aza 
indirmektedir. 
 

TABLO III. VERİ SETİ VE İYİLEŞTİRME YÖNTEMLERİ 
 

 SMOTE ADASYN       ROS      RUS 

ISG (İş Sağlığı ve 
Güvenliği) 

3396 3396 3396 85 

Diğer 3396 3184 3396 85 

Çevre 3396 3291 3396 85 

Bilgi Güvenliği 3396 3408 3396 85 

Enerji 3396 3412 3396 85 

Toplam 16980 16691 16980 425 

    
     Dengesiz veri setinin bulunduğu orijinal veriler kullanılan 
sekiz tane sınıflandırma algoritması ile iyileştirme yöntemleri 
kullanılmadan çalıştırılmış ve sonuçları Tablo IV’ te 
gösterilmiştir. Tabloda görüldüğü üzere bu durumda en 
yüksek başarı oranı “SVC” algoritması sağlamıştır. 
 

 

TABLO IV. SINIFLANDIRMA ALGORİTMALARI VE BAŞARI 
ORANLARI 

 
ALGORİTM

A 
BAŞAR

I 
ORANI 

KESİNLİ
K 

DUYARLILI
K 

F-
ÖLÇÜM

Ü 
Logistic 
Regression 

0.7302 0.73 0.75 0.72 

Linear SVC 0.7313 0.73 0.75 0.72 

Random 
Forest 
Classifier 

0.6544 0.72 0.60 0.46 

Decision Tree 0.5929 0.57 0.60 0.48 

Gradient 
Boosting 
Classifier 

0.7154 0.72 0.73 0.71 

AdaBoost 
Classifier 

0.5916 0.59 0.61 0.51 

SVC 0.7417 0.76 0.76 0.74 

Multinomial 
NB 

0.7207 0.73 0.73 0.70 

 
     V – VIII arsındaki tablolarda sırası ile SMOTE, 
ADASYN, ROS ve RUS iyileştirme yöntemleri sınıflandırma 
algoritmaları üzerinde çalıştırılmıştır. 
 

TABLO V. SMOTE İYİLEŞTİRME YÖNTEMİ İLE SINIFLADIRMA 
ALGORİTMALARI 

 
ALGORİTM

A 
BAŞAR

I 
ORANI 

KESİNLİ
K 

DUYARLILI
K 

F-
ÖLÇÜM

Ü 
Logistic 
Regression 

0.7056 0.71 0.71 0.71 

Linear SVC 0.7007 0.73 0.70 0.71 

Random 
Forest 
Classifier 

0.6716 0.68 0.69 0.68 

Decision Tree 0.5311 0.51 0.54 0.44 

Gradient 
Boosting 
Classifier 

0.7160 0.71 0.71 0.70 

AdaBoost 
Classifier 

0.5679 0.46 0.61 0.50 

SVC 0.7098 0.73 0.72 0.72 

Multinomial 
NB 

0.6977 0.72 0.71 0.72 

 
     TABLO VI. ADASYN İYİLEŞTİRME YÖNTEMİ İLE 

SINIFLADIRMA ALGORİTMALARI 
 

ALGORİTM
A 

BAŞAR
I 

ORANI 

KESİNLİ
K 

DUYARLILI
K 

F-
ÖLÇÜM

Ü 
Logistic 
Regression 

0.7028 0.71 0.70 0.70 

Linear SVC 0.6871 0.70 0.69 0.69 

Random 
Forest 
Classifier 

0.6466 0.66 0.66 0.64 

Decision Tree 0.5713 0.55 0.05 0.07 

Gradient 
Boosting 
Classifier 

0.6856 0.69 0.68 0.69 

AdaBoost 
Classifier 

0.5702 0.59 0.60 0.50 

SVC 0.6901 0.70 0.70 0.69 

Multinomial 
NB 

0.6704 0.68 0.69 0.68 

 

390



TABLO VII. ROS İYİLEŞTİRME YÖNTEMİ İLE SINIFLADIRMA 
ALGORİTMALARI 

 
ALGORİTM

A 
BAŞAR

I 
ORANI 

KESİNLİ
K 

DUYARLILI
K 

F-
ÖLÇÜM

Ü 
Logistic 
Regression 

0.7035 0.72 0.71 0.72 

Linear SVC 0.6948 0.71 0.70 0.71 

Random 
Forest 
Classifier 

0.6544 0.69 0.63 0.65 

Decision Tree 0.3807 0.64 0.22 0.21 

Gradient 
Boosting 
Classifier 

0.7141 0.73 0.72 0.72 

AdaBoost 
Classifier 

0.4348 0.69 0.46 0.46 

SVC 0.7086 0.73  0.72 0.72 

Multinomial 
NB 

0.6929 0.73 0.71 0.72 

 
 

TABLO VIII. RUS İYİLEŞTİRME YÖNTEMİ İLE SINIFLADIRMA 
ALGORİTMALARI 

 

 
     Elimizde ne kadar fazla sayıda veri olursa model o kadar 
iyi öğrenecektir, iyi öğrenmede beraberinde yüksek başarılar 
getirecektir. Fazla veri olması ise model başarımını 
arttırmanın yanı sıra ezberlemeyi (overfitting) de 
önleyecektir. Bir veri setinde test yapılırken, etiketlenmiş 
veriler eşit dağılım göstermeyebilir. Ancak sınıflandırma için 
kullanılan mevcut makine öğrenmesi algoritmaları bu veri 
setlerinde bulunan verilerin kategorilerinde eşit olarak 
dağıldığını varsaymaktadır.  
     Bu çalışmada kullanılan veri seti eşit dağılım 
göstermemektedir. İyileştirme yöntemleri olmadan 
çalıştırılan modellerin başarı oranları Tablo IV’ te görüldüğü 
gibi daha yüksektir ama model sınıf tahminleri bazında 
değerlendirildiğinde çok olan sınıfa eğilim gösterip yanlış 
tahminlerde bulunmuştur. Bu çalışmada veri setini 
iyileştirmek için dört farklı iyileştirme yönteminden 
faydalanılmıştır. Tablolardaki sonuçlardan da anlaşılacağı 
üzere iyileştirme yöntemlerinden SMOTE ve ROS, 
sınıflandırma algoritmaları üzerinde daha başarılı sonuçlar 
vermiştir. İyileştirme yöntemleri uygulandıktan sonra 
tahminlerin sınıf dağılımları incelendiğinde azınlık 
sınıflarının tahmin oranlarında artış gözlenmiştir ve model 
doğru sonuçlar ile tahmin yapmaya başlamıştır. Bundan 
dolayı model oluşturulurken veri setinde iyileştirme 

yöntemleri kullanılmıştır. Çalışılan veri seti sayısı kısıtlı 
olduğu için RUS yöntemi başarı oranını çok düşürmüştür ama 
başarının aksine çalışma zamanı olarak değerlendirme 
yapılırsa RUS yöntemi ile çalıştırılmış model, diğer 
modellere göre çok daha hızlı çalışmıştır. Doğruluk oranını 
düşürdüğü için tercih edilmemiştir. ROS ve ADASYN 
yöntemleri de SMOTE yöntemine yakın başarı oranı 
sağlamışlardır ama örnekleri çoğaltma tekniğinden dolayı bu 
projede “SMOTE” yöntemi, sınıflandırma algoritmalarından 
ise “Gradient Boosting Classifier” algoritması yaklaşık 
“%72’lik” başarı oranı ile tercih edilmiştir. 
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ALGORİTM
A 

BAŞAR
I 

ORANI 

KESİNLİ
K 

DUYARLILI
K 

F-
ÖLÇÜM

Ü 
Logistic 
Regression 

0.4830 0.66 0.50 0.55 

Linear SVC 0.6948 0.71 0.70 0.71 
Random 
Forest 
Classifier 

0.4575 0.62 0.47 0.52 

Decision Tree 0.3726 0.54 0.25 0.12 
Gradient 
Boosting 
Classifier 

0.4499 0.62 0.46 0.50 

AdaBoost 
Classifier 

0.3936 0.56 0.42 0.44 

SVC 0.5362 0.67 0.60 0.61 
Multinomial 
NB 

0.4598 0.69 0.47 0.51 
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Abstract— Quantum computers are seen as the next 
generation computing technique with the processing power 
potential they have. However, currently, quantum computers are 
limited in terms of hardware and algorithmic capabilities. In this 
study, quantum-inspired methods which are formed by 
combining quantum computation techniques with classical 
algorithms are focused on. It has been emphasized in many 
studies that quantum-inspired methods provide advantages 
especially for metaheuristic methods. Different from them, in this 
study, the performance of population-based quantum-inspired 
methods are compared. The paper focuses on solving the same 
optimization problem by using quantum-inspired versions of the 
population-based optimization algorithms such as evolutionary 
algorithm, genetic algorithm, and differential evolution 
algorithm. The experimental results show that, while Quantum-
inspired Evolutionary Algorithm is better at global search, 
Quantum-inspired Differential Evolution Algorithm is better at 
local search and more accurate results. 

Keywords—quantum-inspired, optimization, evolutionary, 

genetic, differential evolution.  

 

I. INTRODUCTION  

Quantum computing and quantum computers have been 
hoped for many applications due to the processing power they 
provide [1]. Quantum processors basically consist of 
completely different structure compared to classical 
processors. In fact, instead of the logic gates used to create 
classical circuits, q-gates called quantum gates are used [2]. 
This differentiation in the basis requires different algorithmic 
approaches. Since the hardware and algorithmic capabilities 
are insufficient, the current use of quantum computers is 
limited. However, currently, quantum-inspired algorithms 
aimed at adapting quantum computing terms and approaches 
to classical computers are popular [3]. 

On the other hand, there is a search for alternative 
solutions for problems that require more processing power. 
Meta-heuristic methods are the methods used to obtain 
approximate solutions in a reasonable time when it is not 
possible to reach a solution in polynomial time [4]. Although 
there are many population-based meta-heuristic optimization 
methods inspired by different occurrences, Evolutionary 
Algorithm (EA), Genetic Algorithm (GA), Differential 
Evolution Algorithm (DE), Immune Evolution (IE), and 
Particle Swarm Optimization (PSO) are the most widely used 
among them [5-10]. Quantum-inspired versions of the 
algorithms, which are called QEA, QGA, QDE, QIE, QPSO, 
have emerged as a result of the reinterpretation of these 
algorithms with concepts such as superposition and 
entanglement in quantum calculation [11]. In most of the 
studies related to this subject, it is emphasized that more 

qualified solutions in terms of the speed of approaching the 
solution and the quality of the solution are obtained by 
applying quantum techniques to classical algorithms and the 
methods [12-18]. 

Numerous studies have been conducted on quantum-
inspired in recent years. It is reported in a study that QEA is 
superior in terms of loss of diversity, scalability, solution 
quality, and robustness to fitness noise. It has also been 
reported as the advantages of QEA that dynamically achieving 
the appropriate speed for smooth and robust learning and 
overcoming more complex distributions to produce more 
effective results for QEA [12]. In another study about the 
subject, QEA is used to solve 3-sat problems. In the study, 
quantum gate which will update the population were 
determined by adaptively rather than fixed [13]. In one of the 
studies on GA, the QGA and GA is used to solve the traveling 
salesman problem and it is concluded that QGA is superior to 
classical GA in small domains. In the tables given, it is seen 
that QGA is reached a solution in a time that needs less 
number of iteration than GA about 1/3 times [14]. Similarly, 
in one of the studies, QGA is chosen as the optimization 
method for extracting information from the web [15]. In 
another study, it has been proved that more effective results 
are obtained for the knapsack problem than QEA by adaptive 
QDE [16]. In one of the studies related to the immune clonal 
algorithm, the antibodies are represented by quantum bits and 
the update of the genes was performed with quantum gates. 
The method that communicates between them by running 
subpopulations has been shown to be superior in the 
benchmark problems [17].  

Comparative studies in the literature have generally 
focused on comparing the original state of the algorithms with 
the quantum-inspired states. When the studies are summarized 
in general, it is concluded that quantum-inspired methods are 
advantageous in terms of approach speed and solution quality. 
In this study, the performances of quantum-inspired 
algorithms are compared among themselves. The rest of the 
study examined the methods used and the performance of 
these methods on the benchmark problem. 

II. MATERIAL AND METHODS 

In population-based algorithms, there are individuals who 
represent the solution. Population is formed by the gathering 
of these individuals. In population-based algorithms, one or 
more individuals from the population are generally selected, 
the relevant procedures are applied to these individuals and 
the resulting individuals are reintroduced into the population. 
The general structure of population-based optimization 
algorithms is given in the fig. 1. 
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Fig. 1. Population based optimization algorithms [12-18]. 
 
Population-based algorithms aim to search for solutions 

in a distributed manner in search space. For this reason, the 
appropriate selection of the population size and homogeneous 
distribution of the initial population reduces the likelihood of 
population-based algorithms being stuck into local optimums 
[18]. However, in population-based algorithms, the variation 
within the population can easily be lost as solutions tend to 
approach the best solution. This results in the similarity of 
individuals to the best result. However, in this case, the 
parameters should be chosen well in population-based 
algorithms since the probability of being stuck to local 
optimums increases. In the following section, quantum-
inspired versions obtained by quantum interpretation of 
population-based methods such as QEA, QGA, and QDE are 
explained. 

Optimization methods are reinterpreted based on 
quantum calculation methods and terms. These methods 
generally represent individuals who are candidates for 
solutions in classical algorithms with qubits instead of bits 
[19]. Therefore, the operations to be carried out with qubits 
are realized through quantum gates. Qubits are the smallest 
building blocks in the quantum calculation and are used to 
express the status of the electron position. In the quantum 
calculation, the spin direction is not known until a particle is 
observed. When observed, this direction is 0 or 1. The 
mathematical expression of this is indicated by bra-ket 
notation [20]. The bra-ket (Dirac) notation is given by (1). 

|�⟩ =  
⎣⎢
⎢⎢
⎡	
	�	�⋮	�⎦⎥

⎥⎥
⎤
       →       |0⟩ =  �10�,   |1⟩ =  �01�          (1) 

|�⟩ = ��.|0⟩ + �
.|1⟩  
��� + �
� = 1 

(2) 

 

Since there are 0 and 1 states in the expression of the 
qubits, the equation in (1) continues up to n = 2. Intermediate 
probabilities are represented by the equation given in 2. It 
should be noted that the sum of the squares of probabilities 
must be 1. When Qubit is observed, it takes the value 
mathematically 0 or 1 within this probability. Single qubit 
quantum gates consist of 2x2 matrix. These gates, which are 
mainly used to change the electron spin direction, must take 
the value of (3) to convert the spin direction of an electron by 
an angle of θ. The realization of the transaction is given in (4). 

��θ� =  �cos �θ� −sin �θ�sin �θ� cos �θ� &                                            (3) 

|�′⟩ =  ��θ� ∗ |�⟩                                                       (4) 
 

 Quantum-inspired algorithms basically use q-gate to 
update the solution by making solution presentation with 
qubits. The general block diagram of population-based q-
inspired algorithms is given in the figure. This section 
continues with the explanation of q-inspired population-based 
algorithms. 

Initialize Q(n)

Compute P(n) using Q(n)

Evaluate P(n) and store the best solution among P(n)

n = 0

Has stopping criteria 

been met ?

Compute P(n) using Q(n-1)

Operate Special Operator

n = n+1

Evaluate P(n) and store the best solution among P(n)

Update Q(n) using quantum gates U(t)

stop
Yes

No

 

Fig. 2. General block diagram for population-based 
evolutionary q-inspired algorithms [12-18]. 

A. Quantum-Inspired Evoluation Algorithm (QEA) 

It is a method which is produced by blending EA and QC. 
As in the classical EA, it has been the starting point for many 
optimization methods. Individuals are created in this method 
that tries to reach the result by imitating the natural selection 
process of the evolutionary development process. 
Subsequently, the individuals formed are treated with 
quantum gates to differentiate and good individuals are kept 
in the population while weak individuals are eliminated [21]. 
This process continues a certain iteration depending on the 
stopping criteria. The result is the best individual solution 
offered to the user. In QEA, unlike EA, mutation operator is 
performed through quantum gates. Therefore, individuals are 
not represented by bits but by qubits. 

Sub-populations are created to implement the natural 
selection process in Q-inspired evolutionary algorithms. 
Good solutions -quality individuals- in each population 
continue to exist. Weak individuals are eliminated. This event 
is expressed by the migrate command. The block diagram of 
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this process is given in the fig. 3, where B is the global 
population, B1, B2...Bn are sub-populations. 
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Fig. 3. Sub-populations in evolutionary algorithms [22]. 
 
The migration operation is actualized like in (5). Pseudo 

code of the QEA process is given by table 1, where Q is qubit 
based population, P is collapsed population. 

 )*+,-.+� = )/0123�)
� , )�� , )�� , … )6��                           (5) 

 
Table 1.   Pseudo code of q-inspired evolutionary algorithm [22]. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

n       = 0 7�    = createInitalQValues(N) 8�    = calculatePValues(7�) 
costs = calculateCosts(8�)  8�    = orderByCosts(8�, costs)  )�    = [8��1: 0� )��0 + 1: :�] 
 
while (the stopping condition is not met) 
   n = n+1; 
   8�    = calculatePValues(7�;
) 
   costs = calculateCosts(8�)  
   8�    = orderByCosts(8�, costs)     )�    = [8��1: 0� )�;
�0 + 1: :�] 
   update(7�, QGates); 
   b = best()�); 
   if(migration-condition)  
       migrate (b) 
   end 
end 

 

B. Quantum-Inspired Genetic Algorithm (QGA) 

One of the most popular evolutionary algorithms is GA. 
The use of Qubits in GA has resulted in the QGA version. 
QGA is very similar to QEA. In addition to QEA, mutation 
and crossover processes that mimic human genetics are used 
to obtain new individuals. Genes are created in the qubit 
structure to represent the quantum solution [23]. The 
expression of a qubit in the classical computing environment 
is given by (1) and (2). Therefore, the gene structure for a 
solution of n qubit will be as shown in the fig. 4. 
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Fig. 4. Example qubit gene representation [24]. 

Genetic algorithm operators, which are crossover and 
mutation, will occur through this gene. The crossover and 
mutation operations to be performed in QGA are shown in the 
fig. 5. It should be noted that the sum of the squares of the 

states, which represent the probability of 0 or 1, must be equal 
to 1. Therefore, qubit should be considered as a whole in the 
transactions [25]. Although there are two types of mutation 
operators, which are swap mutation and inversion mutation, 
there are single-point, 2-point, multi-point and quantum-
inference crossover operations in QGA [24]. Mutation and 
crossover operations are demonstrated by fig. 5, and fig. 6 
respectively.  
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Fig. 5. Mutation operators on qubit based gene [24]. 
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Fig. 6. 2-point crossover operators on qubit based gene [24]. 

C. Quantum-Inspired Differential Evoluation Algorithm 

(QDEA) 

The difference of QDEA from QGA is similar to that of 
classical DE algorithm from GA algorithm. The main 
difference in the differential evolution algorithm is the 
considering of more than one good gene at certain rates during 
the crossover and mutation processes [26,27]. Mutation and 
crossover operations are given by (6) and (7) respectively.  

 7<� =  7=
�;
 + >�7=��;
 − 7=��;
� ?1 ≠ ?2 ≠ ?3 ≠ C ,   > = ?DEF�0.9, 0.0375� 
(6) 

 

7<J� = K7<J�               , ?DEF ≤ MN
7<J�;
          , ?DEF > MN 

MN = ?DEF�0.6, 0.0375� 

(7) 

 

III. EXPERIMENTAL RESULTS 

In order to test the performance of algorithms, the 
knapsack problem, which is often used in benchmark 
problems, was preferred [28,29]. Since the large-scale 
knapsack problem cannot be solved in polynomial time, 
optimum solutions are sought with optimization methods. 
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There are bags and loads in knapsack problem basically. The 
bags have capacities. The aim of the problem is to allocate 
these loads by using the bags in the most efficient way [30]. 
The objective function that should be maximized in 
optimization problems and the constraint of the knapsack 
problem are given by (8) and (9), where QJ is profit of item j, RJ  weight of item j, c is capacity of knapsack. The aim of the 

problem is maximizing (8). 

S QJTJ
�

JU

       (8) 

S RJTJ  ≤ �
�

JU

       (9) 

In this study, windows 10 computer with intel i7 7200M 
processor and 12 GB ram is used. The tests were performed 
through MATLAB 2018b. For the methods, a random 
knapsack problem was first constructed. Then all methods 
were applied on the same problem. The parameters used to 
construct the algorithms are 1 for QEA mutation and 0.01 for 
QGA and QDEA mutations. The crossover probability is 
selected as 0.6, and the population size as 20. Each of the 
methods was run 1000 times and the cost reduction graph is 
averaged. The cost graph is drawn only on the best individual 
cost calculation. The cost-iteration graph of the relevant 
algorithms is given in the fig. 7. The average elapsed time of 
the algorithms, which are calculated after 1000 run, is 
calculated and given in Table 2. As it can be seen in Table 2, 
it is seen that the methods with a fixed iteration number at 
1000 do not cost much in terms of calculation times.  

 

 
Fig.7. Cost reduction chart for QGA, QEA, and QDEA. 

 
Table 2. Average elapsed times for used methods 

 Average Elapsed times (sec) 

QEA 0.14 

QGA 0.21 

QDEA 0.23 

 
     When the chart in Figure 7 is examined, it is seen that 
QEA performs faster convergence along with the first 20 
iterations. The QGA and QDEA graphs show a relatively 
slow but stable convergence to QEA. Although QGA is better 
in terms of convergence rate than QDEA, QDEA is more 
effective in long-term maintenance of approaching full 
solution. On the other hand, considering the time 
comparisons in table 2, all of them take place in a similar and 

reasonable time. Therefore, it is often possible to reach a 
more accurate solution with QDEA if iteration number is not 
a problem. For real-time applications, a lower number of 
iterations can be used instead of 1000, which is the calculated 
value of times, or an early exit condition can be added. In this 
case, QEA may be preferred if the number of iterations is very 
low, while QGA or QDEA may be preferred for high 
iterations. 
    The performances of the 3 algorithms for the problem 
created for the evaluation are examined. It is seen that 
improvements are obtained between approximately 20% and 
25% considering that the random best solution is initially 500. 
It should be noted that the solution is obtained in a short time 
and with a small population size. For larger problems, a larger 
population size can be selected. The size of the selected 
population can lead to an increase in time, but it can lead to 
better results. As a result, the chart shows that the 3 methods 
have different convergence characteristics. And which of 
these methods can be used may change depending on the 
problem. In summarization, In the tests performed, the 
default parameter values in evolutionary algorithms are used. 
The effects of the change of these values on the method can 
be observed and the methods can be expected to give better 
results by changing parameters. However, in this study, it is 
seen that QDEA gives more accurate results with default 
parameters.  

IV. CONCLUSIONS 

Quantum computers, which are in their infancy, are seen 
as new generation computers in the near future. Nowadays, 
studies are carried out to eliminate the hardware limitations of 
quantum computers. However, since quantum computers are 
fundamentally different from conventional computers, such as 
circuit gates, new algorithmic approaches are required for 
these computers. Due to these two limitations, we cannot use 
the computing power of quantum computers in today's 
conditions. However, the advantages of classical algorithms 
can be provided by combining the concepts in quantum 
calculation with classical algorithms. These advantages have 
been demonstrated by various studies in the literature. The 
adaptation of quantum terms to classical algorithms is not only 
an advantage for the solution, but also serves as an example 
for the real quantum version of these algorithms. Therefore, 
studies in this sense are twice as valuable. 

In this study, QEA, QGA and QDEA methods, which are 
commonly used among population-based evolutionary 
Quantum-inspired optimization techniques, are tested on 
knapsack problem. As a result of the tests performed, the 
convergence rate of QEA in the early iterations is superior to 
other methods. This signals that QEA may be advantageous in 
global search. On the other hand, as the number of iterations 
increases, QEA results are worse than other methods. In other 
words, it is seen that the results obtained by QGEA and QDEA 
methods are more accurate if iteration number increases. 
While the measured elapsed times are reasonable for many 
applications, the number of iterations can be controlled for 
real-time applications by early exit condition or limitation. In 
these cases, depending on the desired realization time, 
methods are tested. It is important to choose the method that 
gives the best results. Future studies are intended to test the 
performance of these methods on a real-time application. 
Furthermore, the effect of parameters on the performance of 
the methods can be considered as a different study topic. 
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Abstract—Scientific papers are mostly performed by 

collaboration between research groups. Researchers work in 
various subjects and in several research areas. Therefore, 
identifying a strong research group is a quite complex task. To 
cope with this complex task, we propose a network-based 
method that predicts the best appropriate collaborations for 
researchers in a co-authorship network. In this paper, we have 
constructed a weighted co-authorship network by using a real 
database of scientific papers. Almost all of the methods in this 
area use the unweighted network model. But, weighted 
networks are particularly important when representing the 
network-based properties. The constructed network consists of 
nodes and links which represent respectively authors and their 
collaborations. In these networks, if two researchers are the 
common authors in the same paper, they are considered 
connected. Typically, the link weights represent the number of 
papers that two authors have made collaboratively. We also use 
local -based algorithms to calculate the betweenness and 
closeness of the authors in this paper. The experimental results 
demonstrate the success of the proposed method. 

Keywords—Collaboration recommendations, Co-authorship 
networks, Link Prediction,  theory 

I. INTRODUCTION 

Social networks have been attracted the attention of 
many researchers and academicians in these days. There are 
nodes and links in social networks [1]. While nodes represent 
people or groups, links represent relationships between two 
nodes.  

Social networks inherently have a very complex and 
dynamic construction. New links and entities are visible or 
disappear over time within the network. This makes them 
dynamic and complex systems to a large extent. Link 
prediction is an effective mathematical tool for analyzing the 
uncertainty and potential relation between non-adjacent 
nodes in complex networks [2]. Link prediction can be 
implemented for many different purposes in many important 
fields. For example, research is being conducted in a wide 
variety of areas not limited to network science such as 
bibliographic area [3], biology analysis [4], referral systems 
and other hot areas. Additionally, recommender systems are 
the other popular tool of . The recommender systems 
have been used to recommend personalized 
recommendations for users. Thanks to these systems, the 
most appropriate recommendations have been extracted in 
minimum time complexity [5]. 

In this paper, we have proposed a network-based method 
that predicts the best appropriate collaborations for 
researchers and academicians. In the proposed approach, we 
have performed the experiments on a weighted network 
model instead of using unweighted network model. Thanks 
to this network model, we have analyzed the structural 
topological features of the network more effectively. Also, 
we use local -based algorithms ( , , , ) to 
calculate the betweenness and closeness of the authors in this 
paper. 	 ℎ  takes into consideration both the common 
neighbors of node pairs and the relationships that observed 
between these common neighbors [1]. 

 

II. RELATED WORKS 

Link prediction is the process of predicting new 
connections by examining existing connections in the given 
social network. Recently, the link prediction approach has 
attracted the attention of many researchers and academicians 
who studied in information science [6]. The researchers 
firstly proposed the stochastic models based on Markov 
chains [7-9] and probabilistic models [10]. They 
subsequently proposed the multiple network structures [11-
13]. The conducted studies that use the topological features 
of the network structure have gained best performances. So, 
the researchers focused on the local conditional probability 
models using both of these methods [14]. Liben-Nowell et al. 
[5] examined the link prediction problem and various 
similarity criteria.  

The proximity measure extensively used for link 
prediction in social networks in literature can be categorized 
as the semantic or topological based measures. For example, 
in the author-collaboration network with the similarities in 
the keywords of the articles, future interactions among the 
authors may be predicted [15]. Unlike semantic measures, 
topological measures only consider the network structure and 
ignore the information about nodes. For example, the 
common neighbors of the nodes can be used in these 
measures. Because of the structure of network have been used 
in topological measures, they are more used than semantic 
measures [16]. 

There are many different proximity measure algorithms 
in the literature. These algorithms are used to calculate the 
similarity between two nodes. Most of these methods are 
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based on the topological features of the networks such as 
neighborhood. The neighborhood-based proximity measure 
algorithms consider the neighbors of node pairs. For these 
measure, the greater the number of common neighbors 
between nodes, the higher the probability of connection 
between them.  (Common Neighbors),  (Preferential 
Attachment),  (Adamic–Adar) and  (Jaccard’s 
Coefficient) are the most popular neighborhood-based 
algorithms [16, 17]. Differently from these proximity 
measure algorithms, Cannistraci et al. [18] proposed the  
( 	 	 ) theory. 	 ℎ  takes 
into consideration both the common neighbors of node pairs 
and the relationships that observed between these common 
neighbors [1]. According to this paradigm, node pairs have 
more probability to be connected if their common neighbors 
have a strong local community [19]. With the success of  
theory, some classic neighborhood-based proximity measure 
algorithms were redefined by  theory [18,19]. 

 

III. THE PROPOSED APPROACH 

The performed experiments and their results are detailed in 
this section. In the proposed approach, firstly the potential 
collaborations are predicted from the weighted co-authorship 
network. Instead of taking into account the non-existing links 
as potential collaboration, we take into account the non-
existing links between similar authors which have common 
neighbors. Secondly, -based algorithms were used to 
calculate the  (Potential Collaboration 
Recommendations). 

 

A. Predicting the  (Potential Collaboration 
Recommendations ) 

 
The weighted co-authorship network was constructed by 
using a real-world bibliographical dataset. The constructed 
social network is represented by = ( , ). In this network 
model,  is node-set that represents the author nodes,  is 
edge set that represents the links between authors [19]. Also, 
each edge between nodes has a weight that represents the 
betweenness of node pairs. In these networks, if two 
researchers are the common authors in the same paper, they 
are considered connected. Typically, the link weights 
represent the number of papers that two authors have made 
collaboratively. The number of common papers is used as 
edge weight in this constructed network. 

 

author1

author2

author4

author5

author7

author8

author6

 
 

Fig. 1.  A weighted co-authorship network 

 
In the proposed method, the weighted co-authorship 

network is partitioned into train and test network. While the 
train network is used to predicting collaboration relationships, 
the test network is used to demonstrating the success of the 
proposed method. 

The = ( , ) constructed network, = { , , … , } 
and = { , , … , }, each edge 	 = 	 { , , , } ,  
represents the weight of  and  node pairs. For each node 

 in  node set ( = {1,2, … , }), Г( ) represents the 
neighbors of the  in .  represents the neighbors of  
node. The neighbors of this node are considered the similar 
authors to  author in co-authorship network. To predicting 

 (Potential Collaboration Relationships), we used the 
neighbors of the similar nodes of  node. For this purpose, 
the following equation is used in the proposed method: 

 
 	 = \Г( )                                              (1) 
 

B.  ( - - ) Based Indexes 

The  ( 	 	 ) theory takes 
into consideration both the common neighbors of node pairs 
and the relationships that observed between these common 
neighbors [1]. 

According to this paradigm, node pairs have more 
probability to be connected if their common neighbors have 
a strong local community [19]. With the success of  
theory, some classic neighborhood-based proximity measure 
algorithms ( , ,  etc.) were redefined by  theory 
[18,19]. The details of the redefined indexes are given in 
Table-1. 
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TABLE I.  THE DETAILS OF LCP-BASED INDEXES ( ) is the sub-set of neighbors  that are also common neighbors 
of  and , | ( )| is the local community degree of  and 
corresponds to the number of  that originate from  in social 
network = ( , ). ( ), ( ) is respectively the neighbors of  
ve  node in the  social  network. 
 

 

IV. EXPERIMENTAL RESULTS 

We used a real-world dataset to perform the experiments. 
In this section of the paper, we first give details of our real-
world dataset. Then, we evaluate the performance of the 
proposed method. 

In this paper to perform the experiments, we constructed 
a weighted co-authorship network. To construct this network, 
we use a real-world bibliographical dataset. We collected this 
dataset from IEEE Xplorer online library server. There are 
18,616 papers that published at computer science 
conferences between 2000 2012	years in the collected 
dataset. The collected dataset was a complex dataset. So that, 
we filtered the weak authors that has one paper.   

 
 
 

After the filtering, 35,978 authors and 27,731 collaboration 
links remained. To test the proposed approach, the weighted 
co-authorship network is partitioned into train (2000 to 2007) 
and test (2008-2012) network. 
 

A. Evaluation results 

To evaluate the performed experiments, we use the 
 evaluation metric [20]. This evaluation metric 

uses the correctly predicted links to Top-  potential links set.  
 
Precision: To evaluate the quality of a link prediction 
algorithm, after the calculated link scores are sorted, it is 
taken into account for the  link in which the m link 
belonging to the test cluster exists. Thus, the precision is 
defined as follows: 
 
 =  

 
Fig. 2 shows the precision performances of the -

based proximity measure algorithms. The  based  
index achieved the best prediction performances. As can be 
seen from Fig.2, the  and  indexes which respectively 
modificated from Jaccard and Adamic-Adar classical 
neighborhood-based measures by  theory have more 
prediction quality than classic  (local-community) index. 
Thanks to the  theory takes into consideration both the 
common neighbors of node pairs and the relationships that 
observed between these common neighbors, -based 
indexes have gained the best prediction results. 

 
 
 
 
 
 

 
 

Fig. 2.  The precision performance scores of LCP-based algorithms on co-authorship network 
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V. CONCLUSION 

In this paper, we have proposed a network-based method 
that predicts the best appropriate collaborations for 
researchers in a co-authorship network using real academic 
knowledge data to researchers. Thanks to this proposed 
method, instead of taking into account the non-existing links 
as potential collaboration, we take into account the non-
existing links between similar authors that have common 
neighbors. In this way, the set of potential collaborations 
becomes smaller and better quality predictions are made. We 
have performed the experiments on the weighted network 
model instead of using the unweighted network model. 
Thanks to this network model, we have analyzed the 
structural topological features of the network more 
effectively. Also, we use local -based algorithms to calculate 
the betweenness and closeness of the authors in this paper.  	 ℎ  takes into consideration both the common 
neighbors of node pairs and the relationships that observed 
between these common neighbors [1]. 

We tested the proposed method by using a real-world 
dataset. To evaluate the performed experiments, we use two 
different evaluation metrics such as and (Area Under 
Precision-Recall Curve). 

The experimental results demonstrate the success of the 
proposed method. In the future, we plan to apply our method 
to directed bipartite networks. 
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Öz— Veri madenciliği büyük veri setlerinde gizli olan ilginç 
ve değerli bilginin keşfedilmesidir. Her geçen gün kullanım alanı 
genişleyen veri madenciliği, alışveriş sektöründe de yaygın 
olarak kullanılmaktadır. Bu makalede, alışveriş alışkanlıkları 
ile ilgili bir veri toplama formu hazırlanarak bireylere 
uygulanmış ve bir veri seti elde edilmiştir. Elde edilen bu 
verilere daha sonra veri madenciliği teknikleri uygulanarak 
analiz edilmiştir. Böylece kişilerin paralarını ne tür ürünlere 
harcadığı, cinsiyetine göre para biriktirme eğilimleri ve 
alışverişte nelere önem verdiği tespit edilmeye çalışılmıştır. Bu 
çalışmada, literatürde yaygın olarak kullanılan sınıflandırma 
algoritmaları kullanılmış ve sonuç olarak J48, Naive Bayes, 
SMO ve Rastgele Orman sınıflandırma algoritmalarının en 
yüksek başarımı veren algoritmalar olduğu görülmüştür. Elde 
edilen sonuçlar, cinsiyetin ve mesleki durum bilgisinin alışveriş 
oranını etkilediğini ve cinsiyete göre alışverişe ayrılan bütçenin 
değişiklik gösterdiğini ortaya çıkarmıştır. Ayrıca, eğitim 
durumu ve yaşanılan yerin başarıyı etkilemediği sonuçları da 
ortaya çıkmıştır.   

Anahtar Kelimeler—Naïve Bayes, J48 algoritması, SMO, 
Sınıflandırma, Veri madenciliği 

Abstract — Data mining is the discovery of interesting and 
valuable information hidden in large data sets. Data mining, 
whose usage area is expanding day by day, is also widely used in 
the shopping sector. In this paper, a data collection form related 
to shopping habits was prepared and applied to individuals and 
a data set was obtained. The data obtained from this form were 
analyzed using data mining techniques. Thus, it was tried to 
determine what kinds of products people spend their money, 
tendency to save money according to gender and what they 
attach importance to shopping. In this study, many classification 
algorithms were used and as a result, J48, Naive Bayes, SMO 
and Random Forest classification algorithms were found to be 
the highest performing algorithms. The results revealed that 
gender and occupational knowledge affect the shopping rate and 
that the budget allocated to shopping varies according to 
gender. In addition, it was observed that the educational status 
and place of residence did not affect shopping tendency. 

Keywords — Naïve Bayes, J48 Algorithm, SMO, 
Classification, Data Mining 

I. GİRİŞ 

Ürün satın almak olarak da tanımlanan alışveriş, insanların 
tarihsel gelişimi boyunca mal veya hizmetleri elde etmek için 
karşılıklı olarak bir yarar sonucunda değiş tokuş yapması ile 
başlayan günümüzde ise para ile satın almaya dönüşen bir tür 
eylemdir. Alışveriş her insana göre farklı anlamlar taşıyabilir. 

Alışveriş bir ödül, terapi, evden çıkma bahanesi, oyalanma, 
eğlence, eğitim ve vakit öldürme aracı olarak görülebilir.  

     Günümüzde alışveriş ihtiyaçtan çok, duygusal 
dürtülerle, beğeni ve kişisel tatminler ile yapılmaya 
başlanmıştır. İnsanlar mağazalara sadece ürün satın almak için 
değil, sosyalleşmek, statü göstermek ve psikolojik rahatlama 
yaşamak amacıyla gitmektedir. Kullanıcıların bir ürünü 
almasını sağlayan farklı duygu ve düşünceler vardır ve bu 
sebep ile alınan her ürünün farklı bir manası vardır. 
Geleneksel anlamda, kişilerin cinsiyete bağlı olarak 
ürünlerden haz almasını sağlayan unsurlar vardır. Örnek 
olarak duyuların tatmini, korunma, iyi vakit geçirme, başarılı 
olma, yeni deneyimler kazanma, modaya uyma, farklı olma, 
saygınlık kazanma, ekonomiklik, sağlıklı olma, beğenilme 
gibi örnekler verilebilir. 

 Büyük ölçekli verilerin analizinin yapılmasını 
sağlayan veri madenciliği değerli olan bilginin ortaya 
çıkarılması işlemi olarak tanımlanmaktadır. Bu analizlerde 
geleceğe yönelik tahminler yapılabileceği gibi, veriler arası 
ilişkiler de ortaya çıkarılabilir. Yani veri madenciliği, verilere 
belirli yöntemler uygulanarak verilerin anlaşılabilir bir şekilde 
özetlenmesi imkânı sunmaktadır. Karar verme sürecinde 
destek sağlaması sebebi ile kurumlarda, önemli ve etkili bir 
yere sahip olduğunu söylemek mümkündür [1]. 

 Veriden bilgi keşfi yapılmasını sağlayan veri madenciliği, 
günümüzde yaygın kullanım alanına sahiptir. Karar verme 
sürecine ihtiyaç duyulan ve veri miktarının fazla olduğu 
birçok alanda kullanılmaktadır. Bu alanlar finans, biyoloji, 
pazarlama, sigortacılık, bankacılık, perakendecilik, 
telekomünikasyon, genetik, borsa, sağlık, bilim ve 
mühendislik, endüstri ve istihbarat olmak üzere sıralanabilir 
[2].  

Bardak vd., insanların mobilya alışverişi yaparken mağaza 
mı sanal mağaza mı tercih ettikleri incelemişlerdir. Sanal 
mağaza tercihlerinde etkili olan faktörleri veri madenciliği 
algoritmaları ile analiz etmişlerdir. Apriori uygulaması 
kullanmışlardır ve mağazadan yapılan alımların günümüzde 
de %87,1 oranında olduğu sonucuna ulaşmışlardır  [3]. Emel 
ve Taşkın perakende satış yapan bir işletmenin müşterilerine 
göre satış hareketlerinin yer aldığı bir veri tabanı üzerinde 
CART karar ağacı yöntemini uygulamıştır. Böylece işletmeye 
müşteri portföyüne göre satış başarımını arttırabilecekleri 
çıkarımlar sunulmuştur [4]. Keçeci vd., son yıllarda popüler 
olan doğrudan pazarlama sürecini veri madenciliği yöntemleri 
uygulayarak incelemişlerdir. Turizm sektörüne ait bir 
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firmanın kampanyalar ile ilgili veri setine Yapay Sinir Ağları, 
Naive Bayes, Rassal Orman tekniklerini uygulamışlardır [5]. 
Kaneko ve Yada müşteri mağaza içi hareketlerinin satın alma 
davranışlarına etkilerini inceleyen bir model önermişlerdir. 
Çalışmalarında fraktal boyutu ortaya koymuş ve böylece, 
müşteri mağaza içi hareketlerinin karmaşıklığının satın alma 
davranışı üzerindeki etkilerini nicel olarak değerlendirmeyi 
başarmışlardır [6]. Jin vd., Pazar odaklı tasarım için etkili olan 
büyük tüketici verilerini anlamlı hale getirmek için bir çalışma 
yapmışlardır. Tüketicilerin eğilimlerini tahmin etmek için 
Kalman filtre yöntemini ve ürünleri karşılaştırmak için Bayes 
yöntemini kullanmışlardır [7]. 

 Yapılan çalışmalarda tüketici davranışları, ürün satışlarını 
arttırma konuları incelenmiştir. İnsanların alışveriş yapma 
alışkanlıkları cinsiyetine, aylık gelirine göre farklılık 
oluşturabileceğinden bahsetmek mümkündür.  

Bu çalışmada, cinsiyete ve mesleki duruma göre 
farklılaşan alışveriş alışkanlığını belirlemek amacıyla 
tanımlayıcı ve kesitsel olarak bir veri formu hazırlanıp 
uygulanmıştır. Bu formdan elde edilen bilgilere veri 
madenciliği sınıflandırma teknikleri uygulanarak elde edilen 
sonuçlara yer verilmiştir. 

II. MATERYAL VE METOD 

A. Veri Seti 
Bu çalışmada araştırmaya katılmayı kabul eden kişilere 

yöneltilmiş, anket sorularından toplanan verilerle oluşturulan 
bir veri seti kullanılmıştır. Google formlar üzerinden yapılmış 
olan anket ile elde edilen veri seti, farklı yaş gruplarından 
oluşan 353 kişiye uygulanmıştır. Algoritmayı uygulamadan 
önce veri setinde eksik veri olduğundan herhangi bir 
tutarsızlıkla karşılaşmamak için veri madenciliği 
süreçlerinden olan veri temizleme aşaması uygulanmıştır. 
Veri setinde   %2 oranında eksik veri tespit edilmiş ve eksik 
veri içeren kayıtlar veri setinden temizlenmiştir. Veri toplama 
formunu cevaplayan kişilerin %60.2’si kadın %39.8’i ise 
erkeklerden oluşmaktadır. Bu kişilere 14 sorudan oluşan bir 
veri toplama formu uygulanmıştır. Elde edilen verilere ait 
bilgiler Tablo 1’de gösterilmiştir. 

 

 

TABLO I. VERİ SETİ ÖZNİTELİK BİLGİSİ

Öznitelik Bilgisi 
1 Cinsiyetiniz nedir? Kadın, Erkek 
2 Hangi yaş aralığındasınız? 20 yaş altı, 20-25, 25-30, 25-30, 30-40, 40 yaş üzeri 
3 Eğitim Durumunuz? İlkokul, Ortaokul, Lise, Üniversite 
4 Mesleki durumunuz nedir? Çalışıyor, Çalışmıyor 
5 Yaşadığınız yer? İlçe, Köy, Şehir Merkezi 
6 Aylık geliriniz ne kadar? 500-1000 TL, 1000-2000 TL, 2000-3000 TL, 3000-   

4000 TL, 4000 TL üzeri 
7 Alışveriş yapmayı seviyor musunuz? Evet, Hayır 
8 İnternetten alışveriş yapıyor musunuz? Evet, Hayır 
9 Alışverişte bütçenizi en çok neye ayırırsınız? Elektronik, Ev gereçleri, Giyim- Bakım, Kırtasiye 

ürünleri, Yeme-içme 
10 Aylık alışveriş gideriniz ne kadardır? 0-200 TL, 200-400 TL, 400-600 TL, 600-800 TL, 800-

1000, 1000 TL ve üstü 
11 Alışverişte ödemelerinizi nasıl yaparsınız? Peşin, Kredi Kartı 

      12 Alışverişe gittiğinizde aşağıdaki durumlardan hangisi sizin 
için geçerlidir? 

Almaya gittiğim ürünü alırım. 
Almaya gittiğim ürünü ve indirimdeki ilgimi çeken 
ürünü alırım, 
Almaya gittiğim ürünü ve o an görüp beğendiğim 
ürünleri alırım. 
Bazen almaya gittiğim ürünü almak yerine başka bir 
urunu alırım. 

13 Para biriktirebiliyor musunuz? Evet, Hayır 
14 İnternetten alışveriş yaparken mağazanın bilindik ve büyük 

olması sizin için önemli midir? 
Evet, Hayır 

B. Kullanılan Algoritmalar 
Yapılan çalışmada WEKA veri madenciliği yazılımı 

kullanılmıştır. Weka (Waikato Environment for Knowledge 
Analysis), Java programlama dili kullanılarak açık kaynak 
kodlu olarak geliştirilen, veri madenciliği ve makine 
öğrenmesi alanlarında kullanılan bir veri işleme programıdır. 
Bu program ile veri madenciliği işlemleri 
gerçekleştirilmeden önce önişleme aşamaları 
uygulanabilirken, sınıflandırma, ilişkilendirme, kümeleme 
gibi yöntemler de kullanılmaktadır. Bu çalışmada Weka 
programı üzerinden sınıflandırma yöntemleri kullanılmıştır.   

J48 Algoritması 
Weka’da J48 algoritması olarak bilinen C4.5 algoritması 

bir karar ağacı yöntemidir. Makine öğrenmesinde kullanılan 
ID3 algoritmasına dayanan istatistiksel bir sınıflandırıcıdır. 
Sayısal değerleri olan özniteliklerin karar ağacını 
oluşturulabilmesi için ortaya çıkmıştır. Kesikli ve sürekli 
değişkenleri bir arada kullanmaktadır. Bunun yanı sıra daha 
anlamlı kurallar elde edebilmek için, diğer verilerdeki 
bilgilerden tahminde bulunarak kayıp değerleri de 
kullanmaktadır  [8].  

Karar ağaçları, son kullanıcıların modeli daha rahat 
kavrayabilmesini sağladığı ve büyük hacimdeki veri kümeleri 
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az bir çaba ile yüksek performansta sıralayabildiği için 
sınıflandırma yapabilmek için sıklıkla tercih edilir. 

J48 Algoritmasının adımları şu şekildedir: 

 Sınıf niteliği için entropi hesaplanır. Bunun için Denklem 
1’de ki bağıntı kullanılır. 

  H(T)=  −∑ 	 ( )    (1) 

 

 Her öznitelik için sınıf niteliği göz önüne alınarak ağırlıklı 
ortalamalar hesaplanır. Bu amaçla şu formül kullanılır. ( , ) = | || | ( )                          (2) 

 
 Öznitelikler için bilgi kazancı aşağıdaki bağıntı ile 

hesaplanır. 

Bilgi Kazancı (X,T)=	H(T)	-	H(X,T)         (3) 
 

 En büyük bilgi kazancı sağlayan öznitelik seçilir. Bu 
öznitelik sınıflandırma ağacının bir düğümüdür. 

 
 Bir önceki düğümden çıkan her bir dal için veri kümesi 

yeniden düzenlenir.  
 

Alt ağaçları ortadan kaldırıp bunların yerine hata oranını 
azaltmak ve sınıflandırma modelinin kalitesini arttırmak için 
uygun olan yaprakların koyulması işlemine budama 
denilmektedir. J48 algoritması budama işlemine olanak 
tanıyarak basit ve anlaşılış karar ağaçları elde edilmesini 
sağlamaktadır. 

Naive Bayes Algoritması 
Naive Bayes olasılık ve koşullu olasılıktan yararlanan 

sınıflandırma tekniklerindendir. Hesaplama açısından zor bir 
yöntem olmasına rağmen, veri kümesi eğitildikten sonra 
oldukça hızlı çalışmaktadır. Sınıflandırma algoritması olan 
Naive Bayes bir durumun gerçekleşme ihtimalinin en yüksek 
olma koşuluna göre hareket eden bir algoritmadır. Büyük veri 
kümeleri için oldukça kullanışlıdır.  

    Naive Bayes sınıflandırmasında sisteme belirli bir 
oranda eğitim verisi sunulur. Eğitim için kullanılan verilerin 
mutlaka bir etiket bilgisi bulunmalıdır. Daha önce hesaplanan 
olasılık değerlerine göre test verisinin hangi etiket bilgisine 
sahip olduğu tespit edilmeye çalışılır. Öğretilmiş veri 
sayısının fazla olması, test verisinin gerçek etiketinin tespit 
edilmesini o kadar kolaylaştırır. Bayes teoremi; bir stokastik 
süreç sırasında ortaya çıkan bir rastgele A olayı ile diğer bir B 
olayı için koşullu olasılıklar arasındaki bağıntıdır [9]. Şu 
şekilde formülize edilmiştir. ( | ) = ( | )	 ( )( )     (4) 

P ( C )= C için önsel X olasılık adı verilir ( x olayı hakkında 
önceden herhangi bir bilgi içermez). P(C | X)= X olayının 
olduğu durumda C olayının olma olasılığıdır. P(X | C)= C 
olayının olduğu durumda x olayının olma olasılığıdır. P(X)= 
X için önsel olasılıktır. Hesaplamalardaki işlem yükünü 
basitleştirme yoluna gidilebilir. Bütün nitelikler birbirinden 
bağımsız olduğu için Naive Bayes yeniden Denklem 5‘ deki 
gibi yazılır.  

argmax{ ( \ ) ( )}		 	 	 (5)	
SMO Algoritması 
İstatistiksel öğrenme teorisi araştırmalarından ortaya 

çıkan Destek vektör makineleri (DVM), sınıflandırma 
problemleri için önerilmiş bir makine öğrenmesi yöntemidir. 
Mühendisler tarafından sınırlı kullanımın iki olası nedeni 
vardır. Birincisi, özellikle büyük problemler için DVM'lerin 
eğitimi yavaştır. İkincisi, DVM eğitim algoritmaları 
karmaşık ve bazen uygulanması zordur. Sıralı Minimal 
Optimizasyon (SMO) algoritması kavramsal olarak basit, 
uygulaması kolay, genellikle DVM’den daha hızlı olan 
eşlenik gradient metodu (PCG) kullanan standart bir "öbek" 
algoritmasından daha iyi ölçeklendirme özelliklerine sahip 
bir DVM öğrenme algoritmasıdır. SMO, bir iç döngü olarak 
sayısal Kuadratik programlama (QP) kullanan önceki DVM 
öğrenme algoritmalarından farklı olarak, analitik bir QP 
adımı kullanır. SMO, zamanının çoğunu QP yapmak yerine 
karar fonksiyonunu değerlendirmek için harcadığından, 
önemli sayıda sıfır element içeren veri kümelerinden 
yararlanabilir. Bu veri kümelerine seyrek veri kümeleri 
denilir. SMO, özellikle ikili veya ikili olmayan giriş verileri 
bulunan seyrek veri kümeleri için iyi bir performans 
sergilemektedir [10].  

Rastgele Orman Algoritması 
Birden çok sınıflandırıcı üreterek, bu sınıflandırıcıların 

tahmin sonuçlarına göre yeni veriyi sınıflandırmaya yarayan 
bir ağaç tipi sınıflandırma algoritmasıdır. Düğümleri dallara 
ayırmak için rastgele seçilen değişkenlerden en uygun olanı 
kullanır. Böylece orijinal veri setinden farklı veri setlerini yer 
değiştirmeli üretir ve özellik seçimi yöntemi kullanarak 
ağaçları geliştirir. Bu amaçla algoritma çalıştırılmadan önce 
rastgele seçilecek olan değişkenlerin sayısı (m), ve 
geliştirilecek olan ağaçların sayısı (n) kullanıcı tarafından 
tanımlanır. Değişken sayısının belirlenmesi düşük 
korelasyon sağlaması açısından oldukça önemlidir. 
Sınıflandırma ağaçları oluşturulurken sınıf homojenliğini 
belirlemek için Gini algoritması kullanılmaktadır. En küçük 
Gini değerinin kullanılması homojenliği arttırmaktadır. Her 
yaprakta bir sınıf kaldığı durumda (Gini=0) dallanma 
sonlanarak sınıf belirlenir [11]. 

III.DENEYSEL ÇALIŞMA 

     Bu çalışma, alışveriş alışkanlıkları ile ilgili hazırlanan veri 
formu sonuçlarına göre oluşturulan veri seti kullanılarak 
gerçekleştirilmiştir. Veri seti 14 öznitelikten oluşmaktadır. 
Veri setinde alışveriş alışkanlıkları, mesleki durum (Öğrenci, 
çalışıyor, çalışmıyor) ve cinsiyet (kadın, erkek) 
özniteliklerine göre analiz edilmiştir. Çalışma WEKA 3.6 
platformunda yapılmıştır. Bu platformda yer alan J48, Naive 
Bayes, SMO ve Rastgele Orman algoritmaları kullanılmıştır. 
Sınıflandırma işlemi yapılırken 10 katlı çapraz doğrulama 
testi uygulanmıştır. 

Tablo 2’de J48, NB, SMO ve Rastgele Orman 
algoritmalarının veri setine uygulanması ve çıkış olarak 
cinsiyet özniteliği belirlendiği durumdaki doğruluk değeri ve 
hesaplanan kesinlik, hassasiyet ve özgünlük değerleri 
verilmiştir. Bu değerlerin hesaplanmasında Denklem 6, 7, 8 
ve 9 kullanılmıştır. 
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Hassasiyet =                                    (6) 

Kesinlik =                                    (7) 

Özgüllük =      (8) 

F- Ölçütü=    (9) 

TABLO II. CİNSİYET ÖZNİTELİĞİNE GÖRE ELDE EDİEN  SINIFLANDIRMA 
SONUÇLARI 

 Doğruluk(%) Özgüllük Kesinlik Hassasiyet 

J48 83.569 0.753 0.843 0.890 

Naive 
Bayes 

82.153 0,774 0,849 0,853 

SMO 85.269 0,767 0,853 0,909 

Rastgele 
Orman 

86.968 0,788 0,866 0,924 

 
Deneyler uygulanırken farklı sınıflandırma teknikleri 

kullanılmıştır. Bu teknikler arasından doğruluk oranı en 
yüksek 4 sınıflandırma algoritması belirlenmiştir. Çalışma 
kapsamında bu sınıflandırma algoritmalarına yer verilmiştir. 

Tablo 2 incelendiğinde, belirlenen bu sınıflandırma 
algoritmalarının başarımlarının küçükten büyüğe NB, J48, 
SMO ve Rastgele Orman şeklinde sıralandığı görülmektedir. 
Rastgele Orman algoritması %86.968 doğruluk oranıyla en 
yüksek başarım değerine sahip olduğu bulunmuştur.  

Tablo 3’te cinsiyetin alışveriş alışkanlıklarının analizi 
için, çıkış cinsiyet olarak belirlendiği zaman Rastgele Orman 
sınıflandırma algoritması sonucu elde edilen karışıklık 
matrisi yer almaktadır.  

TABLO III. ALIŞVERİŞ ALIŞKANLIKLARI VERİ SETİNE AİT KAIŞIKLIK 
MATRİSİ 

  Öngörülen Sınıf 

Doğru Sınıf 
Kadın 195 16 

Erkek 30 112 

 
Karışıklık matrisinde 353 kişinin verilen özniteliklere 

göre 46’sının cinsiyet bilgisinin yanlış bulunduğu 
görülmektedir. 

Tablo 4’de J48, NB, SMO ve Rastgele Orman 
algoritmalarının veri setine uygulanması ve çıkış olarak 
mesleki durum özniteliği belirlendiği durumdaki 
sınıflandırma başarım ölçütlerinin sonuçlarına yer 
verilmiştir. 

TABLO IV. MESLEKİ DURUM ÖZNİTELİĞİNE GÖRE ELDE EDİEN  SINIFLANDIRMA SONUÇLARI 

Sınıflandırma 
Yöntemi 

Etiket 
Bilgisi 

TP Oranı FP Oranı Hassasiyet F- Ölçütü Doğruluk  

 
J48 

Öğrenci  0.868 0.078 0.874 0.871   
81.019 Çalışıyor 0.918 0.174 0.81 0.861 

Çalışmıyor 0.39 0.054 0.59 0.469 
       
 
Naive Bayes 

Öğrenci  0.919 0.106 0.845 0.88  
80.453 Çalışıyor 0.816 0.113 0.854 0.835 

Çalışmıyor 0.508 0.082 0.556 0.531 
       
 
SMO 

Öğrenci  0.919 0.092 0.862 0.936  
84.136 Çalışıyor 0.905 0.012 0.856 0.92 

Çalışmıyor 0.492 0.041 0.707 0.709 
       
 
Rastgele 
Orman 

Öğrenci  0.934 0.074 0.888 0.91  
84.9858 Çalışıyor 0.937 0.149 0.836 0.884 

Çalışmıyor 0.424 0.027 0.758 0.543 

Mesleki durum özniteliği çıkış olarak belirlendiği zaman, 
sınıflandırma algoritmalarının başarımlarının küçükten 
büyüğe NB, J48, SMO ve Rastgele Orman şeklinde 
sıralandığı görülmektedir. Rastgele Orman algoritması 
%84.985 doğruluk oranıyla en yüksek başarım değerine sahip 
olduğu bulunmuştur.  

Tablo 5’te mesleki durum özniteliğinin alışveriş 
alışkanlıklarının analizi için, çıkış mesleki durum olarak 
belirlendiği zaman Rastgele Orman sınıflandırma algoritması 
sonucu elde edilen karışıklık matrisi yer almaktadır.  

TABLO V. MESLEKİ DURUM ÖZNİTELİĞİNE GÖRE ELDE EDİLEN  KARIŞIKLIK 
MATRİSİ 

  Öngörülen Sınıf  

Doğru Sınıf 
Öğrenci 127 7 2 

Çalışıyor 4 148 6 

Çalışmıyor 12 22 25 

Mesleki durum bilgisi 3 etiket değerine sahiptir. Öğrenci 
etiketi için 9, çalışan için 10, çalışmayan için 34 yanlış 
etiketleme gerçekleşmiştir. Veri setinde yer alan diğer 
öznitelikler içinde sınıflandırma algoritmaları uygulanmıştır. 
Ancak başarımı en çok etkileyen faktörlerin cinsiyet ve 
mesleki durum olduğu sonucuna ulaşılmıştır. 

IV. TARTIŞMA VE SONUÇ 

Tarihte takas ile başlayan alışveriş, günümüzde para 
karşılığı bir mal veya hizmetin satın alınması olarak yapılan 
işlemdir. Kimi zaman ihtiyaçların temin edilmesi için, kimi 
zaman psikolojik rahatlama, statü göstergesi ve sosyalleşmek 
için yapılan bir faaliyettir.  

Bu çalışmada alışveriş alışkanlıkları üzerine bir anket 
hazırlanmış ve Google formlar üzerinden 353 kişiye 
uygulanmıştır. Eksik veriler veri setinden çıkarılarak veri 
temizleme işlemi gerçekleştirilmiştir. Elde edilen veri seti 
Weka programı kullanılarak analiz edilmiştir. Programda yer 
alan Naive Bayes, SMO sınıflandırma algoritmaları ve J48, 
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Rastgele orman ağaç tabanlı sınıflandırma algoritmaları ile 
elde edilen başarım ölçütleri karşılaştırılmıştır. Rastgele 
orman algoritmasının doğruluk değerinin kullanılan 
algoritmalara göre daha yüksek olduğu görülmüştür. Cinsiyet 
özniteliğine göre bu algoritmada %86.968, mesleki durum 
özniteliğine göre ise %84.985 doğruluk oranı bulunmuştur. 

Veri setinde yer alan her öznitelik, sınıflandırma 
algoritmaları ile analiz edilmiştir. Bu analizlere göre alışveriş 
alışkanlıkları veri setinde tahminlerin doğruluğuna etkisi en 
fazla olan özniteliklerin cinsiyet ve mesleki durum bilgisi 
olduğu sonucuna ulaşılmıştır. İnsanların çalışma durumu ve 
cinsiyet bilgisinin alışveriş alışkanlıkları üzerinde doğrudan 
bir etkisinin olduğunu söylemek mümkündür. 
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Özet— Makine öğrenmesi ve görüntü işleme tabanlı otomatik 
bitki türlerinin sınıflandırılması, bitki uzmanları için önem arz 
etmektedir. Literatüre konu ile ilgili birçok çalışma 
kazandırılmıştır. Günümüzde araştırmacılar derin öğrenmeyi 
çeşitli görüntü tabanlı nesne tanıma görevlerine uygulamıştır. 
Bu çalışmada Derin Evrişimsel Sinir Ağları (DESA) tabanlı 
otomatik kayısı türlerinin sınıflandırılması yapılmıştır. 
Önerilen yöntemde önceden eğitilmiş bir DESA modeli olan 
VGG19 modeli kullanılmıştır.  Üç farklı tam bağlı katmandan 
elde edilen öznitelikler farklı kombinasyonlar ile birleştirilerek 
yedi farklı öznitelik vektörü elde edilmiştir. Bu öznitelik 
vektörleri Aşırı Öğrenme Makinelerinin (AÖM) girişine 
verilerek çalışma için oluşturulan veri setindeki yedi farklı 
kayısı türü sınıflandırılmıştır. En yüksek başarım oranı %98,8 
ile fc8 katmanından alınırken en düşük başarım oranı ise %95,2 
ile fc6 ve fc7 katmanlarının birleşiminden elde edilen öznitelik 
vektöründen elde edilmiştir. 

Anahtar Kelimeler—derin evrişimsel sinir ağları, derin 
öğrenme, sınıflandırma, aşırı öğrenme makineleri 

Abstract— Machine learning and image processing-based 
classification of automated plant species is significant for plant 
experts/ herbalists. Many studies on the subject have been 
gained to the literature. Today, researchers have applied deep 
learning to various image-based object recognition tasks. In this 
study, the classification of automatic apricot species based on 
Deep Convolutional Neural Networks (DCNN) has been made. 
The proposed method used the VGG19 model, a pre-trained 
DCNN model. Seven different feature vectors were obtained by 
combining the features obtained from three different fully 
connected layers in different combinations. These feature 
vectors were given to the input of Excessive Learning Machines 
and seven different apricot types were classified. The highest 
performance rate was obtained from the fc8 layer as 98.8%, and 
the lowest performance rate was obtained from the feature 
vector obtained from the combination of fc6 and fc7 layers as 
95.2%. 

Keywords— deep convolutional neural network, deep learning 
classification, extreme learning machines  

I. GİRİŞ 

Bitkiler, hayatımızı sürdürmemizde önemli rol 
oynamaktadır. Günümüzde gıda, ilaç tedavi, tekstil, iklim 
kontrolü, yakıt elde etme gibi birçok alanda sıklıkla 
kullanılan ve her biri farklı işlevde kullanılan bu bitki 
türlerinin korunup geleceğe aktarılabilmesi 
tanınabilmesinden geçmektedir. Bitki türlerinin tanınması 
temel olarak bitki yaprağı özniteliklerinin tanınmasına 
bağlıdır [1]. Ancak uzmanlar tarafından manuel olarak her 
bitkinin ve bitki yaprağının tek tek incelenmesi mümkün 
olamayacak kadar zor ve zahmetlidir. Bu sebeple bitkiyi 
tanımlayacak olan öznitelik ve şekillerin çıkarılması ve 
bitkiyi tanımlayıcı etkenlerin belirlenmesi gerekmektedir. 
Her bir sınıfın öznitelikleri ayrıca belirlenmeli o sınıfı temsil 
edecek en öncelikli seçimler yapılmalıdır [2]. Görüntü işleme 
ve makine öğrenmesi temelli sistemlerin tasarlanmasıyla 
bitki türlerinin tanınması ve sınıflandırılması, uzmanlara 
zaman ve emek açısından destek olabilecektir.  
 

Makine öğrenmesi tabanlı bitki tanıma 
yaklaşımlarında bitki yaprakları kullanılmıştır. Son yıllarda 
makine öğrenmesi tabanlı bitki tanıma sistemleri 
araştırmacılar için popüler bir araştırma haline gelerek 
literatüre çok sayıda çalışma sunulmuştur. Wang ve 
arkadaşları [3] tarafından bitki yaprağı tanımada yeni bir 
yöntem önerilmiştir. Görüntülerdeki gürültüyü yok etmek ve 
ayırt edici öznitelikleri çıkarmak için tasarladıkları bu yeni 
algoritmaları iki aşamadan oluşmaktadır. İlk aşamada, bitki 
yaprağı görüntüsü uyarlamalı bir dalgacık şemasıyla birkaç 
alt banda ayrıştırılmıştır. Diğer aşamada ise değişken ölçekli 
Gauss filtreler grubu kullanılarak her bir alt bant 
filtrelenmiştir. Yerel İkili Örüntülerle (YİÖ) elde edilen 
şekilsel ve dokusal öznitelikler kullanılmıştır. Sınıflandırma 
15 farklı ağaç türünün her birinden alınan 75 yaprağa sahip 
olan Swedish veri seti ve 225 bitki türüne ait 20000’den fazla 
yaprak içeren ICL veri seti kullanılarak k-En Yakın Komşu 
(k-EYK) algoritması ile yapılmıştır. Sınıflandırma başarımı 
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bahsedilen veri setleri için sırasıyla %91,9 ve %96,5 olarak 
bulunmuştur. Chaki ve arkadaşları [4], bitki yapraklarını 
tanıma işleminde yaprak dokularını Gabor filtre ve Gri 
Seviyeli Eş Oluşum Matrisi (GSEOM) kullanarak 
modellemiştir. Yaprağın şekilsel öznitelikleri bir dizi 
Curvelet dönüşüm katsayısı kullanılarak elde edilmiştir. 
Öznitelik çıkarımından önce çeşitli ölçeklendirme ve 
döndürme işlemleri için bir ön işleme aşaması geçirilmiştir. 
İki nöral sınıflandırıcı ile yapraklar incelenmiştir. 
Sınıflandırıcılardan biri Nöro-Bulanık Denetleyici (NBD) 
diğeri ise bir ileri beslemeli geri yayılımlı Çok Katmanlı 
Algılayıcı (ÇKA) olarak belirlenmiştir. Yaprak tanıma işlemi 
her birinden 30 yaprak alınan 31 ağaçtan oluşan veri seti 
üzerinde denenmiş ve bu ağaç sınıflarındaki her 10 veri 
eğitim, her 20 veri de test amaçlı kullanılmıştır. Şekilsel ve 
dokusal olarak yapılan modelleme daha sonra birleştirilmiş 
ve NBD için %97,6 ve ÇKA için %85,6 doğruluk değeri elde 
edilmiştir. Türkoglu ve Hanbay [5], bitki türlerinin tanınması 
için Bölge Ortalama-YİÖ, Genel Ortalama-YİÖ ve hem 
Bölge Ortalaması-YİÖ hem de Genel Ortalama-YİÖ 
yöntemlerinin bir kombinasyonuna dayanan üç yeni görüntü 
tanımlayıcıları önermiştir. Bu yöntemler, bilinen görüntü 
tanımlayıcılarından biri olan YİÖ’nün geliştirilmiş 
versiyonlarıdır. Bu yöntemler, merkez piksel yerine bölge ve 
genel ortalamayı göz önüne alarak çalışmaktadır. Bununla 
birlikte, orijinal YİÖ yöntemi gri görüntüler kullanırken, 
Bölge Ortalama-YİÖ ve Genel Ortalama-YİÖ yöntemleri 
sırasıyla görüntülerin kırmızı ve yeşil renk kanallarını 
kullanmaktadır. Ek olarak, önerilen yöntemlerin etkinliği ve 
sağlamlığı gürültülü görüntülere karşı değerlendirilmiştir. 
Elde ettikleri öznitelikler Flavia, Swedish, ICL ve Foliage 
veri setlerinde AÖM ile test edilmiş ve sırasıyla %98,9, 
%99,5, %83,7 ve %92,9 tanıma doğruluğu bulunmuştur. 
Şekeroğlu ve İnan [6], yaprak tanıma çalışmalarının son 
zamanlarda önem kazandığından bahsederek sınıflandırmada 
Yapay Sinir Ağlarını (YSA) tercih etmiştir. YSA’nın uygun 
parametrelerine ulaşana kadar dokuz adet normal ve dokuz 
adet gürültülü görüntüyü eğitmişlerdir. Test aşaması farklı 
gürültü parametrelerine sahip üç görüntü grubuyla 
uygulanmıştır. Her bir görüntü grubunda 27 ağaca ait 4 
yaprak bulunduğu belirtilmiş ve sınıflandırmada en yüksek 
başarım %97,2 olarak bulunmuştur. Sladojevic ve arkadaşları 
[7], yaprak görüntülerini sınıflandırarak bitki hastalıklarını 
tanıma üzerine yeni bir yaklaşım geliştirmişlerdir. 
Geliştirilen model ile yapraklardan 13 farklı bitki hastalığı 
tanınabilmektedir. Giriş görüntülerinden elde edilen 
öznitelikler, çoklu katmanlara sahip derin bir Evrişimsel Sinir 
Ağı (ESA) olan CaffeNet tarafından aşamalı olarak 
hesaplanmıştır. Yaklaşık 30000 görüntü ile ESA kullanılarak 
gerçekleştirilen deneysel sonuçlar ile ortalama %96 oranında 
başarım sağlanmıştır. Shah ve arkadaşları [8], yaprak 
görüntülerinden bitki türlerinin tasnifi için çift yollu ESA 
önermektedir. Bu ESA mimarisinde biri şekle bağlı 
öznitelikleri diğeri dokuya bağlı öznitelikleri öğrenmek üzere 
iki yol bulunur. Daha sonra bu iki yoldan alınan tanımlayıcı 
bilgiler bir algılayıcıda birleştirilir. Yaprak görüntüsü, ön 
işleminden sonra ESA’da evrişim ve maksimum havuzlama 
katmanlarından geçirilir ve her bir evrişim katmanını parça 
normalizasyonu izler. Son katman hariç tüm katmanlarda 
ReLU aktivasyon fonksiyonu kullanılır. Her iki yoldan 
öğrenilen öznitelikler bir araya getirilerek çok katmanlı 
algılayıcıya girdi olarak verilir. Sistemleri üç yaprak veri seti 

(Flavia-1907 görüntü, Leafsnap-7710 görüntü, ImageClef-
6630 görüntü) üzerinde denenerek ortalama %99 başarım 
göstermiştir. Doğan ve Türkoğlu [9], yaprak sınıflandırma 
çalışmalarını derin öğrenme algoritmaları ile 
gerçekleştirmiştir. ESA ile her biri 60 örnekten oluşan 32 
sınıf üzerinden ön işlem ve öznitelik çıkarımı yapılmıştır. 
Sınıflandırmada derin öğrenmenin AlexNet, GoogleNet, 
VGG16, VGG19 ve ResNet50 derin öğrenme algoritmaları 
kullanılmıştır. Bu mimarilerle bitki yapraklarını doğru 
sınıflandırma oranı %98,4 ve %99,7 aralığında bulunmuştur. 
Tang ve arkadaşları [10], tomurcuklu ve tomurcuksuz olarak 
farklı çay yapraklarının sınıflandırılması üzerine çalışmıştır. 
Kendi alan çalışmalarını farklı kılmak için taze çay 
yapraklarını sınıflandırmışlardır. Doku özniteliklerini 
çıkarabilmek için YİÖ ve GSEOM’den faydalanılmış ve 
sonrasında sınıflama yapılmıştır. İnceledikleri beş doku 
görüntüsünden %80 ile %98 sınıflama bulguları elde 
edilmiştir. Aakif ve Khan [11], yaprak sınıflandırma üzerine 
yaptıkları çalışmalarında şekilsel öznitelikleri Fourier 
tanımlayıcılar ile çıkarmış ve bu öznitelikleri bir giriş vektörü 
olarak YSA’da kullanmışlardır. Sistemlerini 14 farklı meyve 
ağacından elde ettikleri 817 yaprakla eğitmiş ve %96 
doğruluk elde etmişlerdir. 

 
Çalışmanın yapıldığı bölgede bulunan Malatya ili 

yurt içi ve yurt dışı kayısı ihtiyacının büyük bölümünü 
karşılamaktadır. Uzmanlar bölgede yaklaşık 300 farklı kayısı 
türünün olduğunu söylemektedir. Bu çalışmada, en çok tercih 
edilen yedi farklı kayısı türünü tanımak ve sınıflandırmak için 
tarafımızca ilgili türlere ait kayısı yaprakları toplanarak 
görüntüleri ile bir veri seti oluşturulmuştur. Öncelikle kayısı 
yaprağı görüntüleri medyan filtre ile ön işlemden 
geçirilmiştir. Daha sonra VGG19 mimarisi kullanılarak 
öznitelik çıkarımı yapılmıştır. Çıkarılan öznitelikler AÖM’ye 
giriş olarak verilerek kayısı türleri sınıflandırılmıştır. Ayrıca 
önerilen bitki tanıma sisteminin performansı aynı veri setini 
kullanarak önceden yaptığımız çalışmaların deneysel 
sonuçları ile karşılaştırılmıştır.  

II. ÖNERİLEN YÖNTEM 

Önerilen yöntem beş temel aşamadan oluşmaktadır. İlk 
olarak kayısı yaprak görüntüleri 3x3 boyutunda medyan 
filtreler kullanılarak ön işlemden geçirilmiştir. Daha sonra 
kayısı görüntüleri önceden eğitilmiş ESA mimarisine giriş 
olarak verilmiştir. Bu amaçla, VGG19 mimarisi kullanılarak 
derin öznitelik çıkarımı için fc6, fc7 ve fc8 katmanları 
kullanılmıştır. Çıkarılan derin öznitelikler farklı 
kombinasyonlar ile birleştirilmiştir.  Oluşturulan öznitelik 
vektörlerine dayalı kayısı türleri AÖM sınıflandırıcısı ile 
sınıflandırılmıştır. Önerilen sisteminin prensibi Şekil 1’de 
verilmiştir. 
 

A. VGG19 Mimarisi 

VGG19 mimarisi, daha önce etkileyici sonuçlar elde 
ederek ImageNet’de eğitilmiştir. VGG19 mimarisi, Simonyan 
ve arkadaşlarının önerdiği daha derin bir ESA mimarisidir 
[12,13]. Mimari, 16 evrişim katmanı ve 3 tam bağlı 
katmandan oluşmaktadır. Ayrıca maksimum havuzlama, tam 
bağlı katman, bırakma katmanı, ReLU ve softmax 
katmanlarıyla toplamda 47 katman bulunmaktadır. Giriş 
katmanı 224x224x3 boyutundadır [14,15]. Şekil 2, VGG19 
mimarisinin yapısını ana hatlarıyla göstermektedir.  
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Şekil 1.Önerilen yöntemin akış şeması 

 

 
 

Şekil 2. VGG19 mimarisi 

B. Aşırı Öğrenme Makineleri 

 Aşırı öğrenme makinesi (AÖM),  Huang ve arkadaşları 
tarafından geliştirilmiştir [16]. AÖM; giriş ağırlıkları rastgele, 
çıkış ağırlıkları ise analitik olarak hesaplanan tek gizli 
katmanlı ileri beslemeli bir YSA modelidir. AÖM’de gizli 
katmanda sigmoid, sinc, Gauss ve hardlim gibi aktivasyon 
fonksiyonları kullanılırken çıkış katmanında doğrusal 
fonksiyon kullanılmaktadır. AÖM, hızlı öğrenebilme 
yeteneğinin yanında geleneksel geri yayılım algoritması ile 
öğrenen ileri beslemeli ağlara göre daha iyi genelleme 
başarımına sahiptir. AÖM’nin öğrenme algoritması aşağıdaki 
gibi tanımlanır;    

 Belirli bir  girdi-çıktı ilişkisi  ve  parametreleri kabul 
edilsin. Burada , 	  = [ , , … , ]T∈   ve 	 ise           

 = [ , , … , ]T∈  şeklinde ifade edilir.  tane gizli 
sinir hücresi ve  aktivasyon fonksiyonuna sahip standart 
Tek Gizli Katmanlı ve İleri Beslemeli (TGKIB) ağ modeli 
matematiksel olarak aşağıdaki gibi modellenir: 

 ∑ . 	 , 1, … . ,              (1) 

 

Burada  	  = [ , , … , ]T , i’ninci gizli katman 
sinir hücresine ve giriş sinir hücresine bağlı olan ağırlık 
vektörüdür, 	  = [ , , … , ]T  ise i’ninci gizli sinir 
hücresine ve çıkış sinir hücrelerine bağlı olan ağırlık 
vektörüdür. 	ise i’ninci gizli sinir hücresinin eşik değeridir. .  ise w  ve  ’nin içsel çarpımını ifade eder.  

 tane gizli sinir hücresine ve  aktivasyon 
fonksiyonuna sahip standart TGKIB ortalama sıfır hataya 
yaklaşabilir.∑ ∥ ∥	 0  , 	  , 	  ve  arasındaki 
ilişki aşağıdaki eşitlikte verilmiştir; 

 ∑ . 	 , 1, … . ,         (2)  

 

Denklem 2’de verilen  tane eşitlik, Denklem 3’deki gibi 
kısaltılabilir: 
 

                                       (3) 

Burada; . ⋯ .⋮ … ⋮. ⋯ . 	     (4) 

 

	 ⋮ ve  	 ⋮                  (5) 

 

sinir ağının gizli katmandaki çıkış matrisi  diye adlandırılır 
ve ’ın ’ninci sütunu , , … ,  girişlerinin ’ninci gizli 
sinir hücrelerinin çıkış vektörüdür [17]. 
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III. DENEYSEL SONUÇLAR 

A. Veri Seti 

Bu çalışmada, Malatya ilinde bulunan Gıda Tarım ve 
Hayvancılık Bakanlığına bağlı Kayısı Araştırma Enstitüsü 
Müdürlüğü bahçesinde yetişen kayısı türüne ait 7 farklı 
genotip için veri tabanı oluşturulmuştur. Bu türler sırası ile 
Aprikoz Şalak, Çataloğlu, Çekirge İz, Hacıkızı, Hırmanlı, 
Paviot ve Tokatoğlu Erzincan’dır. Şekil 3’te her bir türe ait 
bir resim verilmiştir [18]. Bu genotiplere ait ağaçlardan 
olgunlaşmış yapraklar ziraat mühendisi ile birlikte toplanarak 
görüntüler veri tabanına kaydedilmiştir. Her yaprak, beyaz 
bir fon üzerine farklı açılarla yerleştirilmiş ve sabit 30 cm 
yükseklikten görüntüleri alınarak veri tabana kaydedilmiştir. 
Görüntünün gerçek boyutlu olabilmesi için bahsedilen 
yükseklikten ölçümleme (kalibrasyon) yapılmıştır. Ölçüm 
nesnesi olarak gerçek boyutu bilinen madeni para görüntüsü 
alınmış, paranın fotoğraftaki boyutları ile gerçek boyutları 
karşılaştırılmış ve değerlerin aynı olduğu görüldüğünden 
kullanılan yükseklik geçerli kılınmıştır. Bu şekilde resimlerin 
gerçek boyutlarından özniteliklerin çıkarılması sağlanmıştır. 
Veri tabanında yedi farklı kayısı türüne ait 1024x768x3 
boyutunda toplam 357 adet kayısı yaprağı görüntüsü yer 
almaktadır. Görüntüler ön işlemden geçirilerek 224x224 
boyutuna dönüştürülmüştür. Her bir kayısı sınıfındaki 
görüntü sayısı Tablo 1’de verilmektedir. 

 

 
Şekil 3. Kullanılan kayısı yaprağı sınıflarının birer görüntü örneği ( a)Apikoz 
Şalak, b)Çataloğlu, c)Çekirge İz, ç)Hacıkızı, d)Hırmanlı, e)Paviot ve 
f)Tokatoğlu Erzincan) 

TABLO 1. VERİ SETİNİ OLUŞTURAN KAYISI TÜRLERİ VE ADETLERİ 

Kayısı Türü Adedi 
Apikoz şalak 55 

Çataloğlu 55 
Çekirge iz 46 
Hacıkızı 42 

Hırmanlı 53 
Paviot 54 

Tokatoğlu Erzincan 52 
Toplam 357 

 

B. Deneysel Sonuçlar 

 
Önerilen yöntemin kodları Matlab ortamında yazılmıştır. 

İlk olarak 1024x768x3 boyutundaki görüntüler 224x224 
boyutuna dönüştürülmüştür.  

VGG19 mimarisine ait tam bağlı katmanlardan fc6 ve 
fc7’den 4096’şar adet, fc8’den ise 1000 adet öznitelik 
vektörü elde edilmiştir. Daha sonra, bu öznitelik vektörleri 
farklı kombinasyonlar ile birleştirilmiştir. Tablo 2’de satırlar 
VGG19 mimarisine ait fc6, fc7 ve fc8 katmanları tarafından 
oluşturulan öznitelik vektörlerinin kombinasyonlarını 
gösterirken ikinci sütun öznitelik sayılarını üçüncü sütun ise 
doğruluk oranını ifade etmektedir. 
 Çalışmada aktivasyon fonksiyonu, bazı deneme yanılma 
adımlarından sonra ReLU olarak belirlenmiştir. 10-kat çapraz 
doğrulama testi kullanılmış ve gizli katmandaki nöron sayısı 
10.000 olarak seçilmiştir.  

TABLO 2. KAYISI ÖZNİTELİKLERİNİN KULLANIMI VE SINIFLANDIRMA 
SONUÇLARI 

Kullanılan ve 
Birleştirilen 
Katmanlar 

Öznitelik 
Sayısı 

Doğruluk 
Oranı (%) 

fc6 4096 95,2 
fc7 4096 96,2 

fc8 1000 98,8 
fc6+fc7 8192 95,2 
fc6+fc8 5096 96,4 

fc7+fc8 5096 96,3 
fc6+ fc7+fc8 9192 96,2 

 

 Tablo 2 sayısal olarak incelendiğinde sonuçların birbirine 
yakın olduğu gözlenmektedir. En yüksek doğruluk oranı fc8 
katmanından %98,8, en yüksek ikinci doğruluk fc6+fc8 
katmanlarının birleşim öznitelik vektöründen %96,4 ile 
alınırken en düşük doğruluk oranı fc6+fc7 katmanlarının 
birleşim özniteliklerinden  %95,2 olarak alınmıştır.   

Tablo 3’de ise önceden eğitilmiş VGG19 mimarisinin 
kayısı türlerini sınıflandırma performansı verilmiştir. 

TABLO 3. VGG19 MIMARISININ PERFORMANS SONUÇLARI 

Mimari Doğruluk Oranı (%) 
VGG19 95,9 

 

 Tablo 2 ve Tablo 3 sayısal olarak incelendiğinde VGG19 
mimarisinin kayısı türlerini sınıflandırma performansı derin 
özniteliklere dayalı AÖM’nin başarısından düşük olduğu 
görülmektedir. Bu durumun AÖM’nin hızlı öğrenebilme 
yeteneğinin yanında geleneksel geri yayılım algoritması ile 
öğrenen ileri beslemeli ağlara göre daha iyi genelleme 
başarımına sahip olmasına ya da tam bağlı katmanlarda yer 
alan işlemlere dayalı oluşmasına bağlı olması olarak 
düşünülebilir. 

 Ayrıca önceki yaptığımız [18] ve [19] çalışmaların 
sınıflandırma performansları ile bu çalışmada önerilen 
yöntemin sınıflandırma performansı karşılaştırılmıştır. 
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TABLO 4. SINIFLANDIRMA BAŞARIM PERFORMANSLARI 

Kullanılan ve 
Birleştirilen Katmanlar 

Doğruluk 
Oranı (%) 

fc6 95,2 
fc7 96,2 

fc8 98,8 
fc6+fc7 95,2 
fc6+fc8 96,4 

fc7+fc8 96,3 
fc6+ fc7+fc8 96,2 

[18] 90,4 

[19] 97,3 

 

IV. SONUÇLAR 

 Bitkilerin sınıflandırılması görüntü işleme alanında 
çalışan birçok araştırmacı için hala popülerliğini 
korumaktadır. Bu çalışmada son yıllarda popüler olan 
önceden eğitilmiş derin öğrenme mimarilerinden VGG19 
mimarisi kullanılmıştır. Üç farklı tam bağlı katmandan elde 
edilen öznitelikler farklı şekillerde birleştirilerek AÖM’ye 
giriş olarak verilmiştir. Bu sayede kayısı türleri yaprak 
görüntülerinden sınıflandırılmaya çalışılmıştır. Elde edilen 
sınıflandırma performans sonuçları önceden yaptığımız iki 
çalışmamızın sınıflandırma performansları ile 
karşılaştırılmıştır. Bu çalışmanın amacı derin öğrenme 
mimarilerinin katmanlarından elde edilen öznitelikleri 
kullanmanın anlamlı sonuçlar üretip üretmediğinin fark 
edilmesidir. İleriki çalışmalarımız elde edilen öznitelik 
vektörlerinden literatürde yer alan veya kendimizin önereceği 
öznitelik seçici algoritmalar ile öznitelik vektör boyutlarını 
azaltarak sınıflandırma performans sonuçlarına etkisinin 
incelenmesi olacaktır. Ayrıca AlexNet gibi önceden eğitilmiş 
derin öğrenme mimarilerinin incelenmesi de planlanan 
çalışmalarımız arasındadır. 
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Abstract— In this study, teaching machine learning 
algorithms by using a software tool or with the code based 
methods were compared according to level of interest for the 
subject and perception of self-knowledge of the first time 
learners. Eleven participants were first year students from 
computer, software and information systems engineering 
departments who completed the C programming language 
course at the university. Participants were divided into two 
groups. Both groups were given basic theoretical knowledge 
about machine learning and one of the easiest algorithms to 
implement k-Nearest Neighbors (kNN) algorithm at the same 
level. The kNN algorithm, was explained to a group with the 
C programming language code implementation, and the 
other group with using a software tool Orange3 which has 
designed for implementing machine learning algorithms 
easily. Two questionnaires were applied to both groups. One 
was applied to measure their level of knowledge of 
programming and basic knowledge of machine learning. 
Other one was applied to measure their thoughts about 
knowledge and level of interest in the subject after the 
lecture. The aim of this study is to investigate whether we 
can improve the level of interest of students about machine 
learning by using code based or tool based environment for 
the first time learners and find the best teaching 
environment for them at the beginning.  

Keywords—teaching algorithm, k-Nearest Neighbors 
algorithm, machine learning education, artificial intelligence 
education. 

I.INTRODUCTION 

   Machine learning is programming computers to 
optimize a performance criterion using example data or 
past experince. We have a model defined up to some 
parameters, and learning is the execution of a computer 
program to optimize the parameters of the model using the 
training data or past experince. The model may be 
predictive to make predictions in the future, or descriptive 
to gain knowledge from data,  or both [1].   

   The models which created using some algorithms, uses 
historical data to find the most appropriate results. The 
main purpose is to make successful predictions about this 
phenomenon in a new data set which is not known what is 
the value of the phenomenon observed with the model 
developed using the existing data set. Today, one of the 
most important keys to the advancement in technology is 
to make sense of data and to use existing knowledge for 
the new information. Machine learning has gained 
importance especially in recent years.                 

   The most important reason for this is the increased use 
of the areas and big data sets. Machine learning, which 
has been used in many fields such as automotive, social 
media, medicine, science, marketing and surveillance, is 
seen as one of the brightest subjects of the technology in 
the future. Machine learning subject has caused by the 
emergence of new work fields in information and 
technology. Therefore, students who study in computer, 
software and information systems engineering 
departments of universities should be directed to work on 
this subject. However, because it is not easy to understand 
and implement machine learning algorithms, it can be 
quite difficult and complex especially for the first time 
learners. This topic requires a large number of skills and 
efforts for students. It is very important that students are 
encouraged to learn and start studying appropriately for 
this subject. 

   The development of algorithmic and problem thinking is 
very important not only for the school environment, but 
also for a large number of activities in real life [2]. While 
these skills are taught to students, popular subjects should 
also be taught to make it easier for them to gain a place in 
their lives after graduation. For this reason, it is important 
to teach students the machine learning which is one of the 
most important subjects of today's and future's 
technology. 

   Orange3 is a software tool that can be used to 
implement machine learning algorithms on various data 
sets and to obtain prediction results.Orange is a library of 
C++ core objects and routines that includes a large variety 
of standard and not-so-standard machine learning and data 
mining algorithms, plus routines for data input and 
manipulation. Orange3 provides a versatile environment 
for developers, researchers and data mining practitioners 
[3]. A very useful tool especially for beginners since it is 
very easy to use. This tool was chosen for students who 
will therefore also work on the machine learning 
algorithm for the first time. 

   K-Nearest Neighbors algorithm - kNN is one of the basic 
machine learning algorithms. Classify the test data by 
looking at the nearest neighbors number. It was chosen as 
the algorithm to be used for this experiment since it is one 
of the easiest algorithms to understand and implement for 
the first time learners. 
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II.RESEARCH METHODOLOGY 

   This study can be described as an exploratory 
experiment to investigate how to increase the level of 
interest of first time learners for machine learning 
algorithms and is it better to explain machine learning 
algorithms to the first time learners with code-based 
examples, or using a software tool for applying the 
machine learning algorithms in terms of comprehensibility 
and interest. 

A.  Hypothesis 
   If an algorithm that is first seen for students who know a 
programming language is explained through code, we 
expect them to think that they understand it better. it's 
because people who know programming can better 
understand the purpose of the algorithm by analyzing the 
code. However, students who do not know the subject of 
machine learning may have a prejudice to learning the 
subject when we first show an algorithm over code. They 
may think that the subject can be long and boring and may 
have less interest. When a machine learning algorithm is 
run through a software tool and the estimation results are 
obtained, students may be less prejudiced to the subject 
and their level of interest for the subject may be increased. 
Hypothesis:  

• The tool-based explanation of the machine 
learning algorithm for the first time learners 
more increases the level of interest of the student 
on the subject than the explanation of the code-
based.  

• The code-based explanation of the machine 
learning algorithm for the first time learners 
more increases the perception of self-knowledge 
than the explanation of the tool-based. 

 

C.   Participants 
   Participants were formed by volunteers from first year 
students from computer, software and information 
systems engineering departments who completing the C 
programming II course at Atılım University. A total of 
eleven students who had same level C programming 
background participated in the experiment. Five students 
participated in the course, which k-Nearest Neighbors 
(kNN) algorithm was explained through the C code and 
the six students participated in the course, which k-
Nearest Neighbors (kNN) algorithm was explained 
through the machine learning software tool Orange3. 
 

D.  Experimental Design 
   Participants participated in two different groups as a 
Group A and Group B on different days but at the end of 
the same course in the last laboratory lesson of C 
programming course and in the same class. Because it was 
the last laboratory lesson of the c programming course, 
they were divided into two groups with basic 
programming knowledge and equal infrastructure. An 
before questionnaire was applied to both groups asking 
their level of knowledge about machine learning, k-
Nearest Neighbors (kNN) algorithm, Orange3 tool and C 
programming language. The logic and function of 

machine learning were explained to both groups at the 
same time and the content. In addition, the kNN algorithm 
was first explained theoretically through a simple 
example. Then the example that explained theoretically, 
using the same data set, kNN algorithm implementation 
with the C programming language was shown to Group A 
and the estimated values obtained by the algorithm are 
explained. After applying the same steps to the Group B, 
using the same data set, the example of the kNN algorithm 
was shown using the Orange3 tool. At the end of the 
lectures, an after questionnaire was applied to both groups 
to evaluate their thoughts about their perception of self-
knowledge and their interests in the subject. 

B.  Questionnaires 
   The same PreTask and PostTask questionnaires were 
applied to two groups A and B. The PreTask questionnaire 
was designed to measure the students's background 
knowledge about machine learning algorithms, Orange3 
tool, kNN algorithm and C programming and to be sure 
the level of homogeneity of the groups knowledge. 
PreTask questionnaire consists of 5 questions in total and 
5 point likert scale answers for each (1.I am less 
knowledgeable, 2.I am knowledgeable, 3.I am interested but I do 
not have enough knowledge, 4.I know well, 5. I know very 
well.) 
   PostTask questionnaire was designed to measure 
thoughts about knowledge of the students on the topic 
after the lesson and their level of interests on the learning 
the subject. It consists of 11 questions in total and 5 point 
likert scale answers for each.(1.Strongly Disagree, 
2.Disagree, 3.Neither/Nor Agree, 4.Agree, 5. Strongly Agree) 
   The first 7 questions in the PostTask questionnaire were 
intended to measure the student's interest in the subject. 
The next 4 questions were intended to measure how well 
the student thinks understand the subject. Thus, the 
answers to the first 7 questions were compared increasing 
interest and enthusiasm for the subject with the students 
who saw the code and the students who saw the software 
tool. In addition, the answers to the other 4 questions were 
used to compare how well students thought they 
understood the subject and the algorithm. 
 

TABLE I.  PRETASK QUESTIONNAIRE 

Q1. 
 
How much do you know about machine learning? 

Q2. 
How much do you know about K-Nearest Neighbors-
kNN algorithm? 

Q3. 
 
How much do you know about the orange3 tool? 

Q4. 
How much do you know about the C programming 
language? 

Q5. 
 
Do you know any programming language at the basic 
level? 
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TABLE II.  POSTTASK QUESTIONNAIRE 

Q1. 
 
I am interested in machine learning 

Q2. 
 
I think I understand the logic of machine learning very 
well 

Q3. 
I think it will be useful to have knowledge about 
machine learning 

Q4. 
 
I would like to take part in a project about machine 
learning 

Q5. 
 
I think machine learning is understandable 

Q6. 
 
I think it would be fun to study about machine learning. 

Q7. 
 
I think it would be easy to study about machine learning. 

Q8. 
 
I think I understand the kNN algorithm very well. 

Q9. 
I think I can write the kNN algorithm in a programming 
language I know. 

Q10. 
 
I think it would be easy to implement the kNN 
algorithm. 

Q11. 
 
I think it would be fun to implement the kNN algorithm. 

 

III.RESULTS AND ANALYSIS 

   PostTask questionnaires were analyzed for two groups. 
Each student in the Group A, whose C programming code 
of kNN algorithm was shown, was averaged their answers 
to the first 7 questions that measure the increasing the 
level of interest of the students. After the same procedure 
was done to the Group B shown the Orange3 tool, the 
average values were compared. The average value of the 
answers to the questions that increase the level of interest 
for the subject was 4.08 for Group A. For the Group B the 
average value of the answers to the questions that increase 
the level of interest for the subject was  4.10. Participants 
who learned a machine learning algorithm with the 
software tool were more interested in the subject than the 
ones who learned from the code. Average value of the 
answers about the perception of self-knowledge of Group 
A who has shown C programming code was 3.90. 
Average value of the answers the perception of self-
knowledge of Group B who shown Orange3 tool was 
3.50. Accordingly, the Group A considered it to 
understand the algorithm better. 
 
 
 
 
 
 
 
 
 

TABLE III.  TABLE OF RESULTS 

 

Results 
Average value for the 

perception of self-
knowledge 

Average value 
for the 

level of interest 
Group A 

(C programming 
code) 

3.90 4.08 

Group B 
(Orange3 tool) 

3.50 4.10 

 

IV.CONCLUSION 

   As a result, using a visual software tool for the teaching 
machine learning algorithm increased the level of interest 
for the first time learners than the using code. However 
seeing the algorithm with the code enabled participants to 
better understand what is told. They think they understand 
better than the tool users according to the results. In order 
to increase the work on machine learning, it would be 
more appropriate for the trainers to explain algorithms 
with the code after increasing the level of interest of the 
students by using visual tools. In this case, students should 
be encouraged to learn the subjects of machine learning 
and to work in this area and their interest in the subject 
should be increased. It would be useful to use software 
tools when teaching machine learnig algorithms to 
increase the interest of students and prevent the prejudice 
about the difficulty of machine learning algorithms. 
However, the code should be explained in order to better 
understand the algorithms and to increase the beliefs of 
the students could implement the algorithm themselves. 
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Abstract— Big data are large or complex data sets that need 
to be extracted and analyzed using computers in order to 
determine the data patterns, trends, and relationship. It is 
commonly related to extract hidden knowledge behind these 
data sets.  Data visualization can be used to portray data in 
graphical and dynamic manner to extract the hidden 
knowledge. Spatial visualization is one of the visualization to 
project data related to space. One of the foremost problem in 
the visualization is dot overlapping. Such situation distorts the 
true data distribution. Thus, the aim of this study is to design a 
new algorithm to manage dot mapping. The algorithm is to 
visualize non-resident student tabulation where overlapping 
dot are redistributed.  The new algorithm called StarVizAlgo 
was introduced as an enhancement to visualize the plotting 
pattern clearly and efficiently.  It provides a better 
understanding and easier for users to analyze data. 
Furthermore, StarVizAlgo able to avoid data overlapping by 
introducing 'star' visualization pattern. The contribution is to 
the research domain of non-residents students of UiTM Shah 
Alam, Malaysia. It was demonstration using the 2D webpage 
and the result indicated that the dot distribution mapping 
represents a better visual analytic and more significance 
information. 

Keywords—Big Data, Data Visualization, Visual Analytic, 
Algorithm 

I. INTRODUCTION AND MOTIVATION 

Big data is a massive complex amount of digital data that 
cannot be managed by traditional databases and existing 
tools [1]. The volume of the data itself combine with the 
complexity of the data format; structured, semi structured 
and unstructured data have contributed difficulties in the data 
management process, including extracting the hidden 
knowledge and making predictions. Thus, to over-come the 
problem of data exploration and analysis in big data, the 
application of data visualization is very significant. Data 
visualization is a process of converting data into 
visualization or graphical form for better understanding. It is 
related to development of promising technologies to enhance 
the current knowledge. The collected data requires analysis 
process or methods to extract knowledge that contribute to  
decision making, planning and prediction [2]. Visual 
Analytic is the combination of visualization techniques with 
interactive visualization for large and complex data sets [3]. 
It is also an activity of sciences that integrates visualization, 
human factors and data analysis [4]. Visual analytic 
techniques allow decision makers to harmonize their human 

creativity, flexibility and background knowledge with huge 
data storage to gain visions of complex problems.  

   University students are generally divided into resident 
and non-resident students. Resident students reside in the 
university’s campus while non-residents (NR) students stay 
outside the campus. NR students are located dispersally 
outside the university and it is important to keep track of 
their locality. The traditional method in storing the NR 
student’s data are normally in spreadsheet. This method is 
not efficient enough as it is hard to view and analyze the 
population [5]. The second problem is  overlapping of data in 
which some NR students stay at the same location. The data 
visualization fail to portray the accurate population since the 
data are viewed as single data but in reality the data represent 
more than one data in every location.  Thus, there is a need to 
visualize this population dynamically in order to determine 
patterns, trends, and relationship among data.  

Currently the pattern of visual analytic shows four 
directions of dot mapping. However, the method is not 
efficient enough as it is hard to view and analyze the 
population [5].  Another main problem is data overlapping is 
dot distribution. In plotting the dots distribution, populations 
with same coordinate are mapped in the same dot which 
apparently do not reflex the real data.  

Corresponding to the existing studies of the visualization 
pattern, this study was motivated by the need of a new 
algorithm to manage dot mapping. Therefore, the 
contribution of this paper is to introduce StarVizAlgo, a dot 
mapping algorithm.  

 The aim of this research is to determine data visualization 
techniques for non-resident students in order to avoid 
overlapping of data. The objectives are to identify and 
compare visual analytic techniques for dynamic data 
exploration. Next objective is to develop new algorithm to 
avoid data redundancy in dot distribution mapping. Thirdly, 
to test the algorithm, this research used the collected data of 
non-residents students of Universiti Teknologi MARA 
(UiTM) Shah Alam, Malaysia. 

This study is significance as a new enhanced algorithm 
which was introduced to manage overlapped data.  Clearly, 
by implementing these data visualization process to the NR 
students’ locality data, it enables viewers to understand the 
population data better, speed up the process of analyzing 
population data and the locality map can dynamically be 
viewed without any overlapped data. 
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The remaining of this paper is organized as follows. In 
Section 2, this paper describes big data, which explain the 
complexity of data that include brief description of volume, 
velocity, variety and value. Then data visualization that is 
used to represent data into a graphical form is defined. This 
part explains more on the visualization techniques. In the 
next section, Visual Analytic approach are discussed 
focusing on its process. Section 3, describes the methods 
used in designing the algorithm for managing data 
overlapped. Section 4 continues with result analysis obtained 
from this study. Finally, Section 5 concludes the paper.  

II. LITERATURE REVIEW 

A. Background of study 

Big data is a large or complex amount of data set with 
dynamic growth which consist of structured, semi-structured 
and unstructured data. Unorganized information such as 
Twitter tweet, Facebook comments, telegram and other 
social media posts are categorized as non-textual 
unstructured data. Email messages, PowerPoint presentation, 
Word documents and other instant messages are known as 
unstructured textual. Semi structured data is when adding 
metadata tags in the document content to make it easier for 
users to find it. Structured data refers to data formats from 
interaction between people and machine using database. 
Each field is separated and can be retrieved in variety of 
combinatorial formats. Commonly, database query language 
such as Standard Query Language (SQL) is used to interact 
with this database [6]. 

There are several big data  characteristics, which are 
volume, velocity, variety and value. Data Visualization is a 
field of visual representation of data [7]. Data are defined as 
facts and concept that are applicable for processing purpose, 
communication and record storing [8]. Visualization means 
concept of visualized image in mind, or to represent data into 
graphical forms. Data visualization is a technology that 
convert large amount of data into graphical forms which 
enable users to recognize patterns and relationships. Large 
and complex data are transformed into more simplified and 
meaningful forms. 

B. Data Visualization 

This part discusses the comparison between techniques in 
data visualization. 

TABLE I: COMPARISON OF DATA VISUALIZATION TECHNIQUES 

 Methods Details Limitations Advantages 

M
ap

 V
is

ua
li

za
ti

on
 

Cartogram It is a 
spatial data 
in 
quantitative 
geography 

Lack of 
readability 
due to the 
distortion 
needed to 
scale regions 
[9] 

Useful for the 
representation 
of travel time 
and population 

Dot 
Distributio
n Map 

The raw 
data or 
simple 
counts data 
can be 
mapped 

Terrible for 
retrieving 
rates or value 
from the maps 

Efficiently used 
to show the 
density 
differences in 
geographic 
distributions of 
the landscape 

 

T
em

p
or

al
 V

is
ua

li
za

ti
on

 

Connected 
Scatter Plot 

An 
additional 
line that 
join with 
the data 
series. 
Visualized 
the cycle of 
a stem 
piston [10] 

Gives the 
viewer 
confused 
order and 
direction 

Data can be 
inserted before 
being 
visualized 
instead of no 
same sampling 
in the series 

Time series There is no 
consistent 
trends to 
draw this 
graphs since 
it can be in 
upwards or 
downwards 

It is a hard 
stuff since it 
can be 
overwhelmed 
and it is a 
graphs over 
the entire time 
span 

Efficiently for 
visualized the 
temporal effects 

M
u

lt
id

im
en

si
on

al
 V

is
ua

li
za

ti
on

 

Pie chart Is a circle 
with 
divided into 
several 
slices 

Do not easily 
reveal exact 
values 

Display similar 
proportions of 
multiple classes 
of data 

Histogram Information 
representati
on that uses 
rectangle 
bar to 
describes 
the data 

Only used for 
numerical 
data 

The huge data 
sets can be 
graph easily 
with histograms 

Scatter Plot Combination 
of two 
variables as a 
collection of 
points. 
Continuous 
density 
function 
based on a 
mapping 
function 
between 
input and 
output 
domain [11] 

Invaluable 
and work with 
almost any 
continuous 
scale data 

Show large 
quantities of 
data and make 
is easy to see 
correlation 
between 
variables and 
clustering 
effects 

H
ie

ra
rc

hi
ca

l (
tr

ee
) 

Sunburst 
Graphs 

Synchronous 
representatio
n of 
hierarchical 
pattern of 
information 

Hard to 
estimate the 
exact value 
using arch 
length 

Efficiently for 
navigating 
hierarchical 
data that 
visualized a 
large data set 
[12] 

Tree Map Category 
from dataset 
for each 
rectangle 
and have 
hierarchical 
connections 
between 
them 

The size 
distortions 
which means 
the more pixel 
use, the more 
the size 
distorts  

Efficiently use 
when it has a 
large amount of 
hierarchal data 
that need to 
gain overview 
[12] 

N
et

w
or

k 
V

is
ua

li
za

ti
on

 Alluvial 
Diagram 

The stream 
field in the 
between of 
blocks that 
represent 
changes of 
the data 
over time 

Only consider 
data which of 
timing 
changes 

To show 
multiple groups 
relate to one 
another or 
different from 
one another 
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Node-Link 
Diagram 

It has node 
and link 
which are 
nodes id 
represent a 
line sections 
to illustrate 
how data is 
connected 

Lead to 
ambiguities as 
data that are 
not associate 
can lie in the 
corresponding 
convex field 
[13] 

A typical and 
natural way to 
deal with 
network design 
is to 
demonstrate the 
diagram as a 
physical 
framework 

 

Based on Table 1 above, map visualization technique 
display data values as markers on the map. Temporal 
visualization is usually visualized the changes in a graph 
over time  [14]. It has start and finish time. Scientists are 
often analyzing the temporal dynamics of social relationships 
in order to understand the changes of things and to predict 
trends [15]. Multidimensional visualization is about two or 
more measurements. Hierarchical (Tree) emphasize the 
subordinate or membership relations between data items. It 
efficiently used to show how data or objects are ranked and 
ordered in the organization or system. Network visualization 
is a collection of nodes and edges. The volume or strength of 
connection depend on the circle and lines that vary in its 
width. 

 Visual analytic is the science of analytical reasoning 
supported by interactive visual interfaces [4]. Currently, the 
production rate of data is huge and the ability to collect the 
data is increasing faster as compared to the ability to analyse 
it. Visual analytic method allows decision makers to 
combine their human flexibility, creativity and background 
knowledge to gain insight into complex problems. By using 
advanced visual interfaces, user may directly interact with 
the data, allowing them to make better decisions in complex 
situation. Knowledge can be gained in the process of visual 
analytic through interaction between data, visualization and 
human. 

Data visualization can be represent using several tools. 
CartoDB is also known as CARTO is an open and powerful 
platform for discovering and predicting the data location in 
our world. It can integrate with Shapefiles and GeoJSON to 
upload geo-spatial data and easier to visualize stories with 
flexible and intuitive ways. Gephi is an open source software 
available for visualizing social network and textual data. It 
act as a plugin which can export graphs straight into 
webpage that can host, share and adapt.  D3.js is a JavaScript 
library to manipulate documents based on the data. It is also 
a library for visualizing data using web standards and 
producing dynamic, interactive data for visualizations in web 
pages. D3 is built on top of common web standards like 
HTML, CSS and SVG. D3 is also suitable for huge datasets. 
By using this D3.js for visualizations, the errors in the 
parallel implementation of the simulation are easy to be 
diagnosed and debugged. R programming is an open source 
programming language software environment mostly for 
statistical computing and graphics. 

 D3.js are used as a tool of development as it is easier to 
implement the dot distribution map and integrate with Jason 
file. The visualization techniques such as multidimensional 
plot and dot distribution are suitable to visualize the 
population data because it is commonly used to represent 
wide range of data such as population. Visual analytic 
approach is used in order to complete this system. 

Several techniques and tools can be used in data 
visualization. However these data analytic techniques still 
need improvement in data mapping. The plotted data are 
redundant, overlapped and do not represent the actual single 
data. Thus, a new solution is required to overcome this 
problem.  

III. SOLUTION METHODS 

This research applied four main phases which are 
preliminary study, data visualization and algorithm design, 
system design and development, and the last phase 
evaluation and finding. Based on the preliminary study, 
visualization techniques of multidimensional plot and dot 
distribution are suitable to visualize the population data 
because it is commonly used to represent wide range of data 
or big data.  

The architecture design of prototype include three layers 
which are user layer, hard-ware layer and website layer. All 
of visualization process for this research contributions are in 
website layer. They consist four elements for this 
architecture, such as users, input output devices, user 
interface and process for visualization. 

A. Data Visualization Process 

Before this project is designed and developed, several of 
data visualization techniques were analyzed to find the best 
technique that can be used to visualize the population of 
people. Thus, dot distribution map technique was selected. 
The visualization process was conducted using six phases as 
below. 

1. The data was converted into JSON file format 
2.  The JSON file became the input data to the 

visualization.  
3.  Next, create the dot distribution map.  
4. Add new algorithm (StarVizAlgo) to avoid overlap 

mapping because the data may be overlap since it has 
the same coordinate to other data. 

5. Then, the phase continues with analyzing process 
where visual analytic techniques are performed on this 
map.  

6. The phase ended with interactive exploration where 
users interact with this map to view the visualization 
of the dynamic webpage. 

 
Creating JSON file as an input file is used because the 

format is easy to understand and implement into this project. 
It is also suitable for collection of large data and easy to 
classified the data into certain category such as gender and 
coordinate. The data that has been converted into JSON file 
format consists attributes of NR students’ gender, level of 
educations (either diploma or degree), faculty, and the 
population coordinates. The data acquired from NR 
department were converted into JSON file which became the 
input file for visualization. The coordinate data from the 
JSON file were used to develop a new algorithm that avoid 
overlap data based on the similar coordinate. Thus, it will 
avoid overlap mapping of the data.  

After dot distribution algorithm and JSON file had been 
completed, the integration is needed to visualize the dot 
distribution map. In order to integrate dot distribution 
algorithm into JSON file, "d3.json" function is used. This 
function load the file for processing from the JSON file. The 
file name of JSON should be the same as in dot distribution 
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algorithm.  Next step is mapping data using Google API 
optimization. An internet is needed to view this visualization 
webpage. D3.js is the main power to draw the dot 
distribution map. Lastly, the visualization of locality non-
resident students is visualized on 2D webpage. 

 

B. Adding StarVizAlgo Algorithm to avoid Overlap 
Mapping  

 
Fig. 1. Adding StarVizAlgo algorithm to avoid overlap mapping. 

 This research introduces StarVizAlgo algorithm in order to 
avoid overlapped data and at the same time produce a nice 
pattern of visualization through star (*) pattern which uses 
the most of eight directions. Therefore, to test the 
functionality of the prototype, the actual data of non-
residents of UiTM Shah Alam students were used. The data 
collected included students addresses from faculty of 
Computer and Mathematical Sciences. UiTM Shah Alam 
was selected as marker and the coordinate was set up by their 
latitude and longitude. The results of data visualization for 
non-residents were in 2D dynamic page. 

 Google Map API was used to map the data and to show 
the plotted location based on the coordinate of the non-
residents students of UiTM Shah Alam. It also shows the 
direction for drivers, bikers, walkers, and users of public 
transport. Besides that, Google Maps is chosen because of its 
capability to be embedded for web-based application.  

 The next task was setting dots to circle using Google 
Map.  The circles have its own attributes that have been set 
up such as size and color. Next, StarVizAlgo was developed 
to avoid overlapped mapping because it have large number 
of data that have the same coordinate (latitude and longitude). 
The excel data was converted into latitude and longitude, and 
stored in the JSON file. StarVizAlgo read the data and were 
tested with different circumstances. 

 In the case of overlapping less than 10 dots, the pattern 
should look like "+" on the map. The goals were to avoid the 
same coordinate data from overlapping and makes it more 
efficiently appearance for better understanding. This code 
explains that after data had been classified into their similar 
coordinate, the data then were plotting into addition (+) 
pattern. From this classified data, the algorithm was efficient 
enough to make changes on the latitude and the longitude to 
avoid overlapping data and addition (+) pattern on Google 
Map.  

 Considering algorithm of population greater than 10, the 
plotted data were based on "*" pattern. StarVizAlgo 
algorithm was an enhancement to the previous algorithm 
where both patterns plotted differently based on data 
population. StarVizAlgo algorithm used eight direction of  
plotted data to form "*" pattern so as to avoid overlapped 
data. Apparently, StarVizAlgo algorithm provide the means 
to solve the overlapped data problem and allowing for a 
better visual and data analysis. 

 

IV. RESULT 

Result shows the minor and major overlapped and 
redistributing plotted data using the algorithm. 

A. Data Visualization Interface 

Fig. 2. Data Visualization for Non-residents population of UiTM Shah 
Alam students. 

Figure 2 shows the data visualization for Non-residents 
students of UiTM Shah Alam using dot distribution map 
technique. The locations were plotted and marked based on 
the coordinate in JSON file. Next, the data was classified 
according to coordinate and stored in the multidimensional 
array. In this dot distribution map, the data was classified 
based on the coordinate (latitude & longitude) of the non-
resident students. 

This algorithm produces a dynamic array that will create 
new array each time it reads the non-exist coordinate or new 
coordinate and stored in a classified data based on similar 
coordinates. Below is the result of classified data. As the 
successful of this classification algorithm, the next step was 
to plot the data into the map. 
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Fig. 3. Visualization of Non-residents students. 

Figure 3 above describes the plotted data that produced 
the marker, based on the coordinate in JSON file.  It applied 
the addition (+) pattern for data that was less than ten 
populations in the same area. 

 

 

Fig. 4. A bigger scale size for population more than ten data. 

Figure 4 above shows a bigger scale size of plotted data 
for population more than ten data. StarVizAlgo algorithm 
produced the star (*) pattern which consists of eight 
directions of data mapping and avoid overlapped data. The 
result indicate StarVizAlgo able to solve the overlapped data 
issues and improved visual analytic to the data mapping. 

V. CONCLUSION 

Visualization is important in visualizing the population 
of non-residents students and interpret data for a better 
presented information. Moreover, it is more efficiency as 
compared to the text form. The objectives which are to 
identify type of data visualization technique for non-
residents UiTM Shah Alam population, to develop 
algorithm of data visualization and avoid overlapping data, 
and to test the functionality of the prototype. From the 
results, it is clear that StarVizAlgo is capable to overcome 
the overlapped dot distribution problem.  For future work, 
researchers can consider in enhancing in the aspect of 

visualization techniques. The marker of each location can be 
enhanced by displaying the location of the place addressed. 
Other than that, the visualization can be enhanced using 
more attributes of the non-residents students. The 
visualization can be further improved by comparison 
between previous and current population using diversity of 
techniques and with bigger data size. 
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 A Novel Application based on Spectrogram and 

Convolutional Neural Network for ECG 

Classification 

Abstract - Electrocardiogram (ECG) is a biomedical signal which 

represents the electrical activity of the human heart. Various 

cardiac diseases have been detected using the outputs of ECG 

devices. Recently, advances in signal processing techniques bring 

out a new horizon for processing the ECG signals. In this scope, a 

novel application based on the spectrogram, which is a graphical 

representation of time-frequency information of the signal, and 

the convolutional neural network (CNN) is proposed so as to 

distinguish ECG signals. To this aim, a publicly available data set 

in Physionet was utilized. Firstly, the spectrograms of each signal 

were obtained. Then, these colorful spectrogram images were 

applied as the input to CNNs that are AlexNet, VGG-16, and 

ResNet-18. The transfer learning and fine-tuning approach were 

used for training and validation of the models. As a result, the most 

efficient results were provided by AlexNet with an accuracy of 

83.82%. The experimental results of this study show that the 

proposed model ensures promising results for the ECG signal 

classification. 

Keywords— Biomedical signal processing, decision-making 

support system, convolutional neural network, classification. 

I. INTRODUCTION 

 Electrocardiography (ECG) is one of the biophysical 

signals that can be measured using specific devices from the 

human body. It keeps quite important clues regarding how the 

heart works or whether existing of any abnormal condition for 

it [1, 2]. ECG is composed of some important parts waves as 

demonstrated in Fig 1. The P wave comprises in the period of 

atrial depolarization, which lasts along with compression of 

blood from the atrium to the ventricle. The QRS complex arises 

when ventricular depolarized. In addition to critical waves, the 

ECG signal includes the standard ECG intervals, which is the 

QT interval [3], the ST interval, and the PR intervals. The 

experts determine the diagnosis of heart diseases based on the 

changes in these basic sections. Therefore, it is very important 

to detect and classify the ECG signal correctly [4].  

On the other hand, manual explication and diagnosis of the 

ECG signal entail years of experience. It is truly difficult to 

visually detect small changes in the ECG signal. Thus, the 

analysis and examination of the ECG signal have become an 

interesting topic for many researchers to conduct their studies 

[4–6]. Computer-based diagnostic systems have been embraced 

as one of the most hopeful solutions because of their effective 

and reliable analysis. In the computer-based diagnostic 

systems, the procedure is used which is called preprocessing to 

remove the signals from the noise [7]. At the same time, the 

feature extraction stage, which is important stage for 

classification, is carried out to describe the characteristic 

metrics. In this stage, the signals are analyzed and prepared for 

classification [8]. In this context, many methods have been used 

in the literature for accurate classification of the ECG signal. 

Convolution Neural Network (CNN), is the best example of 

these methods which has been gaining popularity in recent 

years. CNN is an exclusive structure of the deep learning 

method and is a highly accomplished algorithm for image 

processing, especially representing 2-D signals. CNN’s is one 

of the known deep learning structure and occurs of two parts. 

In the primary part, feature extraction is implemented. The next 

part name is classifying layer [9].   

In computer based applications, other the powerful and 

reliable algorithms, such as fuzzy c-means [10], k-nearest 

neighbor (kNN) [11], deep neural network (DNN) [12], 
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Fig. 1. A typical ECG signal 
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convolution neural network (CNN) [13], higher-order statistics 

and the Naive–Bayes classifier [14], support vector machines 

(SVM) [15], and Weighted ELM (WELM) [16], have been 

utilized to define the ECG signals into two or more classes. 

In this study, we first perform the preprocessing stage for 

accurate classification of ECG signals, and to remove 

interference noise. Then, we determine the characteristics of the 

ECG signals by CNN in the feature extractions step. In the 

classification stage, performance values are obtained by using 

CNN architectures, such as AlexNet, VGG-16, and ResNet-18. 

In this study, our primary aim is to compare the performance of 

CNN architectures in the classification of ECG signals as 

normal and abnormal.  

The remainder of the study is organized as follows: the 

dataset and methods used in the study are defined in Part 2. In 

experimental results are presented in Part 3. The finalized 

remarks are presented in Part 4. 

II. MATERIALS AND METHODS 

A. Data set description 

In this paper, so as to evaluate the adequacy of CNN 

classifiers, PTBDB which is publicly on the  Physionet were 

utilized [17]. PTB ECG diagnostic dataset has totally 549 

records. The samples were gathered from 294 patients. Each of 

the samples contains 15 synchronously registered signals [16, 

17]. In this study, a total of 224 records, as 148 abnormal and 

80 normal were used to input CNN classifiers. Besides, all 

experiments were performed on lead II in this paper since it 

appeared similar to an original ECG signal [20]. 

B. Convolutional neural networks 

CNNs are a reproduction of multi-layer sensors [21]. CNN, 

which is devised to operate data in multiple arrays, has become 

an attractive method on account of processing capabilities in the 

image, video, speech processing [22–25]. CNNs comprise of a 

lot of segments that may be trained as shown in Fig 2. Every 

segment has three segments. These the feature pooling layer, the 

filter bank layer, and the non-linear layer. There are lot of cores 

in the filter bank layer for feature extraction. In the pooling layer, 

each feature map is operated asunder. Every map ensures the 

mean or maximum rate of the adjacent rate [21].   

There are a lot of CNN architectures in the literature. These 

are AlexNet, VGGNet, ResNet. AlexNet was proposed by 

Krizhevesky et al. This structure is embraced as the first deep 

CNN structure indicated good results for image classification. 

By the accomplished use of CNNs for image classification, 

Simonyan et al. offered a basic and powerful architecture for 

CNN architectures. Their structure named as VGG was modular 

in layers pattern. VGG was produced 19 layers deep collated to 

AlexNet to 20 simulate the relationship of depth with the 

representational capacity of the network. The other architecture 

is the GoogLeNet, the primary aim of the GoogLeNet structure 

is to reach high accuracy with a reduced computational cost. 

ResNet was recommended by He et al., which is regarded as a 

continuance of deep Nets. ResNet revolutionized the CNN 

structural race by offering the procedure of residual learning in 

CNN and designed an efficient technique for the training of deep 

Nets [26]. 

C. Spectrograms  

A spectrogram is a graphical representation of the time-

frequency information of a signal [27]. In this study, 

spectrograms are used to ensure the representation of ECGs in 

the frequency domain using the discrete short-time Fourier 

transform when temporal domain representations alone are not 

enough [28]. The converted 2D frequency-time matrix would 

then be processed like an image as shown in Fig 3.  

D. Validation of the networks  

Several performance metrics, such as sensitivity (Se), 

specificity (Sp), and accuracy (Acc), derived from the 

confusion matrix were used to measure the performances of the 

models in this study.  

A confusion matrix basically consists of four indices that are 

true-positive (TP), false-positive (FP), true-negative (TN), and 

false-negative (FN). TP and TN are located on the diagonal axis 

of the confusion matrix, match the number of truly predicted 

rsize

ksize

nfilters

Convolution

Pooling

 
Fig. 2. Convolutional network architecture. 

(a) (b)

(c) (d)

 
Fig. 3.  (a) Spectrogram of normal ECG record with number s0292lre (b) 

Spectrogram of abnormal ECG record with numbers 0021brem (c) 
Normal ECG record with number s0292lre (d) Abnormal ECG record with 

numbers0021brem. 
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normal and abnormal samples. As for FP and FN, they 

correspond to the number of misdiagnosed samples for normal 

and abnormal samples, respectively. The mathematical forms 

of the performance metrics are defined between Eq. (1) and Eq. 

(3).  

 Se =  
(TP)

(TP + FN)
 (1) 

Sp =   
(TN)

(TN + FP)
 (2) 

Acc =    
(TP + TN)

(TP + FP + FN + TN)
 (3) 

In addition, it is important to be aware of that when the number 

of samples over the classes is not equal, sensitivity and 

specificity have become more significant than accuracy for the 

proper interpretation of the performance metrics [29]. 

Receive optic characteristic (ROC) curve is one of the 

commonly used metrics for the classification task. In plotting of 

the ROC curve, false-positive rates (FPR) and true-positive rates 

(TPR) are located on the x-axis and y-axis, respectively. The 

area under this curve (AUC) is calculated to evaluate the 

performances of the models. It is desired to achieve 1 for AUC 

since this value of AUC represents an excellent classification 

[30]. 

III. EXPERIMENTAL RESULTS 

All experiments were conducted on HP Z8 G4 Workstation 

with Intel© Xeon© Gold 6132 CPU @2.60 GHz, 64 GB RAM, 

and NVIDIA Quadro P6000 graphic card with 24 GB RAM. 

The simulation platform was MATLAB (2019a). Digital signal 

processing toolbox, statistic and machine learning toolbox, 

computer vision toolbox, and deep learning toolbox provided 

by MATLAB were utilized to carry out the experiment.   

In order to validate the performances of the models, the 

whole data set was randomly divided into two sets as training 

and test with 70% and 30% rates, respectively. For the sake of 

a fair assessment, the random number generation was brought 

under control. In this manner, the same samples were applied 

to models for both training and test procedures. As a result, 160 

samples were used for the training whereas 68 samples were 

used for validation of the models. In the validation set, 44 

samples belonged to abnormal and the rest of them belonged to 

normal classes.  

The transfer learning approach was used to train the CNNs. 

The mini-batch size and maximum epoch were adjusted to 16 

and 64, respectively. The initial learning was 0.0001. The learn 

drop factor and the learn drop period were set to 0.1 and 16, 

respectively. It means that the fine-tuning is realized in the 

experiment, and the learning rate is multiplied by 0.1 at each 

per 16 epochs.  

The training and validation process of each model is 

illustrated in Fig. 4. In this scope, the training accuracy (a), 

validation accuracy (b), the training loss (c) and validation loss 

(d) were plotted over the iterations. All models learned the 

problem, and the training losses were too close to zero. As for 

validation, the accuracy values were obtained in the range of 

approximately 75% and 85%. Also, the values of the validation 

loss were not close to zero. It means that the model learned the 

problem, however, the performances of the models can be still 

improved. 

After the training and validation of the models, the 

performances of the models were calculated. All confusion 

 
Fig 4. The evaluation of the models. (a) Training accuracy. (b) Validation accuracy. (c) Training loss. (d) Validation loss. 
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matrices are presented in Fig. 5 with row-normalized values. It 

is possible to observe the contribution of each index of the 

confusion matrix to the classification success in this figure. The 

most efficient results were yielded by AlexNet with an accuracy 

of 83.82%, sensitivity of 95.45% and specificity of 62.50%. 

VGG-16 achieved an Acc of 76.47% and ResNet-18 produced 

an Acc of 83.35%. All performance metrics are reported in 

Table 1.  

As can be inferred from the results, despite the high 

sensitivity, low specificity was obtained. The basic reason for 

this situation suffers from the imbalanced data set. The number 

of samples belonging to the abnormal class is high compared to 

the number of samples in the normal class. Such a case, only 

evaluation of the accuracy may lead to misinterpretation of the 

performance metrics. 

We also examined the ROC curves of the models for 

detecting abnormal samples. The AUC values were 0.8465, 

0.6865, and 0.8097 for AlexNet, VGG-16, and ResNet-18, 

respectively. 

IV. CONCLUSION 

 A novel application based on the spectrogram and CNNs 

was proposed to distinguish abnormal ECG samples from 

normal. The experiment was carried out an open-access data 

set. With the help of the end-to-end learning schema of the 

CNNs, the classification of the ECG signals were realized 

without using any feature extraction as well as feature selection 

methods. The performances of the AlexNet, VGG-16 and 

ResNet-18 models trained using the transfer learning approach 

were examined in the experiment. As a result, the most efficient 

results ensured by AlexNet with an accuracy of 83.82%. Also, 

the AUC value of AlexNet was 0.8465. It is observed that 

although the number of samples in the ECG data set is not 

enough large, the pretrained models learned the problem and 

provided generalized results thanks to the transfer learning.  

In future studies, we will investigate the performances of 

other CNNs on ECG signal classification with large data sets. 

In addition, we will try to understand which training approaches 

(transfer learning or training from scratch) produce more 

effective results.  
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Özet—Trafik bileşenleri temel olarak akış, yoğunluk ve 
ortalama hız olarak ifade edilmekte ve bu bileşenler gelecek 
zaman dilimlerinin tahminde veya rota belirleme gibi tavsiye 
sistemlerinde kullanılmaktadır. Trafikte hareket halinde olan 
araçlar, seyahat eden kişilerin mobil telefonları, ilgili sensörler 
veya birçok veri sağlayıcı veri üretmektedir ve bunlar ise 
günümüzde büyük trafik verisini oluşturmaktadır. Büyük 
trafik verisini yönetmek, trafik durumlarını tahmin etmek, 
bundan farklı sonuçlar çıkartmak ve en önemlisi yeni değerler 
elde etmek için birçok çalışma günümüzde yapılmaktadır. Bu 
çalışmada, büyük veri analitiği açısından trafik tahmini, trafik 
modelleri ve bu konuda elde edilebilecek değerler incelenmiş, 
akıllı ulaşım sistemleri ve temel trafik bileşenleri açıklanmış, 
trafik akış tahmini üzerine yapılan çalışmalar özetlenmiş, 
trafik akış tahmininin büyük veri bakış açısıyla gerekliliği 
ortaya konulmuş, konu üzerine yapılan çalışmalar gözden 
geçirilmiş, örnek şehir uygulamaları sunulmuş ve elde edilen 
çıktılar ise sonuçta değerlendirilmiştir. 

Anahtar Kelimeler—Trafik Akış Tahmini, Tahmin 
Yöntemleri, Büyük Veri Perspektifi 

Abstract—Traffic components are basically expressed as 
flow, density, average speed and these are used in forecasting 
future time periods or in recommendation system such as route 
determination. There have been many data generators from 
the sensors of vehicles, traffic flow and lights, mobile phones, 
travelers, IoT sensors or data providers and today they are all 
known as big traffic data. Many studies are currently being 
published for managing large traffic data and predicting the 
traffic or traffic related issues.  In this study, first of all, 
intelligent transportation systems and basic traffic components 
are described. The studies on traffic flow prediction are then 
explained. The necessity of traffic flow prediction from big 
data perspective are revised, demonstrated and examined. 
Finally, the work is concluded and evaluated. 

Keywords—Traffic Flow Prediction, Prediction Methods, Big 
Data Perspective 

I. GİRİŞ 

Gelişen teknoloji ile birlikte veri kaynakları ve çeşitliliği 
artmıştır. Forbes dergisinin araştırmasına göre günlük 
üretilen veri miktarı 2.5 kentilyon bayta ulaşmıştır [1]. 
Üretilen büyük verinin içerisinde trafik verisi de mevcut olup 
bu veriler, yollara yerleştirilen sensörler, akıllı kartlar, 
hareketli araç verileri, GPS verisi sağlayan cihazlar vb. 
sağlayıcılardan elde edilmektedir. Elde edilen bu ve buna 
benzer veriler kullanılarak; trafiğin çeşitli bileşenlerinin 
hesaplamaları, trafik akışı, yoğunluğu ve ortalama hızların 
bulunması, gelecek ile ilgili tahminler ile belirlenen 
problemleri çözmek için farklı çözümler bulunabilmektedir. 
Temel trafik bileşenleri, kamu kurum ve kuruluşlarından son 
kullanıcıya kadar pek çok alanda trafik paydaşlarına ön 

bilgilendirme hizmetleri sağlamaktadır. Trafik yoğunluğu, 
seyahat süresi, rota belirleme gibi ön bilgiler paydaşların 
günlük, saatlik veya o anlık planlamaları yapmaya da 
yardımcı olduklarından, herkesi ilgilendiren ve gerek zaman 
yönetimi gerekse kaynak yönetiminin daha sağlıklı 
yapılmasına katkılar sağlamaktadır. 

5 bölümden oluşan bu bildiride literatürdeki mevcut 
trafik akış tahmin yaklaşımları araştırılmış ve yapılan 
çalışmalar büyük veri bakış açısıyla incelenmiştir. Bildirinin 
II. bölümünde trafik için ulaştırma sistemleri anlatılmış, 
temel trafik bileşenleri açıklanmıştır, III. bölümde, elde 
edilen trafik bileşenleri ile tahmin yapan çalışmalar 
yöntemsel olarak sınıflandırılmıştır. IV. bölümde ise günden 
güne artan büyük trafik verisi boyutsal olarak ele alınmış, 
büyük trafik verisi üzerine yapılan çalışmalar ve örnek şehir 
uygulamaları incelenmiş ve özetlenmiştir. Son bölümde ise 
bu çalışmada elde edilen bulgular değerlendirilmiş ve elde 
edilen çıktılar sunulmuştur. 

II. ULAŞTIRMA SİSTEMLERİ VE TAHMİN BİLEŞENLERİ 

Ulaştırma sistemleri insanların ve araçların bir noktadan 
başka bir noktaya güvenli bir şekilde taşınmasını düzenleyen 
sistemlerdir. Bu noktada ortaya çıkan akıllı ulaşım sistemleri 
(AUS) mevcut ulaştırma sistemlerinin gelişmesini, seyahat 
güvenliğinin arttırılması ve seyahat eden kişilere birçok 
alternatif sunma gibi özellikleri sağlamaktadır [2]. AUS, 
gelişmiş yolcu bilgi sistemleri, otomatik sürüş sistemleri, rota 
belirleme sistemleri, filo yönetimi, araçtan araca iletişim 
sistemleri gibi teknolojileri kapsamaktadır. Hızla büyüyen bu 
alanda, trafik akışının anlık hesaplanması, kazaların tespiti, 
ani durum değişikliğinin belirlenmesi, acil durum 
yönlendirmesi gibi pek çok yeni durum veya problem ortaya 
çıkmaktadır. Bu problemleri çözüm için AUS kapsamında 
trafik bileşenleri ele alınmakta, trafik karakteristiğini 
oluşturan ortalama hız (v), yoğunluk (k) veya akış (q) temel 
bileşenler olarak sıralanmaktadır. 

Trafik akışının belirlenmesi için kullanılan bir bileşen, 
araçların ortalama hızıdır ve ortalama hız kavramsal olarak 
zamansal ortalama hız (vt) ve düzlemsel ortalama hız (vs) 
olarak iki farklı biçimde ifade edilmektedir. Araç hızlarının 
aritmetik ortalaması ile zamansal ortalama hız, harmonik 
ortalaması ile düzlemsel ortalama hız Eş.1’de verildiği gibi 
hesaplanmaktadır.  
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Trafik yoğunluğu birim yoldaki toplam araç sayısı olarak 
ifade edilirken, trafik akış durumu ise gözlem yapılan bir 
noktadan birim zamanda geçen araç sayısıdır [3, 4]. Trafik 
akışının hesaplanması ise Eş.2’de verilmiştir.  

 q = k . v (2) 

Trafik tahmini belirli bir zaman dilimi içinde bir veya 
birden fazla aralıkla ulaşım ağının bir bileşenin (örneğin yol 
bölümü) durumunu tahmin etmeye çalışan bir araştırma 
problemidir. Trafik tahmini yapılırken, yukarıda anlatılan 
bileşenler kullanılmaktadır. Tahmin üzerine yapılan 
çalışmalar zamansal (kısa zamanlı, uzun zamanlı tahmin), 
yöntemsel (parametrik, parametrik olmayan) veya veri türü 
stratejisine (veri güdümlü, simülasyon) göre 
sınıflandırılmaktadır. Bu çalışmada, tahmin yöntemleri 
yöntemsel açıdan incelenmiş ve takip eden bölümde 
anlatılmıştır. 

III. TAHMİN YÖNTEMLERİ 

Trafik tahmini, kendi sistematiği içinde yine kendine ait 
trafik bileşenleri ile ölçülmektedir ve trafik tahmini 
yapılırken belirli adımlar izlenmektedir [5]. İlk olarak, 
trafiğin kaynağına bağlı olarak uygun trafik değişkeni 
seçilmektedir. Trafik sistemleri için bir kaynak sağlayıcı olan 
döngü detektörü, bir noktadan geçen araçları sayan ve trafik 
akış ve yoğunluk bilgilerini sağlayan bir cihazdır. GPS ’si 
aktif edilmiş bir mobil cihaz takılı bir araçtan, anlık hız ve 
konum bilgileri elde edilebilmektedir. Akıllı kartlar, 
araçlarda bulunan ve belirli noktalardan geçişlerde 
okunabilen kartlardır. Döngü detektörü, GPS cihazlar ve 
akıllı kartlar trafik için birer veri kaynağıdır ve veri kaynağı 
seçildikten sonra elde edilen bilgiler içerisinden belirli 
hazırlık adımları uygulanmaktadır. Bu adımlar aykırı 
verilerin temizlenmesi, eksik verilerin doğru şekilde yerine 
konulması veya harita eşleme gibi ön işlemlerden oluşmakta, 
sonrasında ise ilgilenilen trafik bileşeninin tahmini 
yapılmaktadır. Tahmin eğer birkaç saate kadar yapılıyorsa 
kısa zamanlı, daha uzun süreler için yapılıyor ise uzun 
zamanlı tahmin olarak adlandırılmaktadır [6]. Kısa ve uzun 
zamanlı tahmin olan zamansal sınıflandırmanın yanı sıra 
incelenen çalışmaları daha iyi bir değerlendirmek için 
yöntemsel ve veri türü bazında da sınıflandırmaya 
gidilmiştir.  

Trafik Tahmini için Yöntemsel Sınıflandırmada tahmin 
yöntemleri, temel, parametrik, parametrik olmayan metotlar 
olarak ayrılmıştır [5, 7]. Temel yöntemler geçmiş verilerin 
ortalamasını almakta iken parametrik metotlar yapısı 
önceden belirlenmiş matematiksel ve istatiksel denklemlere 
ve bir dizi parametre değerin tahmin edilmesine 
dayanmaktadır. Parametrik yöntemler; ARIMA, SARIMA 
zaman serileri, Markov modeli, Kalman filtresi vb. 
yöntemleri kapsamaktadır [8]. Parametrik yöntemler 
kullanılarak yapılan çalışmalardan AIMSUN simülasyonu ve 
ARIMA kullanarak seyahat süresi [9], trafik sensör verileri 
ve SARIMA kullanarak trafik akış tahmini [10], MONICA 
trafik sensöründen elde edilen veriler ile Kalman filtresini 
kullanarak trafik akışı tahmin edilmiştir [11]. Parametrik 
olmayan metotlar ise genellikle veri güdümlüdür ve tahmin 
herhangi bir ön kabul yapmadan verinin analizine dayanan 
deneysel algoritmalar ile yapılmaktadır [12]. Parametrik 
olmayan yöntemlere; yapay sinir ağları, Bayes, SVM ve k-
NN yöntemi örnek olarak verilebilir. Bu konuda yapılan 
çalışmalarda; Khan [13] yolcu bilgi sistemleri için Bayes 

yöntemi ile seyahat süresi hesaplamış, Ma vd. [14] yapay 
sinir ağları ile Yao vd. [15] SVM yöntemi ile trafik akış 
hızını tahmin etmişlerdir.   

 

 
Şekil 1. Trafik Akış Tahmin Yöntemlerinin Sınıflandırılması 

Yöntemsel olarak anlatılan trafik tahmin metotları farklı 
açılardan da sınıflandırılmıştır ve bu örnek sınıflandırma 
Şekil 1’de görülmektedir. Tahmin yöntemleri veri güdümlü 
ve simülasyon tabanlı olarak da sınıflandırılabilmektedir. 
Veri güdümlü sistemler daha önceden ifade edilen mobil 
veri, sensör, GPS bilgilerini kullanırken [2, 16], simülasyon 
tabanlı sistemler TOPL, BOSS vb. sistemler [17] ile veri 
üretmekte ve bu veriler ile trafik akış, yoğunluk ve ortalama 
hız tahmini yapılmaktadır. Hem veri güdümlü hem de 
simülasyon tabanlı sistemler için günümüzde üretilen veri 
çok büyük miktardadır ve büyüyen bu veri ile başa 
çıkabilmek için büyük veri analitiği ile çözümleme yapmak 
gereklidir. Büyük veri perspektifi ile trafik tahmini IV. 
bölümde anlatılmıştır. 

IV. TRAFİK SİSTEMLERİ İÇİN BÜYÜK VERİ UYGULAMALARI 

Büyük veri terimi, bilinen klasik yöntemlerle 
yönetilemeyen çok büyük miktarda ve karmaşık veriler için 
kullanılmaktadır. Büyük veri mimarisi verinin depolanması, 
analizi ve yönetimi için çözüm üretebilmektedir [18]. 
Hadoop sistem ile çok büyük miktarda veri, dağıtık dosya 
sisteminde tutularak yönetilirken, MapReduce verinin olduğu 
yerde işlenmesine olanak sağlayarak ölçeklenebilirlik 
sağlamaktadır. Dağıtık bir Hadoop sistemde büyük bir veri 
deposu olarak Hive kullanılabilmektedir ve sistemin bu 
noktada kararlılığı ve hata toleransı da önemlidir. Hive 
sistemde HQL komutları MapReduce görevlerine 
dönüştürülerek farklı düğümlerde işlem yapılmaktadır. 
Büyük veriyi oluşturan karakteristik özellikler ilk 
zamanlarda büyüklük, hız ve çeşitlilik olarak karşımıza çıksa 
da sonradan bu özelliklere değer ve doğrulama 
karakteristikleri de eklenmiştir. Trafik yönetim sistemlerinde 
ise sensör yerleştirilen yollar ve internete bağlı araçların 
ürettiği veriler sayesinde büyük miktarda veriler elde 
edilmektedir [8]. Birçok trafik bilgisi özellikle insan kaynaklı 
(crowd-sourcing) veriler ve akıllı trafik sistemlerde 
kullanılan sensör verilerden oluşmaktadır.  

Trafik sistemleri için büyük veri uygulamaları 3 alt 
başlıkta incelenmiş ve büyük veri perspektifi, büyük veri 
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üzerine trafik tahmin çalışmaları ve örnek şehir uygulamaları 
olarak alt başlıklarda sunulmuştur. 

A. Büyük Veri Perspektifi 

Trafikte elde edilen büyük veri, büyük verinin beş boyutu 
üzerinden incelenmiştir. 

- Hacim: Büyüklüğü Gigabayt, Terabayt, Petabayt gibi 
ölçülerle ifade edilen veri boyutu aynı zamanda 
hacim olarak da ifade edilebilmektedir [19]. Uzun 
zamandır üzerinde çalışılan trafik sistemleri belirli bir 
düzendedir ve bu sistemlerden büyük miktarlarda veri 
toplanabilmektedir. Büyük miktarda toplanan bu 
veriler büyük verinin hacim boyutunu 
oluşturmaktadır.  

- Hız:  İşlenmek üzere elde edilen veri değişken 
hızlarda üretilebilmektedir. Büyük hacimde durağan 
veriler bir problem olabilirken aynı zamanda hızlı 
üretilen veriler de yönetilmesi gereken süreçleri 
oluşturmaktadır. Trafik verileri uzun ve kısa zaman 
dilimlerinde üretilse de çok hızlı bir biçimde büyük 
veriyi oluşturabilmektedir. 

- Doğruluk: Trafik verileri, hareketli araç verileri 
üzerinden doğrulanmış yazılımlar veya karayollarına 
yerleştirilen sensör verileri gibi veriler olduğundan 
kaynağı doğrulanmış verilerdir. Bu yönden büyük 
verinin doğruluk boyutu oluşmaktadır. Fakat burada 
dikkat edilmesi gereken nokta elde edilen verilerde 
gürültü veya aykırı veriler olabileceğidir. Bu gibi 
durumlarda veri ön işlemden geçirilmeli ve büyük 
değer üretmek için doğru verilerle çalışıldığından 
emin olunmalıdır. 

- Çeşitlilik:  Veri kaynaklarının farklı olması veri 
çeşitliliğine neden olmaktadır. Elde edilen veriler 
yapısal, yarı-yapısal ve yapısal olmayan tür de 
olabilmektedir. Trafik verileri için toplanan veriler 
sadece GPS verisi olmamakta, örneğin yollara 
yerleştirilen kameralardan görüntü verileri elde 
edilmekte veya GPS verilerinin işlendiği harita 
bilgileri de kullanılmaktadır. Trafik için kullanılan 
veri türlerinin farklılık göstermesinden dolayı büyük 
verinin çeşitlilik boyutunu sağlanmaktadır.  

- Değer: Bilgiye dönüşmeyen veri, değer üretmeyen 
veri anlamsızdır. Klasik veri analiz yöntemleri ile 
büyük miktarda verinin analizi zordur ve istenilen 
değerler üretilmemektedir. Büyüyen şehirler ve artan 
araç sayısı trafik yönetim sistemleri için bir 
problemdir. Trafik yönetim sistemleri için önemli ve 
değerli çıktılar üretmek büyük verinin analizi ile 
mümkündür. 

B. Büyük Veri üzerine Trafik Tahmin Çalışmaları 

Bir önceki bölümde trafik verisi büyük veri boyutları ele 
alınmıştır. Büyüyen trafik verisi ile hem başa çıkabilmek 
hem de bu veriden değerli çıktılar üretmek üzerine çalışmalar 
yoğunlaşmıştır. Büyük trafik verisi kullanılarak yapılan 
çalışmalardan Figueiras vd. [20] Slovenya’da döngü 
detektöründen elde edilen trafik verisini Apache Storm 
altyapı ile işlemiş ve bir web ara yüzü ile araçların anlık hızı, 
yoğunluğu ve akışını izlemiştir. Xia vd. [21] zaman düzlem 
ağırlıklı model geliştirmiş, Çin Pekin şehrindeki taksi 
verilerini k-NN ve Apache Hadoop kullanarak trafik akışını 
hesaplamıştır. Cheng vd. [22] çalışmasına büyük veri tabanlı 

derin öğrenme yöntemi ile ANFIS yöntemini önermiş ve bu 
yöntem ile araçların hızlarını tahmin etmiştir. Yisheng vd. 
[23] yaptıkları çalışmada Kaliforniya eyaletinde yollara 
yerleştirilen sensörlerden yarım dakikalık aralıklarla elde 
edilen veride, Polson ve Nikolov [24] ise Chicago şehrinde 
24 adet döngü detektöründen sağlanan verilerden yine derin 
öğrenme yöntemleri kullanarak trafik akışını 
hesaplamışlardır. Liu vd. [25] sundukları raporda Çin Fudan 
Üniversitesinden elde edilen verileri Storm teknolojisi ile 
paralel çalıştırmış ve RBF sinir ağı ile trafik akış tahmini 
yapmışlardır. Akıllı kartlardan elde edilen veriler ile 
otobüsler için trafik akışının hesaplandığı, Apache Hadoop 
altyapısı ve Res-Net derin öğrenme yönteminin kullanıldığı 
çalışma Liu vd. [26] tarafından gerçekleştirilmiştir. Akış 
tahmininden farklı olarak atık araçlar için güvenli rotalar 
oluşturan bir çalışma Qiu vd. [27] tarafından yapılmıştır. Li 
vd. [28] çalışmalarında, tahmin yapılmadan önce hangi 
verilerin kullanılması gerektiği ve kullanılan bu verilerle 
büyük veri ile tahmin modellerinin hesaplama etkinliğinin 
nasıl arttırılabileceği üzerine bir çalışma yapmışlardır. 
Ortalama hız, trafik yoğunluk ve akışı üzerine bir araştırma 
Amini vd. [29] tarafından yapılmış, SUMO simülasyon ile 
üretilen veriler Kafka teknoloji ile işlenmiş ve ortalama hız, 
trafik yoğunluk ve akışı tahmin edilmiştir.  

Yukarıda verilen çalışmalardan ve sunulan 
istatistiklerden de görülebileceği gibi büyük veri çalışmaları 
son yıllarda özellikle artmıştır. Bu artışın sebebi veri 
miktarındaki hızlı artış, verilerin çeşitliliği ve farklı verilerin 
aynı anda işlenebilmesidir. Bu hususlar dikkate alındığında, 
trafik tahmin yöntemlerinin büyük veri bakış açısı ile 
yapılmasının gerekliliğidir. Sadece akademik araştırmalarda 
değil büyük veri analitiği şehir uygulamalarında da 
gerçekleştirilmektedir ve takip eden alt başlıkta şehir 
uygulamalarına örnekler verilmiştir.  

C. Örnek Şehir Uygulamaları 

Bu bölümde örnek şehir uygulamaları alt başlıklarda 
verilmiştir. 

- Avrupa Büyük Veri projesi kapsamında, Yunanistan 
Selanik şehri, geleneksel trafik izleme yöntemleri 
(sensör, radar ve kameralar), hareketli araçlara 
yerleştirilen dinamik sensörler ve sosyal medya 
içerikleri ile izlenmiştir. Gözlem yapılan şehir ağında 
1200 taksi ve 600 otobüs takip edilmiştir. Ayrıca 43 
Bluetooth detektörü ile günlük 20 bin haftalık 1 
milyon rota izlenmiştir. Sosyal medyadan ise 750 
farklı noktadan haftalık 44 bin konum kaydı 
alınmıştır [30]. 

- Bir başka çalışmada [31], Tokyo,  Dublin, Zhejiang 
ve Kaliforniya şehirleri incelenmiştir. Tokyo şehrinde 
kullanılan Japon patentli Zenryoku Annai, isimli 
uygulama trafik tıkanıklığının analizini yapmaktadır. 
Veriler trafik sensörleri, uydu navigasyon sistemler, 
mobil cihazlar ve taksi GPS cihazlarından elde 
edilmektedir. Tokyo şehrinin yüksek yoğunlukta 
trafiğinden dolayı saniyede yaklaşık 360 milyon veri 
paketi alınmaktadır [31].  

- İrlanda Dublin Belediyesi, Dublin'i akıllı şehir 
yapmak için 2010 yılında IBM ile bir ortaklık 
kurmuştur. Ortaklık projesinde şehrin dijital haritasını 
oluşturulması planlanmış ve bunun için yol 
sensörlerinden gelen ve 1000'den fazla belediye 
otobüsünün gerçek zamanlı konumlarını içeren veriler 
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toplanmış ve GPS bilgileri sürekli güncellenmiştir. 
Rota bilgileri dakikada bir güncellenmiş ve şehirde 
yaşayan 1.2 milyon insanın gideceği en yakın rota 
için kolaylık sağlanmıştır. 

- Çin, Zhejiang kentinin hızla gelişimine bağlı olarak 
yoğun trafik oluşmuş ve trafik suçları artmıştır. 
Şehrin anahtar noktalarına 1000 izleme cihazı 
yerleştirilmiştir ve şehirden aylık bir terabaytı bulan 
resim ve video içeriği elde edilmiştir. İleriye dönük 
planlanan çalışmalarda, toplanan trafik verisi merkezi 
bir noktada konumlamak ve büyük verinin optimize 
edilmesi amaçlanmaktadır. Şehirde şu anda kullanılan 
22 sunucu sistem ve birleştirilmiş 198 terabaytlık 
depolama alanı mevcuttur. HDFS ve Apache HBase 
24 aylık depolama olanağı sağlamaktadır ve Trustway 
adlı sistem büyük veri için veri madenciliğinde 
kullanılmaktadır. 

- ABD, Kaliforniya’da kullanılmakta olan TransDec 
isimli uygulama Güney Kaliforniya Üniversitesi’nde 
Bütünleşik Medya Sistemleri Merkezi’nde 
geliştirilmiştir. Uygulama adımları trafik 
sensörlerinden gerçek-zamanlı büyük ölçekli veri 
toplama, gerçek zamanlı ve zaman-mekansal veri 
işleme, veri analizi ve görselleştirmeden 
oluşmaktadır. Uygulamanın veri, sunum ve sorgu 
katmanı olmak üzere üç katmanı vardır. Veri katmanı, 
Caltrans D7, Metro, LADOT gibi kurumlardan 
sağlanan CCTV görüntüleri, olaylar, otobüs 
konumları gibi bilgileri içeren dakika-dakika anlık 
verileri ve tarihsel verileri içermektedir. Sunum ve 
sorgu katmanlarında kullanıcıya web-tabanlı bir ara 
yüz sağlanmaktadır. 

Trafik yönetim sistemleri için kullanılan yukarıdaki 
örnekler büyük verinin bu alanda etkin bir şekilde 
kullanımına birer örnektir. Trafik izleme sistemlerinin gün 
geçtikçe gelişmesi, izleme kaynaklarından elde edilen verinin 
hızlı bir şekilde aktarılarak büyük miktarlara ulaşması ve bu 
verilerden değeri büyük çıktılar elde edilmesi, trafik 
sistemlerinde büyük verinin etkin bir şekilde kullanılmasını 
gerekliliğini göstermektedir. 

Büyük veri ile veri depolama, veri yönetimi ve veri 
analitiği sorunları çözülebilmektedir. Büyük miktarda veri 
işleme kapasitesine sahip Apache Hadoop ve Spark gibi 
büyük veri platformları da akademi ve endüstri alanlarında 
yaygın şekilde kullanılmaktadır [32, 33].  Trafik sistemlerden 
üretilen ayrık ve karmaşık veri, büyük veri analitiği ile 
yönetilebilmektedir. Düzensiz ve dağıtık verilerin analizi ile 
trafik yönetim sistemleri için daha etkin çözümlere 
ulaşılabilmektedir [34]. Büyük veri mimarisi ile kullanılan 
trafik tahmin yöntemleri sayesinde açık olan veya olmayan 
kaynaklardan elde edilen farklı girdilere dayanarak gerçek 
zamanlı tahmin yapılabilmektedir. Trafik yönetim 
sistemlerinde büyük veri ile ilgili önemli çalışmalara ihtiyaç 
vardır ve tahmin sonuçlarını etkilemeden birbirleri ile 
bağlantılı ve ilişkili veri yığınlarından çıkarım yapacak 
öğrenme yöntemlerinin paralel hale getirilmesi 
gerekmektedir. Trafik tahmini için kullanılan uygun büyük 
veri yaklaşımlarının geliştirilmesi yakın zamanda bu 
araştırma alanına ivme kazandıracak ve üst seviyeye 
gelecektir. Bu amaçla konum-mekân bilgisi içeren bilgiler ile 
büyük verinin etkin kullanımı araştırmalar çok önemli bir rol 
oynayacaktır [35].  Şekil 2’de trafik uygulamalarında 
kullanılabilecek büyük veri modeline bir örnek verilmiştir. 

 
Şekil 2. Trafik uygulamalarında Büyük Veri Modeli 

V. DEĞERLENDİRMELER 

Trafikte karşılaşılan problemler ve bunlar için üretilen 
çözüm yöntemleri akıllı ulaşım sistemleri ve trafik bilgi 
sistemi sağlayan kuruluşlar için uzun zamandır bir araştırma 
konusu olmuştur. Yollara yerleştirilen ve veri elde etmek için 
kullanılan sensörlerin yerleşiminden, hızlı geçiş 
sistemlerinde kullanılan akıllı geçiş kartlarının veri içeriğine 
kadar bu problemler detaylandırılabilmektedir. Trafik 
yönetim sistemleri için seyahat eden araçların güvenli ve 
hızlı bir şekilde seyahati başlıca amaçtır. Trafikte toplanan 
verilerden trafik akış durumu ve seyahat süre tahmini üzerine 
birçok çalışma yapılmıştır. Gelişen altyapılar ve teknolojiler 
çok büyük ölçekte veri toplanmasına da imkân tanımaktadır. 
Trafik tahmini için veri güdümlü ve simülasyon tabanlı 
yöntemler kullanılmakta fakat toplanan verilerin çok 
miktarda olmasından dolayı tahmin başarısı sadece 
oluşturulan modelin başarımına bağlı olmamaktadır. Tahmin 
yapılacak yolun uygun bölümlenmesi, yola ilişkin doğru 
verilerin seçimi, seçilen verilerin ön işlemi, uygun modelin 
kullanılması gibi faktörler tahmin başarımı için mutlak 
etkenlerdir.   

Bu bildiride sunulan çalışmalar dikkate alındığında 
büyük veri açısından yapılan değerlendirmeler aşağıda 
verilmiştir. 

- Veri hacmi veya boyutu açısından 
değerlendirildiğinde; trafik için günlük üretilen veri 
miktarı çok büyüktür ve bu veri miktarı, kaynak 
sağlayıcıların artması, IoT cihazların yaygınlaşması 
ve crowd-sourcing teknolojisi ile mobil cihazlardan 
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elde edilen veriler sonucunda devasa boyutlara 
ulaşmaktadır. 

- Veri hızı açısından değerlendirildiğinde; bir önceki 
maddede değerlendirilen büyük hacimli trafik verisi, 
veri kaynaklarından dakikalık hatta saniyelik 
periyotlarla alınan bilgilerden oluşmaktadır ve trafikte 
seyahat eden insan ve araç sayısının artması 
sonucunda trafik akışı daha da hızlanmış olup, elde 
edilen trafik verisi buna bağlı olarak daha hızlı 
akmaktadır.  

- Veri çeşitliliği açısından değerlendirildiğinde; trafik 
tahmininde kullanılan verilerin farklılık gösterdiği 
görülmektedir. Tahmin yapılmadan önce elde edilen 
veriler, kamera görüntüleri, GPS, döngü detektör 
bilgileri gibi farklı kaynak bilgileri olduğu gibi bu 
verilerin yine farklı bir veri türüne, harita bilgisine, 
işlenmesiyle trafik tahmini yapılmaktadır. 

- Veri doğruluğu açısından değerlendirildiğinde; trafik 
bilgileri araç takip sistemlerinden, seyahat eden 
kişilerin mobil cihazlarından, kamu/özel kurumların 
yollara yerleştirdiği sensörler, kameralar veya döngü 
detektörleri gibi farklı kaynaklardan elde edilmektedir 
ve bu veri kaynakları, doğrulanmış yazılım ve 
donanım sistemlerden oluşmaktadır. 

- Veri değeri açısından değerlendirildiğinde; trafik 
verilerinin işlenmesiyle elde edilen sonuçların insan 
hayatına etkisi büyüktür. Örneğin GPS verisi, konum 
ve hız bilgisi gibi yalın bilgilere sahip olsa da büyük 
trafik verisi oluşturan GPS verileri ile hesaplanan 
akış, yoğunluk tahminleri daha doğru olmakta, 
insanlar günlük seyahat planlarını daha sağlıklı 
yapmakta, kurumlar kaza tespiti yaparak önlemler 
almakta, acil durum yönlendirmesi gibi planlamalar 
yapılmaktadır. Böylelikle yalın bir bilginin büyük 
veriyi oluşturması sonucunda büyük değer ve 
sonuçlar elde edilebilmektedir. 

VI. SONUÇ 

Bu çalışmada, akıllı ulaşım sistemleri ve trafik bileşenleri 
anlatılarak en çok üzerinde araştırma yapılan trafik akış 
tahmini konusu araştırılmıştır. Trafik akış tahmini için 
kullanılan yaklaşımlar incelenmiş, bu yaklaşımların 
sınıflandırılmıştır. Trafikte birçok kaynaktan elde edilen 
veriler büyük veriyi oluştururken büyük veri modeli ile 
neden tahmin yapılması gerektiği de anlatılmıştır. Sonuç 
olarak; trafik sistemlerde büyük miktarda veri toplanmakta 
ve toplanan bu büyük miktarda verinin büyük veri modeli ile 
yönetilmesi gerekmektedir. Trafik yönetim sistemlerinde 
toplanan verinin büyük veri olması sadece boyutu açısından 
ileri gelmemektedir, çeşitliliği olan, hızlı akan, doğrulanmış, 
değer üreten veriler olması da büyük veriyi oluşturmasında 
etkendir ve büyük veriyi kullanan, analiz eden ve yöneten 
sistemlerin daha başarılı olacağı açıktır. 
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Abstract — Emerging 5G and beyond networks have been 
proposed to provide communication of anywhere, anytime, and 
any type for massive machine type objects and Internet of 
Things (IoT) that can be broadly called as Internet of 
Everything (IoE). With such next generation networks, 
creating, processing, storing, and sharing of large amount of 
data will take place at everywhere in every time. The problem 
is how to manage this life cycle of data, its critical timing and 
data traffic accurately and efficiently. This paper discusses 
issues and challenges with Cloud gateways with a focus on 
Cloud Based IoE Globe architecture for next generation 
networks, thorough which a large amount of data is assumed to 
be carried in the network. Cloud gateway that forms the 
middleware layer in IoE architecture is one of the most 
effective solutions for the issues identified in this paper. Cloud 
Gateway Engines are the cornerstone of its architecture. This 
paper also proposes an architecture for connectivity engines in 
IoE, which is called as Topologically Connected Gateway 
Engine (TCGE) architecture. Requirements and functionalities 
of proposed TCGE architecture are discussed. 

Keywords— Internet of Everything, Internet of Things, 
Artificial Intelligence, Cloud Engine, Cloud Network, Wireless 
Network, Gateway, Bandwidth Management, Cloud Based IoE, 
Cloud Based IoT, Software Defined Network  

I. INTRODUCTION 

With the emergence of new generation of networks and 
services offered by them, there are large variety of data 
sources and users in today’s network such as "humans, 
things, machines, devices, systems and others" which are 
referred to as objects or internet of everything (IoE) data 
sources/users. Eventually, as a necessity of limitless data 
size, traditional information technologies needs to be 
empowered with cloud automation which would be able to 
overcome Input-Output (IO) data performance that would be 
swelled out by objects and engines unexpectedly. In this 
instance, cloud automation must have systematic 
accoutrement like orchestration, and cloud engines can be 
positioned as maestro in this orchestra. These engines should 
have an intelligent controller role equipped with artificial 
intelligence (AI) consciousness in the so-called autonomous 
cloud structure. 

Gateway engine (GE) is an automated functional module 
that performs gateway (GW) functions supported by AI 
processes and services. A GE or namely “cloud based IoE 
connectivity engines (CBICE)” could be a software defined 
or virtualized platform which could perform functionalities 
of learning, evaluating,  and decision-making when needed. 
So, CBICEs must have learning algorithms, and these 
engines are part of a framework that referred to as cloud 

engine learning (CEL). In CEL, there could be thousands of 
scenarios changing instantaneously. These scenarios come 
from billions of global IoE data sources/users which results 
in many types of data created randomly and repeatedly. In 
many respects, CEL could be similar to machine learning 
(ML), so CEL will become a textural limb of autonomous 
cloud that is based on AI. Thereby AI based cloud 
connectivity needs to accomplish extraordinary data traffic 
and interactions between “IoE data sources/users” and 
engines dynamically. In conclusion, AI engines can conduct 
IoE data in forms of "ingress and egress" with live object 
interactions, and can create "Business Intelligence (BI) 
shapes and Big Data decisions" dynamically.  

In this paper, we try to identify some answers for the 
issues and bottlenecks that might be faced. We specifically 
focus on connectivity and gateway problems and their way 
outs, because they are common issues for IoE and cloud 
automation. The way outs could help acquire multi-
dimensional and multi-functional capabilities of “cloud-
based IoE globe (CBIoEG)”. Therefore, we will define 
different types of GWs/GEs which could be capable of 
resolving the issues at different levels. Additionally, we will 
also describe AI based GW topologies in CBIoEG. In our 
definition, there are topologically connected/classified GEs 
(TCGE) distributed horizontally and vertically. TCGE could 
be supported by AI/or and ML functionalities. The 
contribution of this paper is also to point out a high-level 
architecture of IoE GW topologies called as “classified 
gateway engine architecture (CGEA)”, which is proposed for 
CBIoEG. 

The remainder of this paper is structured as follows: 
Firstly, current IoE's architectures are discussed in Section II. 
The challenges/issues and mitigations/solutions of 
communication architectures are presented in Section III. 
Then, in Section IV, an overview of proposed CGEA is 
given. Finally, conclusion is given in Section V. 

II. IOE ARCHITECTURES AND  CONNECTIVITIES 

Today, infrastructure in development and in-use are not 
well standardized [1] in connecting to cloud due to different 
standards and applications in wireless communication 
technologies which vary according to their regions and 
countries or geographical communities. Besides of this, the 
manufacturers give prioritization to the market dynamics 
rather than standard objectives. Standardization in this area 
can become widespread in hybrid and/or multi cloud 
solutions, because, cloud solutions emerge as a requirement 
for IoE. Since there are many types of data sources and 
communication protocols in IoE, hybrid and multi-protocol 
functionalities are a necessity for nodes or GWs in order to 
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achieve end-to-end transfer or movement of different types 
of data. Hence, the GWs that will allow data transfer should 
be in hybrid type. Consolidation and hybrid architectures are 
the requirements for the next generation GW solutions which 
will be part of IoE globe. The term IoE is built upon the "five 
pillars" such as human, things, machines, data and processes, 
whereas the term IoT requires only things. In order to enrich 
digital lives of people, IoE also facilitates social, industrial 
and business processes [2]. 

A. IoE Arhitectures 

Today's systems/objects have internal and external live 
interactions, and they could connect to the internet together 
like a group or a team. Figure 1 depicts high-level 
interactions of systems/objects in IoE. IoE can be treated as 
the new systems of global digitization era which would 
envelope not only applications and data but also objects, 
engines and globular connections using communication 
infrastructures that we called as CBIoEG. 

 
Fig. 1. Relational Architecture of IoE from Resource Perspective 

Figure 2 illustrates the concept for general solution in 
IoE. It represents how cloud platforms/services and 
intelligent NW and connected objects interact. Cloud 
solutions have been already implemented for several goals. 
In regional or global implementations of IoE, they could be a 
member of other systems or a complementary part of an 
integrated system. An integrated system is basically 
composition of a visualized (or software-defined or cloud 
based) platform, smart NW and connected objects [3]. This 
architecture shows that there is an integrated system and 
everything that produces and uses, is a part of this system 
directly or indirectly. 

 
Fig. 2. Functional Architecture of IoE 

Open source IoE platforms that aim today to integrate 
and consolidate with the cloud would need new 
developments for the new architectural designs in the way of 
standardization. For example, IoE may be equipped with 
smart management, intelligent orchestration, automation and 
security features to link, for example, V2X systems, home 

automation systems, smart city solutions, industrial NWs and 
digital services [2]. For this purpose, IoE can be considered 
as an umbrella in limitless dynamic grid and TCGE acts as a 
crossbridge. Thus, IoE solutions can be created for 
intelligent, cloud based, container based and orchestration 
architectures. 

Basic layered architecture of IoE was considered as a 
three-layer architecture such as perception, network and 
application layers. In order to emphasize the level of 
intelligent applications, the five-layer system architecture 
was proposed [4]. As shown in Figure 3, new architecture 
consists of sensing/perception at the bottom layer, and 
access, network, application and presentation layers as the 
other layers. In the next stages, these architectures have been 
extended with additional cloud, fog computing (FC) and 
edge computing (EC) features. FC is developed to handle 
increased data flows towards cloud computing [5]. FC 
progresses communication between devices and services 
(Figure 4) and improves response time. 
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Fig. 3. Layered Architecture of IoE 

 
Fig. 4. Fog Computing Architecture 

The main difference between EC and FC is related to 
places where processing of data. EC occurs normally on 
device which has sensor/actuator or on a GW which is close 
to objects. On the other hand, FC transmits data between EC 
node and NW. FC node has processing ability as connected 
to a NW, but in the EC, a device or sensor can process data 
in the edge device without sending anywhere (Figure 5). EC 
manages physical devices like sensors, actuators etc. and has 
virtualization capability to process data on its own platform. 
Through EC which enables local and distributed treatment of 
data, it is possible to reduce traffic in the NW, improve 
communication performance, return faster response to the 
end user resulting in low latency and improved QoS. The 
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improvement of QoS and reducing latency [6], make real 
time data analysis possible. 

 
Fig. 5. Edge Computing Architecture 

B. The Gateways 

Middleware (MW) is known as the application 
independent software platform that allows communication 
between application units. Additionally, it is also defined as a 
software defined gateway which acts as a bridge between the 
applications and the IoE objects. In the context of IoE, MW 
is meant to as GW that acts as an interface between the 
components of IoE. In MW layer, there are some conceptual 
issues such as bandwidth (BW) management, allocation, 
estimation, reservation, provisioning and scheduling. There 
are also some resource issues such as resource allocation, 
management and sharing. IoE GWs also have some problems 
such as latency, scaling, capacity etc. Additionally, there are 
also additional issues caused by protocols, channels, software 
and data. These issues or challenges are not only conceptual, 
and are also related to designs, techniques and technologies 
etc. Therefore, the issues are also relevant to GWs and must 
be mitigated mostly in MW layer. Today, we have many 
types of GWs in development and implementation, which are 
used for different purposes as summarized in Table 1. 

TABLE I.  TYPES OF GATEWAY  

Home Gateway Science Gateway 
Residental Gateway Address Translation 
Software Defined GW, Virtual GW WirelessApplicationProtocol GW
Service Gateway Signaling Gateway 
Sensor Gateway and WSN GW Virtual Extensible LAN Gateway
IoT Wateway SMS gateway 
Internet GW  API Gateway 
VPN Gateway Hybrid API Gateway 
Multi GW  Cluster Head Gateway 
Payment Gateway M2M Gateway 
FieldProgrammableGateArrays GW Industrial NW Gateway 
Cloud Gateway Personal MobileGW 
Edge Gateway VehicleGW 
CloudMobile GW Media Gateway 
CloudStorage GW Broadcast GW 

We can categorize GWs into the several groups 
depending on their features such as mobile/fixed, HW/SW, 
cloud/edge/fog, IoE/IoT, residential/home, tunnel-
based/proxy-based, access-point, etc. Other than those 
mentioned, there are common types of client GWs which can 
be classified in categories such as "Web, Desktop, API and 
Mobile GWs" [7], and we can state GW layers into groups 
[4]. 

C. Protocols 

IoE communication protocols can be grouped into three 
classified architecture, and these classes can be categorized 
by aspects which come from differences of OSI model, 
communication protocols and NW types [8]. Communication 
NW types could be PAN, WLAN, WWAN and LPWAN. 
Some of IoE protocols are common in end-user applications. 
In hybrid and integrated solutions, as well as in wide-area 
applications, there is a greater tendency for new generation 
solutions i.e. software-based and intelligent and learning 
systems. The new generation solutions should have abilities 
such as multi-functional, multi-platform, multi-layer, multi-
protocol, multi-cloud operations. Due to primitive traits of 
traditional IoT protocols, a single protocol is not sufficient to 
meet the demands of effective communication and 
interoperability in applications in IoE, so these protocols can 
be merged together based on form of standardized protocol 
for different layers [9].  

D. Gathering The Data 

IoT creates exabyte of data every day [10]. Since IoE 
adds human, process, and data factors to IoT, the volume of 
data may become difficult to flow, store and process on local 
infrastructures and platforms. The scalability feature of cloud 
computing [11] may provide a solution to this problem. On 
the other hand, the processes of gathering and harnessing 
these data can be complex [11] due to heterogeneous 
operating systems, varying connectivity protocols and 
application compatibility. For the emerging next generation 
wireless network scenarios like autonomous vehicles require 
real-time data processing [6] at the edge point. Timely 
actuation requires data processing on the edge that must sit 
on the node which is closer to object than the cloud 
infrastructure. IoT data collection framework requires some 
factors to be taken into account such as data accuracy, time, 
energy and privacy [12].  

III. ISSUES/CHALLENGES FOR THE NEXT GENERATION 
IOE NWS 

IoE will buildup of a large number of connectivity in 
heterogeneous networks having different wireless standards. 
The variety of emerging scenarios and the heterogeneity of 
current wireless technologies are mainly due to varying 
requirements of digital life and technological developments. 
The heterogeneity of IoE objects and inflexible 
infrastructures with hardware cause great challenges for 
efficient communication. 

A. Issues/Challenges for Software Defined Networking 
(SDN) and Network Function Virtualization (NFV) 

SDN and NFV appear to be new concepts in networking 
technologies especially with emerging 5G networks. SDN 
performs control functions for forwarding purposes, while 
NFV aims to isolate functions from the hardware. The HW 
based implementations make Wireless Mesh Networks 
(WMNs) less flexible and it is difficult to do modification on 
their configurations. Nevertheless, with HW 
implementations it is quite difficult to handle dynamic 
configurations and heterogeneous infrastructures even on the 
distributed multiple geography. Dynamic NW architectures 
are needed to meet the exponential demand for new and 
emerging services especially with emerging 5G networks, 
IoT, mobile and smart digital devices, on-demand services 
and cloud services. Due to these NW changes, NW 
management is becoming increasingly difficult. Increasing 
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complexity on NWs and GWs have prompted more interest 
in network virtualization which could be enabler of IoE 
networks. Issues and possible solutions for the next 
generation networks from SDN and NFV perspectives for 
IoE are listed in Table 2 and Table 3, respectively. 

TABLE II.  ISSUES/CHALLENGES FOR SDN AND NFV 

The gateways are not flexible, and don't have dynamic abilities 

Traffic balancing in communication NW is one of the major factors 

Reliable GW connectivity is mandotary to handle countless traffic 

IoT services causes latency and require more BW 

No efficient adjustment technique for BW allocation 

BW resources are limited, dynamic allocation cannot be granted 

Dynamic resource allocation in NW process is not sufficient 

SW deployment & maintenance are challenges for GW in large scale 

TABLE III.  SOLUTIONS/MITIGATIONS FOR SDN AND NFV 

A development of a software-defined engine to manage BW 
dynamically 

SDN with centralized NW approach in which controller make decision 

SDN is to the management and orchestration of wide-area NWs 

Virtual GW combines SDN with virtualization to handle connections 

SDN is for scalable solutions in rapidly changing landscape 

SDN solution for WSNs with smart control mechanisms  

BW on Demand services are provided by SDN 

A hybrid and programmable architecture to have control on the 
processes 

An SDN based framework for multi domain provisioning 

SDN based load balancing for the Fog Platforms 

Fine grained BW allocating managers in heterogeneous SDN 

B. Issues/Challenges for IoE Protocols  

In general, NW usage must do optimized, and its lifetime 
should be extended. But there are many and different 
communication methodologies between connected objects 
that could be affected from optimization. The optimization 
could bring limited performance for a specific scope but can't 
give all solution which need to be addressed. The core issue 
of wireless objects is their energy life time, and also most of 
them have a difficulty in their short distance coverage. When 
IoE implementations would be done in a large-scale area, 
also it could be an issue to manage each object by one by. 

C. Issues/Challenges for Bandwidth (BW) and Resource 
Management in IoE 

Due to tremendous increase in services provided by 
todays wired and wireless networks and enormous number of 
network devices/users, wired and wireless communication 
networks are diversifying and becoming more 
heterogeneous, and network topology is replacing with the 
object mobility. Therefore, growing network loads and the 
reasonable usage of network resources are critical issue for a 
while. And, continuously increasing demands for 
connectivity also have caused NW BW to change to the 
limited resource. Except those, the necessities of nonstop 
communication for network components are expressing big 
challenges. BW Management related issues are in Table 4, 
solutions are given in Table 5. 

TABLE IV.  ISSUES/CHALLENGES FOR BANDWIDTH MANAGEMENT IN 
IOE 

BW and mobility management; BW allocation and execution 

To support multiple services with various BW demands 

Spreading BW in advance causes resources to waste by NW 

Increasing in applications which requires more BW demand 

Increased connections largely, and large number of wireless users  

Running a BW management policy in order to mitigate mobility effects 

Need for additional BW in any time that available has been exceeded 

To guarantee NW throughput timely, BW must be allocated previously 

BW management is a very important mission to provide QoS timely 

Diversity of "wireless  “Comm&Services" are increasing continuously 

Providing QoS, channel quality and performance along connectivity 

TABLE V.  SOLUTIONS/MITIGATIONS FOR BANDWIDTH 
MANAGEMENT IN IOE 

Developing a BW strategy to control, monitor and measure to flow 

New BW policies: class based limit, session guarantee, BW borrowing 

Algorithm to allocate BW dynamically 

Time slot based BW management 

Designing new architecture of LTE and Wi-Fi slicing NWs 

Architecture which covers spread control, large NW, process awareness

An aggregated BW management in the backbone. 

An approach to provide dynamic QoS in a variable BW 

A dynamic resource management which controls BW utilizations 

A framework for admission control and hierarchical BW management 

A mechanism which uses distributed channel access in BW 
management 

BW management scheme which provides dynamic channel allocation, 
high utilization and admission control 

A BW management algorithm basedon priority & transaction 
classifications 

BW allocation algorithm which improves NW throughputs sharing BW 

Flexible reservation scheme of BW usage without QoS violations 

Passive BW estimation model with measurement of probability 

BW measurement method on application layer as active & passive 
mode 

BW estimation with BW requirements 

QoS and Dynamic Channel Allocation 

An efficient BW scheduling architecture 

BW estimations could be needed to be able to have info 
what will be performance of all nodes. Additionally, QoS 
must be provisioned in order to have performance metrics of 
transmissions in IoE networks. And, in a heterogeneous 
network, "allocating resources dynamically and managing 
mobility efficiently and provisioning multiple services with 
different QoS" are important for managing heterogeneity. On 
the other hand, some protocols support QoS for some 
applications (one not for all), yet they don't give any answer 
how traffic would meet the requirements. 

D. Issues/Challenges for Data Gathering in IoE 

As IoE solutions are deploying around the world day by 
day, huge amount of data is generated by objects in every 
millisecond. For example, 50 billion devices will generate 
huge amount of data by 2020. Managing and storing the data 
are critical tasks for the systems in IoE network. There are 
different methods for gathering data from the objects in IoE 
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and sending them to cloud platform in a platform 
independent way, but those are not available widespread. 
Sending all data collected by objects directly to the cloud 
may cause traffic problems on the network. As a solution, 
GWs can be located between objects and remote nodes 
where data would be sent. The conventional GW is an edge 
device that transfers data but is not capable of preprocessing 
data or making decision.  In IoE network, the GW should be 
smart module to have these capabilities.  The solutions for 
data gathering issues in IoE are summarized in Table 6. 

TABLE VI.  SOLUTIONS/MITIGATIONS FOR DATA GATHERING IN IOE 

Data management in the Edge or Fog Cloud infrastructure 

Cloud based platform for monitoring, gathering and processing data 

An architecture to monitor nodes & object data in order to reduce traffic

A GW which uses multiple protocols to receive data and send to cloud 

Platform close to source; acts as decision maker; don't send data to 
cloud 

Cloud IoE/IoT/IoD/IoH solution distribution 

Dynamic and smart machine learning model to classify data in NW 

IV. PROPOSED CONNECTIVITY ENGINE ARCHITECTURE 
FOR IOE 

Some requirements and functionalities for proposed 
connectivity engine architecture are listed in Table 7 and 
Table 8, respectively.  

TABLE VII.  REQUIREMENTS FOR PROPOSED ARCHITECTURE 

All of "Digital objects, electronic individuals and active things" 
outspread over the world are living and prolific parts of the 
incredible digital relationships, structural connections and organic 
interactions 

IoE Globe can indicate why GWs must be transformed to the GW 
Engines 

IoE is the top logical layer over IoT, IoH and IoD, and cloud 

Proposed architecture integrates all objects in IoE 

Proposed architecture enables IoE to be "dynamic, alive, systematic and 
endless" in macro dimensions 

AI-Based Cloud/NW/GW are components of performance 

AI Based Multifunction Virtual GW is GW Engine 

GEs must be multi-layered, topological, and autonomous, and should be 
managed by the AI-capable Cloud Engine. 

TGWCs /TCGEs are distributed at horizontally & vertically, and could 
be managed by Core AI GW Engine 

TCGE could have some roles: AI Engine, AI Functions, Smart 
Functions 

TABLE VIII.  PROPOSED GATEWAY FUNCTIONALITIES 

GW Types Topological GW Functions 

Container Based 
(Microservices) 

GWaaService, GWaaMicroservice, Device As a 
Service, Cloud Device, Fog/Edge Device, Software 
Defined Cloud GW, Container Based Cloud GW 

Application 
Based (Software 
Defined) 

Virtual GW, Fog/Edge Device, Mobile Device, V2X 
Device, HA Device, Machines, GWing Functions 

Appliance Based 
(Hardware) 

On-Prem/Local Device, V2X Device, Home 
Automation Device, Machines, Home/Residental GW 

Some types of GWs with various roles could be capable 
of resolving the issues at different levels. The GW engine 
can take initiative or perform its pre-assigned duties in 
hierarchical order. GW engine can be self-learning based on 

a scenario in which it functions. These scenarios could come 
from neighbors or be created by it individually, and the 
scenarios should also be evaluated by the GW engine itself, 
based on the criteria such as performance, security, privacy, 
priority, etc. In our approach, there are Topologically 
Classified Gateway Engines (TCGE) distributed horizontally 
(on layered cellular plane) and vertically (in the hierarchy of 
roles), and they could be managed by Core AI GW Engine. 
TCGEs can have more than one responsibility such as AI 
Engine, AI Function, Smart Function and/or Multi Functions 
and these liabilities come from according to its position and 
location. In addition, TCGE can be divided into four 
categories and deployed with these relations (Figure 6). 
Roles of GWs and their functions in TCGE architecture are 
defined in Table 9. 

 

 

 

Fig. 6. Proposed Connectivity Engine Architecture for IoE 

TABLE IX.  ROLES AND FUNCTIONS OF GWS IN PROPOSED TCGE 
ARCHITECTURE 

Roles Profiles and Functions 

Master : Container Based Regional-Cloud Core SDN GW 

Chief : Container Based Zonal-Cloud Core SDN GW 

Staff : Application Based Edge Node Core SDN GW  

Sergeant : Appliance Based AP/GW with Smart Functions 

By using the proposed architecture, it would be possible 
to access to the objects and gather the data in a timely, 
automated, and easy way. The architecture illustrates 
integrated, dynamic and live topology that is empowered 
with neural cloud grid and has real time software-defined and 
cloud-based CBICE services. As an example, a CBICE can 
act as a moderator for some cases, for example doing an 
escalation can be more effective method than, a CBICE does 
have to include solutions for any issue. These services are 
required functionalities to be deployed. The functionalities 
are “Edge/Fog/Cloud Based, Container/Application Based, 
Automation/Scaling, AI/Learnings” etc. for "Cloud of 
Things, IoT Based Sensor Cloud, Internet Enabled Objects” 
etc. 

V. CONCLUSION 

Recently, new generation of heterogeneous networks and 
wireless networks beyond 4G such as 5G networks aimed to 
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provide new services such as massive machine type 
communications that require not only humans but also 
objects that connect to internet. The future of such networks 
will enable communication of machines, devices, systems 
and other things namely internet-of-everything (IoE). In this 
paper, we have discussed issues/challenges and possible 
solutions for IoE connectivities or GWs from various 
perspectives for cloud-based IoE global network. We have 
also proposed a gateway engine architecture so called 
topologically connected/classified GE (TCGE) that might 
contribute to standardization activities for cloud-based IoE 
network. TCGE is assumed to be distributed horizontally on 
layered network plane and vertically in the hierarchy of 
roles. TCGEs can have more than one responsibility such as 
AI engine, AI function, smart function and/or multi 
functions. The proposed architecture may facilitate accessing 
to the objects and gathering the data in a timely and 
automated way within IoE globe. In the future work, we will 
explore protocol aspects of TCGEs and consider how such 
GW engines can contribute to improvements in network 
performance. 
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Abstract— With life becoming mobile in recent years, the use 
of smartphones is rapidly increasing in daily and business life. 
The increase in the use of mobile devices has made it increasingly 
difficult to ensure their security and privacy. Some of the attacks 
on mobile devices are related to social engineering. The main way 
to prevent such attacks is user awareness. In this study; A sample 
field study was conducted on the awareness of public institution 
personnel about the use of mobile devices. A questionnaire was 
developed and applied to 120 qualified public employees. 
Evaluations were made regarding the answers given in the 
questionnaire. The controls that can be evaluated to be included 
in the IT audit are specified and recommendations are made for 
the protection of mobile devices. 

Keywords— Awareness, Mobile device, Cyber security, IT audit  

I. INTRODUCTION  

Smart devices provide users with portable information 
technology and make life easier for both personal and business 
use wherever they have internet access. Mobile phones are the 
most widely used smart devices in every aspect of our lives. 
However, these devices vary in terms of both operating 
systems and security systems and applications. 

Looking at the smartphone operating systems in the world 
market, it is seen that 88% of all smartphones have Android 
OS in the second quarter of 2018 [1]. In the awareness 
research conducted within the scope of this study, it was found 
that 62% of the participants were a mobile device user with 
Android OS. 

The purpose of these devices is to make life better and 
easier, but users often ignore the risk of security and privacy. 

In the Nokia Threat Intelligence Report 2019, it is stated 
that among smartphones, Android devices are the most 
malware target. Furthermore, it is stated that 47.15% of 
malware distributions in mobile networks originate from 
Android, 35.82% from Windows / PCs, 16.17% from IoTs and 
less than 1% from IPhones [2]. 

According to the report published by Kaspersky, the 
number of attacks using malicious mobile software was 66.4 
million in 2017 and 116.5 million in 2018. Researchers report 
that the number of attacks is increasing but unique malware is 
decreasing [3].  

In this study, malware detection studies in the literature for 
mobile devices with the most used android operating system 
in the world market are examined, threats on mobile devices 
are specified, a field study was carried out for the awareness 
of the use of mobile devices by the personnel of a public 
institution, the answers given in the questionnaire were 
evaluated. In addition, controls that can be assessed for the 
inclusion of mobile devices for personal use as well as  

corporate purposes in information technology audits to 
contribute to the management of additional risks for 
organizations specified, to protect mobile devices, systems 
and therefore institutions from threats; recommendations are 
presented, including the use of facilitator, consultancy and 
auditing roles by internal auditors.  

II. LITERATURE REVIEW ABOUT MALICIOUS 

SOFTWARE DETERMINATION STUDIES 

When we look at the mobile operating systems in the 
world market, it is basically the most Android users, so we 
searched the literature about the detection of malware for 
Android systems. The number of applications on Android 
platforms is increasing. However, since the control of 
applications is insufficient, users can download malware to a 
large extent. These malware can cause loss of data, money, 
and so on. Although there are various approaches for detecting 
malware, it is basically divided into three as static analysis, 
dynamic analysis and hybrid analysis. 

Static analysis examines the downloaded application and 
source code to look for patterns such as permissions, function 
calls, and hard-coded variables. It allows detection of malware 
before it is installed on the device [4]. 

According to Moser, Kruegel and Kirda, the major 
advantage of static analysis is that this technique is simple and 
fast. However, it is a disadvantage that all patterns need to be 
known in advance and it is difficult to identify new malware 
without the use of expert or machine learning techniques [5]. 
Malware can also use confusion techniques in practice to 
make static analysis even more difficult. In a study by Liu and 
Liu, malicious software detection was performed with the help 
of machine learning techniques based on the permissions 
requested during application installation and the permissions 
used during application [6]. In a study by Liang and Du, a 
combination-based method for detecting malware is presented 
[7]. Droid Detective tool that works offline has been 
developed. Here, permission combinations that are often 
requested by malicious applications are obtained, and Droid 
Detective generates rule sets based on these permission 
combinations and shows the link between the corresponding 
malicious behaviors. In the study conducted by Arp, 
Spreitzenbarth, Hubner, Gascon and Rieck, Machine learning 
approach was added to the static analysis approach and a tool 
used to detect malware on Android was presented [8]. With 
the tool called Drebin, the source code of the android 
application and its various features, such as application 
permissions, application programming interface calls and 
network addresses, are collected using the AndroidManifest 
file. All of these features come together and are embedded in 
a vector space and malware detection is performed with the 
help of the resulting patterns. 
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Dynamic analysis does not examine the source code, but 
controls the behavior of the application during its use. The 
suspicious application is usually carried out in a controlled 
virtual environment, also called a sandbox. In the study 
conducted by Kurniawan, Rosmansyah and Dabarsyah, 
Logger, an application that can work within the Android 
platform, was developed [9]. The logger determines the 
internet traffic used per minute, the percentage of battery used 
and the temperature of the battery and sends it to the central 
server. The central server responds to the client by 
determining whether the application is malware based on the 
data in the signature database. In the Zhou and Jiang study, 
Android provides a systematic approach to malware detection 
[10]. In this study, data sets containing 1260 Android malware 
from 49 different malware families were used. Malware is 
characterized by a variety of behavior patterns, such as 
loading, activity, and transported data. In their study, Chau 
and Jung tried to solve existing problems such as the fact that 
emulators are generally slow in performance and contain 
traces of heuristic emulation, while the actual devices have 
limitations to improve the efficiency of analysis by the use of 
a restore mechanism and hardware. They have developed an 
android container called C-android using Linux container 
technology to provide a restore mechanism on the device and 
make the most of the available hardware. It has been found 
that C-Android can provide better compatibility than other 
platforms by making applications to compare other 
approaches with C android, but some applications have also 
failed [11]. Accordingly, the advantages; 

• Since the analysis tools can be moved to the Linux 
layer, it is possible to create a normal Android 
environment without the need for internal analysis or 
rooting tools, 

• Anti-emulator, antianalysis and anti-root control 
provided in some sensitive applications can be 
skipped, 

• Hardware sharing can help provide both full Android 
and fewer environments, 

are counted as. The disadvantage is that the container 
model is still core-based and vulnerable to container-based 
attacks. Sun et al. have implemented a system that identifies 
known and unknown malware because existing applications 
rely on the virus database [12]. In the system, certain 
applications that use the installation of a kernel module can be 
monitored, after detection, related documents are uploaded to 
the server and dynamic behaviors are recreated. As a result, a 
behavior diagram is produced. In addition, if the user needs to 
know if the application is malicious, the corresponding 
Android package can be sent to the server and analyzed. The 
results are then calculated and transmitted to the user. 

Hybrid analysis is defined as the analysis method in which 
static analysis and dynamic analysis approaches are used 
together. In their study, Mao et al. emphasized the blocking of 
JavaScript function calls in hybrid applications [13]. When the 
JavaScripthibrit application is running, it reports the function 
level activity and extracts events from the WebView 
component to improve the behavior model. The solution in the 
Android system is prototyped and evaluated using real-world 
hybrid Android applications. However, it is noted that the 
detection in this approach is based on the function call 
relationship and triggering events, despite the effectiveness of 
the sample investigations, that attackers may be able to inject 

and activate the code under the same condition as in the 
original application, and in such cases the approach may miss 
injections within the target function. 

Li and colleagues in their study, to improve the efficiency 
of detection of malicious applications running on Android, 
propose a feature-based malware detection system [14]. A 
new android platform based on machine learning and feature 
integration, combining the advantages of static and dynamic 
detection, and a malware detection framework are proposed.  

III. THREATS IN MOBILE DEVICES 

The fact that mobile devices are a part of our daily lives 
has brought many threats and risks. In particular, related the 
use of mobile phones, in case of the lack of awareness about 
the devices we use and their security there may be material 
and moral losses in cases such as theft or loss. 

Although the user-selected application does not contain 
harmful content, it can create security vulnerability if it is not 
a stable application. The application can be attacked through 
the wrong code snippets within the application code and these 
openings can be used against the user [15]. 

• By means of malicious code deliberately placed in the 
application, the user can be dominated [15]. 

• Some applications are able to perform what they 
intervene by running other applications without the 
user's approval [16]. 

• Some applications may access browser or application 
download services and download and run different 
applications to mobile devices without the user's 
permission [15]. 

• The user's searches, interests, frequently visited sites, 
shopping preferences, etc. all transactions on the 
mobile device are examined and according to these 
data, customized advertisements can be sent to the user 
without request [17].  

• By sending a text message to the toll phone numbers 
that are unaware of the user, the user can spend money 
[18]. 

• In banking transactions, user identification and 
financial data records can be obtained [19, 20]. 

• Special information can be accessed by listening to the 
media via the microphone [19]. 

• Keylogger-style applications with unauthorized 
operation on the mobile device, clicked or touched by 
the user can record every movement [21]. 

• By capturing the session previously opened by the 
mobile user, it is possible to bypass the authentication 
part of the email system [21]. 

• By capturing the user's IMEI (International Mobile 
Device ID) number, GPS location information, phone 
book, device model and serial number, conversation 
records, installed applications, e-mail information, 
browser histories and photographs; can be used for 
blackmail, espionage or financial gain [22]. 

• By disrupting the service to the mobile device, the 
device can be rendered unusable or overloaded by 
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overloading, causing the device to discharge in a short 
time [23]. 

IV. FIELD RESEARCH ON MOBILE DEVICE USER 

AWARENESS 

In this study, a field study was conducted to evaluate 
mobile device user awareness. The field research was 
conducted with 120 people among the employees of a public 
institution using the survey method. The basic topics in the 
survey are the operating system of the device used, whether 
the device has antivirus software or applications installed or in 
use, whether the screen lock is used to prevent unauthorized 
access to the devices physically, and whether or not the 
contents of the required access permissions are installed 
before the application is installed on the devices used for 
business purposes, and whether these devices used in work-
related operations are allowed to be used by different people. 
In addition, it was assessed whether mobile devices used for 
personal or corporate purposes are included in the corporate 
network using wireless internet access provided by the 
organization. Figure 1 shows screen lock usage percentages 
by gender. 

 
Fig. 1. Screen lock usage rates for women and men 

In this context, 62% of the devices used by the users 
participating in the study, as shown in Figure 2, is stated to be 
a mobile device with Android OS while 5% of the users do not 
even know the operating system of the device they use. 

 
Fig. 2. Operating system usage percentages 

99% of the users participating in the study stated that their 
devices have internet access.  

Figure 3 shows the percentages of corporate network 
usage on personel mobile devices. 

In addition, as seen in Figure 4, it is found that users mostly 
use their mobile devices for internet browsing, personal e-mail 
access, banking transactions and social media tracking. 

 Figure 5 shows the permission reading percentage by 
gender. In this content, 44% of women read permissions, 34% 
read sometimes, 22% do not. 51% of men read permissions, 
37% sometimes read, 12% do not. In addition, according to 

the survey, 16% of respondents do not read the application 
permissions, and 68% of them refuse to install the application 
because of the application permissions. 

According to the answers given, 65% of the users use their 
mobile devices for business purpose like reading e-mail. 
Furthermore, 90% of them had access to personal e-mail, 80% 
had social media tracking, and 65% had mobile shopping on 
their mobile devices (Figure 6). In addition, 83% did not 
install applications from outside Playstore or Appstore; 21% 
of them are currently using antivirus software (Figure 7). 

 
Fig. 3. Corporate network usage  

 
Fig. 4. Intended use of mobile devices 

 

 Fig. 5. Permission reading percentage by gender 

However, it is seen that 3% of the users using their mobile 
devices in corporate transactions such as accessing corporate 
e-mail are IOS users and those people still do not have the 
antivirus software they use, and even those who emphasize 
that they are IOS users. 
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Fig. 6. Ratio of participants using mobile devices for business purposes and other uses of these users 

 

 
Fig. 7. Awareness of participants about mobile devices using mobile devices for business purposes 

V. AUDIT APPROACH FOR MOBILE DEVICES 

The widespread use of mobile devices enables people to 
work independently of place and time and makes life easier 
with many applications. 

For these reasons, in most institutions other than private 
life, users can also monitor, control and communicate business 
with their own devices or with the mobile devices that the 
institution gives them, even creating documents. 

In this context, regulations are also made regarding the use 
of mobile devices in public institutions in our country. 

First of all, in organizations that use mobile devices in their 
work, updating the information technology architecture 
structures to include mobile devices and systems, processes, 
policies, procedures, data, infrastructure and employees will 
ensure compliance, physical security and information security 
and privacy risks are considered at the level of mobile 
technology in investment, controls and audits. 

When the threat areas related to mobile technology are 
considered in three categories as devices, infrastructure, 
people; while the risks in the threat area associated with people 
can only be reduced with awareness, control tests to reduce 
the risk of data loss, unauthorized access and fraud related to 
the device and infrastructure are proposed as follows [24]: 

Tests to reduce the risks in the threat area associated with 
device;  

• Encryption of the data at rest in the mobile device 
application is set to Advanced Encryption Standard 
(AES) 128, 192 or 256. 

• Encryption of data is enforced for data in transit using 
Secure Sockets Layer (SSL) and strong security 
protocols such as:  

a. Web access—HTTPS vs. HTTP 

b. File transfer—FTPS, SFTP, SCP, 
WebDAV over HTTPS vs. FTP, RCP 

c. Security protocols—Transport Layer 
Security (TLS). 

• Binary protections are standard protocol for 
application development life cycle and enforced by the 
development team at time of application coding and 
maintenance. 

• Mobile application management (MAM) is utilized to 
manage access and deployment of the application. 
Additionally, proper whitelists and blacklists are 
maintained. Examples of MAM services include 
MobileIron, Airwatch and Apperian, providing a 
central online location for distribution and tracking 
purpose. 

• A governance structure is in place for mobile app life 
cycle management, specifically, the release of mobile 
applications to the application store and modification 
of future releases. 

• The application is signed using the enterprise account 
of the company’s enterprise account certificate. 

• Enterprise applications that are released to company 
employees or contractors using companyowned 
devices utilize a remote mobile management software, 
such as MobileIron, to facilitate remote wiping. 

Tests to reduce the risks in the threat area associated with 
infrastructure; 

• Transmission of data utilizes, at a minimum, SSL or 
TLS—both cryptographic protocols for secure 
transmission of data. 
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• Connection protocols for the uniform resource locator 
(URL) via TLS are through HTTPS rather than HTTP 
to securely connect to a URL. 

• Proper packet filtering setup is built in to verify source 
address and blocking packets with conflicting source 
address. Utilization of TLS, Secure Shell (SSH) and 
HTTPS is enabled for secure communication protocol. 

•  Processes exist for the deployment of system patches 
for all applicable systems. Processes exist for 
identifying new patches or for notification of new 
patches from vendors. The system is current with the 
latest patches prescribed from central IT. If any 
vulnerability scans have been performed, patches have 
been applied to address any identified issues. Missing 
patches are identified and compared against 
documented formal exceptions from security team. 

• All applicable web servers have been assigned both 
technical and business system owners, as required. The 
defined roles and responsibilities are adequate, 
especially for internal and thirdparty personnel. 

• Lock-out protocols are enabled for accounts with 
multiple incorrect password attempts. Utilization of 
CAPTCHA (program that distinguishes between 
humans and computers) is recommended to avoid 
DoS. 

• Access to database is limited to appropriate 
individuals, and proper access reviews and 
documented system accounts are kept on file. All 
default accounts and passwords are disabled by 
enforcing strict password controls. 

• Input validation technique is in place; specifically 
defined rules for type and syntax against key business 
rules exist. 

• Sanitization of application user data coming from the 
mobile application is properly protected through 
embedded logic checks within the application. Proper 
implementation of logic checks is enabled at the server 
side. 

• The database server is properly tested and hardened 
against malicious attack. Login forms have HTTPS 
required. SSL connections are mandatory. 

VI.  RECOMMENDATIONS FOR THE SECURITY OF 

MOBILE DEVICES 

Users should be aware of the value of mobile devices and 
the data inside, and be careful about moving them safely, and 
forgetting, losing or stealing. Furthermore, the measures that 
can be taken regarding security are listed below: 

• User awareness of application permissions and 
requirements should be high, access rights should be 
queried and applications requiring unnecessary 
permissions should not be preferred [15]. 

• During application installation, the criteria of the 
application, such as certificates or electronic 
signatures, should be checked for reliability [16]. 

• Antiviral software and applications that detect both 
viruses and spyware should be used [25].  

• The data considered to be important should not be kept 
in the device, if it is to be kept encrypted, [22, 26, 27]. 

• The data stored on the mobile device should be backed 
up regularly and very important data should never be 
kept only on the mobile device [23]. 

• Wi-Fi and bluetooth access should be turned off when 
not in use [23, 26]. 

• Application usage rate and battery information should 
be compared and sould be check whether the unaware 
application is running in the background [23, 26].    

• Applications not to be used should not be downloaded 
to the phone [15]. 

• Gift phone should not be taken [28].   

• The remote data wipe and lock feature must be 
activated [28]. 

• Passwords used in mobile devices should not be easily 
predictable [23, 27]. 

• The IMEI number must be registered against the risk 
of theft or loss of the mobile device [23]. 

• All files copied and downloaded to the mobile device 
should be used after virus scanning [23]. 

• Mobile device application developers should be aware 
of vulnerabilities in operating systems and develop 
applications accordingly [29]. 

• Mobile device manufacturers should deliver the device 
to the user with antivirus software installed [30]. 

• Telephone operators should educate their customers on 
how to identify and protect mobile viruses [30]. 

• The “secure internet” service provided by the operators 
must be utilized [15]. 

• In mobile devices using network and internet 
connections, the firewall should be installed and kept 
open at all times [22]. 

• The network applications of the devices should be 
turned off or the ‘visibility’ option should be set to 
‘hidden’. Sales personnel should provide information 
to users to ensure that these features are used [23]. 

• Mobile devices must be set up to require authentication 
for access [23]. 

• The scope of crimes committed in mobile 
environments should be determined and legal 
regulations should be made on this issue [23]. 

• Rights related to downloaded applications should be 
known [15]. 

• Awareness should be raised that users themselves are 
responsible for all actions taken, even if they do not 
have the knowledge and permission [15, 23]. 

• Awareness trainings should be organized in order to 
raise the awareness that the security of mobile devices 
is a part of personal and corporate information 
security. 
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VII. RESULT 

The use of smart phones in daily life and business life is 
increasing rapidly with the life becoming mobile in recent 
years. Occasionally, confidential information or documents 
can be received by malicious people via mobile phones. Only 
applications that analyze malware cannot block malicious 
people. User awareness is very important here. Awareness 
training and malware analysis are required. In general, 
awareness training is provided through external institutions. 
However, internal audit mechanisms exist in the institutions 
and there are internal auditors who are knowledgeable about 
this subject. Internal auditors in institutions should be used at 
this point, and given roles such as consultants, facilitators or 
trainers on risk analysis and awareness issues. Internal 
auditors should consider that the mobile systems integrate 
with the information technologies in their institutions. They 
should assist senior management to provide reasonable 
assurance that the risks are appropriately controlled in their 
audits. Most importantly, it should be remembered that it is 
very important for users to become aware of the data security 
practices and their permissions. 
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Abstract—Blockchain is the name given to the technology 
that allows any data set to be stored in a distributed manner. It 
provides a secure structure with its distributed structure and 
provides a transparent system with the data set easily accessible 
by each user. Bitcoin application using blockchain 
infrastructure has gained attention with its reliability, 
robustness and performance. Thus, the blockchain is provided 
to reach large masses. Although the blockchain stands out as the 
technology of the future, it presents several disadvantages 
according to the application fields. In this study, blockchains 
performed on application basis were compared. The advantages 
and disadvantages of this system, which is called the technology 
of the future, are examined and compared in detail. 

Keywords—blockchain, security, distributed, consensus 

I. INTRODUCTION 

The blockchain, called the best invention after the 
invention of the Internet, attracts attention with its popularity 
in many areas. It has increased the preferability level with its 
blockchain reliable structure that presents its difference by 
offering innovations in many fields such as health, finance, 
public and industry. Moreover, unlike the classical systems, it 
has a revolutionary character with the feature that eliminates 
the central authority [1]. 

Social media, which has become a part of daily life, 
provides important data in terms of perceiving user behaviors. 
Social media provides an unsafe environment with its 
vulnerable structure at any time and can spread information 
that will manipulate users. A study in the literature suggested 
a solution to this unsafe environment. In order to protect the 
privacy of users, a blockchain based model was proposed and 
Distributed Partial Ledger Storage Technique (DEPLEST) 
algorithm was used. With this algorithm, it is ensured that 
sensitive user information is secured by using less resources 
than needed in the classical blockchain [2]. 

As in almost every sector, the blockchain structure in the 
health sector has been emphasized and various studies have 
been carried out. In a study conducted, body sensor networks 
used to monitor patient health information were provided with 
solutions for security, privacy and efficiency deficiencies. In 
this study, a hybrid blockchain structure was given priority 
and transparency and accessibility were taken into 
consideration and possible attacks were taken [3]. In another 
study, a blockchain structure was constructed in which patient 
health information was kept in a distributed manner. In 
another study, a blockchain structure was constructed in 
which patient health information was distributed in a 
distributed manner. Although the system provides the benefits 
of the classical blockchain, it is seen that the current 
technology does not meet all the needs of the health system 
[4]. 

With the development of the internet, the frequency of use 
of IoT devices increases day by day. With these increasing 
devices, the resource requirement increases and at the same 
time, the inefficient consumption of these resources is faced. 
In a study conducted to solve this problem, a blockchain based 
algorithm using secure method to exchange resources 
(SMER) method was proposed. Devices that do not have 
similar features are ensured to use secure resources. In this 
way, IoT devices can share resources among themselves 
without relying on a central authority [5]. Voting systems are 
another application area where blockchain structure can be 
used. With its transparent, decentralized structure and 
security, it is foreseen that it can be used in voting systems in 
the future. In a study on this subject, blockchain was created 
with sequential mining method by using Multichain source 
codes. In addition, the confidentiality of the voter's identity 
was ensured by using the blind signing technique. While the 
established system provides security for voting and counting, 
it can remain open to attacks in case of online elections [6]. 

When the studies carried out in the literature are examined, 
it is seen that blockchain can be used in many fields such as 
public, health and finance. With its decentralized structure, it 
can provide reliability, transparency, invariance, accessibility, 
controllability and data integrity. However, as in every 
system, there are some deficiencies in the blockchain. 
Examples of such deficiencies are the need for a very large 
database, high consumption of electricity, and the creation of 
conflict problems. 

In this paper, the success of the blockchain structure has 
been investigated and it has been examined what advantages 
and disadvantages it offers on the basis of sector and 
application. For this purpose, general information about 
blockchain is given in the second section of the study and the 
architecture of this system is explained. In the third section of 
the study, the application areas of the blockchain are examined 
and their advantages and disadvantages are presented 
comparatively. In the fourth and final section, the conclusions 
are given. 

II. BLOCKCHAIN ARCHITECTURE 

Blockchain technology is classified according to the 
characteristics used and whether or not network participation 
is subject to permission. As can be seen from Figure 1, there 
are 3 types of blockchain. In open blockchain systems, users 
do not need permission from any authority. In this type of 
system, every process can be monitored transparently. 
Networks such as Etherum, Bitcoin, LiteCoin, Monero are 
examples of open blockchains. Special blockchains are 
networks that are wholly authorized by the authority. Who 
will participate in the network, mining operations, new 
transactions are subject to permission. With this structure, 
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although it seems to be contrary to the logic of the blockchain, 
the operations performed are separated from the classical 
systems with the feature of being seen by each user in a 
transparent manner. In consortium blockchains, participation 
in the network is not open to everyone and is based on the 
approval mechanism. It refers to networks realized between 
groups coming together for certain purposes. The system is 
executed in a closed manner and job descriptions are defined. 
Therefore, there is no need for reconciliation methods. This 
enables faster execution of transactions [4]. Detailed features 
of these blockchain types are presented in Table 1, 
comparatively. 

Blockchain 

Public 
Blockchain

Private 
Blockchain

Consortium 
Blockchain

 
Fig. 1. Blockchain types 

TABLE I.  THE FEATURES OF BLOCKCHAIN TYPES 

Features 
Blockchain Types 

Public 
Networks 

Private 
Networks 

Consortium 
Networks 

Agreement 
mechanism 

No 
approval 
required 

Approval 
required 

Approval 
required 

Read 
permission 

Open Limited Limited 

Productivity Low High High 

Centrality Distributed Centralized 
Distributed-
Centralized 

Data 
exchange 

Impossible Changeable Changeable 

 

A. Hash Functions 

The Hash function is a function that takes text as input and 
converts it to a unique fixed-length array as output. The uni-
directionality of hash functions makes these functions 
irreversible [7]. A block diagram illustrating this situation is 
presented in Fig. 2. 

930884ff5ad….bc104a2efa

Hash Function
Text

Hash
F(x)

 
Fig. 2. Hash function 

B. Node 

 The node refers to each device in the network and has two 
types. One of them, Light node, is used to verify the 
authenticity of transactions by holding block headers. It is also 
not obliged to follow the consensus rules. The full node is 
responsible for keeping all block information and applying the 
consensus rules [8]. 

C. Cryptology 

 Encryption is used to secure the blockchain in case of 
attack. It is aimed to ensure the confidentiality and integrity of 

the data. There are two types of encryption for this purpose. 
These are asymmetric and symmetric encryption types, 
respectively. In symmetric switching, a single key is used and 
the same key is used to encrypt and decrypt the data. In 
asymmetric switching, there are two keys and a mathematical 
encryption between these keys. With this aspect, asymmetric 
encryption is more reliable than symmetric encryption [9]. 

D. Transaction 

 The transaction refers to the transfer of digital assets 
between the parties in the blockchain system. The transactions 
approved by the system are recorded on the blocks and added 
to the blockchain. An example block diagram of this process 
is given in Fig. 3 [10]. 

Create Transaction Verify Transaction Add Blockchain

 

Fig. 3. Transaction steps 

E. Merkle Tree 

 The Merkle tree is a data structure that allows the storage 
of transactions within the block. There is a summary of the 
transactions [11]. With the Merkle tree, the download status 
of the miner's entire database is eliminated, and verification 
and control is performed only with the help of the block header 
[12]. 

F. Consensus Protocol 

 The consensus protocol is the system that eliminates the 
central structure used in conventional systems and assigns 
authority to all nodes in the network. The transparent feature 
of the blockchain is supported by ensuring that everyone takes 
responsibility in processes such as approval, supervision and 
control [13]. Various consensus algorithms have been 
established. Examples of these are algorithms such as proof of 
work, proof of stake, proof of authority [14]. 

G. P2P Network 

 In central networks, communication between people takes 
place through a third party. However, the communication 
between people becomes one-to-one in systems with P2P 
network structure. This structure, also called distributed 
network, forms the basis of blockchain logic [15]. 

H. Ledger 

 It refers to the book in which all transactions performed in 
the blockchain are registered. In classical databases, these 
records are located in a central authority, while in the 
blockchain, the records are stored by all nodes in the network. 
In this way, the whole registry is secured and all transactions 
can be seen in a transparent manner [16]. 

I. Wallet 

 Wallet is an application that provides secure storage of 
keys and digital information of people in the blockchain 
system [17]. 
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J. Blocks 

 Block is the area where the transactions on the blockchain 
network are held. The first block in a blockchain is called a 
genesis block. A block is basically composed of two parts, the 
title and the content. The block header is basically composed 
of the hash value of the previous block, merkle tree, date, 
degree of difficulty and counter sections. An example image 
summarizing a block and its contents is presented in Fig. 4. 

Block Header 

Transaction

Hash of previous 
block

Block order
Merkle tree
Time stamp

Degree of difficulty
Counter

 
Fig. 4. One block structure 

III. BLOCKCHAIN APPLICATION AREAS 

Initially, the blockchain caused bitcoin to be used only in 
the field of economy due to the frequent mention of its name. 
However, contrary to popular belief with the developing 
technology, the applicability of the blockchain in many areas 
has emerged. Thus, it has mentioned its name in many sectors 
with new fields of application day by day. In this paper, the 
areas where blockchain is used and can be used are examined 
in detail. In this context, the usage of the blockchain in which 
sectors and for what purpose has been examined and in 
addition, possible advantages and disadvantages of 
blockchain in these sectors were identified. A table 
summarizing the information obtained within the scope of the 
study is presented in Table 2. In addition, the blockchain 
application areas in Turkey are given in Table 3. A graph 
showing the usage of the blockchain by sectors is given in Fig. 
5.

TABLE II.  AREAS OF BLOCKCHAIN WITH ADVANTAGES AND DISADVANTAGES 

Sector Application Area Advantages Disadvantages References 

Governance 

• Voting 
• Land transactions 
• Tax regulation 
• Education 
• Government services 
• Inheritance 
• Charities 
• Labor rights 
• Authentication 

 A transparent, reliable, 
verifiable system 

 Data security in the event of 
a natural disaster 

 Preservation of assets, 
reporting, availability, cost, 
effective collateral 
management 

 Internet-based systems being vulnerable 
 System slowing down due to added blocks 
 Failure to maintain key privacy in all cases 
 Selfish miners putting the system in trouble 

[6], [19], [20], 
[21], [22], 

[23] 

Health 
• Storing medical 

records 
• Health Service 

 Patient data security  
 System in which the patient 

is included instead of the 
system controlled by the 
central structure 

 Storage and analysis of 
health information as a 
whole 

 Obligation to train the patient with the 
inclusion of the patient in the system 

 Although the blockchain does not allow 
unauthorized access, it is possible that 
confidential data will be released due to 
technical failures 

[19], [20], 
[24], [25] 

Finance 

• Investment funds 
• Crypto exchanges 
• Stock 
• Insurance 
• Credit records 
• Mass funding 

 Fast, reliable, low cost and 
simple system 

 Reliable system thanks to 
controllable, non-tampering 
blocks 

 A recoverable system in 
case of failure 

 Difficulty in implementing the entire 
blockchain structure due to the fact that 
banking systems implemented in real life 
need a certain degree of centralization  

 Increasing the verification time of the system 
with increasing number of blocks and 
consequently slowing down the system 

[19], [20], 
[21], [23], 

[26] 

Technology 

• Cloud storage 
• Data backup 
• Manage the Internet 

of Things 
• Messaging 

applications 
• cloud computing 

 Data consistency, rapid 
verification of operations 

 Increased productivity, 
flexibility, low cost by 
eliminating third-party 
agents 

 The formation of fast-
moving systems with 
blockchain open source 
code shares 

 Cost and capacity constraints. 
 Manipulation of data. 
 Cloud servers are vulnerable to attacks during 

downtime. 
 Data theft, take away the system 

[5], [19], [20], 
[23], [27], 

[28] 

Others 

• Supply chain 
• Copyright protection 
• Food safety 
• Shared vehicle usage 
• Internet advertising 
• Forecasting systems 
• Energy management 
• Human rights 
• Customer recognition 

systems 
• Quality control 
• Logistics 
• Waste management 

 Transforming the traditional 
structure to create reliable, 
decentralization, scalable 
and unique structures 

 Ensuring integrity by 
creating a common database 

 Protection of the copyright 
of the author 

 51% of the blockchain is seized and the 
system is at great risk. 

 Fork problem in the system. 
 High cost of converting existing system 

infrastructure to blockchain structure  
 Uncertainty about regulations. 
 Lack of clarity regarding smart contracts. 
 Synchronization problem on non-

interoperable systems 

[19], [20], 
[21], [23], 
[27], [29] 
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TABLE III.  BLOCKCHAIN APPLICATIONS IN TURKEY  

Sector Application Area Contribution Mission Title Reference 

Governance 

 
Cadastre Data 
Management and 
Update 

 Preventing data 
manipulation 

 Ensuring land 
management with 
accurate 
 

A block chain aimed 
at eliminating 

inconsistencies in 
cadastral surveys  

Hierarchical Blockchain 
Architecture for a Relaxed 
Hegemony on Cadastre Data 
Management and Update: A 
Case Study for Turkey 

[30] 

Finance Mutual Funds 

 In this study ıt is 
predicted that the 
approval mechanism 
of pension mutual 
funds will be fast and 
reliable 

An overview of the 
blockchain structure 

is presented. 
Blockchain has been 
proposed to be used 
in the pension fund 
market in Turkey 

Blockchain Technology and Its 
State in the Financial Services 
Sector in Turkey  

 

[31] 

Technology 
Internet of Things 

 

 Increased service 
quality and variety of 
offers 

A block chain has 
been proposed to 

collaborate between 
IoT device vendors 

and artificial 
intelligence and 

machine learning 
solution providers. 

IDMoB: IoT Data Marketplace 
on Blockchain 

[32] 

Supply 
Chain 

Agricultural food 
supply chain 
proposal 

 A transparent system 
used by all users 

 A system based on 
mutual trust 

Establishing a 
reliable tool in the 

system by 
eliminating the 

mediator 
marketplace in 

Turkey.  

Blockchain Design in 
Agricultural Food Supply 
Chain: Example of 
Marketplace Law in Turkey 

[33] 

Education 

Certification 
verification of 
open and distance 
education 
programs 

 The proposed system 
ensured  
confidentiality, low 
error and integrity 
during the 
certification process 

The certificate issued 
by the state 

universities in 
Turkey to provide a 

solution for 
verification. 

A Blockchain Based 
Certification System For 
Education: Bcertificated 

[34] 
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Fig. 5. Use of blockchain by sectors [35] 

As can be seen from Fig. 5, especially the financial 
sector is in the first place in blockchain usage. The second 
place is the governance sector due to especially, smart 
contracts. Energy and production sectors are at the end of 
the list. A graph showing the distribution of the blockchain 
by continents is given in Fig. 6. 
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Fig. 6. Use of blockchain according to continents [36] 

IV. CONCLUSIONS 

Blockchain has attracted attention with its revolutionary 
features. It has undergone a rapid development process with 
its applicability, safety and flexibility in almost every sector. 
Blockchain structure adds basic features such as 
consistency, speed, scalability and verifiability to the areas 
where they are applied. However, it is also possible to face 
difficult problems such as the complete replacement of the 
infrastructure of traditional systems. 

In this study, information about blockchain architecture 
is given and the situations encountered on application basis 
are examined. In addition, sector distribution of blockchain 
usage has been examined and information has been given 
about the usage of blockchain by continents. 
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Abstract— As users spend more time in social networks over 

the years, the number of social networks with different types of 

use is increasing day by day. Also, users are making more 

transactions and sharing more information day by day in social 

networks. Combining and sharing the information shared by 

users in different social networks into a single data space will 

increase the success of all data mining algorithms, especially 

community discovery. Our study proposes a new approach to 

identifying the same users, one of the most important parts of 

the process of identifying and associating individuals with 

accounts in different social networks. In this way, it has been put 

forward which features on social network basis stand out from 

other features and how they affect calculation success. F-

Measure calculated how features affect success in identifying the 

same users and presented them on a social network basis. 

Keywords— multiple social networks, node alignment, vector-

based similarity algorithm 

I. INTRODUCTION 

With the popularization of the internet all over the world, 
tens of social networks have emerged where users spend time, 
share their personal information, present their ideas and 
publish their photos. Users have spent most of their time on 
these social networks. Because social networks are so popular, 
many data mining methods have been used in social networks 
and social network data has become very important pools for 
data mining and data analysis. On the other hand, most social 
networks keep data independent of each other, in other words, 
they isolate their data. In other words, social networks do not 
share data to a large extent. However, people can use different 
social networks for different purposes. For example, users use 
micro blocks to express their ideas, and photo-based sharing 
sites use to share what they see. Also, there are some 
geographically-based social networks, and users lose their 
time-based movements in these social networks. Social 
networks are not only places where users create individual 
profiles, but also a place where they organize community 
meetings and plan their social activities. Because of the wide 
use of social networks, although a single social network seems 
to contain a large amount of data, in fact, only some data of 
the user is available. When all social networks are considered, 
the user can reach a wide variety of data such as ideas and 
places of interest, friends, and events. Most of the data mining 
methods applied to date have been designed to be used in only 
one social network space. On the other hand, data mining 
methods will yield more successful results when they are 
transformed into a single repository using multiple social 
networks. For all these reasons, our study aims to reveal the 
feature vector based similarity algorithm of the user alignment 
process, which aims to combine the information of people in 
different social networks on a single graph in a single space. 

II. RELATED WORKS 

There are many previous studies in the literature about 
wedding alignment and finding similar nodes by looking at the 
contents of the node. In this section, algorithms that find 
similarities between nodes and algorithms combining node 
pairs are presented in two separate sections. 

A. Similarity-Based Methods 

Boobalan et al. [1] proposed an algorithm that aggregates 
similarities using DPLB data and looks at the attributes of 
nodes during this process. Prabavatti et al. [2] tried to find 
overlapping links and users in the graph by using fuzzy 
approach, label propagation algorithms and local expansion. 
Golsefid et al. [3] proposed a similar algorithm by looking at 
the relationship of a node with the central node and other 
nodes. Alfahani et al. [4] proposed the CNM algorithm and 
tried to find similar nodes in the community. Zou et al. [5] 
tried to identify similar users by proposing a location based 
algorithm. Tang et al. [6] proposed an algorithm to detect 
similar users on micro blog sites. Xu et al. [7] tried to find 
similar nodes in the network using bayesian and Map reduce. 
Jie et al. [8] (LA-CD) proposed a local similarity method 
based on the node pair similarity framework. Müngen and  
Kaya [9][10] proposed a method for calculating inter-node 
interaction over Instagram data. There is different node 
similarty algorithm which was used for different aims. Kaya 
and Müngen proposed a node similarty algorithm for [11] 
event based social networks, for [12] academic co-author 
networks and for [13] topic recommendation. 

B. Node Pairing Methods 

Dang et al. [14]  proposed both a feature-based and a 
topology-based intra-network similarity algorithm. Yaşar and 
Çatalyürek proposed the method of combining node pairs 
using the GSANA [15] method. Although [16] has an 
evolutionary model, it basically uses heuristic parameter 
options. 

III. PROPOSED METHOD 

In this study, the process of removing the attributes of the 
social networks targeted primarily started. We tried to find out 
which attribute should be used during the node alignment 
process. We have tried to determine which attributes are 
important for successful similarity. We tried to determine 
which attributes could be matched with each other in social 
networks. For example, we tried to determine whether the 
language used on twitter and whether the language of the tags 
found in the shared photos on Instagram are the same or not. 
Sometimes we used the same value together with more than 
one product. For example, we compared the place names on 
the labels on Instagram with the place names checked on 
foursquare. Thus, it was tried to find the correlations between 
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the attributes and find out which one had priority for the node 
alignment method. 

A. Data Collection 

At least one microblogging, one photo-sharing site, one 
event planning site and one academic website were included 
in determining the data sets. This study is one of the few 
studies that think academic web site as a social network and 
pair it with other networks. When we consider academic 
networks as social networks in itself, we have planned that we 
can combine the relations there with the popular social 
networks. 

Since we try to determine the values of attributes rather 
than using a large amount of data when creating a dataset, we 
found it more accurate to use small amounts of data sets in 
terms of both performance and accuracy. Nodes with a 
maximum distance of 5 levels are gathered around the five 
selected nodes for each repository. In other words, relatively 
closely related nodes are selected. 

B. Matching of Social Networks Features 

It is thought that some social networks can never match 
each other due to both the network structure and the attributes. 
Therefore, we first found out which social networks can be 
associated with which social networks. 

 

Because of its structure and wide usage, Twitter is a social 
network that can be matched with every social network, while 
Meetup has been the least interacting social network. 

Which values to use in social networks on the basis of 

attribute is determined separately according to each social 

network. It has been determined how successful it is in 

mapping the nodes in the social network in order of all the 

selected attributes individually. 

C. Similarty Algoritims  

It is not enough to use a single similarity algorithm 
because attributes call different data types. For example, when 
using ngram for word groups, cosine was used for location 
based similarities. Table 4 shows all the algorithms used and 
their complexity. 

 

 

 

 

 

 

TABLE I.  DATA SET AND STATISTICS 

Statistical 
Information 

Twitter Instagram Meetup DPLB Sobiad 

Number of Members 30989 15698 8.245 12.455 100.000 

Posts 156.982 36.589 20.487 65.983 25.0896 

Number of Selected 
Languages 

2 (TR, ENG) 1 (ENG) 1 ENG) 2 (TR, ENG) 2 (TR, ENG) 

 

TABLE II.  RELATIONSHIPS OF SOCIAL NETWORKS 

SN Twitter Instagram Meetup DPLB Sobiad 

Twitter O ✓ ✓ ✓ ✓ 

Instagram ✓ O   ✓ 

Meetup ✓  O   

Flickr  ✓    

DPLB ✓   O  

Sobiad ✓ ✓  ✓  

TABLE III.  SOSYAL AĞLARA GÖRE SEÇILEN ÖZNITELIKLER 

Attribute / SN Twitter Instagram Meetup DPLB Sobiad 

Sharing Language ✓ ✓  ✓ ✓ 

Active Hours ✓ ✓    

Friends / Relationship List ✓ ✓ ✓ ✓ ✓ 

Interaction Words ✓ ✓ ✓   

Groups   ✓   
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TABLE IV. ALGORITHMS SELECTED FOR SIMILARITY 

Algorithm Name Metric Type  Complexity 

Weighted Levenshtein Distance O(m*n) 1 

Metric Longest 

Common Subsequence 

Distance O(m*n) 1,2 

N-Gram Distance O(m*n) 

Cosine similarity-

distance 

Similarity O(m+n) 

Jaccard index Similarity -

Distance 

O(m+n) 

 

 

D. Experimental Results 

Each attribute was considered to be independent during the 
experiment and the success rates changed when removed. 
Thus, the attribute with the highest success rate was found to 
be the most important attribute. Since the value of the 
attributes will vary according to the chosen algorithm, they 
were tested for community discovery algorithms in this study. 

After removing each attribute, the method of finding 
similarities between individuals was re-applied and the results 
were noted. Attributes cannot be considered independent. For 
this reason, while performing the extraction operations, the 
attributes are selected in a logic construct. 

The results show that the Turkish dataset and discussed 
data from time use Turkey is not a distinguishing feature. The 
buddy list and the relationship user list is a very important 
factor as it reduces the correct results by half. 

IV. DISCUSSION 

Although the study is aimed to find important attributes in 
social networks, it is obvious that specific attributes may 
change according to the selected data mining algorithm. It is 
known that considerations in data collection can also 
significantly change the values of selected attributes. For 
example, while pulling the language spoken in one country 
cannot distinguish an attribute related to that language, 
different languages may be an important cause of similarity in 
a spoken country. At the same time, in a country with a multi-
time concept, times are very important, but in a country with 
a single time zone, its value may decrease. At the same time, 
users' age groups, interests, and the popularity of some social 
networks by country also change the importance of attributes 
in social networks. Therefore, it is recommended to re-
evaluate the attributes according to data and algorithm. 

There will be more and different social networking and 
social media sites in the future. Therefore, the importance of 
the study and its usability in the sector will increase with each 
passing day. Also, it is thought that the process of finding the 
same users in multiple spaces will become more difficult as 
the diversity of data type increases, and the number of social 
networks used increases. The success rates of the algorithms 
proposed in this study can be increased by using different 
approaches and deep learning methods, especially artificial 
neural networks. The proposed network will be used not only 
in social networks but also in different fields in the future. 

V. CONCLUSION 

This study revealed the importance of attribute selection 
for all algorithms in social networks and how much it affects 
success. At the same time, it is revealed which attributes can 
be processed in case of joining more than one social network. 
Thus, it has been revealed that many different attributes can 
exist in different social networks and the success of existing 
algorithms can be changed significantly by using these 
attributes. 
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Abstract—To do activities effectively and generate a value chain 
for organization competitiveness, it is required to run supply 
chain in best way by logistic services information 
system. Supply chains in the best way using  logistic services 
information. Supply chain management has two purposes, first 
to deliver the product to the end users via multiple departments 
and, secondly, to deliver products to last customers because as it 
is beneficial to manage such product with coordination and 
monitoring everyday supply. 

To improve departments by equipping them with the best 
strategic information system, and to avoid all the associated risks 
its requires to have a specific system for inventory control. 
Therefore, the main goal of this paper is to illustrate the 
transition of the existing systems towards Enterprise Resource 
Planning  (ERP). The study also proposes inception plans to 
develop the necessary software and search towards the best 
system by keeping in view many organizational constraints. 
To the end, a survey is carried out to measure the relationship 
between management models and 
organizational innovativeness in internal processes as part of the 
efforts towards adopting the new system planning. 

Keywords— Inventory, Supply Chain Management, Purchase 
Management Software, ERP 

I. INTRODUCTION  
The key business process across members of supply chain 

will decide the last success of  single enterprise   De. Van and 
Poole [1]. According to  Markides [2] businesses no longer 
compete as spurred by developments in information and 
communication technology ( ICT ) that enable the frequent 
exchange of huge amounts of information for coordination 
purposes. 

Supply Chain Management (SCM) is one of the most 
significant areas to attain competitive advantage in  
organization. According to Barbara [19], Supply chain is a 
way of collection of entities and  involves a new process of  
product and services, beginning from the procurement of raw 
material and its conversion into semi-finished and complete 
product, up to its delivery to the customer. Eshlaghi [17],  also 
defined supply chain as a combination of different 
organizations cooperating in certain activities, from raw 
material purchase from suplier to the delivery of the finished 
product to the customers. Stevenson [18] asserts that 
Enterprise Resource Planning (ERP) is an integrated software 
program which includes modules such as production, finance, 
marketing, and human resources to help organization in good   
planning services.  Shatat [20] state that the application of 
ERP improves the efficiency of SCM, and that is important 
positive relationship betweeen ERP and  SCM  performance 
as the former integrates the internal business process, flow of 
information and collaboration with the suppliers and 

customers. Chang [21] investigate the performance effects of 
ERP on supply chain. Bose [10] studied the application of 
ERP systems in the SCM and inventory management of a 
company in the Chinese production sector. Belbag et al. [9] 
studied ERP system application for a supermarket supply 
chain inventory management in Turkey. 

Cooper and Kleinschmidt.[3] develop three keys for SCM, 
and the conceptual framework emphaizes an inter-related 
nature and the procedural steps to design and manage supply 
chain. SCM warehouse is a chain which can follow activities 
of  services and material distribution to offer maximum value 
for consumers. Successful  planning in a business process can 
be driven by the objective value of the customer in a way that, 
each segment is related to the rest to positively impact quality 
and  facilitate risk mangement. 

Nowadays, being only a traditional organization is not 
enough to survive in the competitive market, and 
organizations. To create new business management models to 
stand out from among Competitors to end. They have to 
innovate and intend to become a leader in the market by 
shifting, their organizational culture according to their vision 
and mission.This helps in becoming an, open system and 
benefitting from the external enviroment in order to inovate 
and adapt with the new way of conducting business.  

The new century came with new challenges that 
orgnizations should deal with such as accelerating on the path 
of strategic renewal, creating an engaging work enviroment, 
and innovation to be made by everyone and every day, as 
observed by Hamel [4]. These are all intended for decision 
making, material, invoice, purchase orders, money, bills and 
tenders to meet the customer requrirements by different 
departments and at all sectors. This also includes the type of 
manufacturing and the amount purchasements, based on 
which logistics and IT flows are designed. 

The paper is organized as follows: Section 2 provides a 
background for the problem and motivation. Section 3 
discusses the relevant related work. Section 4 describes the 
research methods employed and data collection techniques, 
final section consiststs of the discussion and the conclusion of 
this case study. 

II. MOTIVATION AND BACKROUNF OF THE PROBLEM 
Staff organization and supporting depends on the manager or 
management to arrange tasks for purchase order items. These 
orders have a unique code number, which can be distinguished 
from other items even in the printed invoice details. 
Communication with employee there is an regarding details 
about payment and how the clerk performs these calculations 
for each item requires listing of these items very carefully. 
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The problem could be missing papers and it takes a lot of 
time in searching in excel sheets for example, the clerk may 
not easily locate the tenders related to the last two years 
purchases because every month new data arrives and is  saved 
somewhere in his/her computer. Furthermore, only he/she 
knows how to do these by calculating in a manual way, thus  
leading to errors in calculation because of  using old manual 
tools; namely, calculators and in the absence of any organized 
records and files.  

Such files may also become damaged due to viruses. The 
clerk needs to type  items number, whereas other 
software/database can be already in the system with invoice 
details without any need to make calculations to provide clear  
details about all purchases and inventory in an organized 
manner. It may further take more time to learn about recent 
updates as to  which items are in store and which are going to 
be finished in the stock. Therefore, these kinds of tasks require 
to be organization, both from managerial. IT strategy planning 
perspective towards transition to new software and staff 
motivation by identifying the problem clearly so that, all 
stakeholders can contribute to finding the best solution. 

The IT department and others  require to have one integrated 
system for inventory. Currently, in the IT department, they 
employ one software for this purpose without a contract, and 
upgrading support is rather outdate. They also use easily 
designed and developed HTML programs for such systems, 
but with lots of missing items due to lack of communication 
with all stakeholders. The critical problem is related with the 
logistics department because they have different stores 
(sections), whereas other departments have their own stores 
(logistics) for their inventory purposes. This creates  
inconsistency, lack of sharing related data and due to this, the 
latest stock  control cannot be carried out an effective manner. 
Citrix is a small patch inside the server which allows to open 
older software. If  the patch in the software fails, then the 
software cannot start properly, thus requiring backup.  

The main problems are listed as follows: 

• Missing papers and requiring a lot of time to 
search in the Excel sheets. 

• Clerks inability to easily access the tenders 
related to  pervious two years purchases. 

• Storing data in only one computer for clerk. 

• Mistakes in calculation because of using old and 
manual tools. 

• Personal desktops hosting viruses. 

• Extended period required inventory system 
search. 

• Using old and un-updated software and each 
department have different system. 

• ERP unable to be implmented thus far. 

The purpose of the program is to provide all functions of 
stock control and purchasing management systems for all 
departments. This is to help monitor each items latest status. 
Ensure product flow activity with the precise location for 
instance, in stock, to be finished, and related specific material 
from accepting. Returning shipment orders along with 
purchase invoices. This will help staff to focus on the needs of 
the customers along with internal stakeholders. These 

processes commit a high level of trancations regarding order 
delivery status, which is the main operation monitoring. 
Therefore it would be useful to adopt software with high-level 
security to prevent hacking or any auditing errors and handle 
the likely problems due course . 

III. LITERATURE REVIEW 
In the current age of globalization, organizations have 

realized that there is need for integrated information systems 
to link from supplier to customer. Fatimee [7] observed the 
impact of ERP implementation on supply chain efficiencies 
through one case study. Implementing an ERP is a major 
undertaking in any organization [22]. ERP systems have an 
enormous impact on organizations and towards global 
business [8,11]. Zhang et al. [12] suggested most  
organizations select ERP systems with the objective of  
improving their systems, including IT and infrastructure, 
operations, and strategic capabilities in their businesses. 
Supply chain efficiency is one of the main objectives of ERP 
systems, but it has many variables as regards its efficiencies 
as observed by Fatimee [7]. Themistocleous et al. [15] affirm 
that convential Supply chains have four tiers with many 
facilities at each level as supply, manufacturing, distribution 
and consumer. They argued that the main issue in supply chain 
is the measure of its performance, which is   linked with cost, 
activity time, and flexibillity along with cost and customer 
responsiveness. 

A research on ERP and SCM by Barki and Pinsonneault 
[13] shows the benefits of ERP in terms of reduced order cycle 
time, throughhput time, customer response time and delivery 
speed which are significant measure in supply chain 
efficiency. Mishra and Mishra [23] also observed easy 
planning between business units, drive in higher efficiency 
and a swift response time to customer demands. Cook et al. 
[16] elaborated ERP systems within four constructs, namely 
benefits related operational, managerial, strategic and 
organizational aspect, and three constructs for SCM as 
operational, planning and control, and behavioral processes. 
Mayeh et al. [24] assert that success of ERP implemetation is 
significantly related with user’s acceptance and attitude. 
Mishra [25] reviewed benefits of ERP in an extensive manner. 
Mishra [26]  also analyzed the outcomes of ERP in enterprises 
to provide continued competitive advantage. 

IV. RESEARCH METHOD 
In this study, a quantitative survey is conducted in order to 

measure the relationship between management models and 
organizational innovativeness. Data collection is based on 
primary data, and a questionnaire was translated to Arabic 
language. A total of 150 sets of questionnaires were 
distributed and 90 questionnaires were collected. However, 
among these 90 questionnaires 10 cases were not completed 
and, hence, only 80 respondents were set as the sample size in 
this study.   

A. Data Collection Method 
 

First, a self-administered survey method was adopted in the 
form of a drop-off survey technique and email . However, the 
response rate was very low; only 2 firms responded to the 
questionnaire. Therefore, it was decided to use the household 
drop-off survey method, and the questionnaires were handed 
to all the firms and, after some time, collected. The survey was 
conducted in the workplace where respondents could return 
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the questionnaire after filling it. The voluntary nature of 
participation was explained verbally as well as in writing in 
the survey questionnaire. The respondents were invited to 
complete an anonymous survey questionnaire that took 
approximately 20 minutes of their time to complete it. 
 
 
TABLE I. Questionnaire (English) 
 
Please evaluate the following statements and mark the 
appropriate number. 
1= Completely Disagree; 2 = Disagree; 3 = Almost Disagree; 
4= Almost Agree; 5 = Agree; 6 = Completely agree 
 

 1 2 3 4 5 6 
Outputs are 
created through 
management 
processes, 
i.e. the formal 
coordination of 
inputs and 
structuring of 
effort 

      

Outputs are 
created through 
mutual 
adjustment, i.e. the 
informal and 
spontaneous 
coordination of 
effort by 
individuals acting 
in their own best 
interests 

      

Our default 
assumption is that 
information about 
internal processes 
(e.g. budget 
numbers, service 
levels achieved) is 
confidential and 
viewed on a need 
to know basis 

      

V. FINDINGS AND ANALYSIS 

A.  Sample Characteristics 
The information about the participants like the year of 
establishment of the orgnization, activity area, target market, 
type, number of employees and their, the positions in the 
organization, education level, and experience aboard are 
detailed below.  
According to the results, majority graduates’ respondents 
were university graduates (56%), 15% had a master degree 
level, 5% have a PhD degree and only 2% are with only high 
school qualifications.  
 

 
Fig. 1. Educational Background of Respondents 
 
The results of the activity area are as shown in Fig. 2, 
according to which 58 of the total participating companies 
operate in software  to (72,5%), thus, making a majority six 
of  the total companies are operating in telecommunication 
technologies (7.5%), another 6  in the pharmaceutical sector  
(7.5%), 4  in hardware (5%),  4  in digital mobile media with 
(5%), and 2 in audio and video processing technologies  
(2.5%). 
 
 

 
Fig. 2. Activity Area  
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After determining the management models of each company 
participating in the research according to the framework 
proposed by Julian Birkinshaw, the results show that a large 
majority of the participating companies’ management model 
(64 of the total) can be labelled as the discovery model, 12 as 
a quest management model with (15%), 2 a science 
management model with (2%), and  another 2 as the planning 
management model with (3%). 

 
Fig. 3. Male and Female statistics 

 
 

Different options in the development test section: 
 

• Using third party software with limited contract 
and limited management. (proposal) 

• Using an HTML created web site. 
• Impelementing an ERP inventory system as a 

testing part.  
• Using ERP currently in the development 

section for few softwares. 
 

Disadvantages of the current system 
 
• Does not support all functions of logistics 
• Contract expired from third party company 
• Losing a lot of data printing  
• Using manual calculation and data entry 
• Using old approach to save data, such as excel 

sheets 
• Loss of files due to only one PC saving them. 
• Loss of time searching for files 
• Unable to track the purchase progress. 
• Too many missing items in the store. 
• Different departments have different logistic 

software. 
• Unable to easily follow the payment records 

• Unable to print hard copy of items for products 
distribution. 

• Using manually and paper-based systems to 
follow progress. 

• Using manual table sheet to check items in 
store. 

• Some tagless items and devices. 
 

        Advantages of ERP systems 
• All departments will be working based on 

similar systems and information. 
• All database stored in one place offer same – 

time accessibility too many users. 
• Reports prepared for user data and detailed 

invoices for purchase. 
• Reports prepared for tenders or information 

which can otherwise take along time to search 
for. 

• Dashboard editing for any module or required 
function 

• Inclusion of accounting module funcitions 
• Coding each item in a tage 
• Onling banking. 
• Post invoice service systems 
• Inclusion of all functions and modules 

(customer management, human resources, 
business management, financial, inventory and 
supply chain). 

• Reduced mistakes and errors while entering 
data. 
 

 

 
Fig. 4. ERP current system not used for purchases as in example 
 
Distadvantages of using only an (ERP) system 

- Old software like Citrix cannot be integrated 
with ERP 

- Old software for maintenance engines cannot 
be integrated with ERP 
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- Old database Oracle versions and HRsystem 
cannot be integrated at the moment 

 
Solution: 

• Install an SAP System 
• Upgrade the ERP system 
• Integrate ERP (SAP) with the old (existing) 

software. 
• Have ERP (SAP) system with full modules. 

VI. DISCUSSION AND CONCLUSION 
Both systems are very expensive. If they cannot buy these 
systems an expert programmer. It will be required developed 
new software content from the beginning to 
resemble IOT or RFID system of supply chain management. 
Which can be integrated with the system. 
However, ERP (SAP) could not be fully implemented until 
until now because the old (existing) software cannot be 
integrated with an ERP like software maintenance engine. It 
is difficult for old software to be integrated with ERP due to 
many constraints and interoperability issues. Software people 
are trying their best to this end, but the software development 
and the maintenance engine for the related planes are not 
working with this system because some of these softwares are 
older version. 
 
Applications such as HR and Finances cannot be integrated 
easily with new Oracle version with ERP. Also, the 
programmer takes years to update the version to new status 
because rigorous testing is required to material higher level 
update.That is the only way integration with ERP. Hopefully, 
a professional programming team creates a software similar 
to IOT supply chain management. With full requirement 
items from the collected ones, along with, proper calculation 
and accounting for purchase and tendering processes up to the 
point of delivery to stock and warehouses. 
 

While tracking the stock in the store, the other solution in the 
organization may be to choose/purchase a third-party 
program from a company but it will be expensive and will 
require making a contract every 2- or 3-years systematic 
upgrading. Therefore, the best solution is to have an SAP 
ERP system and upgrade the older ERP version. In this way, 
such integration will help the organization to tackle the 
problems originating old and outdated software. This will 
ensure sharing of all the required information among different 
departments towards best logistic operations. 
 
KPMG provides consultation towards the working of the 
organization and ensuring quality anssurance of the work in 
progress. They have made  progress in  ERP projects and also 
to modify the old version of ERP by making a same proposal 
for  two or more companies. As management decides to select 
only one company the contract is terminated with KPMG, so 
now the task can be done with the internal project manager 
and company’s team. Currently, the new company (ERP 
company) which is choosen for the  testing stages is  trying 
to integrate with other system. They bring a team and  the 
project manager  from their company specifically to do these 
tasks, but  still the company faces same issues with older 
programs (software). They have remained in the testing stage 
for the past one year . 

The organization needs a full model of ERP to solve all the 
requirements for stakeholders because many (locations) have 
different activities and tasks  as each in. ERP system is a large 
and  separate locations requiring that they all become familiar 
with each other; for example, customer relations has to know 
details of  stores customers,  who  collected what and which 
clerk is assigned for  which tasks. It is expected that  KPMG 
will succeeds in ERP implementation along with 
the  interface existing software in future, keeping in view 
organizational constraints.
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Abstract— Concrete is an important building material which 
has been in human life for more than a century and is used 
continuously. Despite its age, many properties are still not 
known. There are different types of concrete according to the 
materials in the mixture. One of these types of concrete, called 
special concrete, is steel fiber reinforced self-compacting 
concrete (SFRSCC). There are different criteria for measuring 
the performance of concrete. Since the properties are not known 
exactly, different experiments are carried out in order to 
provide the characteristics of the requested concrete. In this 
study, the model was designed by using regression tree method 
to predict the performance of T50 of SFRSCC. In the designed 
model using regression tree algorithm, R-squared value was 
calculated as 0.7341, root mean square error (RMSE) value was 
calculated as 1.2636, mean absolute error (MAE) value was 
calculated as 0.8617. 

Keywords—regression tree, machine learning, data mining, 
SFRSCC 

I. INTRODUCTION  

Concrete is a very important building material used for 
more than a century. Although it is a very old building 
material, many properties of concrete are still undetermined 
today [1]. If concrete is considered to be a liquid due to its 
fluid structure, it will be the second liquid consumed in the 
world after water. Considering the usage amount of concrete, 
its importance is understood. 

Concrete formed using cement, aggregate (sand and 
gravel) and water is referred to as normal or traditional 
concrete. Traditional concrete has its own advantages and 
disadvantages compared to the places of use. These 
disadvantages can be overcome by using various methods. 
The type of concrete whose disadvantages were eliminated 
has now become a different type of concrete. These types of 
concrete are called special concretes. One of these special 
types of concrete is self-compacting concrete. Hajime 
Okamura first proposed this type of concrete in 1986 and the 
first application was made in 1988 [2]. In the literature, self-
compacting concretes are named differently. Commonly used 
are self-consolidating concrete, self-compacting concrete  and 
self-leveling concrete  [3-5]. 

Steel fiber is added as an additive for self-compacting 
concrete to be more effective. The added steel fiber increases 
the hardened concrete properties and is effective in fresh 
concrete properties. The amount of steel fiber directly affects 
the processing properties of concrete [6, 7]. 

SFRSCC is known as high-performance and high-strength 
concrete. Its use is increasing day by day. SFRSCC is not only 
a high quality concrete but also an environmentally friendly 
concrete. Because waste materials such as silica fume, fly ash 
and marble dust are used in the production of SFRSCC. The 
biggest obstacle to the widespread use of SFRSCC, which 

offers economy, ease of application and an environmentally 
friendly feature, is the lack of a fast, economical and safe 
method of determining mix design. Today, mixing ratios of 
SFRSCC are determined with the help of trial mixtures. The 
high number of test mixtures, too much for this type of 
concrete, leads to loss of time, loss of labor and economic 
losses [8, 9]. It is useful to use machine learning methods to 
eliminate these disadvantages. 

Nowadays, there is an important need to process 
meaningless data and to extract useful information from the 
data. There are many data sets thanks to the developing 
computer technologies and the internet environment ranging 
from health to engineering, from economy to marketing [10]. 
Most of these data are meaningless and are growing day by 
day. In this context, the processing and use of this data is of 
great importance. Machine learning algorithms in many 
different fields such as medicine [11], mechanical engineering 
[12], bioinformatics [13], civil engineering [14-17], location 
detection [18] and fall detection [19] successfully 
implemented. Many different machine learning methods are 
used for regression. Among these are commonly used; 
algorithms such as liner regression [20], support vector 
regression [21], artificial neural networks [22] and extreme 
learning machine [23]. These methods have been used for 
successful regression analysis in many different fields. 

In this study, a model was designed to predict the fresh 
concrete properties of self-compacting steel fiber concrete. In 
the designed model, regression tree method was used. 56 
different data were used in the designed model. The input 
parameters were cement, silica flour, silica fume, stone flour, 
fly ash, Dmax, sand, coarse aggregate, water, chemical 
additives, steel fiber quantity, steel fiber radius and steel fiber 
length. The regression tree was used to estimate the T50. 10-
k cross validation was used to test the model and as a result of 
the study, the R-squared value was 0.7341, the RMSE value 
was 1.2636 and the MAE value was 0.8617. 

II. DATA SETS 

In this study, fresh concrete performance measurements of 
self-compacting steel fiber concrete T50 is predicted. The 
input parameters were cement, fly ash, Dmax, sand, coarse 
aggregate, water, chemical additives, steel fiber quantity, steel 
fiber radius, steel fiber length and sum of silica flour, silica 
fume and stone flour. The output parameter is the spreading 
time T50 of the concrete to 50 cm diameter in seconds. The 
data sets used in the study were obtained from different studies 
in literature [24-35]. 
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Fig. 1. Slump-flow test equipment and testing [36] 

The slump-spread test is carried out with a conventional 
slump funnel. As a result of this test, the maximum diameter 
at which concrete is spread and the spreading time (T50) to 50 
cm diameter are determined in seconds. The collapse spread 
test equipment and the construction of the experiment are 
shown in Fig. 1. It shows the self-settling properties of the 
concrete and the spreading value should be at least 55 cm for 
filling ability. The greater the value, the more filling means to 
increase. However, it should be taken into consideration that 
the risk of segregation will increase as the spread value 
increases. If the segregation in the concrete is approximately, 
the spreading can be detected visually in the boundary region. 
Too much water in the concrete accumulates in this region. 
The short T50 period gives information about the ability of the 
concrete to fill the environment and has a direct relationship 
with the viscosity of fresh concrete [8]. 

III. REGRESSION TREE ALGORITHM 

Regression trees are generally similar in structure to a 
classification tree, except that the Y variable takes the listed 
values and a regression model is placed in each node to give 
the predicted values of Y [37]. 

Regression tree is based on proving the relationship 
between target and predicted values as opposed to classical 
methods or showing that it is wrong. Regression tree has its 
own advantages over classical statistical methods. One of 
these advantages is involved in finding the relationship in data 
that includes hierarchical or non-variable variables. 
Regression tree allows mapping of attributes that have the best 
effect on the distribution of forecast values [38]. 

Classification and regression trees are a non-parametric 
regression approach that can be modeled simply. The basic 
separator properties are that the feature space, that is, the area 
covered by all predictor variables, is repeatedly divided into a 
series of rectangular areas. The division is formed by 
observing similar response values in the same groups. As a 
result of the partitioning process, it is predicted to estimate the 
value of a fixed response variable for each field [39].  

IV. RESULTS AND DISCUSSIONS 

In this study, a model was designed to determine the 
duration of T50, which is one of the fresh concrete 
performance criteria of self-compacting steel fiber concrete. 
In the designed model, regression tree which is one of the 
machine learning methods is used. In the designed model, 
silica flour, silica fume and stone flour were collected as input 
parameters and used as a single parameter. The input values 
were taken from cement, fly ash, Dmax, sand, coarse 
aggregate, water, chemical additives, steel fiber amount, steel 
fiber radius and steel fiber length and sum of silica flour, 
silica fume and stone flour. 10-k cross validation was used to 
test the designed model.  

 
(a)  

 
(b) 

Fig. 2. Predicted and target data of T50 (a) and predicted error regression tree (b)
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R-squared is a measure of the variance ratio between the 
target value and the estimate values. R-squared shown in the 
equation (1). The metric without an upper limit of MAE 
indicates the relationship between the target data and the 
predicted data and is expected to be close to zero or zero. 
MAE shown in the equation (2). RMSE is calculated by 
taking the square root of the sum of the squares of the 
difference between the target value and the estimated value. 
RMSE shows the error rate. RMSE is shown in the equation 
(3). = 1 − ∑ ∑ ( )           (1) = ∑ −                           (2) = × ∑ −                         (3) 

Three different criteria, R-squared, RMSE and MAE, 
have been calculated to test the system and compare it with 
subsequent studies. The results are given in the Table 1. 

TABLE I.  RESULTS OF REGRESSION TREE 

 Regression Tree 
R-squared 0.7341 
RMSE 1.2636 
MAE 0.8617 

 

The Fig. 2 (a) shows the target values and predicted values 
according to the index numbers of the values of the whole 
data set. Fig. 2 (b) shows the difference between target values 
and predicted values. When Fig. 2 (a, b) is analyzed, it is seen 
that indices 1, 2, 4, 17 and 28 have more than twice the error 
value of MAE. However, when the error rates are examined 
on Fig. 2 (a, b), it is seen that the indices 1 and 4 are estimated 
by the model designed at the acceptable rates. When the 
designed model is evaluated according to Fig. 2 (a, b), it is 
seen that 40 samples are predicted at desired intervals and 16 
samples cannot be estimated correctly. The regression graph 
of the designed model is given in Fig. 3. 

 
Fig. 3. Regression analysis  

In this study, using the regression tree, the T50 value 
which is one of the fresh concrete properties was predicted 
with 0.7341 R-squared, 1.2636 RMSE and 0.8617 MAE 

values. With the designed model, it is shown that T50 
experiment can be determined by using machine learning 
method by taking advantage of many parameters such as 
manpower, cost and time. 

V. CONCLUSION 

In this study, the model that will estimate the T50 value 
from the fresh concrete properties of SFRSCC, a special type 
of concrete, was modeled using the regression tree method. 
The data set has been obtained from different studies in the 
literature. 11 different input parameters have been used in the 
designed model. 10-k cross validation has been used to test the 
designed model. R-squared, RMSE and MAE values were 
calculated for comparison with subsequent studies. In the 
designed model, the R-squared value calculated as 0.7341, the 
RMSE value calculated as 1.2636 and the MAE value 
calculated as 0.8617. 

As a result of the study, it was shown that regression tree, 
one of the machine learning methods, can be modeled for 
predicting T50 from the fresh concrete properties of SFRSCC. 
Thanks to the designed model, important parameters such as 
time, labor and cost will be advantageous over traditional 
experiments. It is expected that the model will be more 
successful by increasing the number and diversity of the data 
set used in the designed model. The method used in the study 
was run with default parameters. Parameter analysis can be 
used to determine the most appropriate parameters for this 
problem. In order to increase performance, hybrid methods 
can be tried by integrating artificial intelligence, chaos and 
optimization algorithms into different methods. 
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Abstract—Trolling is frequently observed in online 
platforms of communication, although, it remains as an obscure 
phenomenon. This is due to it having limited empirical research 
and lack of consensus about the definitions amongst scholars. 
This study aims to bring an insight into trolling behavior by 
presenting an overview of previous research on toxic behaviors 
that are considered as trolling in online communities and in the 
context of online gaming. Additionally, a questionnaire that is 
used to observe how trolling is perceived was conducted to 83 
participants and the findings are discussed. 

Keywords—trolling, toxic behavior, online games, computer-
mediated communication 

I. INTRODUCTION 
Online platforms are beneficial environments that provide 

occasions for socializing with acquaintances, meeting new 
people with similar interests or having discussions. Even 
though providing a myriad of opportunities for these activities, 
online spaces like social media platforms and online 
communities are not always inherently safe for all of their 
users. One of the threats online users could face is being 
exposed to are toxic behaviors, such as trolling. Online games, 
besides of serving their main purpose, entertainment, are also 
sources of online communication and expression. As a result, 
this makes online games also susceptible for toxic behaviors 
and trolling.  

In academia, online trolling is an ambiguous term. 
Although gaining interest of researchers in the past few years, 
trolling remains as a sophisticated phenomenon. This is due to 
it being an under-researched field. There is little empirical 
research about trolling. Additionally, the lack of agreement 
amongst the researchers makes it harder to obtain a unified 
definition of an online troll and what toxic behaviors are 
considered as trolling. Some researchers have identified 
certain behaviors such as deceptive and disruptive behaviors 
[1] as trolling. However, other scholars state that trolling does 
not necessarily involve hostile intentions [2]. In the context of 
online gaming, trolling definition broadens to include 
gameplay-specific types of trolling behaviors [3–5]. While 
acknowledging that trolling is not always performed with 
harmful intentions, it is important to mention that trolling is 
often associated with toxic behaviors and cyber-bullying. 

In order to have an understanding of how trolling is 
perceived by people and especially by gamers who play multi-
player online games, an online questionnaire was conducted. 
The questionnaire contains questions regarding general 
demographics, online multi-player gaming habits, how 
trolling is perceived and previous trolling experience. This 
current study is a derived from the first author’s master’s 

thesis, which has a more extensive research design including 
other topics. Data regarding those questions are not in the 
scope of this study and therefore will not be evaluated in this 
study.  

In this paper, the definitions of troll will be introduced by 
demonstrating the outcomes of different approaches that the 
literature had on identifying online trolls and what toxic 
behaviors are denoted as trolling behaviors. An explanation of 
these behaviors will be presented and trolling behavior in the 
context of gaming will be explored. The relation of trolling, 
toxic behavior or cyber-bullying will be discussed and 
similarities between these interrelated concepts will be 
highlighted. Then, the methodology will be presented, and 
results will be discussed. 

II. TROLLING 

A. Online Trolling 
Even though there is no consensus of what is considered 

as trolling in literature, most studies agree that trolling is 
performed with a harmful intent. A scholar considers trolling 
as acting in a “deceptive, destructive, or disruptive manner in 
a social setting on the Internet with no apparent instrumental 
purpose” [1, p. 97]. Contrarily, other studies do not consider 
‘deception’ as an identifier while presenting a trolling 
definition [6]. Hardaker’s [7] research point the key 
characteristics of trolling, which include aggression, 
deception and disruption. The author defines a troll as 
someone who gains trust of a group by disguising into a non-
hostile identity and conceals their true intentions that are 
causing disruption or starting or aggravating a conflict [7].  

Conversely, according to Bishop [2], trolling used to serve 
the purpose of mutual enjoyment in an online community in 
the early 1990s. According to the author, this practice later has 
shifted towards an abusive form where it is not for mutual 
enjoyment any longer, but only for the perpetrator’s 
enjoyment. This change took place during approximately the 
last decade and what trolling was in the early 1990’s was very 
much different than what trolling is today. The author 
classified the two types of trolling as classical trolling and 
anonymous trolling. In classical trolling, the trolling actions 
were used as an instrument to welcome new members to an 
online community. Later, the toxicity of trolling started rising 
with a series of attacks on deceased person’s memorial page. 
According to the author, this is when the friendlier version of 
trolling evolved into a malicious version, anonymous trolling, 
which followed with trolls sharing their online abuses of 
others online.  The same study introduces another 
classification for trolling types: kudos trolling and flame 
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trolling, where the former is for the entertainment of others 
and discourages abuse, the latter may be offensive. 

Besides of trolling for disruption and trolling for mutual 
enjoyment, recent studies have also identified other types of 
trolling behavior that do not demonstrate any similarities with 
these properties. According to a recently conducted study 
about Twitter trolls, politically charged trolls played a 
significant role in promoting lynching of the opposition 
leaders and journalists during key political happenings [8]. 
Mihaylov et al. [9] states that ‘opinion manipulation trolls’ 
spread misinformation in order to manipulate user opinion 
about products, companies and politics. Similarly, hired 
manipulative trolls are used to influence public opinion [9]. 
Another research found that there are trolls on Twitter that 
create content that also functions as criticism [10]. 

B. Trolls, Bystanders and Victims 
The person who performs the trolling behavior is called a 

troll (or an online troll) and the person who is exposed to the 
trolling behavior is called a victim. The trolling behavior is 
usually directed specifically at the victim. The people who 
happen to witness an occurrence of trolling, but not 
experiencing it first-hand like the victim does, are called 
bystanders. These three roles were previously used as 
instruments to analyze cyber-bullying amongst junior high 
school students [11]. 

A study that instrumented an online survey with a sample 
size of 125 gamers found that frequent trolls were significantly 
younger and male, and trolls tended to have longer gameplay 
sessions [4]. In the same study it was reported that 
approximately half of the participants witnessed occurrences 
of trolling as bystanders either frequently, very frequently or 
always. Only 6% were found to be victims of trolling very 
frequently or always while half of the participants stated that 
they either very rarely or never been a victim in the past 12 
months. Nearly all participants (97%) were reported to have 
been trolled in textual format, while 11% said that the trolling 
they have encountered was in an auditory form on the internet. 
However, among all the participants that have reported to 
being trolled during gameplay; 84% of them were trolled in 
auditory format and 72% of them experienced textual trolling 
format. Additionally 17% participants mentioned of another 
kind of trolling, which the authors categorize it as trolling that 
occurs as in-game  behaviors [4]. 

C. Trolling Motivations 
A recent study that examines comprehensive personality 

profiles of internet trolls found similarities between trolling 
with sadism, psychopathy and Machiavellianism [1]. The 
same study considers trolling as a reflection of everyday 
sadism by emphasizing their findings about a common 
characteristic of trolls and sadists; both enjoy distressing 
others. Moreover, the study also associated Bishop’s [2] flame 
trolling with sadism by stating that it is the troll-speak 
equivalent of sadistic pleasure [1].  

In order to have a better insight of motivations for trolling 
in the context of gaming, researchers collected data directly 
from online trolls. Cook et al. [5] conducted semi-structured 
interviews with self-confessed trolls and found personal 
enjoyment, revenge and thrill-seeking were motivations for 
trolling. In the same study, boredom was also found as a 
component that leads to trolling and trolling due to boredom 
is perceived as a meta-game by the troll. Other studies support 
these findings. It was found that amusement, boredom, 

attention seeking and revenge are reasons for trolling in online 
spaces and gaming environments [4], [12]. Other triggers 
include, being trolled, noticing weakness in other players and 
circumstantial occurrences like trolling in the pre-game lobby 
of online multi-player games [5].  

D. Online Trolling in the Gaming Context 
As mentioned earlier in this paper, the types of trolling 

behavior that are observed in online spaces like social media 
platforms and online communities are insufficient to cover 
trolling behavior in the context of gaming. When we consider 
the in-game communication dynamics, online trolling is 
redefined to include gameplay-specific behaviors [5], [13], 
that supports previously presented themes of trolling that are 
deception and disruption. Namely, griefing and feeding are 
toxic behaviors defined in the gaming context due to their 
gameplay dependent nature. Although they are not always 
considered as a type of trolling and addressed separately by 
some scholars [3],[14], similar properties are treated as 
trolling by others [5]. 

Kwak et al. [13] explored toxic behavior in team 
competition online games by using large datasets based on the 
decisions made by the users. They have used the 
crowdsourcing system of an online game that makes decisions 
on what happens to reported players; should they be punished 
or not. Their research deals with the following aspects: 
assisting enemy, inappropriate name, intentional feeding, 
negative attitude, offensive language, spamming and verbal 
abuse. Even though they do not explicitly declare these 
behaviors as trolling behavior, in this present study these items 
are introduced to demonstrate how toxic behaviors are related 
to trolling behaviors. 

Another study, that collected data directly from self-
confessed trolls to have an understanding of the perpetrators’ 
own perception of trolling, have broadened the definition of 
trolling, and identified two types of trolling: verbal trolling 
and behavioral trolling [5]. The explanations and the 
subdivisions are elaborated as follows [5, p. 3329]: 

Verbal Trolling: Using a chat function in-game to troll 
another player. 

Trash-talking: Putting down or making fun of other 
players 
Flaming: Presenting emotionally fueled or contrary 
statements with an instrumental purpose. 
Misdirection: Spread false information among targeted 
or general players 
Spamming: Repeating game-unrelated chat either 
textually or audibly in-game. 
Inappropriate Roleplaying: Pretending you are a 
different person (non-game-related) to obtain some kind 
of specific reaction. 
 

Behavioral Trolling: Using existing game mechanics to troll 
another player. 

Inhibiting team: Actively hampering your teammates’ 
in their goals. 
Contrary play: Playing the game outside of what is 
intended by most players. 
Aiding the enemy: Disregarding strategic play to make 
it easier for the opposing team to win. 

Other studies, although using different names for types of 
trolling, demonstrate similar classifications. For instance, 
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‘intentional feeding’ is considered as a toxic behavior and 
defined as “when a player deliberately allows the other team 
to kill them, thus feeding the enemies with gold and 
experience in turn allowing them to become quite powerful” 
[14, p. 6]. This could be considered as equivalent to a 
combination of previously mentioned [5] ‘inhibiting team’ 
and ‘aiding the enemy’. Another phenomenon, which is also 
sometimes observed separate from trolling is called ‘griefing’. 
Warner and Raiter defines it as “intentional harassment of 
other players ... which utilizes aspects of the game structure or 
physics in unintended ways to cause distress for other players” 
[3, p. 215]. Contrary play, although it does not inherently 
include harassment, is similar to griefing. Another study has 
identified types of trolling as griefing, sexism/racism and 
faking/intentional fallacy [4]. 

This study conceptualizes trolling by combining often 
over-lapping types of trolling. Trolling taxonomy defined for 
this study is as follows:  

- Insulting, using offensive language or hate speech 
- Spamming 
- Feeding 
- Faking/intentional fallacy 
- Misdirection 
- Inappropriate roleplaying 
- Griefing 
- Flaming 
- Trash-talking 

E. Trolling, Cyber-bullying and Toxic behavior 
Some studies point to a relation between trolling, cyber-

bullying and toxic behavior. For instance, according to Binark 
et al. [8], trolling could be considered as cyber-bullying when 
it starts to include threats that might be harmful for the victim. 
Similarly, other studies classified trolling as type of online 
bullying or as a type of cyber bullying, where trolling often 
happens anonymously [15], [16]. Law et al. [16] suggests that 
bullies usually know their victim, and Lenhardt [1] states that 
their identities are usually clear. Therefore, bullies perform 
their attacks accordingly, where trolls seemingly do not have 
any purpose for performing their attacks [1]. Contrarily, 
trolling and cyber-bullying are considered as separate 
phenomena by some other studies. For example, Hardaker [7] 
evaluates trolling as impoliteness.  Buckels [1] considers 
trolling as a form of online anti-sociality together with cyber-
bullying, and states that the disruptive and deceptive nature of 
trolling may be distinguishing. Other studies define toxic 
behavior as a negative behavior that evokes negative 
emotions, has a long term effect in harming and could be 
exemplified as ‘griefing’, ‘cyber-bullying’, ‘mischief’ and 
‘cheating’ [13], [14]. 

III. METHOD 

A. Participants 
The online questionnaire was filled in by 83 participants. 

There were 55 males (66.27%) and 28 females (33.73%). The 
ages of the participants ranged from 19 to 51 years (M= 29.84; 
SD=4.77). Most of the participants lived in Turkey (79. 52%), 
and the others said they lived in Ireland (5 participants), UK 
(3 participants) and 1 participant each in France, Canada, Iran, 
USA, China, Czechia, Finland, the Netherlands and Norway. 
48 participants said they play online multi-player games, 
while 24 participants reported that they used to play but not 

any longer. 11 participants said they do not play online multi-
player games. 

B. Questionnaire 
The questionnaire has questions about general 

demographics; age, gender, country of residence, multi-player 
online gaming habits (e.g. gaming platforms, genre of games, 
who they play games with, the frequency of meeting with an 
online troll, average amount of time gaming per week). Then, 
there are questions about how trolling is perceived (e.g. Which 
of the following behavior(s) do the trolls perform in games?, 
What is the motivation of the troll?) and trolling experience 
(e.g. Have you ever trolled?, Do you consider yourself as a 
troll?). Some questions were adapted from other 
questionnaires [4] and some questions were added after pilot 
study. 

IV. RESULTS 

A. Gaming Platforms, Game Genres, Gaming Frequency 
and Years in Gaming 
Out of participants who still play games (48), 42 

participants game on computer, 28 participants game on 
mobile devices and 15 game on consoles. FPS is the most 
common genre with 30 participants playing, followed by 
MMORPG and role-playing games (26 participants), board 
and card games (23 participants) and MOBA (22 participants). 
In an average week, most participants play less than 5 hours 
(37.5%), followed by playing 5 to 10 hours (22.92%). 38 
participants said they have been playing games longer than 7 
years. 

B. Frequency of Encountering Trolling 
45 participants reported that they play games with random 

people online and 14 of them said they encounter a troll either 
every time or often and 18 of them said they sometimes 
encounter a troll. 

C. Behaviors That are Considered Trolling 
Out of all participants, 63 of them said they think trolls 

insult, use offensive language or hate speech. It is following 
by trash-talking (61 participants) and feeding (58 
participants). The comparison of the trolling taxonomy can be 
seen in Figure 1. 

Fig. 1. Behaviors that are considered trolling (number of participants/ type 
of behavior) 
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D. Trolling Motivations 
Out of all participants, 75 of them agreed that trolls’ 

motivation for trolling is personal enjoyment. 59 participants 
stated that trolling occurs because the troll is bored and 
revenge as a motivation for trolling is noted by 28 people. 

E. Trolling Experience 
Out of the participants who play games (48 participants), 

22 of them said they have trolled someone else before, with 5 
of them being often. Out of the participants who have previous 
trolling experience, only 4 of them said they define themselves 
as trolls. The most common reason for trolling was revenge 
(12 participants), followed by personal enjoyment (10 
participants). 

V. CONCLUSION 
This study aims to present an overview of the trolling 

literature and compare and contrast different definitions of 
trolling introduced in previous research. We also 
demonstrated the relation between trolling, cyber-bullying 
and toxic behavior, which is an essential part of the literature 
and necessary to discuss in order to achieve a deeper 
understanding of the phenomenon. As mentioned earlier, there 
is a gap remaining in empirical research on trolling behavior. 
Most of the studies explore trolling behavior and other toxic 
behaviors in games like League of Legends [13] or Second Life 
[3]. One study was found to address trolling in the gaming 
context which takes into consideration of many different 
genres of online multi-player games, regardless of mentioning 
the gaming platforms [4]. To our knowledge, a research about 
trolling behavior that is inclusive to every type of game which 
is played online with at least two players (i.e. online multi-
player game) on every platform (e.g. desktop, console, 
mobile) is not present. This current study fills this gap by 
being inclusive of every genre of online games on every 
platform. In this study, it was found that insulting/offensive 
language, trash-talking and feeding are behaviors that are 
considered as trolling the most, followed by griefing, 
spamming and misdirection and the most commonly observed 
motivation is personal enjoyment. These are similar findings 
to what the literature suggests [4], [5], [12]. This topic will be 
elaborated with an extensive research as the first author’s 
master’s thesis. 
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Abstract—In this paper, a novel approach to detect iris from 

images which contains frontal faces is proposed. The approach 

can be used for real time eye detection from cheap web cameras 

or other kind of cameras. First face region is detected by using 

haar cascades for frontal faces than possible eye region chosen 

from the face region. The eye regions reduced with the 

foreknowledge which is eyes are darker. Reduced image used 

with a tailored template matching algorithm to determine where 

eye really is. 

Keywords— eye detection, eye localization, template matching 

I. INTRODUCTION  

Eye detection is being used for many applications. Those 
applications include security, marketing, psychology, human-
computer interaction and so on. Detecting a face in an image 
only beginning of other steps to gather information from the 
face images. The other steps are finding elements of the face 
such as eyes, mouth, chin, etc. The state of the eyes may 
contain many information about an individual. For example, 
the size of the pupil could be interpreted whether or not the 
person is in distress or there may be behavioral patterns to 
detect if a person is thinking or if he/she is tired, etc.  

Behavioral patterns can be used in creating psychological 
profiles, which then can be used for marketing or treating 
psychological diseases etc.  

Since it is possible to estimate where one is looking by the 
positions of the eyes, it is also possible to make gaze detection. 
Gaze detection can be used in many areas such as computer-
human interaction or information gathering etc.  

Eyes also have a unique print, which is used in 
identification [1]. By counting the number of blinks in a 
minute it is possible determine if a person is tired or sleepy, 
which is used in detecting whether the driver is tired or not 
[2]. All of these applications and many more like these rely 
heavily to find the eyes and success of these methods only as 
good as the success of the eye detection methods.  

Current eye detection technologies can be divided into 
three categories according to invasiveness. Electro-
oculography methods place electrodes on the skin near the 
eyes [3] or eye coil systems uses contact-lens [4], etc. These 
kind of methods are categorized as invasive methods. Second 
is semi invasive Some of the other methods do not need any 
object to place directly to the user, however in order to 
highlight the eyes they use special lights [5]. These kind of 
methods is categorized as semi-invasive methods. The last 
category is non-invasive methods. These kind of methods uses 
only images without any aid of secondary devices 
[6,7,8,9,10,11].  

Since invasive methods have more information-gathering 
capabilities, they tend to have a good detection rate. However, 

in reality, it is not feasible to use them in applications because 
of the high cost and low mobility. 

Semi-invasive methods also do not have desirable cost 
effectiveness even though they have some usage areas and 
good detection rate. 

Non-invasive methods have the lowest cost because they 
only need an image to be fed to the system.  Nevertheless, they 
have less successful than other categories. Since, they have 
issues such as light condition, eyeglasses, make-up etc.  

Non-invasive methods can be branched into two major 
sections. The first section contains A.I. (Artificial 
intelligence) based methods. Methods belonging to this 
section typically structured of three main processes: creation 
of the eye patterns, adopting classifier or statistical model and 
finally applying resulted program to image.  Second section 
uses natural attributes of the eye to detect it such as 
histograms, pixel distribution, pixel values, etc. [6,10,11]. 

II. FINDING EYE 

In the proposed method, a simplistic approach to find the 
eye is selected. First a few phases are typically same in the eye 
localization methods. Detecting face with Viola-Jones 
algorithm [12] and then determining broad eye field with 
educated guess or utilizing cascade to determine the eye field, 
finally using an innovative technique to determine exact eye 
location is as shown in Fig.1. 

 
Fig.  1 Three main steps of eye finding algorithms 

A. Finding Face 

Finding a face region is important because it reduces the 
area to the region of interest. This provides a search area which 
has limited characteristics and appearances. There is no other 
object or image which can be confused as an eye also reduces 
the workload of the algorithm.   
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The face detection problem is a decades old problem and 
there are many methods to address this problem [13]. In the 
proposed method, the Viola-Jones method is chosen to find 
the faces by using Haar-like cascades [12]. For BioID 
database [14] this method manages to successfully detect 
faces in 1365 images out of 1520 images which means over 
%89 success rate. There are only eleven false positive out of 
1520 images. These false positive results usually small region 
within a detected face so it can be easily discarded by choosing 
a bigger face within detected faces.  

OpenCv library contains necessary cascade files for these 
kind of detection purposes and in this work; frontal face file 
(haarcascade_frontalface_default.xml) has been used to find 
faces in images.  

B.  Estimating eye region and reducing the image 

In order to find a general eye region, taking an educated 

guess can be used. Asadifard and Shanbezadeh divides the 

image into four parts using middle diagonal and vertical 

points. It is supposed that left eye is in up left side and right 

eye is up right side [10]. However, this approach some 

shortcomings like a bigger region of interest than what was 

needed, but it also provides an area with an eye. Another 

option may be utilizing a haar-like cascades or other kind 

detection methods to find where eye area is. However, this 

kind of approaches tends to provide poor results in finding a 

region of interest for the eyes.  Because the eye is a moving 

object within the eye region, hence it is very hard for cascades 

to detect the eye region with high accuracy. There is also the 

matter of computation cost which comes with a secondary 

eye region of interest detector, but it may give a smaller eye 

region.  

In suggested method an educated guess used and out of 

1365 images of BioID database, it manages to get positive 

result for 1175 images. Let (x,y) starting coordinates of the 

face region and w, h wide and height of the face region. Then 

region of the interest for right eye can be found within ( (y + 

3 * h / 8 - 5): (y + h / 2 - 5), (x + w / 5):(x + w / 2 likewise for 

the left eye region of interest can be found within (y + 3 * h / 

8) - 5: (y + h / 2) - 5, (x + w / 2):(x + w * 4 / 5). 

The ratio between eye radius and the horizontal value of 

eye region is about 0,1. For example, if the eye region is   r X 

c where r is the number of rows and c is the number of 

columns than to find the eye radius d equation (1) is used. In 

order to find how many pixel eyes would have. We use 

possible radius d of eye and since the eyes are circular by 

using area of circle equation (2) we calculate possible eye 

pixel count p. By utilizing the histogram, we collect darker 

pixel until we reach pixel count p and find threshold value 

which separates eyes.  Then we create a new grey image 

which we will call as reduced image, and paint its pixels to 

black if it's darker than the threshold value and paint it to 

white otherwise. 

 

125.0*rd         (1) 

14.3** ddp        (2) 

 

C. Template Matching 

The circular characteristic of the eyes makes it easy to use 
in a matching algorithm. Even though eyes are not fully circle, 
but an ellipse with a ratio of 1.13 usually this difference is 
negligible because cameras do not have the necessary 
resolution to catch that difference. 

The template matching is a proses where each pixel in one 
input image is compared to another image to find if there is a 
matching part in it. This is done in a windowed manner and 
for each window a similarity value is calculated. Best 
similarity value determines which of the windows is matched 
to the input image. There are many methods to calculate 
similarity value like square difference (3), normalized square 
difference (4), correlation (5), normalized correlation (6) etc. 
In this work we have been used square difference method to 
calculate similarity value (3). In formula (3) R is the similarity 
value, I input image, S source image which we try to find a 
match in it and x, y starting positions of the window and x’, y’ 
pixel positions of input image. In square difference method 
sum of the square of the differences of each pixel determines 
similarity value. Smaller similarity value means more 
similarity and if it is a perfect match, then the similarity value 
would be zero. 
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In this work, we had to do multiscale template matching 
because we could only guess the size of the eye at a certain 
range. In order to use the template matching method on 
multiscale, template matching is performed on input images 
with different sizes, and a similarity value is obtained by 
dividing the obtained similarity value by the number of pixels 
in the image, and by comparing these values, the image having 
the lowest similarity value is considered to be matched. 

In order to guess the size of the eye we used a row count 
of the eye region of interest and we determined that the radius 
of eye within ½ and ¼ of the eye region of interest’s row count 
and within this range we used a multiscale template matching. 

As for input image which will be used in template 
matching we created a simple image as seen in Fig.2 for each 
possible radius value within range and used all of them in a 
multiscale template matching method. Usually there were four 
or five images created for each eye. 
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Fig. 2 Input image for template matching  

III. EXPERIMENTAL RESULTS 

A. Evaluation 

We used the BioID database to evaluate the success rate of 
the proposed method. BioID database consist of 1520 frontal 
face images with files which contains eye position annotations 
of the left and right eye. There is a single frontal face at each 
image and these images belongs to twenty-three different 
individuals. BioID database is a challenging database because 
images are grey level and have low resolution (384 × 286). 
Most of the images belong to the persons who use glasses and 
there is an intense reflection in their glasses. There are images 
taken in areas that are not sufficiently illuminated or over 
illuminated. There are images where the individual's eye fully 
closed or partially closed which makes it impossible to 
determine where eyes are since there is no eye in view. 
However, to determine the success of an algorithm a 
challenging database is necessary.  

RL

RRLL
e






)','max(
                (7) 

Error rate e calculated by using formula (7) where e is error 
rate, L, R are actual position of left and right pupil whereas L’, 
R’ are calculated positions by this method and difference of 
them is the Euclidean distance between them.  

The success rate for e<0.25 algorithm is considered good 
for finding eye, however, for application such as gaze 
detection e should be less than 0.05. 

 

Fig. 3 Example of the successful results for e<0.05 

In Fig. 3 some of the successful results for e<0.05 are 
given. As seen this method manages to draw a white circle to 

the eyes the center of the circle is where an eye pupil is. Also 
Fig. 4 shows some of the unsuccessful results for e<0.25. In 
dark or too bright cases, this method may confuse eyebrows 
with the eye since eyebrows also have a dark color. 

As seen in Fig. 5 there are some instances where this 
methods manage to find the eye but marked as unsuccessful. 
We believe that some of the eye position didn’t annotated 
accurately. 

 

Fig. 4 Unsuccessful results for e<0.25 

 

 
Fig.5 In some cases eye positions of the BioID database isn’t accurate. These 

images marked as unsuccessful for e<0.05  

 

B. Comparison with The State of The Art 

We compared this method with state of the art methods 

which use the BioID database to determine success rate. Out 

of 1520 images, Viola-Jones face detection methods 

managed to find a face in 1354 images. The results are given 

in Table 1. 
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TABLE I.  SUCCESS RATE OF THE METHOD AND COMPARISON WITH THE 

STATE OF THE ART 

Method e<0.05 e<0.1 e<0.15 e<0.2 e<0.25 

Ours  59.9% 75.3% 78.9% 82.7% 86.0% 

Fabian and 
Erdarth [6] 

82.5% 93.4% 95.2% 96.4% 98.0% 

Turkan et al.[7] - 73.7% 94.2% 97.0% 98.5% 

Kroon et al.[9] 65.0% 87.0% - - 98.8% 

Asadifard and 

Shanbezadeh[10] 

47.0% 86.0% 89.0% 93.0% 96.0% 

Valenti and 

Gevers [8] 

77.2% 82.1% - - 96.4% 

Asteriadis et 

al.[11] 

- 81.7% - - 97.4% 

 

For different e error rates; the success rate for left eye, 

right eye and worst eye have been calculated as seen in Fig. 

6. For e<0.05 success rate for worst eye is ten percent lower 

than the success rate of the left and right eye. As expected, 

success rates are better for left and right eyes. Also, it seems 

this method is slightly better at finding left eye. 

 
Fig. 6 Detection rate of the proposed method in different error rates 

 

This method seems to be average against the state of art. 

However, it should be noted even though all of the methods 

use BioID database some of them use the database partially 

such as removing images with people who use eye glasses or 

removing images with closed eyes. In this work we only 

removed images that the face cannot be detected with Viola-

Jones algorithm. Also, there is problem with eye positions in 

some of the images.  

One of the benefit of proposed method is that it can be 

computed parallel, which means time consumption of the 

program could be much more less than many other approach. 

Another benefit of this approach unlike A.I. based methods 

this method does not need a file to be saved to memory hence 

it is more memory efficient. This approach could be used 

bigger images without much efforts whereas AI based 

methods need to change image to an acceptable size in order 

to work on it. This means a growing quantization error as 

image size is grows. 

At overall this method yields promising results 

considering it is an easy approach which does not involve any 

kind of learning or model scheme. Also, this method does not 

need any complex algorithm to determine eye location, it is 

easy to understand and easy to implement.  

IV. FUTURE WORK AND CONCLUSION 

Even though algorithm has acceptable results, we believe 
these results can be better by implementing a better approach 

to determine region of interest for the eye. Voile-Jones based 
region of interest detection for eye methods seems to have a 
low success rate at finding eyes than desired. Using educated 
guess means a larger region of interest or marking a region of 
interest where there is no eye when person lowers his/her 
head, etc. This is the problem we should solve next in order 
boost success rate of the method. 

This paper presents a simple matching method to localize 
eye positions in frontal face images. We use three 
characteristic of the eyes; eyes are darker than around of it, 
there is a ratio between and eye and eye region, and finally 
eyes are round. We used a simple approach to reduce the eye 
region to black and white with the help of a histogram, then 
used a simple circular image as input for a multi scale 
matching to find eye location.  
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Abstract—Radio resource management (RRM) in a hetero-
geneous network (HetNet) has gained significant attention in
order to manage the radio resources efficiently. In this paper,
an adaptive radio resource management (ARRM) strategy is
presented to implement the fractional frequency reuse with three
sectors and three layers (FFR-3SL) model more efficiently in
a conventional long term evolution advanced (LTE-A) HetNet
system. In the FFR-3SL model, the entire macro-cell coverage
area is split into three sectors and three layers; while the total
available bandwidth is fractioned into seven subbands. The radio
resources (subbands) are assigned to femto-cells and macro-cells
according to the user equipment (UE) demand in high-density
areas. In order to examine the model, four different cases of user
location distribution (ULD) such as central layer focused (CLF),
middle layer focused (MLF), outer layer focused (OLF), and
uniform distribution are considered. A Monte Carlo simulation
is applied to assess and analyze the overall system performance in
terms of throughput and efficiency. The simulation results show
that the CLF achieves higher throughput and better efficiency
under the given parameters when the ARRM strategy applied
properly.

Keywords—long term evolution advanced (LTE-A), heteroge-
neous network (HetNet), femto-cell, radio resource management
(RRM), fractional frequency reuse (FFR)

I. INTRODUCTION

Due to the fast growing rate of subscribers in the cellular

network, the operators are approaching from fourth generation

(4G) to fifth generation (5G) networks. According to Lina

Xu at el. [1] the total number of mobile devices will exceed

50 billion till 2020 and more than 7 trillion devices will be

connected to the system every 90 hours [2] where most of

the devices will be located inside the buildings. Similarly, a

Cisco report [3] says, that by end of 2021, 75% of users will

be connected to the core system from inside of the buildings

where typical macro-cells have weak signals. Therefore, a

heterogeneous network (HetNet) comes as a suitable solution

for the envisioned 5G mobile cellular networking system

which provides better coverage in an indoor environment.

Third generation partnership project (3GPP) introduced a

HetNet concept in the long term evolution advanced (LTE-

A) release-12 specifications. According to 3GPP, HetNet is a

multi-tiered network system, where different small-cells are

deployed randomly over the existing cellular networks [4].

Small-cells are short-ranged coverage, low powered and easy

to plug-in radio access nodes sharing the same licensed fre-

quency bands [5]. The small-cells can consist of relay nodes,

microcells, picocells, and femto-cells, which are deployed at

different places according to user equipments (UEs) demand

and density. One of the significant small-cells is a femto-

cell, which can be sited at home, offices and public places

in order to provide quality services to the indoor subscribers.

Sometimes, a femto-cell is referred to as home evolved node

base-station (HeNB) [6]. It covers a relatively short area, i.e.,

20 to 30 meters, however, it achieves higher throughput at

the UEs. Moreover, HeNBs can be deployed at boundaries

to cover the holes and shadow areas of macro-cell coverage

regions [7]. Furthermore, the most anticipated technologies

such as the internet of things (IoTs), etc. in the next 5G will

also be benefited from HeNBs in order to connect the home

appliances to the core system [8].

Although, HetNet provides higher throughput and better

spectral efficiency in urban dense populated areas, however, it

creates severe interferences with neighboring femto-cells and

macro-cells [9]. In order to overcome the interferences among

femto-cells and macro-cells, different techniques are presented

in the literature [10]–[16]. However, fractional frequency reuse

(FFR), which is the most favorable technique to decrease the

interference presented in [17]–[20]. In addition to them, re-

cently we have proposed a new fractional frequency reuse with

three sectors and three layers (FFR-3SL) method in [21] to

mitigate the co-tier as well as cross-tier interferences in LTE-A

HetNets. As a matter of fact, when the size of subbands is fixed

then there are chances to waste the radio resources. In this pa-

per, an adaptive radio resource management (ARRM) strategy

is presented, in which the radio resources are assigned to the

high density UEs areas in macro-cell regions. In FFR-3SL, the

978-1-7281-3992-0/19/$31.00 © 2019 IEEE
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whole macro-cell coverage area is segmented into three sectors

and three layers, which becomes nine zones; while on the

other hand, the total available frequency bandwidth is divided

into seven frequency subbands (radio resources). According

to the ARRM strategy, the bigger chunk of the frequency

band is assigned to the areas that have UEs with high density.

Monte Carlo simulation is performed to analyze and examine

the performance of the system in terms of throughput and

efficiency. Improved throughput and efficiencies are shown

in the simulation results when the radio resources are used

properly.

The remainder of the paper is organized as follows. Section-

II introduces the system model. In Section-III, user location

distribution (ULD) is explained. In Section-IV, performance

evolution metrics are derived. System level performance and

results are presented in Section-V while Section-VI is a

conclusion section.

II. SYSTEM MODEL

In this paper, we consider the FFR-3SL model [21] to avoid

the interferences in LTE-A HetNets. According to [22], LTE-

A is an orthogonal frequency division modulation (OFDM)

based system and the smallest unit to be assigned to one UE

is one resource block (RB) in frequency domain downlink

channel; and each RB consists of 12 subcarriers of 15KHz.

Therefore, one RB is 12 x 15KHz = 180KHz. In terms of

femto-cells, an open access policy is adopted to utilize the

resources efficiently.

A. FFR-3SL Method

Fig. 1 demonstrates the network design, where a typical

macro-cell is segmented into three layers and three sectors.

As a result, total nine zones are set up which are named as

Xi, Yi, and Zi zones, where i = 1, 2, 3. The X , Y , and Z
are central, middle and outer layers respectively. To satisfy the

UEs demand and mitigate the interferences, the total available

bandwidth is divided into seven small subbands such as A, B,

C, D, E, F , and G. These subbands are assigned to each zone

by employing the FFR-3SL algorithm. For instance, subband

G is shared among X1, X2, and X3 zones in the central layer,

subbands A, B, and C are assigned to the Y1, Y2, and Y3 zones

in the middle layer, while subbands D, E, and F are issued

to the Z1, Z2, and Z3 zones in the outer layer. The size of

subbands (no. of RBs) depends on the UEs density of a layer.

If the numbers of UE are more in the central layer then the

size of subband G is bigger than the other subbands. Similarly,

if the numbers of UE are greater in the middle layer then the

size of subbands A, B, and C are larger than the rest of the

subbands. In the same way, if the numbers of UE are higher

in the outer layer then the size of subbands D, E, and F are

bigger than the other subbands.

B. Channel Model

A downlink wireless propagation channel model is consid-

ered, which comprises of path-loss, log-normal shadowing and

Rayleigh fading between the evolved node base-station (eNB)

and the UE [23]. Moreover, a single wall penetration loss is

used from indoor to outdoor transmission and vice-versa, while

double wall penetration loss is used among indoor to indoor

transmissions.

1) Path loss Model: The indoor path loss (PL) model is

defined in 3GPP release-13 for LTE-A HetNet system [24],

PL(dB) = 38.5 + 30× log10(d) + n (1)

where the term d is the distance in meters between the

transmitter and the receiver, n is the wall penetration loss

factor and the values are,

n =

⎧⎪⎨
⎪⎩

7dB d ≤ 10m

10dB 10m ≤ d ≤ 20m

15dB d > 20m

(2)

2) Channel Gain: Assuming a Rayleigh fading channel, the

following equation is used to calculate the gain of the channel

[25],

G = 10(−PL+Xσ)/10 × |h|2 (3)

where PL is the path loss in dB and Xσ is the shadowing

effect of normal distribution. The coherence coefficient, h
is complex Gaussian random variable, |h| is the Rayleigh

distributed.

III. USER LOCATION DISTRIBUTION (ULD) MODEL

The location of UEs in a macro-cell area is a key factor to

increase the data rate and spectral efficiency of the system.

If the system assigns radio resources to the zones where

the number of UEs is high, then we can achieve higher

capacity. In this paper, we consider a user location distribution

(ULD) model used in [26]. In this model, four different cases

are discussed such as central layer focused (CLF), middle

layer focused (MLF), outer layer focused (OLF), and uniform

distribution. Furthermore, the ULDs are set up on the basis of

macro-cell areas and radius ranges. The radius ranges from the

origin are δ = δ1, δ2, ..., δk. The numbers of UE in a specific

area are defined as weighting factors i.e., γ1, γ2, ..., γq, γq+1.

The weighting factors are varying during a whole day and

the radio resources are assigned accordingly. Nevertheless,

the sum of the weighting factors is always equal to unity,

i.e
∑

γi = 1. To find out the UEs density for central (Uc),

middle (Um) or outer layer (Uo) in a given cell i the following

expression can be used.

U =
{
Uc, Um, Uo

}
=

{γcKmax

Ac
,
γmKmax

Am
,
γoKmax

Ao

}
(4)

where Ac = π(δ21 − δ2min), Am = π(δ22 − δ21) and Ao =
3
√
3(δ2max/2 − πδ22) are the areas of central, middle and

outer layers, respectively. Moreover, γc, γm, and γo represent

density of central, middle and outer layer, respectively. When
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Fig. 1: Main FFR-3SL Network Topology [21]

the density of UEs are higher in any region then the regions

can be identified by the following expressions,

max U =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Uc CLF

Um MLF

Uo OLF

Ø Uniform.

(5)

The four ULD cases are defined as follows,

Central Layer Focused (CLF):

50% of the UEs are located in the central layer while the

remaining 50% of the UEs are randomly distributed in the

middle and outer layers of the macro-cell.

Middle Layer Focused (MLF):

50% of the UEs are positioned in the middle layer while

the other 50% of the UEs are randomly distributed among

the central and outer layers of the macro-cell.

Outer Layer Focused (OLF):

50% of the UEs are placed in the outer layer while the rest

50% of the UEs are randomly distributed among the middle

and outer layers of the macro-cell.

Uniform Distribution:

All the UEs are uniformly distributed across all layers in

the macro-cell region.

A. Scenarios

We considered three different scenarios to examine the

effect of ARRM in terms of throughput and efficiency in the

LTE-A HetNet system.

Scenario A:

By considering the CLF case, half of the radio resources

(no. of RBs) are assigned to the subband (G) which is serving

in the central layer, while the remaining radio resources are

shared among all other subbands.

Scenario B:

By considering the MLF case, 50% of the radio resources

are allotted to the middle layer’s subbands (A, B, C), while

the remaining radio resources are shared among all other

subbands.

Scenario C:

In a similar manner, by considering the OLF case, half of

the radio resources are issued to the subbands serving in the

outer layer, such as (D, E, F ), while the remaining radio

resources are shared among all other subbands.

IV. PERFORMANCE EVOLUTION METRICS

A. Signal to Interference and Noise Ratio (SINR)

The downlink SINR values received at the UE in an LTE-A

network are heavily effected due to interference that occurs

among femto-cells and macro-cells. In LTE-A HetNets the
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interferer signals are also received from undesired transmitters

in the downlink channel. Considering the macro-cell M , macro

UE (MUE) m and subcarrier k, the equation to calculate the

SINR [27] is defined as,

SINRk
m =

P k
MGk

m,M

NoΔf +
∑

m P k
M ′Gk

m,M ′ +
∑

m P k
FG

k
m,F

(6)

where P k
M , Gk

m,M indicate the transmit power and the channel

gain of a MUE m from the desired macro-cell M at subcarrier

k respectively. In denominator, No is the noise spectral density

of subcarrier spacing Δf . The P k
M ′ and Gk

m,M ′ are the

transmit power and channel gain at subcarrier k of a MUE

m from the undesired macro-cells M ′. While, the P k
F and

Gk
m,F are the transmit power and channel gain at subcarrier

k of a MUE m from the unwanted femto-cells F .

Similarly, we obtain the SINR value from femto-cell F at the

subcarrier k of a Femto UE (FUE) f , the equation is described

as,

SINRk
f =

P k
FG

k
f,F

NoΔf +
∑

f P
k
F ′Gk

f,F ′ +
∑

f P
k
MGk

f,M

(7)

where P k
F , Gk

f,F indicate the transmit power and the channel

gain from the desired femto-cell F at subcarrier k of a FUE

f respectively. The P k
F ′ and Gk

f,F ′ are the transmit power and

channel gain at subcarrier k of a FUE f from the undesired

femto-cell F ′. Similarly, the P k
M and Gk

m,M are the transmit

power and channel gain at subcarrier k of a FUE f from the

macro-cell M .

B. Channel Capacity

As known, the Shannon capacity of the system depends on

SINR value and the bandwidth of the subband. The channel

capacity is computed by using the following equation [28],

Ck
x = Δf × log2(1 + αSINRk

x), x ∈ {m, f}. (8)

where, SINRk
x is the SINR (dB) value of UE m at subcarrier

k, and α = −1.5/In(5BER). BER stands for the target bit

error rate.

C. Throughput

The throughput TX , X ∈ {M,F} achieved by a macro-cell

M and a femto-cell F can be written as,

TX =
∑
x

∑
k

ψk
xC

k
x , X ∈ {M,F}, x ∈ {m, f}. (9)

where ψk
x indicates the subcarrier k assignment to UE x. When

ψk
x = 1, it indicates that the subcarrier k is assigned to UE x,

otherwise, ψk
x = 0.

Total throughput of the system is obtained by summing up the

throughputs achieved by femto-cells F and macro-cells M ,

Ttotal = TM + TF . (10)

TABLE I: Network Parameters

Parameters Values

Channel Bandwidth 20 MHz

Carrier Frequency 2.0 GHz

Sub-carrier spacing (Δf) 15 KHz

Total number of RBs 100

Macro-cell Radius 500 m

Femto-cell Radius 30 m

Total no. of macro–cell 7

Total no. of Femto-cells 140

No. of Femto-cells per Macro-cell 20

Max. no. of UEs per Femto-cells 5

Number of UEs per macro-cell 100

Macro-cell Transmit Powers [20 , 15 , 10] Watt

Femto-cell Transmit Power 20 mWatt

White Noise Power Density -174 dBm/Hz

Target BER 10−6

D. System Efficiency

The system efficiency (η) is a performance metric defined as

a ratio between number of UEs requested (NUE,r) and number

of UEs served (NUE,s) and is given by,

η =
NUE,s

NUE,r
× 100 (%). (11)

V. SYSTEM LEVEL PERFORMANCE

In order to assess the overall performance of the system,

we used LTE-A system parameters and values. The details

descriptions are given in the following subsections.

A. Network Parameters

A Matlab level simulation tool is used to assess and analyze

the performance of the above mentioned scenarios. The major

network parameter values are listed in Table I. For obtaining

reasonable results, an LTE-A two-tiered HetNet is adopted

which consists of 7 macro-cells and a total of 140 femto-cells

which are uniformly distributed across the macro-cell regions.

Moreover, a total of 100 UEs are considered per every macro-

cell region which are distributed in proportion to the ULD

scenarios. After setting up the network parameters, the Monte

Carlo simulation is performed 100 times to obtain adequate

results.

B. Simulation Results

The results from Fig. 2 through 7 are obtained by consider-

ing the ULD based FFR strategy under the FFR-3SL Model.

Moreover, the above mentioned (in Section-III) three scenarios

are applied to get these results. Fig. 2 and 3 are obtained by

considering Scenario A. In these figures the total throughput

and efficiency are displayed, respectively. It is shown that CLF
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Fig. 2: Throughput vs no. of femto-cells for scenario A
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Fig. 3: Efficiency vs no. of femto-cells for scenario A

achieves higher throughput and better efficiency as compared

to other layers where there is no ARRM strategy is applied.

Similarly, by using Scenario B Fig. 4 and Fig. 5 are

obtained. The figures show considerably higher throughput

and quite better efficiency when it compares with the previous

scenario. In the previous scenario, the maximum efficiency and

throughput achieved by MLF were 88% and 250Mbps, respec-

tively, when there was no ARRM approach used. When the

ARRM technique applied then the efficiency and throughput

are improved up to 10% of the total values.

Fig. 6 and 7 are plotted when Scenario C is considered. It

clearly shows that efficiency progresses well when compared

with the previously scenarios; while on the other hand, the

throughput of the system slightly increases. The reason is that

many UEs are deployed at the edges of the macro-cell where

they receive weak signals. Therefore, it is highly recommended

that femto-cells or relay nodes should be deployed at the

boundaries of macro-cell in order to achieve higher throughput

and capacity of the system.
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Fig. 4: Throughput vs no. of femto-cells for scenario B
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Fig. 5: Efficiency vs no. of femto-cells for scenario B

Finally, we observe that the user densified layers achieve

higher throughput and better efficiency if the radio resources

utilize efficiently. The populated areas should be given a bigger

chunk of a subband from the available bandwidth.

VI. CONCLUSION

In this paper, a new ARRM strategy is presented, which

utilizes the radio resources (subbands) efficiently according

to the user location distribution (ULD) in LTE-A HetNets.

The total available bandwidth is divided into seven subbands

while the size of a subband depends on the UEs demand

and density in a layer. As a result, the overall throughput of

the LTE-A HetNet system can be maximized by managing

the radio resources properly. The simulation results showed,

that the assignment of a bigger chunk of a subband to the

high densified area achieves higher throughput and better

efficiency. In this paper, a uniform distribution of femto-cells

are considered; however, in future work, a proper femto-cells

deployment strategy will be considered to increase the overall

throughput of the LTE-A HetNet systems.
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Fig. 6: Throughput vs no. of femto-cells for scenario C
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Fig. 7: Efficiency vs no. of femto-cells for scenario C
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Abstract— In order to capture technological progress and 

industrial development, organizations need some 

transformation and change. Therefore, device exchange to 

existing systems, adding new technological devices, update to 

software systems are performed. In addition, product 

replacement and software downloads can be performed during 

the elimination of faults in the existing system. This repair, 

update, and renewal of industrial systems require possible 

cybersecurity requirements. In order to implement 

cybersecurity in a healthy way, it needs to be accepted from 

some stages and systems. These stages and systems may vary 

depending on the models and technologies of the systems in 

industry 4.0. In this study, cyber systems used in industry are 

discussed and the cybersecurity framework is proposed for 

repairing, updating and renewing systems in general. They 

claim that the given framework will be a reference to 

cybersecurity requirements in industry 4.0. 

Keywords— cybersecurity, requirements of security, repair, 

update, renovation, Industry 4.0 

I. INTRODUCTION 

Industry 4.0 is defined as digital production or intelligent 
production. The main structure of Industry 4.0 is internet 
technology. The term Industry 4.0 is often described by 
Cyber-Physical System (CPS) applications and is closely 
related to CPSs. As definitions and standards increase over 
time, industry 4.0 will cause complexity. 

Machines, field devices, diagnostic/control/service 
devices, robot systems, production lines and more will need to 
be connected to a network (internet) in Industry 4.0. Because 
real-time communication is essential. All components and 
products in industrial production participate in the 
communication line with their unique identities in the network 
and they can be used in production, control, management. 

The growing, modular and dynamic structure of smart 
factories poses the security challenges. 

Restricting access to objects, controlling data flow and 
process, preventing unauthorized access, etc. processes 
include physical security to prevent impacts on the system. 

The necessity and compliance of safety and security 
standards in Industry 4.0 applications have been studied and 
new approaches have been introduced to address the 
requirements of different standards and to automatically 
verify compliance [1]. 

Studies have been conducted to investigate the 
requirements of Industry 4.0 and the use of cloud computing 
in the industry, to provide information on its technologies, and 
to present deficiencies and challenges [2]. 

The risks and requirements of the RAMI 4.0 model, which 
are referenced in Industry 4.0, are examined and security 
challenges are listed. In that study, a model that provides a 
threat and risk analysis system is presented [3]. In Industry 
4.0, reference models for cybersecurity have been examined, 
the current concepts for standardization have been 
demonstrated, the problems have been identified, and a 
concept has been proposed to integrate the combined security 
modeling metric in their work [4]. A common input-output (I 
/ O) design model for security and privacy solutions in 
Industry IoT's applications was made. The information was 
given about communication protocols and industrial control 
and requirements [5]. In another study, privacy, security risks 
and difficulties of Industry IoT systems were examined and 
solutions were presented [6]. 

Standards for security and safety challenges in buildings 
modeled for Industry 4.0 are examined and new solutions are 
presented [7]. 

In this study, the introduction of industry 4.0 technologies 
and cybersecurity requirements in maintenance, repair, and 
renovation processes are examined. In the next section, a 
framework is proposed to meet the security requirements 
discussed. The components in the framework are briefly 
described.  

 

Fig. 1.  The technology of Industry 4.0 [8] 
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II. TECHNOLOGIES IN INDUSTRY 4.0 

Today's technological developments and innovative 
transformations in the industry enable organizations to survive 
and compete. These innovative transformations will only take 
place when the devices used are updated and replaced with 
new technology. 

The technologies in Industry 4.0 are shown in Figure 1. In 
addition to these technologies; Cyber-Physical Systems 
(CPS), Simulation, Wireless Sensor Networks (WSNs), Radio 
Frequency Identification (RFID), Enterprise Resource 
Planning (ERP), Cloud Based Manufacturing (CBM), Smart 
Applications, artificial intelligence (AI) and block chain 
technology [8].  

The security requirements of objects or systems are 
summarized below in Industry 4.0 technologies. 

A. Cloud Computing 

Cloud computing can provide services that provide 
reliable, flexible platforms for the industry. Cloud computing 
with independent services, resources, devices, and locations; 
is a technology that can be used in every field and architecture 
of the industry. Security applications should be applied to each 
component associated with cloud computing.  

B. Internet of Things (IoT) 

It is a structure that exchanges information and data with 
the internet, consisting of numerous interconnected sensors, 
devices, and services. IoT can be used in many systems, 
reducing cost, increasing ease, quality, and flexibility. We also 
see IoT technology in smart cities and smart factories [9]. But 
security and privacy challenges are also present.  

C. Big Data 

Due to the widespread use of the Internet and IoT 
technologies, data such as audio, video, log, application 
information received from sensors, devices, and systems in the 
industry are recorded in data storage. This data is used in 
control, management, production, service, etc. processes. Data 
must be stored securely and in accordance with confidentiality 
principles. In the maintenance and repair processes, data 
sharing should be healthy. 

D. System Entegration 

The control and compliance requirements sought and 
applied in the horizontal and vertical system integration 
applied in the industry should be applied in maintenance and 
repair operations. 

E. Virtualization Augmented Reality  

It is a technology used for control and maintenance 
operations that improve application performance. 
Virtualization is done on the servers with the connected 
objects in the Industry. Therefore, security of communication, 
data, and application arises. It is a technology that can be used 
for testing and controlling in maintenance, repair and 
renovation processes in the industry. 

F. Advanced Robotics  

Robots can work smarter with information processing, 
artificial intelligence, communication, and control 
technologies [8]. Smart robots used in industry work together 
with technologies such as big data, cloud computing, IoT, 
cybersecurity in Industry 4.0. This means that security 
requirements are needed. 

G. Cybersecurity 

Cybersecurity, the sum of tools to protect the cyber 
environment and its organization and user assets, policies, 
security concepts, security measures, guidelines, risk 
management approaches, actions, training, best practices, 
assurance and technologies [8,10]. 

Cyber Security has multiple system models available. 
They can work together with all technologies in Industry 4.0. 
Big data, cloud computing, and artificial intelligence and 
cybersecurity systems are working efficiently, but even if they 
are autonomous, there are security requirements and 
compliance procedures that should be done by experienced 
personnel in maintenance, repair and renovation processes. 

H. Additive Manufacturing 

One of the technologies used in the manufacturing process 
in the industry is Human Machine Interface (HMI). Sends 
information about equipment and production to operators 
using web technology [11]. They use big data, cloud 
computing, IoT and artificial intelligence technologies in the 
production process, resource planning, stock and 
transportation processes. The security requirement is also 
needed in additive manufacturing.  

 

Fig. 2. Cybersecurity Framework for Requirements of Repair, Update, and 

Renovation in Industry 4.0 

III. RECOMMENDED CYBERSECURITY FRAMEWORK 

 Objects or systems in Industry 4.0 are interactions 
with each other with Internet technology. There is a constant 
exchange of information between objects. This allows 
autonomous operation of objects and systems. Data at the 
location of the connection, security / compliance at the 
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location of the data will be required. Each object or system 
will have a number of applications for security and 
compatibility challenges. These applications may be as shown 
in Figure 2 to ensure system security. 

A. Standards of Systems (Safety / Compliance) 

Security, confidentiality or further compliance with legal 
standards and guidelines must be ensured. Industry 4.0's new 
technologies and requirements have required a set of standards 
for security, and so standard organizations have introduced the 
required standards and features. Each component and system 
must be checked and tested for compliance with these 
standards. 

Cybersecurity Coordination Group (CSCG), EU Network 
and Information Security (ENISA), The European 
Telecommunications Standards Institute (ETSI), International 
Organization for Standardization (ISO) and the International 
Electrotechnical Commission (IEC) are some of the most 
popular standard organizations. They have published various 
standards in different fields and topics. Cyber Security 
System(Safety / Compliance) 

 ISO2700 series covers a variety of topics for information 
security. Information technology, security techniques, 
information security management systems and so on. 

 ISO / IEC 15408 series provides a framework for IT 
security and functionality [12].  

 IoT Security Compliance Framework is like a security 
and compliance guide for organizations [13].  

 IEC 61508 standards applied in programmable electronic 
systems [14].  

 IEC 62443 standard is used for functional security threats 
related to IT security [3]. Cybersecurity certification 
programs. It is a widely used standard covering 
cybersecurity issues for industrial communication 
networks and Industrial Automation and Control Systems 
(SIA). It also includes [4]. 

o Information security management system for IT 
system 

o Procedure model for cybersecurity in the industrial 
domain 

o Standards, guidelines, and certification processes for 
cybersecurity infrastructure 

o Security management processes for critical 
infrastructure protection 

o Common cybersecurity, recommendations, guidelines 
and reference materials 

o Definitions of requirements for secure control and 
telecommunications systems  

o Development of the shared standardized method, best 
practiced and tools 

 ISO 7498-2-99 and IEC 62264-1-2013 Provides general 
requirements (security, vulnerability, threat) for 
operational safety for the level of control in ICS standards 
[7]. 

 ISO 13849-1: 2006 Machine safety - Safety-related 
sections of control systems 

B. Industrial Control System 

It is one of the important components in the industry. 
Failure or stoppage can result in considerable loss of life or 
property. Provides controlled operation of devices in industry. 
Works with Internet and security systems. DCS (Distributed 
Control System) works with cloud service. 

It is a difficult and dangerous system to update, maintain 
and replace. In some cases, it may be necessary to design 
security mechanisms, especially for ICSs [15]. 

The ICS-bound objects must be compatible with the 
protocols and standards. Because different protocols and 
standards can be used in the systems. 

C. Network Communication (Safety / Compliance) 

 Connections must be controlled and authenticated. 
Security certificates are available. An appropriate and reliable 
communication protocol should be selected. 

 Communication architecture needs to be configured 
correctly in terms of service, service and bandwidth for data 
transfer. 

 In order to ensure reliability, studies must be carried out. 

 To ensure reliability and data confidentiality in cloud 
computing, a virtual private network (VPN) can be 
recommended for secure data exchange. The management of 
virtual machines in cloud computing needs to be done very 
accurately [2]. 

 It is necessary to determine the connection diagrams and 
constraints of all objects in communication. 

D. System Inventory Record 

The inventory records along with the information of all 
objects that are in communication in the system must be 
possible. Periods of maintenance, updating and safety testing 
of objects should be determined. 

The security risks of the objects exiting/failing or added 
should be identified. 

E. Operations of Systems and Management (Safety / 

Compliance) 

 If there is a planning or management system used in the 
industry, measures should be identified in response to a 
possible security risk. 

F. Monitoring and Testing 

 In order to ensure security in cyber systems, security 
analysis of each software participating in the system should be 
performed and tested. Any software (object) that is updated, 
changed or newly added must be verified in the applicable 
security standards. restrictions and authorizations should be 
checked. Data flow should be observed. 

IV. CONCLUSIONS 

In the industry, old and new technologies and architectures 
are still being used together. Both mechanical and 
technological and intelligent systems, both wired and 
wireless, create a heterogeneous architecture. This 
heterogeneous structure is difficult to operate and manage 
together and requires experienced, skilled and expert 
engineering. It is difficult to ensure security requirements and 
compliance in cyber systems. It will be difficult to ensure and 
test the security of a working system, especially during 
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maintenance, repair, update, and renovation. In general, a 
simple and effective framework was proposed in this study. In 
the next study, it is planned to work on cybersecurity analysis 
and requirements in the maintenance, repair, update and 
renovation processes of a more autonomous industry system. 
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Özetçe— Günümüzde insan ve bilgisayar arasındaki 
etkileşimin daha kolay ve doğal olması ya da insan-insan 
etkileşimine benzemesi için duygu tanıma çalışmaları önem 
kazanmıştır. Bu çalışma müzik videolarına duyarlı 
Elektroensefalogram (EEG) sinyallerinin dalgacık dönüşümüne 
dayalı yeni bir duygu tanıma sistemi önermektedir. Dalgacık 
dönüşümü EEG sinyallerine uygulanarak dalgacık katsayıları 
elde edilir. Bu katsayıların boyutunu azaltmak için Temel 
Bileşenler Analizi ve Bilgi Kazanımı teknikleri uygulanarak 
özellik vektörü oluşturulur. Elde edilen azaltışmış özellik uzayı 
çeşitli sınıflandırma algoritmaları ile test edilir. Önerilen 
yöntem, alan yazında aynı veri seti kullanan diğer çalışmalar ile 
karşılaştırılarak sonuçlar performans açısından irdelenmiştir. 

Anahtar Kelimeler— Duygu Tanıma, Dalgacık Dönüşümü, 
EEG. 

Abstract— Nowadays, emotion recognition studies have 
gained importance in order to make the interaction between 
human and computer easier and more natural or similar to 
human-human interaction. This study proposes a new emotion 
recognition system based on wavelet transform of 
electroencephalogram (EEG) signals sensitive to music videos. 
Wavelet coefficients are obtained by applying Wavelet 
Transform to EEG signals. To reduce the size of these 
coefficients, the feature vector is created by applying Principal 
Component Analysis and Information Gain techniques. The 
resulting reduced property space is tested by various 
classification algorithms. The proposed method is compared 
with other studies using the same data set in the literature and 
the results are examined in terms of performance. 

Keywords—Emotion Recognition, Wavelet Transform, EEG. 

 

I. GİRİŞ 

İnsan ve bilgisayarlar arasındaki etkileşimin 
yaygınlaşması ile etkileşimin etkinliğini sağlamada sorunlar 
ortaya çıkmıştır. Verimli bir şekilde bilgisayarlar ile 
etkileşiminin kurulması için bilgisayarların duyguları 
algılaması ve tanımasının sağlanması yardımcı olacaktır. 
Günümüzde bu bağlamda multimedya içeriklerinin otomatik 
öneri sistemlerinde kullanıcıların duygularının tam olarak 
tespit edilmesinin sağlandığı çalışmalar mevcuttur [1]. Duygu, 
insanın ruh halinde biyolojik reaksiyonlar ve zihinsel 

durumlar ile ortaya çıkan bilinçli-bilinçsiz bir deneyim veya 
bir değişimdir [22]. Duygu çeşitli düşüncelerle, tepkilerle, haz 
ve hoşnutsuzlukla ilişkili olan kimyasal değişimler ile ortaya 
çıkan merkezi sinir sistemi ile ilişkili bilişsel bir durumdur 
[23]. Duyguların insanın davranışlarında ve kararlarında rolü 
oldukça fazladır. Duyguların tanımlanması farklı modellere 
göre gerçekleştirilir. Bunlardan ilkinde mutluluk, üzüntü, 
korku, neşe, öfke, sürpriz ve iğrenme gibi altı temel ruh hali 
tanımlanmıştır [2]. Duygular değerlik, uyarılma, baskınlık, 
tanıdık olma ve beğenme gibi sürekli etiketleri ile de ifade 
edilmektedir [3]. Duygu tanımada en çok kullanılan boyut 
ölçekleri değerlik ve uyarılmadır [4]. Uyarılma uykuda olan 
ile aktif olan arasındaki alanı kapsar, değerlik ise hoş olan ile 
hoş olmayan arasındaki alanı kapsar. Baskınlık, itaatkârlıktan 
sahipliğe değişen modele denir. Duyguların bilgisayar 
etkileşiminde kullanılabilmesi için kullanılan yöntemlerden 
bir tanesi EEG (Elektroensefalografi) sinyallerinin analiz 
edilmesidir. EEG sinyallerinin çeşitli yöntemler ile analiz 
edilerek sınıflandırılmasına yönelik çalışmalar mevcuttur. 
Günümüzde EEG sinyallerinin işlenmesinde dalgacık 
dönüşüm yöntemleri; sınıflandırılmasında Destek Vektör 
Makinesi (DVM), Karar Ağaçları gibi makine öğrenmesi 
yöntemleri kullanılmaktadır [24]. Bunlarla birlikte doğrusal 
olmayan sinyallerden duygu tanıma halen bir sorun olarak 
karşımıza çıkmaktadır. Bu çalışmada müzik videolarına cevap 
veren bireylerin EEG sinyallerinden dalgacık dönüşümü ve 
özellik çıkarma algoritmaları yardımıyla bir çözüm 
önerilmiştir.  

II. LİTERATÜR TARAMASI 

Literatürde son yıllarda DEAP veri kümesi EEG sinyalleri 
ile dalgacık dönüşümü ve makine öğrenmesi yöntemleri 
duygu tanıması yapan çalışmaların başarım performansları 
aşağıda verilmiştir. Bu çalışmalardaki sonuçlar bizim 
önerdiğimiz yöntem ile karşılaştırılmıştır. Purnamasari ve 
arkadaşları göreceli dalgacık enerjisinin özellikleri 
kullanılarak duyguların tanınması için sınıflandırıcı olarak 
Geri Yayılımlı Sinir Ağının (BPNN) değerlendirilmesi 
yapılmıştır. Sonuçlar, nispi dalgacık enerjisinin ve BPNN'nin 
% 92'lik bir ortalama tanıma oranı elde ettiğini göstermiştir 
[5].  

Candra ve arkadaşları duyguları sınıflandırmak için 
potansiyel bir EEG özelliği olarak dalgacık entropisi ve 
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ortalama dalgacık katsayısı (WEAVE) kombinasyonu 
kullanılmıştır. Özelliğin karmaşıklığı, daha az sayıda kanal 
elde etmek için Normalleştirilmiş Karşılıklı Bilgi (NMI) 
yöntemi kullanılarak azaltılmıştır. WEAVE özelliği ile 
sınıflandırmada, değerlik için % 76,8 ve uyarılma hissi için % 
74,3 doğruluk saptanmıştır [6].  

Krisnandhika ve arkadaşları özellik çıkarımı olarak 
göreceli bir dalgacık enerjisinin kullanımı araştırılmış ve daha 
sonra sınıflandırıcı olarak modifiye edilmiş bir radyal temel 
fonksiyon sinir ağları uygulanmıştır. Deneysel sonuçlarda, 
göreceli dalgacık enerjisinin ve modifiye radyal temel 
fonksiyonunun sinir ağlarının, ortalama % 76'lık bir tanıma 
oranı elde ettiğini göstermiştir [7].  

Guendil ve arkadaşları dört tür biyolojik sinyal olan EMG, 
RESP, ECG ve SC kullanılmıştır. Sabit olmayan sinyalleri 
analiz etmek için Daubechies, Symlet ve Haar dalgacık 
dönüşümü uygulanmıştır. Fizyolojik özellikler en uygun 
dalgacık katsayılarından çıkarılmış ve her sinyalden elde 
edilen özellik vektörleri, her duygu için bir özellik vektörü 
oluşturmak üzere multimodal füzyon tekniği kullanılarak 
birleştirilmiştir. Bir desen sınıflandırıcı olarak destek vektör 
makinesi ile % 95'lik bir tanıma doğruluğu elde edilmiştir [8]. 

 Huang ve arkadaşları Ampirik Dalgacık Dönüşümü 
(EWT) ve otoregresif (AR) model kullanılarak 
Elektroensefalografi (EEG) duyguları tanıma yaklaşımı 
verilmiştir. Önerilen yöntem, özellik çıkarma işlemini 
gerçekleştirmek için belirli bir zaman diliminde iki kanalı 
seçer. EWT ilk önce EEG temelli duygu verilerini birkaç 
ampirik modda ayrıştırmak için kullanılır ve daha sonra, 
seçilen ampirik modlara dayanarak AR katsayıları hesaplanır. 
Yaklaşımın en iyi tanınma oranı, uyarılma boyutu için % 67,3 
ve değerlik boyutu için % 64,3'tür [9].  

Kraljević ve arkadaşları her duygusal durumun eksen 
olarak uyarılma ve değerlik ile iki boyutlu bir düzlemde 
yerleştirilebileceği kavramına dayanmaktadır. Dalgacık ile 
ayrıştırılmış EEG sinyallerinde doğrusal kestirim katsayılarını 
kullanmaya dayalı yeni bir özellik önermekteyiz. 
Sınıflandırmada Gaussian çekirdeğine sahip Destek Vektör 
Makinesi kullanılarak duygu sınıflandırması 
gerçekleştirilmiştir [10].  

Bigirimana ve arkadaşları EEG'den duygusal duruma 
bağlı olarak artefakt giderimi için bir hibrit ICA - dalgacık 
dönüşümü tekniği (ICA-W) olan bir otomatik bağımsız 
bileşen analizi prosedürünün bir değerlendirmesi 
sunulmuştur. Spektral ve istatistiksel özellikler, ICA-W'nin 
normal ICA'ya karşı, EEG'den duygusal durumların 
sınıflandırılmasının doğruluğu açısından performansını 
değerlendirmek için destek vektör makineleri (SVM) ile 
sınıflandırılmıştır. Ortalama % 74,11 doğrulukla birleştirirken 
en iyi toplam performans elde edildiğini göstermiştir [11]. 

Shahnaz ve arkadaşı müzik videolarına duyarlı Empirical 
Mode Decomposed (EMD) Elektroensefalogram (EEG) 
sinyallerinin dalgacık analizine dayanan yeni bir duygu 
tanıma yöntemi sunar. Ayrık Dalgacık Dönüşümü (DWT), 
EMD işleminden elde edilenler daha sonra Dahili Mod 
İşlevleri (IMF'ler) üzerinde gerçekleştirilir. Daha sonra 
Yüksek Sıra İstatistikleri (HOS), yani varyans, kurtoz, uygun 
şekilde seçilmiş DWT katsayılarının eğriliği, özellik 
vektörünü oluşturmak için kullanılır. Bu şekilde elde edilen 
azaltılmış özellikler duyguların sınıflandırmasını 
gerçekleştirmek için Destek Vektör Makinesi kullanılmıştır 
[12].  

Ayata ve arkadaşları Galvanik sinyallerinden duyu tanıma, 
zaman bölgesi ve dalgacık tabanlı özellikler kullanılarak 
uygulanmıştır. Özellik çıkarımı için çeşitli uzunluklarda 
pencereler kullanılmıştır. Değerlik ve uyarılma arasındaki 
ilişki Random Forest Makinesi öğrenme algoritması 
kullanılarak test edilmiştir. Sadece galvanik cilt yanıt sinyali 
kullanarak uyarılma ve değerlik için sırasıyla % 71,53 ve % 
71,04 doğruluk oranı yakalanmıştır [13].  

Djamal ve arkadaşı Wavelet (dalgaçıklar) ve Learning 
Vector Quantization (LVQ) kullanarak gerçek zamanlı olarak 
insani duygu izlemeyi önermiştir. İşlem, 10 denekten, 3 sınıf 
ve 16 bölümden (480 veri setine eşit) eğitim verilerini 
kullanarak makine öğrenmesi yapılmıştır. Her veri seti 10 
saniyede işlenir ve Wavelet kullanarak Alfa, Beta ve Theta 
dalgalarına ayrıştırılır. Daha sonra LVQ heyecanlı, rahat ve 
üzücü duygusal durum kullanan tanımlama etiketleri ile 
sınıflandırılır. Sonuçlar Wavelet kullanarak % 72'den % 87'ye 
kadar olan doğruluğu artırabileceğini göstermiştir [14]. 

Candra ve arkadaşları DEAP veri setini kullanarak, kısa 
zaman bölümlerinden çıkarılan dalgacık özellikleri 
kullanılarak doğruluğun daha da geliştirilebileceğini 
gözlemlemiştir. Daha doğrusu, 3 ile 12 saniyelik sinyal 
segmentlerinin dalgacık entropisini kullanarak hem değerlik 
hem de uyarılma için % 65 doğruluk elde edilmiştir [15]. 

Candra ve arkadaşları mutlu, üzgün, kızgın ve rahat olmak 
üzere dört duyguyu tanımlamak için Elektroensefalogram 
(EEG) sinyallerini kullanarak bir duygu tanıma sistemi 
geliştirmiştir. İki özellik çıkarmak için sırasıyla Dalgacık 
Enerjisi ve Dalgacık Entropisi kullanılmıştır. Bulgularda alfa, 
beta ve gama bantlarından elde edilen Walelet özelliklerinin 
yukarıda belirtilen duyguları tanımlamak için gerekli bilgileri 
sağladığını göstermiştir. DEAP veri seti kullanılarak, önerilen 
yöntemler sırasıyla % 77,4 ve % 69,1 ortalama duyarlılık ve 
özgüllüğü elde etmiştir [16]. 

III. MATERYAL VE YÖNTEM 

Bu çalışma kapsamında alan yazında sıklıkla kullanıldığı 
görülen DEAP veri seti ile duygu tanıma analizleri yapılmıştır. 
Analizler için takip edilen aşamalar Şekil 1’deki akış 
diyagramında görüldüğü üzeredir. DEAP veri seti [17] 
dalgacık dönüşümleri olan Morlet ve Sürekli Dalgacık ile 
indirgenmiştir. Daha sonra özellik çıkartma algoritmaları olan 
Temel Bileşenler Analizi ve Bilgi Kazanımı ile fazla olan 
dalgacık katsayıları azaltılmıştır. Tanıma işlemi için yaygın 
olarak kullanılan alan yazında denenmemiş sınıflandırma 
algoritmaları olan Destek Vektör Makinesinin farklı çekirdek 
fonksiyonları ve Yapay Sinir Ağları (YSA) ile karşılaştırmalı 
test edilmiştir. 

 

Şekil 1. Önerilen Yöntemin Akış Diyagramı 
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A. DEAP Veri Kümesi  

İnsan duygu durumları için çok modlu bir veri kümesidir. 
32 katılımcıya ait elektroensefalografi (EEG) müzik videoları 
izlemeleriyle kaydedilmiştir. EEG, beyin dalgaları 
aktivitesinin elektriksel yöntemle izlenmesini ölçen 
yöntemdir. Katılımcılar her videoyu uyarılma, değerlik, 
beğenme/beğenmeme, baskınlık ve aşinalık düzeyleri 
açısından değerlendirmiştir [17]. DEAP EEG orijinal biosemi 
bdf formatında işlenmemiş fizyolojik veri kayıtları (ham veri 
kümesi) ile analizler yapılmıştır. İnsan nörofizyolojik 
verilerini araştırmak, görselleştirmek ve analiz etmek için açık 
kaynak kodlu Python MNE kütüphanesi kullanılmıştır ve 
EEG sinyalleri analiz edilmiştir [21]. 

B. Dalgacık Dönüşümü 

 Görüntü ve sinyal işlemede Fourier dönüşümleri temel 
dayanak olmasına karşın dalgacık dönüşümleri görüntüyü 
genişletme, sıkıştırma ve diğer analizler için kullanılır. Fourier 
dönüşümleri kosinüs ve sinüs iken dalgacık dönüşümü limitli 
süredeki ve değişen sıklıktaki küçük dalgacıkları (pencereleri) 
esas almaktadır. Fourier dönüşümlerinde fazla bilgi olmasının 
yanında dönüşüm sırasında geçici bilgiler yok olabilir. Fourier 
denklemleri sayesinde bilim adamları sinyalleri incelemek 
için frekans alanında çalışmalara başlamıştır. Haar 
dalgacıkları en temel ve en basit dalgacık fonksiyonudur [18]. 

C. Temel Bileşenler Analizi 

Temel Bileşen Analizi (PCA) korelasyonlu değişkenlerin 
bir dizi gözlem kümesini doğrusal olarak ilişkili olmayan 
değişkenler kümelerine dönüştürmek için ortogonal bir 
dönüşüm kullanan yöntemdir. Bu dönüşüm, ilk ana bileşenin 
mümkün olan en büyük varyansa sahip olacağı şekilde ve 
sırayla gerçekleşen her bir bileşene, sınırlama altında mümkün 
olan en yüksek varyansa sahip olacak şekilde tanımlanır. 
Oluşan vektörler ilişkisiz bir ortogonal temel dizi kümesidir. 
PCA, orijinal değişkenlerin göreceli ölçeklendirilmesi için 
kullanılır [19]. 

D. Bilgi Kazanımı 

 Entropi bir belirsizlik ölçüsüdür ve makine öğrenme 
modelleri ile bu belirsizlik azaltılmaya çalışılır. Sınıfımızdaki 
hedef değişkene veya ilgili özelliğin belirsizliğini azaltmaya 
ihtiyaç vardır. Bu da bilgi kazanımın geldiği noktadır ve 
matematiksel formülü [20]: = −Σ	 ( ) ( )         (1) 	 	( , ) = ( ) − ( | )         (2) 

 Yukarıdaki formülde Y ile ilgili belirsizliğin azaltılmasını 
hesaplamak için Y’de verilen X’in entropisini sadece Y’nin 
entropisinden çıkarırız. Bilgi kazanımı 0 ile 1 arasında bir 
değer alır ve entropinin tersi olarak düşünülür. 
Sınıflandırmada herhangi bir özellikle hedefin ne kadar bir 
oran ile tutturulabileceğini verir. 

E. Sınıflandırma Algoritmaları 

 Literatürde yaygın kullanılan kullanılmayan algoritmalar 
ile sınıflandırma ve test işlemleri yapılmıştır. Bunlar farklı 
çekirdek fonksiyonları ile Destek Vektör Makinesi ve Yapay 
Sinir Ağlarının farklı türevleri kullanılmıştır. Öğrenme yolu 
ile yeni bilgiler üretebilme ve keşfedilme gibi insan beyninin 
özelliklerinden olan herhangi bir yardım almadan otomatik 
olarak gerçekleyen bilgisayar sistemlerine Yapay Sinir Ağları 
denir. Yapay sinir ağları doğrusal olmayan birçok probleme 

çözüm üretebilir. Yapay Sinir Ağları birbirine hiyerarşik ve 
paralel olarak bağlanan yapay hücrelerden oluşmaktadır. 
Hücre elemanlarının birbirleri ile bağlanmaları sonucu oluşan 
ağa Yapay Sinir Ağı denmektedir. Yapay Sinir Ağının en 
temel görevi, kendisine gösterilen bir girdi kümesine karşılık 
gelebilecek bir çıktı kümesi belirlemektir [25]. Destek Vektör 
Makinesinde veri öncelikle uygun bir çekirdek fonksiyon 
kullanılarak özellik uzayına taşınır ve daha sonra bir 
hiperdüzlem yardımıyla iki sınıf birbirinden ayrılır. Bu 
hiperdüzlem parametreleri Destek Vektör Makinesindeki 
kuadratik problemin çözülmesi ile elde edilir [26]. 

IV. DENEYSEL BULGULAR 

DEAP veri kümesinde olmayan kayıtlar için o özelliğin 
tamamının ortalama değerleri alınarak devam edilmiştir. 
Verilerde sadece EEG sinyalleri (32 kanal EEG) 
kullanılmıştır. Diğer kanalların kullanılmama sebebi beyin 
sinyallerinden oluşmamasıdır. 1-22 Arasındaki katılımcıların 
sinyalleri twente formatına göre kaydedilmiş, 23-32 
arasındaki katılımcıların kayıtları cenevre formatından twente 
formatına dönüştürülerek kayıt edilmiştir. Veri kümesi alt 
bantlara indirgenmemiştir çünkü alt bantlar işlem yükünü 
artırır ve frekans filtresi uygulanmamıştır. Orijinal veriye 
Morlet ve Sürekli Dalgacıkları MNE kütüphanesi ile 
uygulanmıştır. Fazla olan veri sayısı ayırt edicilikten taviz 
verilmeden özellik çıkartma aşamasında Temel Bileşenler 
Analizi ve Bilgi Kazanımı yardımıyla özellikler çıkarılmıştır. 
Sınıflandırma aşamasında 6 sınıf kullanılmıştır. Bu sınıflar 
düşük-yüksek uyarılma, düşük-yüksek değerlik ve düşük-
yüksek baskınlık etiketleridir. Eğitim aşamasında Çapraz 
Doğrulama 5 kat seçilmiştir, yani verilerin %80’i eğitim 
%20’si test için kullanılmıştır. Tüm bu süreçler Amazon 
SageMaker sunucularında gerçekleştirilmiştir. Farklı veri 
kümeleri ile sınıflandırma yapılmıştır. Sınıflandırma 
performansları Tablo 1’de verilmiştir. DS: dataset, DVM: 
Sigmoid Çekirdek, YSA: Çok Katmanlı Geri Yayılımlı.   

• DS1: Orijinal veriye Morlet Dalgacığı sonra Temel 
Bileşenler Analizi uygulanmıştır.  

• DS2: Orijinal veriye Morlet Dalgacığı sonra Bilgi 
Kazanımı uygulanmıştır.  

• DS3: Orijinal veriye Sürekli Dalgacık sonra Temel 
Bileşenler Analizi uygulanmıştır.  

• DS4: Orijinal veriye Sürekli Dalgacık sonra Bilgi 
Kazanımı uygulanmıştır. 

Tablo 1. Sınıflandırma Doğrulukları 

  
Değerlik Uyarılma Baskınlık Ortalama 

DVM YSA DVM YSA DVM YSA DVM YSA 

DS1 66,91 66,53 67,68 66,44 67,85 66,59 67,48 66,52

DS2 68,41 64,17 67,84 65,25 70,18 66,15 69,81 65,19

DS3 63,26 64,95 63,15 63,82 61,32 62,81 62,58 63,86

DS4 61,34 64,41 63,06 64,48 60,89 60,92 61,76 63,27

V. DEĞERLENDİRME VE SONUÇLAR 

 Bu çalışmada müzik videolarına duyarlı 
Elektroensefalogram (EEG) sinyallerinin dalgacık 
dönüşümüne dayalı yeni bir duygu tanıma sistemi 
önerilmiştir. Dalgacık dönüşümü EEG sinyallerine 
uygulanarak dalgacık katsayıları elde edilir. Bu katsayıların 
boyutunu azaltmak için Temel Bileşenler Analizi (PCA) ve 
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Bilgi Kazanımı (IG) teknikleri uygulanarak özellik vektörü 
oluşturulur. Elde edilen azaltılmış özellik uzayı çeşitli 
sınıflandırma algoritmaları ile test edilir. Morlet Dalgacığı ve 
Bilgi Kazanımı ile oluşturulan verilerin sınıflandırılmasında 
Destek Vektör Makinesi %69,81 ile ortalama doğruluk oranı 
göstermiştir. Buradan hareketle Morlet Dalgacığı ve Bilgi 
Kazanımı ile oluşturulan verilerde Destek Vektör Makinesi 
başarılı sonuçlar vereceği kesindir. Önerilen yöntem, 
literatürdeki aynı veri setini kullanan Huang’ın ve Candra’nın 
çalışmalarındaki değerlik ve uyarılma seviyelerinden daha 
yüksek doğruluk oranı elde etmiştir.   

 Sınıflandırma aşaması orijinal veri büyük olduğu için uzun 
sürede bitmektedir. Uygulama dağıtık sistem şeklinde 
çalıştırılırsa daha kısa sürede biter ve daha iyi sonuçlar 
alınabilir. Sınıflandırma esnasında 32 kanal kullanılmıştır; 
kanal sayısı azaltılarak daha kısa sürede daha iyi sonuçlar 
alınabilir. Bu çalışmada Russell’in boyutsal duygu modeline 
göre sınıflandırması yapılmıştır, duyguların neden ortaya 
çıktığı ve nasıl ortaya çıktığı araştırılmamıştır. Gelecek 
çalışmalarda duygu değişimlerinin tespit edilmesinde bu 
çalışmada kullanılmayan diğer dalgacık dönüşümlerinin 
kullanılması denenebilir. Sınıflandırmada sadece EEG 
sinyalleri kullanılmıştır, çevresel sinyaller kullanılmamıştır, 
oysa dâhil edilip sonuçlar irdelenebilir. Örnekleme frekansı 
(512 hz) çalışmada sabit tutulmuştur, değiştirilerek alt bantlar 
da denenebilir. 
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Abstract—Phishing is a type of cyber-attack aiming to steal 

people's confidential information using a bait. Smishing is a 
form of phishing that is carried out via SMS messages sent to 
mobile phones. Attackers intend to steal the private information 
of their victims through the content they send in their SMS 
messages. Therefore, the detection of smishing messages has a 
vital role in information security. In this work, a machine 
learning-based model is proposed to detect smishing messages. 
Experiments conducted on a relatively large dataset, which 
contains legitimate and smishing messages, have shown that the 
proposed model offers a promising detection performance. 

Keywords—phishing, smishing, text mining, machine 
learning, information security 

I. INTRODUCTION 

Phishing originated from the word fishing which indicates 
the activity of catching fish using a bait [1]. The word fishing 
is combined with the term phreak, which refers to hacking of 
telecommunication systems to obtain free calls, and 
transformed into phishing to simply indicate hacking by 
fishing. Phishing attackers seek to capture some critical 
personal and corporate information through attractive offers 
and imitations for social or financial gains. Falsification 
attacks, which can be described as social engineering attacks, 
are used by attackers to direct their victims to web pages and 
malicious applications through emails or messages to get their 
confidential information such as user name, password, and 
bank information. Although important efforts have been made 
to detect phishing attacks, the number of people who have 
been exposed to phishing attacks is still considerable. Anti-
Phishing Working Group (APWG) reported a total of 
1,238,161 of phishing attacks collected in the first quarter of 
2019 [2]. In phishing, attackers often steal information by 
deceiving their victims. The carelessness of the victims makes 
the attackers' job much easier. Phishing attacks are mostly 
realized through SMS messages, emails and web pages [3]. 

The term smishing is, on the other hand, the combined and 
abbreviated form of SMS and Phishing. Attackers intend to 
steal the personal information of the victims using the content 
they send in SMS messages rather than other media. These 
contents are generally composed of data such as smartphone 
applications, website URLs, greeting messages, and mobile 
phone numbers. A sample of smishing message is shown in 
Fig. 1.  

A number of solutions have recently been developed to 
detect smishing messages. Basically, these methods stand out 
as the systems consisting of more than one control 
mechanisms [4]. The phone number from which the message 
came can be compared to the phone numbers that are stored in 
the black list. Also, if a URL is detected in the message, the 
URL is examined and it is tried to determine whether it is sent 

with the intention of downloading a malicious application. In 
this method, the words in the message are subjected to 
weighting by different classification methods after applying 
certain preprocessing methods. In this way, it is aimed to make 
a distinction between smishing and legitimate messages. Jain 
et al. have proposed a rule-based approach to classify 
smishing and legitimate messages [5]. 

 
Fig. 1. A sample of smishing message 

Unlike the above-mentioned techniques, there are also 
some other methods based on URL analysis. Lee et al.  
analyzed whether a URL link in the message is the address of 
a malicious application [6]. Zhang and Wang developed a 
system that examines the domain name and path properties of 
the URL statistically using machine learning techniques and 
decided whether it is harmful or not [7]. 

In connection with the previous studies, this article 
proposes a machine learning based model for detecting 
smishing messages. In the proposed model, a message is first 
processed with pre-processing techniques. Then, various 
features are extracted. Finally, the features are fed into 
different classification algorithms so that legitimate and 
smishing messages can be classified. The performance of the 
proposed method is evaluated on a large dataset containing 
legitimate and smishing messages using different success 
metrics. The results of the evaluation reveal that the proposed 
method offers a promising performance in detecting smishing 
messages. 

II. MATERIALS AND METHOD 

In this section, the dataset is explained. Then, 
preprocessing, feature extraction, and classification stages of 
the proposed method are described. Flowchart of the proposed 
method is shown in Fig. 2. 

A. Dataset 
In this work, Pinterest dataset [8] is used to evaluate 

messages, determine the distinguishing features and detect 
smishing messages. In the literature, some researchers 
consider smishing messages as the subset of spam messages 
and employ other datasets such as [9] for the detection of 
smishing messages as well. In the proposed study, the utilized 
dataset contains 5.574 smishing and legitimate messages. 
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Fig. 2. Workflow of the proposed model 

B. Preprocessing 
Before, feature extraction and classification stages, 

messages are first preprocessed using appropriate 
preprocessing methods that are commonly used in text 
analysis or classification problems. 

• Tokenization is applied to all sentences so that tokens, 
or words, are decomposed to further process them 
individually. 

• Words such as conjunctions and prepositions are 
considered as stop words in most of the languages. 
Since stop words are commonly available in most of 
the sentences without dependency to the topic, they 
do not have any contribution to discrimination or 
classification of texts. Therefore, stop words are 
removed.   

• Punctuations are removed. 

• Lowercase conversion is applied to the words so that 
different interpretation of upper and lower case form 
of the same word is prevented. 

• Root, or stem, forms of the words are obtained using 
Porter stemming algorithm, which is a successful 
stemmer for English [10]. 

C. Feature Extraction 
Following the preprocessing stage. Various features are 

extracted from messages as described below. 
• Term (Word) Feature: These features are obtained 

from the remaining terms, or words, of the sentences 
after preprocessing. Weight assignment is made for 
all the terms to determine the significance of each 
term in the message. For this purpose, the commonly 
used Term Frequency - Inverse Document Frequency 
(TF-IDF) approach is used [11]. Term frequency 
corresponds to number of occurrences of a term in a 
given document. Therefore, it measures how 
frequently a term occurs in a document. Inverse 
Document Frequency, on the other hand, is computed 
as the logarithm of the number of the documents in 
the dataset divided by the number of documents 
where the specific term appears. It, therefore, 
measures how important a term is.  

• URL Feature: Inserting URLs (web page link) into 
smishing messages is one of the most frequently used 
methods of attackers in order to direct their victims to 
malicious phishing sites or mobile applications. An 
example of a smishing message that contains a 
malicious URL is shown in Fig. 3. 

 
Fig. 3. Smishing via URL 

• E-mail Address Feature: Another useful feature to 
detect smishing messages is the presence of e-mail 
addresses in messages. Attackers use this method as 
well to acquire private information about their 
victims. 

• Phone Number Feature: Presence of a phone number 
in a message is also a good indicator of smishing. 
Using this method, attackers aim to obtain private 
information over the phone by convincing their 
victims to call that phone number. An example of a 
smishing message that contains a phone number is 
shown in Fig. 4. 

 
Fig. 4. Smishing via phone number 

• Character Count Feature: The number of characters 
for smishing and legitimate messages varies. Analysis 
of histograms of the messages reveal that smishing 
messages commonly consists of more characters than 
those of legitimate ones 

• Money Character Feature: While it is observed that 
legitimate messages do not contain money characters 
in general, it is discovered that $, € and other symbols 
are very common in smishing messages. Therefore, 
presence of money characters in a message is also a 
good indicator of smishing, too.  

• SMS Language Feature: SMS language, which is 
commonly used by mobile phone users, is simply the 
abbreviation of standard language in order not to 
exceed the message limit due to character limitation 
in text messages. It is observed that legitimate 
messages use SMS language quite often whereas 
smishing messages do not contain abbreviations most 
of the time. An example of a legitimate message that 
contains abbreviations is shown in Fig. 5. Based on 
this information, the most commonly used SMS 
abbreviations on the Internet have been identified and 
the messages have been passed through a mechanism 
that checks whether these abbreviations are included. 
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Fig. 5. A legitimate message containing abbreviations 

Using the abovementioned feature types, messages are 
represented with multidimensional feature vectors for further 
processing. 

D. Classification 
After the feature extraction stage, the features are fed into 

Support Vector Machine (SVM), Random Forest (RF) and 
Logistic Regression (LR) classification algorithms [12] so that 
messages can be classified as either legitimate of smishing.  

III. EXPERIMENTAL WORK 

In this section, the experimental work and the respective 
results are briefly presented. As mentioned above, messages 
are first preprocessed. Then, term, URL, email address, phone 
number, character count, money character and SMS language 
features are extracted as described above. Among all the term 
features, top-20 most important terms are listed in Table I. 

TABLE I.  TOP-20 MOST IMPORTANT TERMS 

No Term 
1 please 
2 sms 
3 account 
4 customer 
5 card 
6 email 
7 apple 
8 details 
9 update 
10 iphone 
11 online 
12 bank 
13 link 
14 message 
15 call 
16 store 
17 today 
18 nationwide 
19 refund 
20 due 

 

Finally, all types of the features together fed into SVM, RF 
and LR classification algorithms. During the classification 
stage, 5-fold cross validation is preferred for a fair assessment. 
The results of the classification stage are summarized in Table 
II using different success metrics including precision, recall 
and F1-score. As shown in the table, the highest F1-score is 
achieved by SVM and RF classifiers whereas LR classifier 
offers slightly lower performance with respect to SVM and 
RF. 

TABLE II.  CLASSIFICATION RESULTS 

Classifier Precision Recall F1-score 
SVM 0.880 0.980 0.927 
RF 0.880 0.980 0.927 
LR 0.890 0.960 0.924 

IV. CONCLUSIONS 

In this work, a machine learning based model is proposed 
to identify smishing messages. The proposed model mainly 

consists of pre-processing, feature extraction, and 
classification stages. A relatively large dataset, which contains 
legitimate and smishing messages,  is used to evaluate the 
performance of the proposed model. The results of the 
experimental work indicate that legitimate and smishing 
messages are classified with a high success rate. Therefore, 
the proposed model can easily replace widely available black-
list or white-list approaches due to its effectiveness. Analysis 
of smishing messages in other languages, different features, 
and different classification algorithms remain as potential 
future works. 
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Abstract—Nowadays, the spread of information systems and 
the operation of service sectors through digital applications such 
as data mining, data analysis, recommendation systems, and 
digital marketing have brought the need to store and process 
large amounts of personal data in the systems of organizations. 
Although it is beneficial to process these data within the scope of 
the services provided, it may cause victimization and loss of 
rights if unauthorized persons take over. Therefore, the 
protection methods to be applied to these personal data have 
become a necessity for all organizations. Ensuring privacy 
during the processing, storage and publishing (sharing) of data 
is an important concern. In recent years, privacy measures have 
gained more importance due to national and international 
regulations for the protection of personal data as well. 
Consequently, there are certain rules that organizations should 
follow in their information systems, where large volumes of 
personal data are processed, stored and shared. In this work, 
some of the techniques, which are used for preserving privacy 
while processing personal data, are reviewed. 

Keywords— data privacy, general data protection regulation, 
law on the protection of personal data, personal data 

I. INTRODUCTION 

Privacy is the right of individuals to decide when, by 
whom and to what extent their information is used. All data 
collecting and processing institutions are responsible for the 
safe storage of this data. 

The concepts of data privacy and data protection are 
highly interrelated, so they are often confused with each other. 
Actually, data protection refers to securing data against 
unauthorized access, while data privacy implies that under 
what circumstances and by whom data can be processed, 
stored and transmitted. Data protection is basically a technical 
issue and the presence of relevant information can be 
protected by the necessary protection procedures. On the other 
hand, ensuring the privacy of the data is a necessity at the 
constitutional level [1]. 

A. Personal Data 

Personal data can be defined as any information that is 
suitable for identifying individuals. In this context, the 
person's identity, communication, health and financial 
information as well as personal life, religious belief and 
political opinion are considered as personal data [2]. 

The constitutional court does not only disclose personal 
data such as name, surname, date of birth and place of birth of 
the individual; but also the data that makes the person directly 
or indirectly identifiable such as telephone number, motor 
vehicle license plate, social security number, passport number, 
resume, picture, image and sound recordings, fingerprints, 
genetic information, IP address, e-mail address, hobbies, 
preferences, interacting persons, group memberships, and 
family information. These personal data are frequently used in 
our daily lives [3]. 

B. Sensitive Personal Data 

Sensitive personal data consists of health, sexual life, 
religion, sect and other beliefs, race, ethnicity, philosophical 
belief, political thought, associations, foundations, trade union 
membership, clothing choices, criminal convictions and 
security measures, biometric and genetic data. If these data are 
seized by unauthorized people, the owners of the data may be 
exposed to victimization or discrimination. Therefore, further 
protection is needed for sensitive personal data [2]. 

C. Law No. 6698 on Protection of Personal Data (LPPD) 

The purpose of the Law on the Protection of Personal Data 
is to discipline the processing of personal data and to protect 
fundamental rights and freedoms, the privacy of private life. 
Protection of the right of privacy and information security of 
the people is also considered within this scope. In addition, it 
is among the objectives of the Law to regulate the obligations 
and procedures and principles to be complied with by real and 
legal persons that process personal data [4]. 

Law on the protection of personal data is mainly prepared 
to prevent unlawful processing of personal data, to prevent 
unlawful access to personal data and to provide safe storage 
of personal data [2]. 

D. General Data Protection Regulation - GDPR 

The European Union (EU) General Data Protection 
Regulation (GDPR) was developed to draft a series of 
harmonized data privacy laws to protect EU citizens 
throughout Europe. GDPR came into effect on 25 May 2018. 
It regulates the use of all kinds of personal data for all 
companies that process the personal data of anyone living 
within the European Union, including the ways in which 
companies collect, share and use data, regardless of where the 
company is located. All organizations that monitor their 
behavior are affected by GDPR. The regulations apply to both 
controllers and handlers. Also, All Turkish companies that 
process the personal data of EU citizens are also obliged to 
comply with GDPR [5]. 

GDPR and LPPD have severe sanctions for data breaches, 
but the aim of both regulations is to provide safe protection of 
personal data. 

E. Privacy Preserving Data Publishing (PPDP) 

Privacy Preserving Data Publishing [6] provides some 
methods and tools for publishing data while protecting 
privacy. Each record has many attributes. In PPDP, attributes 
are analyzed in 4 categories. These categories are explained 
below: 

i) Personal Information Identifiers (PII): Information that 
can directly identify an individual's identity. Name, ID 
or other information that is linked to an individual, and 
so on. 
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ii) Quasi-Identifiers: Information that can identify an 
individual's identity when combined with a feature (or 
set of attributes). 

iii) Sensitive Attributes: Personal data that is not expected 
to be disclosed. 

iv) Non-Sensitive Attributes: Information that is neither 
confidential nor personal and can be published. 

In the following sections, privacy in digital marketing, 
recommender systems, and health research is discussed. Then, 
some of the common techniques for preserving data privacy 
are explained and compared. Finally, conclusions of the work 
are presented. 

II. PRIVACY IN DIGITAL MARKETING AND 

RECOMMENDER SYSTEMS 

 Digital marketing is the marketing of products or services 
that uses digital technologies, especially through the internet, 
but also in smart, display advertising and other digital 
environments. 

With the spread of digitalization, users are demanding 
online shopping sites and online services. This makes it 
difficult for consumers to choose from thousands of products 
and services. Companies have started to use product 
recommendation systems in order to compete in such a big 
market. Recommender systems speed up the decision-making 
process of the users. They analyze the behaviors, profiles and 
likes of users and try to present other products and product 
groups that they may be interested in. This is a very useful 
method for marketing activities. However, in order to carry 
out these activities; the data generated during the interaction 
of users with digital systems is shared with third parties [7]. 
The sharing may cause victimization and loss of rights if the 
necessary precautions are not taken. Therefore, preserving 
privacy is crucial during the design and use of recommender 
systems [8]. 

III. PRIVACY IN HEALTH RESEARCH 

The protection of personal data in health studies is 
especially important in terms of patient privacy and is the 
obligation of the physician to keep it secret [9]. The obligation 
to keep secrets is a sub-obligation arising from the loyalty 
obligation of the health workers.  Also, health care providers 
and health researchers have an obligation to maintain the 
confidentiality of patient information too. Therefore, 
necessary precautions must be taken during the storage, 
processing and sharing of patient information. 

IV. TECHNIQUES FOR PRESERVING DATA PRIVACY 

In the following subsections, some of the common 
techniques to preserve data privacy are explained. However, 
it should be noted that not all of these methods may be 
appropriate for the analysis needs of the data being studied on. 
Different techniques might be needed as well in certain cases.  

A. Anonymization 

The anonymization of personal data means that the data 
cannot be associated with any particular or identifiable person, 
even by pairing it with other data. There is no legal drawback 
in processing and sharing anonymized data. It is widely used 
in statistical research. 

B. k - Anonymity 

Sweeny proposed a model called k-anonymity in her study 
to ensure privacy [10]. In this model, k-anonymity is used as 
a feature of the dataset to define the anonymity level of the 
dataset. In general, it means that there is at least 1/k possibility 
to correctly associate with a person by looking at the 
properties in a data row. In this case, the larger the number, 
the stronger the anonymity of the dataset.  

As an example, a dataset shown in Table I contains the 
age, gender and test results of the students in a class. This 
dataset is called as k-2 k-anonymous because each age-gender 
pair has at least two rows: (13, M), (14, F), (15, M). That is, 
even if it is known that there are two 15-year-old male students 
in the classroom, this registration cannot be determined to be 
exactly 5th or 6th. There are ½ possibilities for correct 
detection. 

TABLE I.  K-2 ANONYMITY 

No Age Gender Test Result 
1 13 M 83 
2 13 M 67 
3 14 F 89 
4 14 F 76 
5 15 M 82 
6 15 M 91 

 

However, when the dataset given in Table II is examined, 
this dataset has a k-1 anonymity since there is only one 15-
year-old male or female student so that the combination of (15, 
F) and (15, M) describes certain individuals. Person 
identification can be made with 100% probability in that case 
[11]. 

TABLE II.  K-1 ANONYMITY 

No Age Gender Test Result 
1 13 M 83 
2 13 M 67 
3 14 F 89 
4 14 F 76 
5 15 M 82 
6 15 F 91 

 

When the k-anonymity method is used, it is ensured that 
the record of another analysis (or information) is not 
associated with a person. This is called identity disclosure 
problem in literature. However, there are two types of attacks 
that the k-anonymity method cannot solve. These are 
homogeneity and background knowledge attacks. What these 
types of attacks are examined through the medical record data 
of an imaginary hospital as follows: 

Table III shows the medical records of an imaginary 
hospital [12]. The table does not contain unique descriptive 
attributes such as name and social security number. In this 
example, the attributes are divided into two groups. Sensitive 
attributes (consisting solely of medical condition) and non-
sensitive attributes (postal code, age and nationality). If an 
attribute is marked as sensitive, the value of that attribute of 
any individual in the dataset must not be discovered. Also, the 
combination of {postal code, age, nationality} attributes is the 
quasi-identifier of this dataset.  

Table IV shows the 4-anonymous form derived from 
Table III, where ‘*’ symbol refers to a suppressed value, e.g. 
postal code = ‘1485*’ means that the postal code is in the 

488



range of (14850−14859). Similarly, age = ‘4*’ means that age 
is between 40 and 49. In Table IV, each group has the same 
values as the semi-identifier with at least three other records 
in the table. 

TABLE III.  MEDICAL RECORDS 

No 
Non-Sensitive Sensitive 

Postal Code Age Nationality  Condition 
1 13054 37 Canadian Heart Attack 
2 13068 35 American Heart Attack 
3 13068 32 Japanese Headache 
4 13054 36 American Headache 
5 14853 62 Indian Diabetes 
6 14853 65 Canadian Heart Attack 
7 14850 54 American Headache 
8 14850 59 German Headache 
9 13054 41 American Diabetes 

10 13054 48 Indian Diabetes 
11 13068 46 Japanese Diabetes 
12 13068 43 American Diabetes 

TABLE IV.  4-ANONYMOUS MEDICAL RECORDS 

No 
Non-Sensitive Sensitive 

Postal 
Code 

 Age Nationality  Condition 

1 130** < 40 ∗ Heart Attack 
2 130** < 40 ∗ Heart Attack 
3 130** < 40 ∗ Headache 
4 130** < 40 ∗ Headache 
5 1485* ≥ 50 ∗ Diabetes 
6 1485* ≥ 50 ∗ Heart Attack 
7 1485* ≥ 50 ∗ Headache 
8 1485* ≥ 50 ∗ Headache 
9 130** 4∗ ∗ Diabetes 

10 130** 4∗ ∗ Diabetes 
11 130** 4∗ ∗ Diabetes 
12 130** 4∗ ∗ Diabetes 

 

Because of its conceptual simplicity, k-anonymity is 
popular and widely preferred in the literature for methods of 
securing privacy. However, anonymity does not always 
guarantee privacy. In the following subsection, attacks to k-
anonymity are briefly discussed. 

Attacks of k-anonymity 
The k-anonymity method is vulnerable to two types of 

attacks, namely homogeneity attacks and background 
knowledge attacks based on experience. These attacks are 
used for data disclosure. In the following, these two attack 
types are described with example scenarios: 

In the first scenario, Bella and Tom are two neighbors. One 
day, Tom gets sick and is taken to the hospital by ambulance. 
Seeing the ambulance, Bella begins to discover what illness 
Tom is suffering from. Bella has the 4-anonymous table of 
current inpatient records published in the imaginary hospital 
(Table IV) and knows that one of the records in this table 
contains Tom’s data. Since Bella is Tom's neighbor, she 
knows that Tom is a 41-years-old American man and he lives 
in postal code 13054. Therefore, Bella knows that Tom's 
patient registration number is 9, 10, 11 or 12. Patients in this 
group have the same medical condition (diabetes), and so 
Bella can conclude that Tom is diabetes. This is referred to as 
Homogeneity Attack. k-anonymity may cause information 
leakage due to lack of diversity [12]. 

In the second scenario, Bella has a friend, Rieko, who was 
admitted to the same hospital as Tom and whose patient 

records appear in Table IV. Bella knows that Rieko is a 32-
years-old Japanese woman who currently lives in the postal 
code 13068. Based on this information, Bella can learn that 
Rieko's information is in records 1, 2, 3 or 4. Without 
additional information, Bella is not sure if Rieko has a 
headache or if she has a heart attack. However, it is known 
that the Japanese have a very low rate of heart attack. Using 
this information, Bella may decide that Rieko has a headache. 
Hence, this is an example of Background Knowledge Attack. 
In this case, k-anonymity does not protect against 
background-based attacks. 

Since both attacks are plausible in real life, a stronger 
definition of privacy is needed, considering diversity and 
knowledge based on experience. Subsequent studies have 
proposed the l-diversity method, which is protected against 
these vulnerabilities. 

TABLE V.  3-DIVERSE MEDICAL RECORDS 

No 
Non-Sensitive Sensitive 

Postal 
Code 

 Age Nationality  Condition 

1 1305* ≤ 50 * Heart Attack 
4 1305* ≤ 50 * Headache 
9 1305* ≤ 50 * Diabetes 

10 1305* ≤ 50 * Diabetes 
5 1485* > 50 * Diabetes 
6 1485* > 50 * Heart Attack 
7 1485* > 50 * Headache 
8 1485* > 50 * Headache 
2 1306* ≤ 50 * Heart Attack 
3 1306* ≤ 50 * Headache 

11 1306* ≤ 50 * Diabetes 
12 1306* ≤ 50 * Diabetes 

C. l-Diversity 

If the values for one or more hidden properties in all 
records are the same, the values for those properties for target 
T can be learned. The purpose of l-diversity is to contain at 
least one instance of the relevant sensitive data category in 
each stored and organized data group. Since each group 
contains 3 different sensitive data in Table V, the dataset can 
be called 3-diversity [12]. 

If Bella and Tom sample is examined on 3-diverse dataset; 
Since Bella is Tom's neighbor, she knows that Tom is a 41-
years-old American man and he lives in postal code 13054. 
However, there are 3 different sensitive data in the 4 records 
included in this group. Therefore, Bella cannot determine 
which of these four records belongs to Tom. In this case, the 
desired diversity is achieved. 

D. Masking 

It is the deletion or masking of certain areas of personal 
data, making the person indeterminable. For example, a part 
of a person's credit card number is masked with asterisk so that 
it looks like “4866 **** **** 0002”. There may be a need to 
access to personal data in many business roles, but it should 
not be exploited using this access authority. Also, many 
organizations may need to use production, or live, data for 
their application developers to perform extensive testing. In 
such cases, data masking may be needed when sharing data. 
Many database management systems have data masking 
capabilities. 

E. Derivation 

The detailed data is replaced with the more general ones. 
For example, the day / month / year details of the date of birth 
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are replaced directly with the age of the person. In this way, 
anonymization is performed by deriving data. 

F. Mixing 

It means the destruction of the detectability of individuals 
without damaging the total benefit by mixing the values in the 
dataset. In a class where the average age is to be taken, the 
values showing the age of the individuals are changed with 
each other so that the data is mixed. 

G. Approximation 

Approximation approach is a technique used to replace 
certain personal data with less specific values. For example, 
the birth date of a user (August 20, 1995) is stored in the form 
of July 1 - September 25, 1995, or even only 1995 [13]. 

H. Encryption 

Encryption is a process that encrypts data into an 
unreadable format (cipher text) so that only people or systems 
accessing the appropriate key can decrypt and read it. 
Encryption can protect personal information, emails and other 
sensitive data as well as secure network connections. 
Organizations are increasingly use encryption to protect 
applications and sensitive information from reputational 
damage. Although it is not a compulsory technique in GDPR, 
it is mentioned as a proposal [13]. 

I. Tokenization 

Tokenization is to replace a piece of data with a unique 
identifier that acts as a proxy that can be used to retrieve the 
original value. Tokenization is often used in online payment 
solutions and systems where secure API connections are 
required [13]. 

J. Adding Noise 

Adding noise is the process of making random, 
statistically insignificant changes to a dataset that maintains 
the processing capability when identifying personal data. The 
addition of noise can greatly alter the data and reduce the 
reliability of the data. Therefore, it is not a technique that is 
used very often [13]. 

V. COMPARISON OF TECHNIQUES 

The techniques used to ensure privacy in data processing 
vary according to the structure, size and purpose of the data 
processed by organizations. For a single problem, it is often 
not possible to apply all the techniques mentioned in section 
IV together. Even a technique that is suitable for some 
datasets can produce very unsuccessful results for another 
dataset. It is therefore difficult to make a full comparison of 
these techniques. However, the new dataset obtained by the 
application of these techniques can be compared based on 
three factors, namely data reliability, the amount of data 
being modified, and the level of anonymity provided, as 
given in Table VI. 

VI. CONCLUSIONS 

While processing personal data (either sensitive or not), 
preserving the privacy is of greater importance. In recent 

years, national and international regulations also define the 
measures to follow while processing personal data. Since data 
processing is required to improve services in almost all fields 
(i.e., health, digital marketing and so on), researchers are 
constantly working on new approaches to preserve privacy 
while processing the data. 

TABLE VI.  COMPARISON OF TECHNIQUES  

Techniques 
Data 

Reliability 
Data 

Modification 
Data 

Anonymity  

Anonymization *** ** *** 

k-Anonymity *** - ** 

l-Diversity *** - *** 

Masking *** - ** 

Derivation ** ** ** 

Mixing ** *** ** 

Approximation ** ** ** 

Encryption *** - *** 

Tokenization *** - *** 
Adding Noise * *** * 

(-: None, *: Low, **: Medium, ***: High) 
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Abstract— It is very important to diagnose the fault 
condition of the bearing machines in order to make the machine 
run healthier. There are many successful studies in the detection 
of failures in the bearing machine made by conventional 
machine learning methods. However, these studies produce 
successful results in cases where the machines operate under the 
same condition and feature space is the same. Therefore, a deep 
learning-based diagnostic has been proposed for changing 
machine operating conditions. In the scope of our study, Keras 
and Tensorflow libraries, CNN network from scratch, VGG16 
model and VGG19 deep learning models have been used for the 
classification of vibration images. Freeze the weights for 
transfer learning and remove the last fully connected layer to 
update the network in a problem-specific manner. The number 
of iterations and batch size has been determined by 
experimental studies. In this study, four faulty conditions have 
been successfully classified. While the accuracy rate of CNN 
network from scratch is 25%, the accuracy rate obtained by the 
VGG16 transfer learning method is 93% and the loss rate is 
0.17% and the accuracy rate obtained by the VGG19 transfer 
learning method is 95% and the loss rate is 0.13%. 

Keywords—Bearing, Deep learning, Fault diagnosis, Transfer 
Learning, Vibration signal  

I. INTRODUCTION 

Deep learning techniques have been used in many areas 
recently. The amount of educational data used in deep learning 
practices has a significant effect on the success of learning. 
therefore, the availability of large amounts of data and the 
reproduction of certain techniques to be used within the scope 
of the method is also an important research topic. transfer 
learning has been developed to address this situation. Transfer 
learning aims to use a pre-trained network as the basis of the 
new problem, rather than to train a network from scratch [1]. 
In this article, the solution to the problem of detection of 
bearing machine failure by vibration signals is searched by 
transfer learning.  

Induction motors are the most widely used machines in 
industrial applications [2]. While these motors are generally 
reliable, many errors occur due to the environment and aging. 
Most of the machines in the industry work with a rolling 
motion [3]. These machines generate a vibration signal during 
operation. Even a properly produced healthy machine 
produces a vibration signal. Bearing failure estimates is a 
necessary task to monitor the machine in good health. Because 
bearings are vital for rotating machines. The time series 
generated by vibration signals on rotating machines can be 
examined to determine if there is an error in the machines [4]. 

Even a healthy machine produces a vibration signal. In 
case of malfunction of the parts of the machine, this signal is 
different from its normal form. These signals are examined in 
the diagnosis of bearing machines. In machine learning, the 

correct attributes must be obtained for the solution of the 
problem. Before the deep learning approaches, it was 
necessary to make separate efforts for this process [5]. With 
deep learning, feature extraction has become automatic. 
Similarly, in image processing, similar features are used 
especially for all problems such as classification and object 
recognition. Therefore, pre-trained models may be preferred 
to solve the problem instead of training each network from 
scratch [6]. In the literature, many techniques have been 
developed for the diagnosis of bearing failures. Liu et al. [7] 
proposed the variation mode decomposition (VMD) method 
for signal decomposition. The Hilbert transformation was 
used to calculate the envelope signal of each intrinsic modal 
functions (IMF) component. The rolling element vibration 
data of the motor bearing was utilized to test the effectiveness 
of recommended methods. Devendiran and Manivannan [8] 
presented a general review of the techniques available in the 
literature for the detection and case study of failures in bearing 
machines. 

Prasad and Kumar [9] recommended determining defects 
with vibration response of the rolling bearings. The location 
of the faults detected by the FFT spectrum. In situ dynamic 
balance was implemented by adding weight to reduce the rate 
of vibrations. Hamadache et al. [10] proposed the absolute 
valueprincipal component analysis (AVPCA) method for for 
the detection and diagnosis of ball bearing faults in rotating 
electrical machines. This method [10] contained the time 
domain from the original raw data of the vibration signals and 
capturing the Fast Fourier Transformation (FFT) of the 
vibration signals. In [10] study, inner race, outer race and ball 
defects were diagnosed.   

Vibration signal

Acquired raw vibration signal

Probability plot function

Images auto-scaling

Features generation

Healthy and Faulty features

 
Fig. 1. The flowchart of the study in [10] 
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A deep learning algorithm that considered motor speed 
were developed [11]. The vibration signal as an image was 
utilized to CNN, which is suitable for this processing [11]. 
Inner race, outer race, roller element defects of bearing 
including its healthy element were classified with CNN [12]. 
Li et al. [13] presented an augmented deep sparse 
Autoencoder (ADSAE) method for the fault diagnosis of gear 
wear. The method was used to diagnose the gear wearing 
defect with relatively few raw vibration signal data [13]. 

CNN architectures contain a large number of trained 
parameters, but small datasets affect performance poorly. In 
this study, a small data set bearing machine has vibration 
frequencies at different frequencies. With the said images, it 
is aimed to make a classification based on the transfer learning 
of signals for the detection of a failure in bearing machines. 
VGG16, VGG19 and CNN network from scratch models are 
used in the proposed method. In this study, the methods of 
transfer learning with a pre-trained VGG16 network and VGG 
19 network and the CNN network vibration images which are 
trained from scratch are classified and the method which is 
better in failure detection is examined. 

II. THE TRANSFER LEARNING 

In deep learning practices, transfer learning is frequently 
used [14]. A pre-trained network can be the starting point for 
a new learning problem. Fine-tuning a network with transfer 
learning is easier and faster than setting up and training from 
scratch [15]. The most important plus of transfer learning is 
that the pre-prepared network has already learned a rich set 
of features. These features will work for many different 
problems. For example, a network that is trained on millions 
of images can be retrained to make a new classification on a 
dataset that contains only hundreds of images.  

Using large datasets such as Imagenet or Coco, it is 
possible to apply pre-trained CNN models to a new problem 
with transfer learning [16]. Because CNNs are powerful 
feature extractors, they can learn fine-tuning features from 
very large image data. Transfer learning can drastically 
reduce computational complexity (both area and time). VGG-
16 is a deep convolutional network of 5 convolution blocks 
with remarkable success in the Imagenet classification 
challenge [17]. Transfer learning It has the advantages that it 
does not require a very large educational data set and does not 
require much computational power. We use pre-trained 
weights and we only need to know the weight of the last few 
layers. Transfer learning process includes receiving a pre-
trained network in a data set and identifying unworked image 
/ object categories [18]. In the context of deep learning, there 
are two types of transfer learning: transfer learning through 
feature subtraction and transfer learning through fine-tuning 
[19]. The features to be learned in the machine learning 
method are determined, and only those features which are 
limited are able to be classified, while the transfer learning 
method allows the learning of features not previously 
specified. 
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Fig. 2. Transfer learning process 
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Fig. 3. Comparison of the transfer learning and machine learning 

A. Fixed Feature Extractor 
In ImageNet, a predefined ConvNet is retrieved, the last 

fully linked layer is removed. then the rest of ConvNet is 
considered a fixed property extractor for the new dataset. In 
AlexNet, a 4096-D vector is calculated for each image that 
contains the activations of the hidden layer just before the 
classifier [20]. These properties are called CNN codes. 

B. Fine-tuning 
This method is not only changing and re-setting the 

classifier on ConvNet in the new data set, but also adjusting 
the weights of the predetermined network by maintaining 
backpropagation [20]. It is possible to fine-tune all layers of 
ConvNet. Depending on the situation, it is possible to fine-
tune some of the previous layers or to only some top-level 
parts of the network. This can capture the previous more 
general features of a ConvNet, or ConvNet's layers can 
become more specific to the details of the classes. 

C. Pretrained Models 
Because it takes 2-3 weeks for Modern ConvNets to train 

on multiple GPUs in ImageNet, the latest ConvNet control 
points of the networks can be used to fine tune. For example, 
the Caffe library has a Model Zoo where people share their 
network weights [20].  

TABLE I.  TRANSFER LEARNING APPROACHES 

 Similar Dataset Diffirent Dataset 

Small Dataset 
Highest level features 

+ classifier 
Lower level features 

+ classifier 
Large Dataset Fine tuning Fine tuning 

III. THE PROPOSED METHOD 

The aim of this study is to classify the failure of bearing 
machines with vibration signals images by using deep learning 
methods. deep learning techniques have recently been applied 
in many areas. However, in many studies, there may be cases 
where there are not enough data for educational data. In such 
cases, the transfer learning method is used in order to achieve 
high success rates by using deep learning. In this study, 
transfer learning is used for this purpose. In the scope of our 
study, Keras library, CNN network from scratch, VGG16 and 
VGG19 deep learning models are used for the classification of 
vibration images. And the results obtained have been 
compared. Due to the insufficient number of vibration images, 
transfer learning and Imagenet dataset weight values and 
feature extraction process is used. The proposed method 
consists of several steps: transfer learning with VGG 16 
model, transfer learning with VGG 19 model and CNN 
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network from scratch. Fig. 4 indicates the flowchart of the 
proposed model. 

The examination of the vibration signals provides 
information about the failure of the bearing machines. Three 
types of failures in bearing machines are inner race, outer race, 
and ball. When the vibration signals are examined, four 
different situations can be seen. In this study, vibration signals 
obtained from different operating frequencies (ie 5Hz, 10hz, 
15hz and 20hz) of input machines have been used.  

CNN Network 
From Scratch

Vibration Signal Dataset

Transfer Learning 
with VGG16

Transfer Learning 
with VGG19

Comparision of 
the three outputs

 
Fig. 4. The block diagram of the proposed approach 

A. CNN Network From Scratch 
The CNN model of deep learning architecture is often used 

in image classification applications. The vibration signals 
obtained in this study are first recorded as images. The signal 
recorded as the image is passed through the preprocessing step 
to improve the signal. The signal obtained as a result of the 
preprocessing is segmented by a certain number of bands. In 
this study, the signal data is 400 pixels wide and divided into 
100 segments. Each of the segments forms the data of the 
training set. In the signal data, four different categories of 
signals were used. This signal data was then trained in the 
CNN model developed and feature extracted with a Softmax 
function to identify the type of vibration fault [2, 21-22]. The 
signal types used in this study are normal, ball, inner race and 
outer race. 

The developed CNN model is summarized in Fig.5. The 
size of the vibration signal images initially taken as input is 
128x128 pixels. In the proposed model, 70% training data and  
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Fig. 5. The proposed CNN architecture 

 

 

 

 

30% test data were used. The network is trained with 10 
iterations. When the model is trained, not all data are trained 
at the same time. Therefore, the data is tested by taking the 
data as specific sections. As the number of iterations increases, 
network performance increases. However, after a certain 
value, the learning status of the network is greatly reduced. 

B. VGG16 Model 
VGG16 is a 16-layers network used by the Visual 

Geometry Group at the University of Oxford to achieve state-
of-the-art results at the ILSVRC-2014 competition [23]. The 
main feature of this architecture is the increased depth of the 
network. It is a simple network model and the most important 
difference from the other models is the use of convolution 
layers with 2 or 3. As in other models, the height and width 
dimensions of the matrices decrease from input to output, 
while the depth value (the number of channels) increases. In 
VGG16, 224x224 RGB images are passed through a 5-block 
convolution layer consisting of an increasing number of 3x3 
filters per block. The convolutional layer entries are filled in 
such a way that the spatial resolution is maintained after 
convolution. The 5-block convolution layers are followed by 
three fully bonded (FC) layers. The last layer is a soft-
maximum layer that gives class possibilities. The full model 
is shown in the Fig. 6.  
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Fig. 6. The VGG16 architecture 

C. VGG19 Model 
It is a deep learning model consisting of 5 averaging layers 

and 16 convolution layers ending in 3 fully connected layers 
and defined by ReLU activation functions [24]. In the model, 
information is very important, and by using max-pooling in 
the CNN, we are removing multiple pixels of the previous 
layer and only holding the highest values. It may be better to 
use the average partner for this because at least it uses all the 
data to obtain the average. Consequently, it produces 
representations of the average value. The architecture of 
VGG19 model is shown in the Fig. 7.  
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Fig. 7. The VGG19 architecture 

IV. EXPERIMENTAL RESULTS 

Deep learning-based methods have been used in this study 
to determine whether the machine is faulty by examining the 
vibrations created during the operation of the bearing 
machines and also to determine the type of fault if the machine 
generates a faulty signal. In this study, fault diagnosis is made 
by using vibration signal images. The scope of the study 
classified the type of fault with learning to transfer from 
scratch with a CNN network VGG16 network, and VGG19 
network. The VGG16 network and VGG19 netwrok have 
completed the classification using pre-trained Imagenet 
weights. However, instead of using 1000 class softmax, 4 
class softmax (inner race, outer race, ball and normal) is used. 
VGG16 network and VGG19 network are used as feature 
extraction for a simple classifier. In this study, 400 training 
data, 320 verification data, and 160 test data are used. In 
addition, the studies have been completed with 50 iterations 
and 16 batch sizes of Keras and Tensorflow libraries. 

 
Fig. 8. The accuracy rate performance of CNN from scratch 

 
Fig. 9. The loss rate performance of CNN from scratch 

 
Fig. 10. The accuracy rate performance of VGG16 transfer learning 

 
Fig. 11. The loss rate performance of VGG16 transfer learning 

 
Fig. 12. The accuracy rate performance of VGG19 transfer learning 

 
Fig. 13. The accuracy rate performance of VGG19 transfer learning 

TABLE II.  PERFORMANCES OF THE PROPOSED APPROACHES 

 Accuracy rate (%) 
CNN network from scratch 25 

VGG16 transfer learning  93 

VGG19 transfer learning  95 
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As observed from the experimental results, the accuracy 
obtained with respect to the classification of vibration signals 
with the CNN architecture from scratch is lower than the 
accuracy obtained with the VGG16 and VGG19 transfer 
learning methods. Thus, the transfer learning method 
vibration signal classification model with the VGG16 and 
VGG19 models have been obtained with very high accuracy 
and low loss rate. While the accuracy rate of CNN network 
from scratch is 25%, the accuracy rate obtained by the VGG16 
transfer learning method is 93% and the loss rate is 0.17%. 
The accuracy rate obtained by the VGG19 transfer learning 
method is 95% and the loss rate is 0.13%. As it is understood 
from the results, VGG19 architecture has given the most 
successful results compared to other methods. the VGG16 
architecture has produced very successful results. 

V. CONCLUSIONS 

Deep learning is quite common in recent years when it 
comes to object classification. In particular, CNN architecture 
produces highly successful results in image processing 
applications. Bearing machines produce a vibration signal 
during normal operation. The vibration signal generated in 
case of failure of the bearing machines also varies. In this 
study, deep learning-based approaches are used to determine 
whether the signal is defective or not, and if so, which type of 
fault it is. Deep learning approaches used to create a CNN 
network from scratch and transfer learning methods with 
VGG16 and VGG19 models. As observed from the 
experimental results, the accuracy obtained with respect to the 
classification of vibration signals with the CNN architecture 
from scratch is lower than the accuracy obtained with the 
VGG16 and VGG19 transfer learning methods. The transfer 
learning method of vibration signal classification with the 
VGG16 and VGG19 models have been obtained with very 
high accuracy and low loss rate. The accuracy rate obtained 
by the VGG16 transfer learning method is 93% and the loss 
rate is 0.17%. The accuracy rate obtained by the VGG19 
transfer learning method is 95% and the loss rate is 0.13%. 
The accuracy rate obtained by CNN network from scratch is 
25%. All three methods have been compared in terms of 
classification performance. Each method is executed 10 
iterations and 16 batch size. It is run with Python 
programming language.  
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Abstract— Unmanned aerial vehicles (UAVs) are devices 
that carry the appropriate equipment and have automatic 
management with software or via remote control. The use of 
UAVs in civil, military and scientific fields is rapidly becoming 
widespread throughout the world. The reason for this increasing 
demand for UAVs is that it has a wide usage area and reduces 
errors, costs, time and labor. With its advantages, it seems that 
it will increasingly occupy agendas of national. With today’s 
technological developments, smart cities benefit from UAVs. In 
addition to the advantages of using UAVs in daily life, it also 
causes some problems. The most important of these is the 
security problem. Safety vulnerability during the use of UAVs 
can lead to the loss of money and time and can disrupt the 
reputation of the city and the country. The aim of the study is to 
analyze the cyber attacks that UAVs may encounter with the use 
of UAVs in smart city applications and to make 
recommendations for preventing such attacks. 

Keywords— smart city, unmanned airal vehicles, cyber 
security 

I. INTRODUCTION 

Technological developments in recent years have 
undoubtedly changed human life to a great extent. Cities take 
their share from this change in human life. Cities that  are open 
to growth, innovation and changes with their dynamic 
structures are in search of a smart system that provides for the 
needs of increasing populations easily and reliably. Smart city 
projects are brought to the agenda in order to use the resources 
of cities, which are social and economic centers of attraction, 
effectively and to improve quality of life. Many smart city 
projects benefit from the data obtained from the use of 
unmanned aerial vehicles (UAVs). In the smart city, UAVs 
capture images with their cameras and collect temperature, 
humidity, motion, etc. data with appropriate sensors. 

UAVs are devices capable of remote management by 
remote control or software. The main body consists of the 
frame, wings, propeller, motor and battery, electronic sensors 
that occur the control unit, communication electronics and 
sensors and cameras according to the purpose of use. 

The first pilotless aircraft was used by the US in 1793 for 
observations and research. The first use in air strikes was 
August 22, 1849, when 200 unmanned balloons of Austria, 
including time-bombs, were sent to Venice [1]. 

The use of unmanned aerial vehicles in the defense 
industry and the military field is aimed to prevent pilot loss, to 
minimize human error and to reduce the need for manpower 
and so benefit from this power in other areas. UAVs are usable 
in studies such as bomb or missile air attacks (in the military 
field), border control, mine screening and destruction, combat 
search and rescue and for chemical, biological and 

radiological screening. In except for the defense industry and 
military areas, cameras or sensors integrated in the device are 
available for various fields such as agriculture, natural disaster 
situations, traffic management etc.  

UAVs transfer collected data to data processing centers, 
thanks to wireless communication technologies such as 
wireless Wi-Fi, ZigBee and Bluetooth. The integrity and 
security of this data are of paramount importance during the 
transfer, as the seizure of data by third parties or any loss of 
data can be dangerous, as well as disrupt the work to be done. 
It is highly possible that such dangers may occur at a time of 
increased cyber attacks. 

This study evaluates cyber threats and measures to be 
taken against UAVs used in data collection. The Chapter II 
part of the study discusses the concepts of the smart city with 
UAVs and describes the usage areas of UAVs in smart cities. 
In Chapter III, there are studies about the use of UAVs in 
smart cities. The Chapter IV includes a cyber security analysis 
and cyber attack measures in UAVs and finally Chapter V 
concludes the study. 

II. SMART CITY AND UNMANNED AIR VEHICLES 

A. Smart City Term 

The concept of the smart city has emerged from the desire 
for smart solutions to the problems experienced by dynamic 
cities, that is, long-term solutions that can solve problems 
from their origins and the desire to keep up with technology 
and be ready for the future. This concept aims to make use of 
technological solutions for the benefit of people in order to 
make cities more sustainable, livable and safe in an 
increasingly digitalized world. 

The principle of integrating information communication 
technologies into local government services in order to 
increase the living standards of the people living in the city is 
to ensure more efficient management of city resources. For 
this purpose, smart cities; It is known as the safe, reliable, 
predictable, environmentally and productive urban centers of 
the future, which are integrated with various sensors, 
electronic devices, visual devices and networks.  
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Fig. 1.  Use of UAV in Smart Cities  

B. Unmanned Air Vehicles 

UAVs are remote-controlled aircraft capable of carrying 
equipment according to purpose. UAVs can be classified 
according to their technical characteristics and purposes. 
According to Article 8 of the Chicago Global Air Traffic 
Management Operational Concept, UAVs are non-pilot 
vehicles [1]. 

The reason for the widespread use of UAVs is that they 
have the advantage of overcoming a number of problems, 
thanks to technology. Problems such as the weight burden of 
the crew on the aircraft and the limited ability of humans are 
eliminated with UAVs. An important advantage is that they 
prevent human loss. To train an experienced pilot, training 
time and costs are high. The loss of a trained pilot and, most 
importantly, the likelihood of a human loss are major 
problems.  

 UAVs, which are also suitable for the concept of the smart 
city, will provide deep-rooted solutions in line with the needs 
of the city and people and facilitate the standard of living. In 
this direction, studies on the use of UAVs in smart city needs 
are available and actualized in line with these needs. 

Fig. 2. Unmanned Aerial Vehicle Components 

C. Use of Unmanned Aerial Vehicles in Smart Cities 

UAVs in smart cities may be used in: traffic management; 
disaster management; agricultural management; monitoring 
gas leaks; first aid; as air pollution measuring devices; they 
can serve in many areas as base stations; lessening traffic 
congestion by sending information to the relevant 
departments; facilitating the work of law enforcement 
agencies; and detecting illegal behavior in traffic [2]. In 
natural disasters such as fires, floods and earthquakes it is 
possible to find a way to reach people in areas difficult to reach 

and guide search and rescue units. They can also speed up 
recovery studies by conducting needs analyses of regions  [3]. 

Agriculture is one of the areas that hears the most about 
the need for manpower. There are many stages, such as 
manuring, irrigation and spraying. During these stages, UAVs 
can provide a faster and more orderly control mechanism, 
without the need for manpower. Sensors can report the 
irrigation and fertilization times of plants. They can provide 
information about spraying time with photographs by 
providing remote control of plants [4]. 

For injury, heart attacks, after an accident, or in cases of 
discomfort, a drone can be used for first aid. Until the health 
care team arrives, information about the patient’s condition 
can be obtained from the drone and the actions to be taken in 
first aid can be performed without loss of time [5]. 

Sensors measure airborne contamination, but the data  
obtained with the sensors are only data of the areas in which 
they are located and they fail to collect data at long distances. 
Instead, All weather can be controlled by a sensor integrated 
in the UAV [6]. 

III. RELATED WORKS 

In this section, studies related to the use of UAVs in smart 
cities are discussed. 

A. Drones for Smart Cities: Cyber Security, Privacy and 
Public Security Issues 

The study  focuses on the technical characteristics and 
openness of important UAVs known for their integration into 
smart city work on cyber security. Below are technical 
characteristics and clarities  of the known major UAVs.  

The Parrot AR Drone 2.0 was developed by a French 
company to take pictures and videos. It was used to detect 
suspicious devices and objects using the Kalman Filter [7] [8]. 

The Bebop Drone is manufactured by Parrot. An important 
feature is that one can select the country in the network 
settings of the application. Because the FTP server always has 
vulnerability in data transfer, attacker are easily accessible of 
data. 

Phantom 2 Vision have been founded by DJI. It has  been 
developed for aerial photography. Access to data packets and 
GPS coordinates is vulnerable to attacks. 

 The 3D Robotic Solo Drone is produced by 3D Robotics 
and is the world’s first smart drone. Because the network name 
is clear, it is easily understood that the Solo drone is the 
network . Therefore, an authentication attack is available [9]. 

B. Unmanned Aerial Vehicle Applications in Future Smart 
Cities 

In this study, the use of drones in smart cities is mentioned. 
The possibilities of using drones in the city were discussed and 
their disadvantages were discussed.  

Drones takes part in smart city projects in many areas, such 
as traffic monitoring, emergency health services, public 
safety, agricultural management, tourism support, disaster 
management, air transportation and cargo. Using airspace 
increases mobility, avoiding congested areas and using faster 
routes. Companies such as Amazon and DHL have begun to 
develop and test this concept [10]. It  can be used as a UAV 
taxi. 
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While there are advantages to using UAVs in many 
services, there are issues that need to be addressed, such as 
security, confidentiality, communication, cost efficiency, 
licensing, legislation and business adoption [3]. 

C. A LoRa with Unmanned Aerial Vehicles in Smart Cities 
Based Air Quality Monitoring 

One of the efforts to prevent air pollution involves 
positioning sensors in specific areas to measure air quality in 
the environment. Sensors measure airborne contamination, 
but the data obtained with the sensors are only data on the 
areas in which they are located and they fail to collect data 
from long distances. Instead of fix sensors, air  can be 
controlled by the sensor integrated in the UAV. 

 Thanks to the study, data collection from far distances has 
been realized and data management has become much easier, 
using less manpower [6]. 

Fig. 3. Use of UAV in Smart Cities 

D. Drones in Smart Cities  

The study  provides information about the use of UAVs 
according to the needs of the society. With an increasing 
population, it is desirable to carry out a number of studies for 
community control. 

The use of drones as courier Google X has been working 
on the drone delivery program “Project Wing” since 2012 
[11], providing control of fire and other disasters, assisting law 
enforcement officers in search and rescue operations, 
providing control of traffic flow and aiming to minimize the 
risk of accidents. The decision to distribute drones for traffic 
monitoring and road accidents in Dubai is mentioned in its use 
as a taxi in transport [12], but despite the many benefits of 
drones, serious difficulties such as privacy and security are 
mentioned [13].  

IV. CYBER SECURITY ANALYSIS IN UNMANNED AIR 

VEHICLES 

In the studies given in Chapter III, it has been observed 
that there is a common problem in the use of unmanned aerial 
vehicles in smart cities. The problem is safety when using 
UAVs. Despite the advantages of UAVs, safety issues need to 
be addressed. 

As the range of UAVs expands, safety, privacy and 
integrity concerns arise. Notwithstanding their advantages, the 
control of a third party can lead to disaster. People’s daily lives 
can be monitored and the third party can have a lot of special 
information about them. They can also be used to harm, 
causing loss of life and property. In its simplest form, an attack 
may cause disruption of service. 

UAV scheduled  for the types of attacks: 

Wireless network devices such as Wi-Fi, ZigBee and 
Bluetooth integrated on UAVs can be managed remotely and 
data can be shared. Besides the advantages of wireless 
network technology, it is also seen as an attack target. The data  
received from drones is transferred with the database server 
via a wireless network connection. An attacker can target the 
wireless network used to access the data and target the server 
where the data are stored, the application, or the computer 
where the remote management is provided. 

A. Cyber Attacks on the Communication Network  

UAVs used in smart city projects use sensors, cameras and 
network technologies to transmit data. The confidentiality, 
integrity and accessibility of the data during data transfer are 
extremely important for the operation of a project. There are 
attacks on the network from components of UAVs. 

The most common attacks over the network are Denial of 
Service (DOS)/Distributed Denial of Service (DDOS) attacks. 
DOS are attacks that access the devices on the target network 
from a single IP, causing a disruption of timed or indefinite 
service. DDOS is an attack on target network devices over 
multiple machines. The purpose of the two attacks is to slow 
down the target system operation and eliminate accessibility. 
To prevent such attacks, load balancers outside the firewall 
must be in front of the servers. Load balancers distribute 
incoming work equally to service providers or according to 
certain rules [14]. This prevents a server from overloading and 
ensures optimal system operation. Load balancing devices 
also prevent live interruptions by sharing live traffic with other 
servers in a DOS/DDOS attack or in a malfunction. It is also 
possible to restrict incoming requests to rules. 

During an Australian triathlon, where a UAV was 
photographing the contestants [15], the UAV lost control, 
injuring an athlete. Research has reportedly been manipulated  
by a GPS spoofing attack [16]. 

UAVs are not always a target but can also be used as an 
attack tool. For example, Sensepoint, a London security firm, 
has developed software running on UAVs by accessing 
devices that connect to Wi-Fi in busy areas such as airports, 
railway stations and restaurants. They reported stealing 
personal information with this software [17]. 

1) Man Attacks in The Middle: Man attacks in the middle 
(MITM)  are types of attacks in a network where the 
connections between network elements are listened to and 
changes can be made. The attack is made using the openings 
of the Address Resolution Protocol at level 2 of the OSI layer. 
The MITM can listen to all network traffic from the moment 
he succeeds in the attack [18]. To protect against MITM 
attacks, the wireless network must be provided with a strong 
password with at least 8 characters, uppercase, lowercase and 
mixed characters such as @, ?, #, %, +, - and %. The MAC 
addresses in the gateway must be fixed, that is, a static ARP 
table. The traffic flowing through the network must be 
encrypted with encryption algorithms. 

2) SYN Flood: The attacker heavily sends SYN requests 
to the target system. The attacker appears to be an innocent 
client and requests a TCP connection to the server. The 
operating principle of the TCP protocol is based on a three-
way handshake. The client performs the first and last step of 
this method. The first step indicates that the client wants to 
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establish a connection by sending a SYN packet to the server. 
The server sends SYN and ACK packets to the client and waits 
for the ACK packets. Since the attacker did not complete the 
last step and made very intense requests during this time, a lot 
of open connections occur on the server so that the server 
service stops after a while [19]. To prevent a SYN Flood 
attack, SYN requests from a client can be restricted. A firewall 
and intrusion detection system can be used, with protection at 
the routing level [20]. 

3) ACK Flood: Generating a large number in response 
sends SYN-ACK packets on the Internet and proxies and 
attacks occur with multiple SYN packets sent in return. 
Generating a large number of responses sends SYN-ACK 
packets on the Internet and proxies, with a large number of 
SYN packets sent in repitetive. Intrusion detection systems 
and firewalls should be used, protection should be provided at 
the routing level and the timeout value should be reduced. 

4) RST/FIN Flood: Attackers send highly RST and FIN 
packets to the firewall that do not belong to any session to the 
status tables. RST or FIN Flood attacks run out of resources  
when attempting to compare packets of the target 
server/firewall. With the depleted resources, the attack is 
successful. 

5) ICMP Flood: DDOS attackers send high-capacity 
fraudulent ICMP packets over the source IP range. The 
resources on the target network cannot withstand a large 
number of incoming ICMP packets and the network goes 
offline. Intrusion detection system and firewall should be 
used, protection should be provided at the routing level, the 
timeout value should be reduced. 

6) UDP Flood: DDOS attackers send high-capacity 
fraudulent UDP packets over the source IP range. The target 
network starts to crash from high capacity and high number of 
incoming UDP packets and the flood forces  the existing target 
network to shut down (routers, firewalls, IPS/IDS devices, 
WAF and servers) [21]. Intrusion detection systems and 
firewalls should be used, protection should be provided at the 
routing level and the timeout value should be reduced. 

7) PING Flood: Attackers send variable and high-
capacity fake pings to the target device (ICMP echo requests). 
The sent ping packets fill the target network and force the 
target to go offline. Intrusion detection systems and firewalls 
must be used and protection must be provided at the routing 
level [18]. 

8) DNS Flood DNS Amplified: Attackers initiate UDP 
floods with variable DNS packets. Attackers send valid but 
fraudulent DNS packet requests from large IP groups with 
very high packet rates. The DNS server on the target may 
crash after heavy incoming requests. An intrusion detection 
system should be used. 

9) Random Recursive Get: This attack is done with GET 
requests. The GET requests sent to the web sites are sent with 
a fake reference code and description and a large number of 
requests are sent. These demands make the site inaccessible 
by increasing  the server CPU. 

10) HTTP Fragmentation: Attackers establish a valid 
HTTP connection to the web server. An attacker could use 
multiple resources to pressure web applications, causing the 
system to crash. 

11) NTP Flood:  In an NTP flood attack, attackers send 
fake NTP request packets. The server can’t cope with the 
intensively sent packets and the result is offline. 

12) GPS Spoofing Attacks: A GPS fraud is an attacker 
misleading the GPS receiver by emitting a fake GPS signal. 
The targets of GPS spoofing attacks are all vehicles with 
navigation (e.g., cars, ships, planes) and UAVs. Each satellite 
emits a continuous signal bearing the satellite code and full 
signal transmission time information. The devices receive 
these signals and analyze the exact transmission time of the 
signals to calculate the distance between the device and the 
satellite. Since the satellite coordinates are specific, it is 
possible to determine the position of the device, but the 
satellite signal can be suppressed when a strong transmitter is 
placed near the device, since the signals emitted from the 
satellite are weakened when they hit the earth [8]. Multiple 
antenna distributors and beamforming technology can be used 
to prevent GPS spoofing attacks [23]. With these 
technologies, the attack is prevented and its signal is separated 
from the surrounding parasites and determines its own 
direction and signal continuity is ensured. Another suggestion 
is the GPS firewall. By entering rules about the GPS data 
received in the device, it allows data transmission only from 
specified satellites to prevent external GPS attacks. 

13) Brute Force Attacks: Brute Force attacks are a type 
of cryptography attack that attempt to capture the victim’s 
password manually or with software. The password of the 
wireless network to which the UAV is connected must be very 
strong and have a minimum of 8 characters. Although the 
attacker does not have any data, the attacker tries to obtain the 
correct password by trial and error. The attacker’s possession 
of a strong and comprehensive list of passwords and how 
strong the method the user is using  are the factors that affect 
the attack. In order to protect against Brute Force attacks, the 
wireless network password to which the UAV is connected 
must be generated to be non-meaningful and consist of strong 
and complex characters. Attacks can be blocked with multiple 
validations other than the network password. In order to 
minimize such attacks, certain legal arrangements have been 
made in countries regarding the use of UAVs. Transportation 
Maritime Affairs and Communications Ministry connected to 
the Civil Aviation General Directorate  in Turkey follows this 
legal arrangements [24]. In the United States, UAV flight 
conditions are regulated by the Federal Aviation 
Administration (FAA), a “federal” affiliated with the US 
Department of Transportation [9]. 

B. Attacks on the Application and the Database 

1) Trojan Horse Virus: Trojan horse viruses are attacks 
that damage the system by accessing the target computer 
through a program or software. The virus settles in the 
computer while the user unwittingly surfs the web or installs 
malicious software with a program, USB, or flash disk. From 
the moment it settles into the malicious system, it can multiply 
and make all the commands it wants. If the user is a system 
administrator, viruses can access the system by taking over the 
computer. 

To prevent such attacks, capable antimalware and 
antivirus must be present on all network devices. Antimalware 
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runs intuitively, protecting systems against next-generation 
problems and unexpected attacks. Antivirus works on a 
signature basis and protects against known attacks. Users 
should not enter any untrusted sites or install unlicensed 
programs. Of course, the most important thing to be done is to 
find and eliminate the relevant deficit. 

2) Structured Query Language Injection: SQL is a 
language for performing specific commands in databases. If 
there is a web interface where the UAV is managed and data 
are monitored instantly, it is possible to be exposed to SQL 
injection attacks. In the URL, the database can be accessed by 
performing SQL injection over any parameter. Therefore, 
weakness in the code of the application should be closed as 
much as possible. All parameters received from the user 
should be restricted according to the information to be 
received: only the number or letter and  length should be allow 
certain meta characters [25]. 

C. Attacks on UAV Managers 

The management team and devices in the background, 
which control the remotely-managed UAV, need to have 
communication on a clean network. The attacker does not 
need to target only the UAV to access the data. 

Passwords of system administrators  often must be 
changed. System logs must be maintained within specified 
time periods. Not all administrators should connect to systems 
from the same account and all should set strong passwords. A 
firewall must be used to protect the networks of servers and 
connected system administrators that hold UAV data. The 
network must be made inaccessible by writing the necessary 
rules on the firewall. Unused ports should be closed, network 
traffic should be examined and a black list should be prepared 
from IPs that are found to be harmful. Firewall reports should 
be routinely examined and interventions should be done 
according to the outputs. 

A firewall is a security software that protects the network 
through specific filtering by listening to the entire network. 
For example, thanks to the rules, no machine can “unawarely” 
connect to devices on the network remotely. It is important to 
create the correct rules on the firewall. The internal network 
used becomes more secure if rules are created with the logic 
of “block everything” on the firewall, with the logic of 
allowing for what you need. 

D. Phishing (Social Engineering Attacks) 

People are the weakest link in security attack targeting. 
This method is an attack that captures information by 
exploiting technology or deceiving people regardless of 
technology [26]. It is the most likely and most dangerous 
attack, because it is the most dangerous factor for security, 
besides human capabilities. Even if all necessary safety 
devices are present, all precautions are destroyed if the user 
makes any errors. Social engineering attacks capture the user 
and system with methods such as creating weakness of 
perception, targeting well-intentioned or unconscious users, 
doing what the attacker wants with rewards and promotions, 
or benefiting from remarkable fake e-mails. In order to 
prevent social engineering attacks, it is necessary to raise 
people’s awareness of them and increase awareness of 
security. Awareness training, interesting posters and 
brochures can help inform about the subject to people. 

 

TABLE I.  CYBER SECURITY THREATS AND TARGET NETWORKING 
COMPONENT  

No 

Threats And Target Networkıng 
Component 

Attack Type 
Target UAV 
Component 

1 MITM Network, Data 

2 SYN Flood Network 

3 ACK Flood Network 

4 
RST/FIN 
Flood 

Network 

5 ICMP Flood Network 

6 UDP Flood Network 

7 PING Flood Network 

8 
DNS Flood 
DNS 
Amplified 

Network 

9 
Random 
Recursive Get 

Application 

10 
HTTP 
Fragmentation 

Application 

11 NTP Flood Network 

12 
GPS Jumping 
Attacks 

Network, Data 

13 
Brute Force 
Attacks 

Manager,Application 
and Data 

14 
Trojan Horse 
Virus 

Manager,Application 
and Data 

15 SQL Injection Server, Data 

16 
Phishing / 
Social 
Engineering 

Manager, Data 

V. CONCLUSIONS 

It is expected that UAVs will fill the skies in the future and 
types of cyber attack methods will increase. In addition to 
countermeasures by device manufacturers, goverment  may 
also need to take joint action against possible attacks. 

In this study, the use of UAVs in smart cities and types of 
cyber attacks against UAVs are discussed. Attacks due to 
security gaps during the use of UAVs in smart cities and 
measures that can be taken against this are also included. The 
increase in the use of UAVs in smart cities is expected to 
increase the diversity of attacks. It is sensitive to the attacks 
on UAVs, used to make life easier in cities and it is understood 
that this issue should be considered. It should be remembered 
that attackers can harm individuals, institutions and even 
nations by targeting information. 

Measures should be taken to ensure that data do not fall 
into the hands of a third party and to ensure the confidentiality, 
integrity and accessibility  of the data. Apart from the legal 
sanctions imposed by countries to deter aggressors, measures 
are mentioned and recommendations are made in the study. 
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Abstract—mManagement is new area for managing the 

business and human resource tasks that offers services by 

advance communication technologies and smart devices. 

Attendance is a hectic and time-consuming process in our daily 

lives. To resolve this, we proposed and developed a fully 

automated android smartphone application. It marks and 

tracks attendance as mManagement solution with an additional 

Wi-Fi hotspot feature. The objective of our application is to 

optimize the performance of taking attendance in an efficient 

and effective way. It reminds the students/attendees about 

timings of upcoming class via broadcasting a notification to 

attendees of that specific class. The app not only notes the 

attendance, but also track the presence of attendee, by 

automatically marking their attendance at predefined intervals. 

To evaluate our application, we tested the app in small 

conference halls, and it out-performed many existing android 

applications, especially applications based on Bluetooth 

connectivity. Our app works over the coverage area of 

maximum 24.5 meters radius in closed area, by marking 

attendance of 10 attendees simultaneously.  

Keywords—attendance, smartphone, Wi-Fi hotspot, 

mManagement 

I. INTRODUCTION 

Digital transformation has evolved the world in health and 
social care, agriculture, commerce, communication, and 
management. The advancement in technology transforms the 
management services into eManagement but with the advent 
of smartphones and cloud computing services, it significantly 
replicates the existing eManagement into new mManagement 
services and system. Enforcement and implementation of 
eManagement became the mainstream in 21st century [1], and 
now transforming into mManagement. It enables the 
managers to oversee the business objectives, effortlessly 
manage the operations, and optimize the business. Thus, 
reduces the cost by employing advance technologies and 
applications. These applications manage events, file sharing, 
accounts, attendance monitoring and many more. 

As smartphone users are increasing enormously, tech 
research companies invested $1.3 trillion on digital 
transformation technologies in 2017, and estimated to surpass 
$2.1 trillion globally in year 2021 [2]. Among smartphone’s 
operating systems, Google Android is most widely used 
around the world due to its open source platform. Smartphone 
applications (commonly referred as “apps”), are 
acknowledged as fastest growing trends in Information 
Systems industry [3]. As smartphone platform continue to 
improve, it provides vast features that ease the workload. 
Therefore, programmers have developed millions of 
applications, covering vast domains such as healthcare, 
interactive games and social networking, communication and 
management.  

Among different management issues, attendance is the 
vital component of any business or schooling. Attendance 
plays a pivotal role in student’s success and its management 
distinguishes between the regular and absentees. On the other 
hand, employees’ attendance record matters a lot in 
preparation of pay slip and annual leaves. To deal with the 
attendance record efficiently and correctly different 
techniques and methods have been evolved with the passage 
of time. 

Most of the approaches mentioned in next section of this 
paper demand manual work or extra infrastructure. Therefore, 
we developed an android-based attendance application that 
does not rely much on manual effort. It not only keeps the 
record of attendees (students) but also broadcast a notification 
message to them about upcoming lecture timing. 

The main aspect of the proposed and evolved application 
is to optimize the performance of attendance marking task. 
The primary objective achieved by this application is 
incorporation of the remarkable Wi-Fi Hotspot feature. 
Therefore, it no longer requires any extra infrastructure. 

The rest of paper constitutes four more sections. In next 
section, we outlined the related applications and their 
significance. Section 3 defines the proposed architecture while 
section 4 describes the implementation details and some 
testing results. The paper ends with the concluding remarks in 
last section. 

II. RELATED WORK 

As interaction with business via smartphone applications 
becomes more appealing, programmers developed a vast 
number of eManagement applications and solutions for 
smartphone users. Google app store provides platform to 
developers to build application and place it on store for 
customers and users. Majority of the present applications 
available for attendance automation either require manual 
work or based on Bluetooth connectivity.  

 As per our research regarding smartphone attendance 
applications on Google Play store, we found very few based 
on automatic attendance system. Table 1 lists top most rated 
(in descending order, based on Google Play store user rating) 
applications on Google Play store related to attendance 
tracking and process. 

Most of the apps listed on Google Play store based on 
manual attendance while only few of those take attendance 
automatically via Bluetooth connection or QR-code scanning 
feature such as “Bluetooth Attendance”. Others like 
“Attendance Keeper” and “Attendance Tracker” target the 
enterprise and business attendance system by tracking the 
location of employees through internet and with the help of 
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Global Positioning System (GPS) chip, installed in 
smartphone, thus requiring expensive internet connection all 
the time. Apps as “Home Office” mark off the attendance of 
employees when pre-registered device of employee connects 
to specific router, installed at office, thus needs extra 
infrastructure.  

TABLE I.  LIST OF SIMILAR ANDROID APPLICATIONS 

Serial 

No. 

Android Application Details 

Application name Developed by 

1 Attendance Manager Vipul Gupta  

2 Attendance Taker Ferid Cafer 

3 Attendance Register (Student/Staff) Rudra Nirvan 

4 SAM – Scan Attendance Manager ShmoopySoft 

5 EMS – Attendance Manager SR Group 

6 Bluetooth Attendance Mihar Dhakan 

7 EMS: Attendance Manager Droid Tech 

8 Attendance Tracker – Helpika Geekstairs Tech 

9 Attendance Tracker for Students CrossNibble Tech 

10 Attendance PeterMan Apps 

11 Attendance Tracker PeterMan Apps 

 

Despite many features such as importing students list, 
exporting attendance sheets, and statistical view of attendance 
record, it is worth noting that large portion of these 
smartphone applications involve much human interaction, 
specially the apps with the feature of manual attendance. The 
major drawback of these apps is that few of them ask for 
expensive internet connection all the time, while others need 
extra hardware.  

Apps with Bluetooth connectivity limits the slave nodes to 
seven (number of simultaneous connections at one time) and 
also work in shorter coverage range around nine meters [4]. 
As the research suggests that, none of the above-mentioned 
apps exploited the Wi-Fi hotspot feature for conducting the 
attendance. 

III. THE PROPOSED APPROACH 

After investigating the laggings and shortcomings in 
attendance applications and techniques mentioned above, we 
proposed the architecture of attendance application as 
depicted in Figure 1. Keeping in view the hardware 
requirements, communication, processing, and smart phone 
development platform demands, we sub-divided the 
architecture into three components (teacher/manager, 
student/attendee, and cloud computing). 

A. Students/Attendees 

The attendees shown in Figure 1 are students with smart 
phones that receive notification alerts about the specific 
course class in which they are enrolled. Firstly, the attendee 
registers him/herself with proposed attendance application 
named as Smart Attendance. In order to receive course class 
alerts, student needs to subscribe at cloud computing services 
by specifying the course details. Once the student becomes 
valid attendee, he/she can mark the attendance while sitting in 

class with the click of a button. We outlined the attendance 
marking procedure in next section. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The proposed arhitecture 

B. Teacher 

In architecture depicted in Figure 1, the teacher 
(component) is core of the system. A teacher requires signing 
up with developed mManagement platform. Afterwards, for 
one time only, at the start of each term, the teacher has to 
specify the details of course such as course title, course name, 
course delivery days, and list of students from which 
attendance is required. The proposed application provides 
three difference options to specify the details: (1) manually 
enter the course details and each student of that class, (2) 
import file in predefined format from smart phone’s local 
memory, (3) or download from cloud storage service, and 
proposed mManagement application takes care of the rest. 

Once the course details are added, and students (attendees) 
are subscribed to that course using free cloud-computing 
services, the application will notify all attendees about 
upcoming class, so that they do not miss it. 

In first class, the teacher shares the Wi-Fi hotspot name 
and password with the students, so that students can connect 
with teacher’s smartphone to mark attendance. At time of 
class, proposed smart attendance application reminds the 
teacher regarding attendance. Once the teacher press the 
button in application to start taking attendance, the Wi-Fi 
hotspot of teacher’s smart phone turns-on automatically. On 
other hand, student’s smartphones connects with the teacher’s 
smart phone over Wi-Fi hotspot and tags his/her attendance, 
and disconnects on its own. 

C. Cloud Computing 

In the world of technology, now a days, cloud computing 
is amongst the most powerful solution that lends the 
dynamically scalable and virtualized resources as a service. 
The cloud computing solution served in pay-as-you-go 
manner [5]. Top leading tech giants such as Google Cloud 
Platform, Microsoft Azure, Amazon Web Services, and IBM 
Cloud provide cloud computing solutions and resources 
among which intelligent resource pooling can reduce the cost 
but increases the utilization.  

We incorporate the Infrastructure as a Service (IaaS) of 
cloud computing with our proposed attendance application to 
utilize the storage space and processing power. The cloud 
services store the user’s information (both teacher and 

Students 

Teacher 

Cloud Computing 
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students) which can be retrieved while sending the course 
notification alerts. The service handles user’s registration, 
authentication, notification broadcasting, and updating the 
attendance record or downloading the course details (such as 
course code, course title, course class delivering days and 
times, course duration) if requested by teacher via our smart 
phone application.  

IV. IMPLEMENTATION 

This section covers the workflow and implementation of 
proposed architecture, its usage and methods employed. 
Biyodata Teknoloji San. Tic. Ltd., Turkey, supported in the 
development of this application as a part of research thesis [6]. 
We developed this Smart Attendance application in Android 
Studio, an open source development tool provided by Google 
[7]. While designing and developing the application, we 
targeted 94.8% of Android smart phone users [7], by setting 
the minimum Software Development Kit (SDK) to 
Application Program Interface (API) 16, which is Android 
4.1, Jelly Bean.  

The developed application is fully automatic that marks 
the attendees’ attendance by establishing connection over 
teacher/manager’s Wi-Fi hotspot. It marks the attendance over 
data communication channel via socket programming. The 
application interacts with users in two modes: (1) 
Teacher/Manager mode, and (2) Student/Attendee mode. 
Initially, in both modes, application requires name, email 
address, teacher/student identity number and password. 

 

 

Fig. 2. Flow chart of application 

 

Fig. 3. User interface for smart attendance application 

The application starts by registering the user and 
classifying as teacher or student as depicted in Figure 2. The 
teacher uploads/adds the course details along with registered 
students’ data.  

 

  
(a)    (b) 

 

  
(c)    (d) 
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Fig. 4. User interface for marking and viewing the attendance in our 

developed smart attendance application 

When the teacher starts marking attendance at lecture 
timing, concurrently, the students present in class respond by 
sending the attendance-marking request via developed 
smartphone application, by connecting with teacher’s 
smartphone Wi-Fi hotspot. 

As per our testing and findings, a smartphone Wi-Fi 
hotspot can simultaneously maintain 10 connections at one 
time. To attain the maximum number of connections, the 
designed application adopts the best principles of coding. Due 
to maximum connection capacity, student mode application 
might get connection-failed message while establishing the 
connection with teacher’s smartphone Wi-Fi hotspot. To 
avoid such issues, the attendee whose attendance is marked, 
his/her smartphone Wi-Fi connection disconnects 
automatically. If connection fails, the student’s app tries again, 
after interval of few seconds, to connect with teacher’s device 
for attendance procedure. 

Once the attendance is marked of a student, his/her 
smartphone Wi-Fi connection disconnects with teacher’s 
smartphone, and waits for some period of time (defined by 
teacher’s app) and then connects again with teacher’s device 

to show the students’ presence in the class. The Figure 3 and 
Figure 4 depict few of the layout of human-smartphone-
interaction and design interface of Smart Attendance 
application. 

The Figures 3(a) and 3(b) illustrate the login and sign up 
interfaces of our attendance app, in which user (either teacher 
or student) needs to enter his/her name, id, email and password 
for registration. Whereas, Figure 3(c) shows the layout form 
for teacher mode to add the course details manually or import 
it from local memory or internet. The form takes the course 
code, course title, course credit hours, course delivering day, 
its timing, duration, start and end date, and its location along 
with the list of students.  

The app also gives opportunity to the teacher to add, edit 
and delete the student details manually. An animated 
interactive layout screenshot in Figure 3(d) depicts the list of 
courses of specific teacher teaching in that semester. Once 
teacher clicks on any course among list in Figure 3(d), an 
animated layout displays the course details as shown in Figure 
3(e). 

The app displays a pop-up dialog box interface in teacher 
mode as a reminder to class, while showing the remaining time 
and location of class, as illustrated in Figure 4(a). When the 
teacher presses the “start attendance” button to take the 
attendance, the application promptly enables the Wi-Fi 
hotspot of his/her smartphone. Whereas, when students press 
the button on their application to mark the attendance, the 
application automatically enables the student smartphone to 
connect with teacher’s device over Wi-Fi hotspot.  

Once the attendance of student is marked, his/her device 
disconnects from teacher’s device for a certain period, so that 
other students devices have a chance to mark their 
attendances. For each student, attendance procedure 
automatically repeats to track the presence of attendees 
without any human interaction. In student mode app, service 
runs in background and connects with teacher’s device to 
remark his/her attendance over a certain period specified by 
teacher’s device at the time of first communication. 

While smart devices are marking the attendance, no 
human interaction is needed further. The teacher can see the 
on-going attendance on his/her device that displays the names 
of students who are still present in class. In teacher’s mode, 
app also shows the number of students absent and statistics of 
students’ presence in the on-going class as shown in Figure 
4(b).  

The Figures 4(c) and 4(d) depict the attendance record 
taken of Calculus course with features of sorting and selecting 
the attendance of specific date. It also displays the student who 
topped in attendance. The teacher can synchronize the 
attendance record over the cloud or also email the record sheet 
by click of one button (called floating button).  

The application also caters with the issue of proxy 
attendance, by checking if two persons’ attendance is being 
marked by same Wi-Fi MAC address in that lecture; it 
prompts an alert to teacher smartphone to oversee the issue. 
The developed app also authorizes the teacher to mark the 
student’s attendance manually who does not have smart phone 
or forgot to bring his/her mobile phone.  

We evaluated our app, and found that it outperformed 
many existing android attendance applications, specially the 

  
(a)    (b) 

 

   
 (c)     (d) 
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applications with Bluetooth or QR-code features. Table 2 lists 
the comparison results.  

TABLE II.  RESULTS COMPARISON WITH OTHER ANDROID 

ATTENDANCE APPLICATIONS 

Feature 

Android Smartphone Attendance Application  

Manual 

apps 

Bluetooth 

apps 

Apps with 

external 

Wi-Fi 

Our app 

Infrastructure No No Yes No 

Coverage Area 

(meters) 
N/A <9 0 – 40 0 – 24.5 

No. of 

simultaneous 

connections 

N/A 5 – 7 Unlimited Max 10 

Human 

interaction 
Much Normal Normal Less 

 

V. CONCLUSION 

The focus of the study is to develop an android smartphone 
application to achieve a better way of conducting human 
attendance. The main aspect of the application is to optimize 
the performance of attendance procedure without any extra 
hardware. We accomplished this objective by introducing 
built-in Wi-Fi hotspot feature to connect students’ smart 
devices with teacher’s smart phone. The experiments and 
results show that developed application outperformed many 
existing android applications with Bluetooth connectivity 
feature. The app works perfectly over a coverage area of 24.5 
meters radius and handles 10 simultaneous connections to 
mark the attendance. 
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Abstract—The most common way to monitor students’ atten-
dance is to let them sign the attendance list when they enter
the class. However, this wasn’t as effective because students were
able to sign under their friends’ names even if they were absent.
Also, passing the names list among students in a big class takes
time, and sometimes this sheet gets lost. This paper discusses
an effortless, convenient, efficient, and secure solution for both
students and teachers in order to solve such problems by using
fingerprint sensors and Xbee modules (Zigbee). Using this system,
via mobile phones or tablets, teachers can not only monitor
students’ attendance but also can remotely activate the system
and obtain detailed PDF reports of students’ participation.

Keywords—attendance, wireless, mobile app, fingerprint sensor

I. INTRODUCTION

Keeping a record of presence at schools or the workplace
is vital, and it should be maintained in a proper place. The
most common way to keep track of students’ attendance is
to let them sign the attendance list. However, this situation
causes the students to sign instead of other students, and the
course attendance list is not appropriately kept. Nowadays, at
work and business, a magnetic card is used for signing or
clocking in [1]. That’s how most companies keep track of
their employees. Using a card is flexible and practical, but
sometimes people lose theirs or get them damaged, and that
is one of the significant disadvantages of using this system.
The possible solution that can overcome these problems is
the fingerprint based attendance system that is used in every
field since it is personal and cannot be imitated [2, 3]. In
this project, a fingerprint was used to keep track of students’
attendance. First, the students’ fingerprint is registered to the
fingerprint sensor. Afterward, the student enters the lesson
by scanning his/her finger on the fingerprint sensor, and the
database showing the attendance list on the server is updated.
Students’ daily, weekly, or monthly records are displayed
via an app that teachers can easily access on their mobile
phones, tablets or computers. This system provides electronic
monitoring of the entrance and departure times for both
teachers and students.

II. RELATED SYSTEMS

Student attendance system has been revived in more than
one way, but each has its drawbacks. The QR code-based
system is a flexible system, but it requires that students have
a phone that has internet access so they can scan the QR code
after logging into their phones. Likewise, this system can be
manipulated by using someone else’s credentials [4].

If we talk about the barcode and RFID card system, we
can say that these systems are the most common, but these
cards are likely to get lost and scratched [5, 6]. Also, if the
barcode label is damaged, the card becomes unreadable. The
system presented in this paper has many advantages compared
to other studies in the literature [7]. According to the literature
research, fingerprint systems are generally built on walls or
tables. These systems, which are used to monitor student
attendance, are fixed inside or outside the classroom. This
can lead to confusion, loss of time, and failure to ensure safe
attendance monitoring, especially for crowded classes. This
system aims to prevent such problems.

III. SYSTEM DESIGN

The general overview of system is shown on Fig. 1.

Fig. 1. System description.

978-1-7281-3992-0/19/$31.00 ©2019 IEEE
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A. Hardware Design

The schematic diagram is depicted in (see Fig. 2). The
circuit diagram illustrates the interfacing circuit, fingerprint
module, keypad, LCD Display, Xbee module, and two LEDs.
TX (transmit) and RX (receive) of the Xbee module is
connected with 0 and 1 pins of the circuit. Pin 2 and 3 are used
to connect with transmitting and receiving pins of a fingerprint
module. The pins of the keypad module are connected with
4, 5, 6, 7, 8, 9, and 10 pins of the circuit. The pins of LCD
Display is connected with A0, A1, A2, A3, A4, A5 and 11
pins of circuit. Two LEDs are used for showing the processing

Fig. 2. PCB circuit.

time of fingerprint. These are connected with 12 and 13 pins of
the circuit. The proposed system has two main parts, wireless
fingerprint terminal (WFT) and coordinator. The WFT is used
to scan and transfer students’ fingerprints to the coordinator,
whose function is to receive fingerprints and save them to the
database.

1) Wireless fingerprint terminal: WFT is a circuit (see
Fig. 2 and Fig. 3) designed in Proteus connected with AT-
mega328 8bit microcontroller, fingerprint sensor module, Xbee
module, 2x16 LCD, and 3x4 keypad.

2) Coordinator: The coordinator is the Raspberry Pi device
connected to both the Internet and the Xbee module. It has a
central role in transmitting data between the WFT and the
database.

B. Database Design

Database of system was constructed using MySql. Diagram
of database design is shown on Fig. 4 and Fig. 5. Fig. 4 shows
tables of the database together with its columns’ names and
connections between them. Fig. 5 shows ER diagram of the
database.

Fig. 3. PCB circuit.

Fig. 4. Database PhpMyAdmin diagram.

Fig. 5. Database ER diagram.
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IV. WORKING PRINCIPLE

Two basic flowcharts explain how this system works and
describe its essential functionalities, attendance and enrollment
flowcharts. Fig. 6 shows attendance flowchart. Fig. 7 shows
enrollment flow chart.

Fig. 6. Attendance flowchart.

As shown in Fig. 7, the students/teachers will be enrolled
by scanning their fingerprints, at which point the system will
generate a first template and request another scan to create a
second template. Afterward, it compares the two models to
ensure enrolling in the right way and stores fingerprint ID in
the database with information for new student/teacher. Fig. 6
describes the chart for the process of logging of attendance.
The system starts by having the teacher read his fingerprint.
If the fingerprint scan matches one of the fingerprints in the
database, then the teacher is requested to enter the course ID.

A. Admin mode

The administrator can add, delete, update, and list courses,
students, and teachers. As shown in Fig. 8. After entering
a new student/teacher’s name, surname, and password, the

Fig. 7. Enrollment flowchart.

admin also selects courses and fingerprint IDs for new stu-
dent/teacher. Afterward, the student/teacher’s fingerprint is
requested. This request goes all the way to the WFT, which
is now waiting to scan and save a new student/teacher’s
fingerprint. Finally, after a successful fingerprint scan, all the
information of the new user is collected into the database, as
shown in Fig. 9.

Fig. 8. Admin home page.

B. Teacher mode

The functions that teacher can do in the application are listed
below.
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Fig. 9. Add teacher page.

1) Start System: The teacher can start the system either by
scanning the fingerprint or by merely writing the course code
in the application. As shown in Fig. 10.

Fig. 10. Start system page.

2) List Courses: The teacher can display a list of all the
courses he/she teaches. As shown in Fig. 11.

3) List Students: The teacher can list all the students related
to the classes he/she teaches. As shown in Fig. 12.

4) Student Attendance Report: The teacher can record the
attendance of a specific student.

Fig. 11. List courses page.

Fig. 12. List students page.

5) List Dates Related To Given Course: The teacher can
list dates when a course is given. As shown in Fig. 13.

6) List Course Attendance: The teacher can record the
attendance of the students on the given day. As shown in
Fig. 14.

7) Change Course Attendance Status Page: The teacher
can change the attendance status of students to either absent,
neutral, or present. As shown in Fig. 15.

8) Download Students Attendance Statuses: The teacher
can download students’ attendance statuses as PDF for a
particular day and course. As shown in Fig. 16.
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Fig. 13. List dates page.

Fig. 14. Course attendance page.

C. Sequence Diagrams

The essential operations of the system are starting course
operations, as shown in Fig. 17 and the student’s login
operation, as shown in Fig. 18.

V. CONCLUSION

Attendance management is beneficial for reducing the loss
of valuable time of both students and teachers, preparing the
report, and creating the report at any time. The Wireless
Fingerprint Attendance System used for the identification of

Fig. 15. Change course attendance status page.

Fig. 16. Students’ attendance statuses as pdf.

students is faster than most fingerprint identification systems
in practice. The teacher is also able to start the system in two
ways (APP, WFT) and can download the attendance list as a
PDF. Furthermore, the entry and exit times of the students and
teachers are recorded.

In this system, the student has three attendance statuses
(Present: Green, Absent: Red, Neutral: Yellow). Note: Neutral
means that the student has only entered the course. When the
teacher starts the system, all students’ attendance statuses are
recorded as absent, then incoming students’ attendance status
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Fig. 17. Sequence diagram for starting course.

Fig. 18. Sequence diagram for student’s login.

is updated to ’neutral’. When the lesson is over, the teacher
can let students scan their fingerprints on exit. If students
examine fingerprints on the door, attendance status is updated
to ’present’ and the teacher shuts down the system by scanning
his/her fingerprint. On the other hand, if the teacher does
not want to wait until the student exits, then the teacher can
turn off the system by scanning his/her fingerprint and update
the attendance status of the students to ’present’ using the
application on his tablet or phone.

It is possible to have a voice call to parents’ mobile number
in case any student is regularly absent for four to six days by
using GSM technology.
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Abstract—V2X communications is one key feature in the 5G
standards that enables the vehicles get connected and access
the cellular services anywhere anytime. It is essential to build
a realistic simulation environment for large scale demonstration
of the system under test including varying number of vehicles,
application/network services, road network infrastructure and
new solution approaches/methods proposed to enhance or make
improvements on the system performance. This paper describes
the simulation environment developed for this purpose and also
evaluates the V2X communication and the services provided
by the cellular network. The results provide insights on the
system performance and the follow-up studies to improve the
performance.

Keywords—V2X, 5G, LTE Advanced, delay, reliability

I. INTRODUCTION

5G technologies will enable the necessary connectivity
between people, devices, machines and any object. In addition
to existing services, new and smart services will be provided
with effective and intelligent solutions to be provided with
5G at every level of the hierarchy, through sensors, edge
computing, the Internet and the cloud. In addition to improving
data transfer rate, the evolution that comes with 5G will
require new and improved types of performance due to the new
application use cases and the need for critical communications.
Ultra low latency feature will provide real-time interaction
between objects and services which is essential for the success
of autonomous driving. Similarly, the connected objects will
live for months to years with the feature of ultra low power
consumption.

Among the services defined by 3GPP [1] and the other
standardization organizations, connected vehicles are the most
important step taken by using 5G technologies to enable
autonomous vehicles to operate at desired performance and
autonomy. Vehicle-to-everything (V2X) communications de-
signed in 5G for low latency, reliability and service avail-
ability for the Autonomous Vehicles (AV) provides the key

This project is support by Teaching Staff Training Program at Marmara
University.

communication methods that meet the basic requirements of
autonomous driving. Vehicles will receive the information
necessary for autonomous driving from the cellular network
via V2X communication, while also collecting the sensory
information with on-board sensors (e.g. camera, radar, lidar).
By applying data fusion, autonomous vehicles will be able to
understand the environment and predict the conditions for its
autonomous movement on the road.

3GPP recently defined the services be provided to vehicles
via V2X communication (remote driving, platooning etc.) and
the requirements for these services in the relevant standards
[2]. In this paper, we are working towards meeting these
requirements with cellular infrastructure. The V2X services
provided to the vehicles have different data size, reliability
and delay requirements [3]. However, it is challenging to meet
these requirements when the topology and the density of the
vehicles vary fast due to dynamic mobility of the vehicles
[4]. Performance measurement is a crucial task to improve
and optimize the efficient use of network resources and the
performance of services provided to vehicles, based on the
movement patterns and the density of the vehicles.

In this paper, a realistic modeling and simulation envi-
ronment is built for the performance measurement of V2X
communications and 5G networks in order to understand, eval-
uate and optimize the performance of these services depended
to the varying parameters (e.g. network parameters, vehicle
density, vehicle speed etc) or new solutions and approaches
to be proposed in various layers of the protocol stack. 5G
standards, interfaces, the communication protocol stack and
the vehicle movement patterns are realistically implemented in
the model. The services provided by the network to vehicles
(such as navigation services for autonomous vehicles) are
also included. We observe and analyze the performance of
the network and the quality of services provided to vehicles
considering the varying parameter values in the network.

The rest of study is organized as follows. Section 2 describes
the related works on the evaluation of V2X communication in
cellular networks and the required specifications defined in
the standards. The methodology and the developed simulation
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environment are described in Section 3. In Section 4, the
performance results are given. Finally, Section 5 concludes
the paper.

II. RELATED WORKS

3GPP defined the standards for V2X services for LTE
and 5G ,and these definitions are included in Release 14
and Release 15 (Release 16 is in progress) [5], [6]. With
3GPP Release 15, the V2X functionality has been extended to
support 5G. V2X communication model uses cellular network
and in Release 15 is called cellular V2X (C-V2X). The C-
V2X was designed to include both direct communication of
between vehicles (V2V) and cellular network. With the inclu-
sion of 5G, the requirements of services such as platooning,
advanced driving, extended sensors and remote driving have
been defined. With this definition, latency / reliability, message
size, frequency, range, speed and security requirements were
determined [3].

The MAC scheduler processes data requests from the UEs
and vehicles and forwards them in a specific order. Therefore,
the MAC scheduling strategy has an important role in transmit-
ting the data requests. In literature there are different purpose
scheduling strategies such as Proportional Fair (PF), Round
Robin (RR), First In First Out (FIFO), Earliest Deadline First
(EDF), Modified Largest Weighted Delay First (M-LWDF),
Maximum Throughput (MT) etc. In [7], LTE MAC schedul-
ing methods were presented comprehensively according to
the criteria of fairness, throughput, packet lose rate (PLR)
and cumulative distribution function (CDF). MAC scheduling
techniques are reviewed in detail in [8] [9]. Zain et al. [10]
compared Deficit Round Robin (DRR), Maximum Carrier to
Interference Ratio (MAXCI) and PF MAC scheduling policies
in LTE-Advanced network and they concluded that MAXCI
outperforms all the other two scheduling policies.

In the literature, there are some data scheduling and of-
floading approaches aiming to reduce the workload caused
by data requests from vehicles and UEs at the base station
[11]. Authors in [12] proposed a motion prediction based
data scheduling algorithm which schedule data requests on
RSU. RSU collects all vehicles data demands and calculates
a data priority (DP) value for each data request. The highest
DP request is sent first, thus multiple requests are responded
at the same time. In [13], proposed an offloading approach
for floating vehicles. In this approach, each vehicle sends
generated sensor data to the selected neighbor vehicle. And
that selected vehicle collects all vehicle data to send to the
base station (BS). Instead of the all vehicle to communicate
the BS, only one vehicle uses the BS. ZHIOUA et al. [14],
proposed method is based on a hybrid network architecture
that is formed with two systems, LTE infrastructure and
VANET network. Data requests from the infrastructure could
be performed through three ways, via direct link from the
RSU, via V2V links rooted at a gateway that receives data
from the RSU or via an eNodeB base station by direct cellular
link (over LTE). RSU decides which data should be send via

VANET network with direct communication or via V2V using
a gateway vehicle.

III. METHODOLOGY AND THE FRAMEWORK

Network performance measurement is a major and essen-
tially important task for the efficient use of the resources on
the network and to ensure the quality of services provided to
users. For 5G networks and V2X communications, it is costly,
impractical, time consuming, might be dangerous (unsafe),
and sometimes impossible to make performance measurement
tests in real world for the proposed solutions on improving the
efficient use of the resources etc. On the other hand, modelling
and simulation provide more comprehensive demonstration of
all possible solutions and cases in large scale and in safe.
The effects of the environmental conditions and the varying
parameter values, and the impact of the proposed solutions on
the performance can be tested and analyzed as well. However,
it is very important to build a realistic simulation environment
to obtain reliable performance results. Unrealistic experiments
will perform unreliable results. Reality must be satisfied not
only in the network infrastructure, but also in the modeling
of communication protocols, the data traffic patterns and the
mobility patterns of the communication devices (vehicles in
our case) on a real topological map.

One of our goal is building a realistic simulation environ-
ment;

• with realistic network services
• with realistic vehicle movements and traffic patterns
• with realistic data communication/interfacing/signaling at

the cellular network
• to get reliable results for observing and analyzing the

performance and extracting valuable insights.
Another goal is proposing solutions to improve the perfor-
mance for a specific problem and use cases under investigation.

A. Used Modules in Simulation

Fig. 1. LTE Architecture

The developed simulation environment uses the reliable
simulation tools and the reliable modules of the communi-
cation protocols which are well known and acknowledged
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in the literature. Vehicles, vehicle communication modules,
5G access network modules, 5G network components and
the related protocols at each component/module are included
and integrated in the simulation environment to simulate a
complete V2X communication in 5G networks. A simplified
illustration is given in Fig. 1.

In the simulation environment, we also developed services
which will be used by the vehicles for their autonomous
driving. While the vehicles access some of these services
upon request/on-demand, part of the services are provided
periodically/continuously e.g. navigation service for remote
driving. Service requirements are based on the specifications
in [3]. Realistic vehicle mobility patterns are integrated to the
simulation environment with the use of SUMO.

In our on-going research study, a comprehensive and large
scale model is designed for 5G V2X Communications. In
this paper, we want to underline the capabilities of the early
releases of V2X communication support in cellular networks.
Therefore, a basic and simplified network architecture and test
environment based on the LTE Advanced used for benchmark-
ing purposes. Part of the core network components is given
below.

PGW: It is the simplified version of the Packet Data
Network (PDN) Gateway (P-GW). PGW is one of the key
element of Evolved Packet Core (EPC) which is the core
network architecture of the LTE/LTE Advanced and beyond.
This module contains UDP protocol, tunneling protocol for
user plane (GTP-U) and traffic flow control modules.

Binder: This module is the LTE Binder which is currently
stores a table with the corresponding node ID for each IP
address. It is used by the sender to find the identity of the
destination node.

MAC Scheduler: This module (Fig. 2) processes data re-
quests from the UEs and vehicles and allocates the Resource
Blocks (RB) to the users for the data traffic.

Fig. 2. MAC Scheduler

In the test environment, a single service at the core network
is accessed by the vehicles continuously to download the data
for navigation. For comparable results and benchmarking, a
single access node (eNodeB) is used to scale the network.
Main aim is observing the effects of varying vehicle density
on the performance of the network and the provided services
in terms of Quality of Service. The model under test is shown
in Fig.3.

Fig. 3. Simulation topology

TABLE I. SIMULATION PARAMETERS

Parameter Value
Simulation Area Urban
Area Size 600 m2

Number of Vehicles 50, 100, 150, 200, 250, 300, 350, 400
Avr. Vehicle Speed 50 km/h
Simulation Time 120 s
Carrier Frequency 2 GHz
Radio Frame Duration 10 ms
Number of sub-frames in a frame 10
Number of slots in a frame 20
Number of RBs 6
Subcarrier Spacing 15 KHz
Schedulers MAXCI
Vehicle transmit power 26 dBm
eNB transmit power 40 dBm
eNB/vehicle antenna gain 16 dBi/0 dBi
eNB/vehicle noise figure 5 dB/7 dB
Thermal noise power -104.5 dBm/Hz
Data Size (per demand) 10 Kbyte
Packet Size 1000 Byte

IV. RESULTS

We have evaluated the system performance of the de-
fined objectives using the realistic V2X and cellular network
simulation environment built and defined in Section III that
consists and integrates OMNET++ [15], Veins [16] and SUMO
[17]. Vehicle traffic is generated with realistic methods using
SUMO and incorporated into urban area topology in the
simulation environment. Vehicles are initially positioned on
the road infrastructure with 2-lanes in each direction and
follow mobility pattern defined with vehicle speed generated
from Normal Distribution with mean 50 km/h and standard
deviation 10 km/h. Vehicles demand the navigation data con-
tinuously from the service located in the cellular network. Path
loss model with shadowing is also considered. The cellular
network allocates the channels (and RBs) to the vehicles in
reverse link to download the required data for navigation and
remote/autonomous deriving. In the RB allocations, MAXCI
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is used as MAC scheduler. Other simulation parameters are
listed in Table I. The performance is measured in terms of the
quality of service metrics; delay, reliability, and the number
of packet drops and is shown in Fig.4 - Fig. 9.

Fig. 4 shows the average service demand per vehicle to
access and demand the data service for remote driving. It is
seen that as the number of vehicles increases, the demand
per vehicle decreases. When the density is low, the network
(MAC scheduler) allocates more RBs per demand to use the
resource more efficiently and to satisfy the quality of service
requirements. As the requested service data downloaded more
quickly, vehicles re-demand the service data for up-to-date
information. However, when the vehicle density increases,
resources (RBs) becomes limited to satisfy all incoming data
requests, and less number of RBs are allocate per demand.
This causes the turnaround time increase (will be explained in
Fig.9) and causes the per-vehicle demand decrease, because
less number of demands are completed in the same time
interval. It is also seen that when the network density becomes
very dense (350 vehicles and more), average demand per
vehicle slightly increases. The reason is related to the distance
of vehicles to the eNB. The scheduling algorithms allocates
the RBs based on the channel quality and the QoS in the data
traffic. When density is very high (350 vehicles and more),
the scheduling algorithms allocates the RBs to the closer
vehicles (which also large in number compared to the other
density values) and those closer vehicles which completes the
requested service data, re-demands immediately.

Fig. 4. Avr. Number of Service Demands per Vehicle

Fig. 5 is complementary to the Fig. 4. Fig. 5 shows the total
demanded requests in the network side. eNB receives more
service demands as the number of vehicles increases. This is
naturally expected result for a continuous service demand in
the whole network.

Fig. 6 show the number of unsuccessful service demands
on network side. It is also related to the Fig. 5. As the
number of vehicles increases, the number of requests increases
as mentioned previously together with Fig. 5 . However,
all service demands are not processed successfully. Due to
the increase in the vehicle density and increased number of

Fig. 5. Number of Acknowledged Service Demands

Fig. 6. Number of Unsuccessful Service Demands

total demands, the network becomes incapable to process and
allocate the resources for the demanded services.

Fig. 7. Number of Successful Service Demands

Fig. 7 is complementary to both Fig. 5 and Fig. 6. Fig.
7 shows the number of successful service service demands
processed and acknowledged at the network side. As the
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number of vehicle density increases more demands are placed
in the network as shown in Fig. 5. Among these, a large
of them are satisfied by the network and Fig. 7 present this
information. On the other hand there are some unsuccessful
demand which are not satisfied by the network and is shown
in Fig. 6. In Fig. 7 it is shown that as the density and
correspondingly the demands increase, more demands are
satisfied by the network. However, when the vehicle density
reaches 300 vehicles, successfully services decreases to the
limited RBs available. When the vehicle density 350 and 400
compared, it is seen that more demands are satisfied at the
density 400 vehicle. The reason is totally related to the reason
mentioned in Fig. 4.

Fig. 8. Number of Unsuccessful Packages

Fig. 8 shows the number of data packets which were not
sent to the vehicles due to the unavailability of the RBs to
be allocated. As the vehicle density increases, more demands
are requested. RBs becomes unavailable to allocate for data
transmission in the reverse link. Vehicles fail to receive data
for the requested service. Although the service demands are
processed and the data transfer is initiated in the network,
all data packets were not transmitted successfully due the
resource unavailability. Fig. 8 is also very related to the delay
measurement in Fig. 9.

Fig. 9 shows the delay on the service. When the vehicles
demand the service data, demand is placed to be processed
in the network. According to the availability of the resources,
service demands and current QoS and channel characteristics,
the MAC scheduler assigns the RBs for the processed and
acknowledged service demands. However, the scheduler/the
network fails to complete all demands in short time due to
the increased load in the network. Therefore, the service com-
pletion duration increases causing the an increased turnaround
time. The turnaround delay decreases slightly at vehicle den-
sity 350 and more, with the same reason mentioned in Fig.
4. Because the demands of the closer vehicles are satisfied
and completed earlier than others, these vehicles demand more
service data. The completion of their service demands reduces
the turnaround time when the network density is more than
350 vehicles.

Fig. 9. Delay on Service - Turnaround time

These results mainly show that the network becomes inca-
pable as the vehicle density and the service demands increase.
Although some of the services are acknowledged, the service
data interrupted due to the unavailability of the RBs. On the
other hand, some vehicles which are closer the eNB get better
service. All these show that there is a requirement of better
MAC scheduler algorithm which provides fairness, as well
as efficiency. The scheduler should consider both the new
requests and the remaining data of the acknowledged request
for better QoS. The results present the insights for a small
scale network with one eNB and also for large scale network
with more eNBs. Demands can be acknowledged based on the
vehicle movements and the availability of the resources. The
schedulers can assign the RBs to improve the performance by
reducing the turnaround time and increasing the number of
acknowledged service demands. Data offloading approaches
will also be very useful to provide these enhancements without
incurring resources additions in the network.

V. CONCLUSION

In this paper, the performance of cellular networks services
with V2X communications is analyzed using the realistic
simulation environment developed for this purpose. The results
provide the basics and means in the design of the solution
approaches for V2X communication in 5G networks. In V2X
communications defined in the LTE Advanced standards, it
is seen that the delay and the reliability requirements are not
satisfied when the vehicle density and the demands for data
increases. Results present insights about the required improve-
ments in the network resource and the allocation mechanisms.
It is seen that LTE Advanced poorly satisfies the demands
for remote driving services. It is also seen that the MAC
scheduler is one key mechanisms that have to be improved for
V2X communications. Load offloading considering the vehicle
traffic, the demand for data and the topology of the network is
another research area to enhance the performance of services
provided by the V2X communications in 5G networks.
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Abstract—With the increase of internet technologies, the 
opinions and suggestions of the previous customers are very 
important for both organizations and the people who supply 
them when purchasing goods and services. In particular, the 
spread of bad comments about goods and service providers on 
the internet is a harbinger of a great disaster for these 
companies. For this reason, companies want to compensate for 
their lack of customer feedback. They compete with each other 
to maximize customer satisfaction. However, as the number of 
feedbacks increases, their work becomes more difficult. In this 
study, it is aimed to determine customer satisfaction 
automatically in order to overcome this difficulty. The study 
was conducted on the text data of six different airline 
companies. These data consist of three different class labels: 
positive, negative and neutral.  Natural Language Processing 
(NLP) steps, which we can call as text mining, are processed on 
these data. Using different Machine Learning (ML) algorithms, 
the results are examined with tables and graphs. The 
unbalanced distribution of data make difficult the success of 
the algorithms used in the study. It is estimated that this study 
is a reference source for literature that will attract the 
attention of researchers interested in natural language 
processing and machine learning algorithms, and importantly 
most many companies. 

Keywords—natural language processing, text mining, 
machine learning, classification 

I. INTRODUCTION 

Customer; purchaser or person to whom the product or 
service is provided [1]. Customer satisfaction; It is to express 
the positive, negative or neutral feelings about the value, 
quality and whether or not they want to again benefit from 
this service as a result of an individual's use of goods or 
services belonging to a business [2]. With the expansion of 
the internet network, intense competition is felt more and 
more today, ensuring customer satisfaction is the primary 
mission for goods and service providers. In this age of 
internet, many companies have to make all service steps 
focused on customer satisfaction, from the quality of the sold 
product to the qualified personnel. Companies have 
developed many different methods to control all these 
situations. In particular, they wants to attract customers' 
interest through advertising emails, gift products, 
promotions, advantageous campaigns and many more. 

Full participation, which is one of the five basic quality 
elements in order to provide a quality service, has been fully 
ensured with the introduction of the internet world into our 
daily lives [3]. We all know how fast the topics on the 

internet are spreading. Thanks to a developing technology 
network, consumers are informed before purchasing a 
product or service, and manufacturers have to keep up with 
the global market. Organizations providing services in all 
business lines from electronics to clothing, from operator 
companies to tourism agencies, from hotels to restaurants 
provide services over the internet [4]. The question of 
customer satisfaction regarding the quality of service 
provided in all these business lines is the most important 
phenomenon for these organizations in order to eliminate the 
deficiencies. Identifying and responding to customer 
complaints and satisfaction, especially for organizations that 
provide services worldwide, requires a great deal of 
manpower and time [5]. 

The aim of this study is to automatically identify 
customer satisfaction from comments made on products or 
services using various NLP and ML methods. Thus, in many 
sectors both time and manpower will be saved. 

II. SIMILAR STUDIES 

NLP applications, which are becoming more and more 
popular, have been used in many sectors, but they have not 
been applied in many areas. Moreover, the increase in the 
used methods shows that there will be further improvements 
in this work area. At the same time, studies were conducted 
using NLP and ML algorithms in many different areas such 
as sentiment analysis, cyber crime detection, troll news 
detection, twitter reviews, product reviews, film reviews, 
paper reviews, restaurant reviews. Many studies have been 
conducted with data collected from social networks such as 
Twitter, Facebook, Instagram, YouTube and various blogs. 

Guran and his friends wanted to extract information from 
text data using support vector machines. Using three 
different data sets; mood analysis, satisfaction from film 
comments and twitter data emotion analysis, they conducted 
the studies [6]. After performing this applications, they found 
that it is very important to propose fast methods for 
parameter optimization in terms of system uptime and 
performance. 

Oguz et al. conducted a study on 2000 positive and 
negative labelled film data. In this study using Naive Bayes, 
Center-Based Classifier, Multilayer Artificial Neural 
Networks and Support Vector Machines, they found that the 
highest accuracy was using artificial neural networks [7]. 

In another study, Oguz conducted a study in order to 
understand the perception of hate against the comments 
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made to the Syrian refugees [8]. Rapid Miner tool was used 
in this study. This study was developed using NLP steps and 
more trusty results can be obtained by using different 
techniques. 

Arti and colleagues conducted a study on the analysis of 
product reviews in their study. In this study, they wanted to 
attract attention to the developing and growing data. They 
suggested that Naive Bayes algorithm is the most effective 
method in NLP studies [9]. 

In another study in the literature, Alexandra and others 
conducted a emotion analysis study on the news reviews 
[10]. In this study, authors attempting different lexicons 
obtained the best results using JRC Tonality and MicroWN. 
They obtained an accuracy of 82% on the news reviews data. 

Soujanya et al. conducted NLP steps on different data 
sets. They have benefited from deep learning algorithms in 
the classification stage. Moreover, it has improved the 
success of the work by making various improvements in the 
input and output layers [11]. 

III. USED METHODOLOGIES 

In this study, it is aimed to make a classification study on 
the labelled data of six different airline companies [12]. This 
data has a pre-labeled positive, negative and neutral multi-
class structure. We want to carry out NLP steps and use 
various ML algorithms, although the unbalance of the data 
and the difference in the number of classes in each airline 
company data makes difficult for us. 

In a study on text data, the data must be converted to the 
desired format first. So the steps we call text mining should 
be carried out. 

A. Preprocessing and Steps of NLP 

The NLP text cleaning steps are as shown in Fig. 1. We 
need to first clear the data for we have and still run ML 
algorithms on it. For this, we will use the document vector 
method in this section. Document vector is still a converted 
version of the text data that we have 0 and 1. 

 

Fig. 1. Text cleaning steps [13]. 

Before the data is transformed into a document vector , it 
goes through many preliminary steps such as punctuation 
erasure, number filter, n-char filter, stop words filter, case 
converter, snowball stemmer and bag of words. 

Punctuation erasure is the process of deleting punctuation 
marks in the data. Number filter is also the process of 
deleting numbers in data. n-char filter is the step of clearing 
data in the text that is less than n characters long. For 
example, for n = 3, "is, in, on, at, am, etc." will be cleared 
from the data. Stop word filter is the search of words in this 
list if we have a selected list. There may be a list of words 
that say positively or negatively. Case converter allows all 

data to be written in the same format. Like all of them 
written in uppercase or lowercase. Snowball Stemmer allows 
us to make the stemmer expressions in the language we want 
or use the existing stemmer structure in the language we 
choose. In this study, since our data is in English, English 
stemmer was used. Bag of words is create forms the structure 
that shows the common stemmers of all the words in the 
data. 

The final part of the document vector creation process is 
to calculate the Term Frequency. Thanks to the frequency of 
the term, we can create a document vector from the most 
repetitive words in the text. 

After the document vector is created, our customer 
satisfaction problem becomes a classification problem. Our 
data consist of a positive, negative or neutral label for each 
data from 0 and 1. 

B. ML Algorithms 

In the classification stage, Naive Bayes based on 
probability principles were used firstly [14]. The sequencing 
was followed by the Sequential Minimal Optimization 
(SMO) classifier, an advanced type of support vector 
machine [15]. Then, one of the most widely used classifiers 
in the literature and the K Nearest Neighbors (KNN) 
algorithm, which performs classification according to the 
entered k-value, has been applied [16]. Afterwards, it has 
been tried to perform crossover verification by using 
Decision Table algorithm which is a powerful algorithm 
[17]. In this way, a tabulation method was created in which 
all possible situations are shown. Multi Class Classification 
Algorithm, which is used especially in unbalanced and multi-
class data, is another algorithm used in this study [18]. 
Finally, the J48 algorithm, which is frequently used in the 
literature, is used to create a tree structure [19]. 

IV. EXPERIMENTS AND RESULTS 

In this part of the study, customer satisfaction study was 
conducted on twitter data of Virgin America, US Airways, 
United, Southwest, Delta and American Airline companies. 
These data have multiple class labels with positive, negative 
and neutral labels. At the same time, the number of labelled 
data in these data shows an unbalanced distribution. For 
example, while the total number of United Airline data is 
3809, 491 of them have positive labels and 2622 have 
negative labels and 696 have neutral labels. The same 
situation appears in other data sets. Generally, the number of 
negative labelled data is high. This clearly shows that the 
distribution of data is unbalanced. The algorithms chosen to 
be used in this study were applied to all six airlines dataset 
and it was observed how successful the classification was 
made. Accurancy, precision, Roc area and F-measure values 
are used for the complexity calculation. 

Firstly, it is seen in Table 1 that the highest accuracy rate 
was obtained by SMO algorithm in the study conducted on 
Virgin America Airlines data. This dataset contains a total of 
502 data. Also, the highest success was achieved with 
precision and F-measure values with SMO. The highest 
achievement in the Roc area was achieved by the Naive 
Bayes algorithm. The performance of all algorithms is shown 
in Fig. 2. 
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TABLE I.  COMPARISON OF USED ALGORITHMS FOR VIRGIN 
AMERICA DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,588 0,591 0,759 0,589 

J48 0,508 0,525 0,685 0,506 

MultiClassClasification 0,566 0,567 0,728 0,565 

SMO 0,604 0,627 0,741 0,606 

DecisionTable 0,542 0,572 0,712 0,536 

KNN (k=3) 0,480 0,538 0,708 0,478 

KNN (k=5) 0,476 0,545 0,706 0,465 

 

 

Fig. 2. Performance of used algorithms for virgin america dataset. 

As a result of the experiment, the highest accuracy rate 
on the dataset of US Airways was obtained by SMO 
algorithm. This is shown in Table 2. 

TABLE II.  COMPARISON OF USED ALGORITHMS FOR US AIRWAYS 
DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,776 0,741 0,775 0,754 

J48 0,795 0,729 0,596 0,737 

MultiClassClasification 0,795 0,749 0,790 0,756 

SMO 0,797 0,687 0,610 0,736 

DecisionTable 0,777 0,704 0,668 0,721 

KNN (k=3) 0,786 0,731 0,743 0,741 

KNN (k=5) 0,792 0,740 0,739 0,740 

 

In this dataset consisting of 2906 data, the best Precision, 
Roc area and F-measure values were obtained by Multi Class 
Classification algorithm. The performance sequence of all 
algorithms is shown in Fig. 3. 

The highest accuracy and precion values were obtained 
by SMO in the experiment carried out on the data of United 
company whose data number decreased to 3802 after the 
preprocessing phase. This is shown in Table 3. The 
complexity values of all algorithms are shown in Fig. 4. 

 

Fig. 3. Performance of used algorithms for US Airways dataset. 

TABLE III.  COMPARISON OF USED ALGORITHMS FOR UNITED AIRLINE 
DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,715 0,650 0,749 0,657 

J48 0,718 0,645 0,594 0,641 

MultiClassClasification 0,723 0,675 0,773 0,671 

SMO 0,724 0,680 0,617 0,649 

DecisionTable 0,708 0,665 0,663 0,635 

KNN (k=3) 0,713 0,664 0,720 0,664 

KNN (k=5) 0,720 0,673 0,724 0,666 

 

 

Fig. 4. Performance of used algorithms for United Airline dataset. 

The highest accuracy on Southwest's data is about 64%.  

TABLE IV.  COMPARISON OF USED ALGORITHMS FOR SOUTHWEST 
AIRLINE DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,629 0,645 0,784 0,633 

J48 0,608 0,600 0,746 0,575 

MultiClassClasification 0,641 0,650 0,805 0,642 

SMO 0,637 0,634 0,721 0,632 

DecisionTable 0,608 0,606 0,726 0,566 

KNN (k=3) 0,608 0,632 0,761 0,613 

KNN (k=5) 0,587 0,621 0,754 0,592 

521



The highest precision value was obtained with Naive 
Bayes. This is shown in Table 4. The change in all 
algorithms is shown in Fig 5. 

 

Fig. 5. Performance of used algorithms for Southwest Airline dataset. 

 The highest performance in all values in the Delta dataset 
was obtained with Multi Class Classification. All changes to 
this dataset are clearly shown in Tables 5 and Fig 6. The 
Delta dataset contains 2218 data after the preprocessing 
phase. 

TABLE V.  COMPARISON OF USED ALGORITHMS FOR DELTA AIRLINE 
DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,598 0,621 0,760 0,574 

J48 0,585 0,618 0,703 0,560 

MultiClassClasification 0,620 0,638 0,774 0,621 

SMO 0,609 0,627 0,710 0,609 

DecisionTable 0,589 0,631 0,708 0,560 

KNN (k=3) 0,587 0,604 0,745 0,587 

KNN (k=5) 0,572 0,595 0,738 0,572 

 

 

Fig. 6. Performance of used algorithms for Delta Airline dataset. 

 Our last data set is 2750 data of American Airline. In this 
dataset, the highest accuracy was obtained by SMO 
algorithm. With the Multi Class Classification algorithm, 
Roc area value of approximately 80% was obtained. This is 
shown in Table 6. The highest precision value was obtained 
by J48 algorithm. The performances of all algorithms are 
shown in Fig. 7. 

TABLE VI.  COMPARISON OF USED ALGORITHMS FOR AMERICAN 
AIRLINE DATASET 

 Accuracy Precision 
ROC 
Area  

F-
Measure 

NaiveBayes 0,737 0,693 0,776 0,703 

J48 0,753 0,716 0,630 0,681 

MultiClassClasification 0,751 0,704 0,801 0,708 

SMO 0,755 0,680 0,634 0,686 

DecisionTable 0,746 0,683 0,686 0,674 

KNN (k=3) 0,732 0,683 0,757 0,695 

KNN (k=5) 0,743 0,692 0,764 0,700 

 

 

Fig. 7. Performance of used algorithms for Amiracan Airline dataset. 

V. CONCLUSIONS 

 The aim of this study is to examine the performance of 
decision making processes that can be used automatically in 
many fields. Although this study is taken into account in the 
customer satisfaction data set, if we have data about firm, 
product, service, person or situation, the common purpose of 
all of them can accurately determine the high accuracy. This 
is a reference study for data scientists who are interested in 
NLP problems, are interested in machine learning methods. 
The aim of all study in this area is to determine meaningful 
and consistent structures from ample data by machine 
learning methods. 

In this study; using by Decision Tables, KNN, SMO, J48, 
Multi Class Classicafation algorithms, accuracy, precision, 
Roc area and F-measure values were examined in detail on 6 
different data sets. The results are shown in detail in tables 
and figures. In many experiments, SMO and Multi Class 
Classification algorithms have the highest accuracy value. 
On data with 3 different class labels, the SMO algorithm 
accurately was achieved in customer satisfaction with 
approximately 80% accuracy. This value indicates the 
success of working in a 3-class dataset. 

 In this study, 10-fold cross validation was performed in 
all experiments. Accuracy can be improved by using 
different metrics. By using different artificial intelligence 
algorithms on the experiment sets, customer satisfaction or 
performance of correct classification process can be 
increased. Hybrid usage of artificial intelligence algorithms 
can also improve performance. In addition, with the 
development of metaheuristic methods can be achieved 
higher performance by determining the objective function 
appropriate to solve this problem. 
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Abstract— Social networks are user-based platforms where 

users share their thoughts and feelings visually or in writing. 
Social networks are also networks where users can comment on 
the topic (s). Emotion analysis and text summarization on 
shared data and big data in social networks have become 
popular today. In this study, Word2Vec model was created with 
data collected from many social networks. With the Word2vec 
model, a semantic context is created on the text that users share. 
With all the data collected, the GRU (Gated Recurrent Unit) 
neural network was trained and a 2-output negative-positive 
model was formed. The aim is to generate summary text for the 
user by gathering comments under a label on Twitter. At the 
same time, the generated abstract text is given a sense with the 
created model. In the study, 94% success rate was found and the 
text was found successfully with LSA text summarization 
algorithm. 

Keywords—Word2Vec, Sentiment Analysis, Text 
Summarization, GRU, Deep Learning. 

I. INTRODUCTION  

Nowadays, the widespread use of the internet with mobile 
devices causes an increase in the amount of data found on the 
internet. Moreover, it is difficult to cope with this amount of 
data to get effective information. Intelligent applications such 
as emotion analysis, text summarization and classification are 
developed to obtain all this information. 

With such widespread use of social networks, users 
express what they think through these networks. These data 
play an important role in both text classification studies and 
text summarization studies. Social networks for users have 
become a necessity in everyday life. 

Sentiment analysis aims to categorize users feelings and 
thoughts about a topic with data obtained from social 
networks. Today, many organizations develop new strategies 
in social networks by classifying users' comments on their 
products or services. 

Sentiment analysis is not used for text classification 
purposes today. Interpretations in social networks now even 
change the agenda. Former US president Obama's social 
media team used the # Obama2012 hashtag to see voters' 
comments.. 

With the accumulated data in social networks, users spend 
a long time learning about a topic. However, summary 
information consisting of a few sentences and providing the 
necessary information to the users can be provided by emotion 
analysis. Summarizing, rather than reading long texts or 
comments, aims to save the user time to access the necessary 
information by reading the summary directly. The automatic 

text summary receives long information and provides the user 
with the necessary summary information. 

The study consists of the following sections. The first 
section contains information on text classification, nlp and text 
summarization. The second section contains explanations 
about text classification and text summarization. The third 
step is the preprocessing steps of the repository cleanup 
process. In the fourth chapter, proposed text classification 
(emotion analysis) and text summarization models are 
mentioned. The fifth section contains the results of the 
management. In the last section, the result is given. 

II. RELATED WORK  

Sentiment analysis techniques, which are very popular 
today, can be categorized into several different categories. The 
two most prominent and most popular of these categories are 
supervised machine learning algorithms and unsupervised 
machine learning algorithms. The algorithms in each category 
are used for different purposes. Supervised approaches 
generally aim to derive sensitivity classification models. 
Unsupervised methods are generally preferred to examine the 
contents of documents and find them with the emotional 
words used. 

The sensitivity analysis in the text aims to determine 
whether the structure is positive or negative by using both the 
syntactic and linguistic features of a structure. More and more 
complex approaches have been proposed to identify all 
feelings in the document, rather than just positive or negative.  

 Emotional analysis, which is a more complex form of 
sensitivity analysis, or sensory analysis aimed to classify more 
documents based on the emotions they express [1]. It is clear 
that both situations (emotion and sensitivity analysis) can be 
solved with similar approaches when appropriately 
constructed. These verifications can be nominal or actual 
values. Pang, Lee and Vaithyanathan [2] tried to analyze and 
classify the documents rather than separating them according 
to their subjects. They used their work and data for film 
reviews. At the same time, this study is one of the first studies 
that makes emotion analysis by using machine learning 
algorithms. During this process, Naif Bayesi used entropy 
classification and support vector machines. 

Godbole et al. [3] conducted emotion analysis in the texts 
of the newspapers, which constitute a large part of the written 
works, and the blogs that are very popular today. At the same 
time, they were interested in determining whether emotions 
would change according to the geographical region in the 
news texts.  Zhang et al. [4] also conducted emotion analysis 
using social networking. twitter social network in the 
application and asset-level sensitivity analysis proposed a 
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mixed method. Also, it proposes a binary classifier by training 
with the data. Cui et al. [5] focused on working with large data 
and proposed a sensitive classification algorithm with large 
data. In addition, they showed that high-grade n-grams could 
provide better performance than the distinctive classifier 
reported in academic articles. Severyn and Moschitti [6] used 
an unsupervised neural network in their proposed new model. 
Thus, they used to start the parameter weights of the 
evolutionary neural network. Ren et al. [7], using the Latent 
Dirichlet Allocation, found subject-based distributions of 
content in the repository. They also took advantage of the 
recursive automatic encoder framework to learn Word 
placement. However, they used SVM and logistic regression 
models to optimize performance in large data. 

There are similar studies on community approaches with 
our study. Mesnil et al. [8, 9] and Wang et al. and made both 
producer sensitivity estimation for both producer and user. 
The researchers also proposed a competitive model for 
performance by using linear interpolation for log probabilities 
in their models. Wang et al. in their study, they proposed 
sensitivity classification based on analysis, both content-based 
and function-based, in order to control the diversity of 
assignments of school students. With this study, a new 
Random Subdomain method called POS-RS has emerged. 
Safalı et al. [10] categorized twitter users on social networks 
according to their political and political views. 

Although the first studies on text mining dates back to the 
mid-1970s, they have gained much momentum in the last 30 
years. One of the studies on this subject is Reynolds et al. [11] 
a text-based analysis of the mid-1990s. In 1999, Chakrabarti 
et al. [12] studied web connections. This study was one of the 
first studies on the Web. Lee et al. [13] proposed in 1997 one 
of the leading document scoring methods using the vector 
model. Hahn et al. [14] proposed a method of summarizing a 
document in 2000. This method is a pioneer in many subjects 
and is the first method to summarize text processing. Previous 
approaches have been made by the methods listed below; 
Frequency and centrism and statistical methods. In addition, 
frequency and centralization are more used in uncontrolled 
approaches. Luhn [15] produced a frequency-based 
summation function to find the most important sentences in a 
document. There are many techniques in the literature based 
on frequency functions but based on other statistical models. 
For example, Lloret et al. [16] summarized documents based 
on a combination of word-frequency property (WF), Textual 
Practice (TE), and Code Quantity Principle (CQP). Radev et 
al. [17], using TF-IDF, conducted a study examining the 
centroid sentences and values of each sentence and the 
meaning and properties of each sentence put together. In this 
study, it is aimed to obtain summary and sentence scores based 
on some features. Doğan et al. [18, 19] produced learning-
based text production and used it in their research in LSTM 
and Turkish and other languages. Müngen et al. [20] proposed 
an algorithm to find missing meta information in academic 
publications. 

III. DATA COLLECTION AND PREPROCESSING 

    Thousands of hotel reviews, movie comments from 
imdb and subject hashtags collected from social networks 
were used as data sets. The collected data were equally 
divided into two categories as positive and negative. 30 
thousand positive data and 60 thousand negative data are 
composed of 60 thousand data. It is shown in Table 1 below. 

 

TABLE I.  DATA POOL 

Sentiment Reviews 

Positive 30.000 

Negative 30.000 

 
 
In natural language processing approaches, it is necessary 

to apply pre-processing on the text data to be studied. Pre-
processing is to eliminate the words that pass frequently 
without disturbing the meaning of the sentences and do not 
cause a change in the meaning of the sentence. Morphological 
structure of the language is important in this part. The reason 
for the success of the studies in English is that the 
morphological structure is simpler than other languages. 
Therefore, the error rate is low and root detection is 
successful. However, this is more difficult in the case of end-
added languages such as Turkish. 

In this study, Zemberek-NLP [21], the Turkish language 
library, was used. These operations Priorities all characters 
are converted to lower case. Then punctuation marks were 
removed. Prepositions, conjunctions that have been very 
often deleted. In the root finding process, the verb was 
applied to the names other than words. The verbs were 
excluded from the practice because they had positive / 
negative meaning. All these steps are written in java as the 
programming language and the preprocessing steps are 
shown in Fig. 1. 

 
Fig. 1. Preprocessing steps 

 
 

IV. SYSTEM ARCHITECTURE 

A. Word Embedding 

Word Embedding means that words are expressed in 
vectors [22]. It aims to make sense of the words and find the 
relationship between them. In this study, word2vec word 
embedding algorithm is used. 

 

525



B. Word2Vec 

Word2Vec is a kind of algorithm tool that allows us to 
uncover the relationships between words. It provides the 
ability to calculate the distance and proximity relationships of 
the words in the analyzed texts as vector. These calculated 
relationships can be visualized easily. You can create 
suggestion systems by finding the words closest to a used 
word. The Word2Vec structure was created by research from 
a team led by Tomas Mikolov of Google. The developed 
structure was then analyzed and explained by other 
researchers. Word2Vec can use one of two different model 
architectures for vector representation of words: CBOW 
(Continuous Bag Of Words) and skip-gram. The architecture 
shown in Fig. 2 is for learning relationships between word 
pairs. This approach includes how many times each word 
appears in a document. However, word order is ignored. This 
approach focuses on the most common words in the 
document. There is no need to allocate 6 unnecessary 
memories for less frequently used words. Commonly used for 
simple document classifications. Successful results can be 
achieved, for example, by classifying an email as spam or not 
spam. However, it is much more difficult to achieve 
successful results such as meaning analysis and machine 
translation. Since the order of the words in this structure is 
insignificant, the phrase “a man bit a dog” and “a dog bit a 
man” have the same meaning. 

 

 
 
 

Fig. 2. Skip-gram and CBOW model 
 
 The skip-gram structure is a structure used for learning 

and revealing the relations of words with each other. In this 
structure, the desired number of results are produced by 
looking at the frequency of the relationship with the words on 
the right and left of the given words. The parameter “window-
size determines how far left and right the word is to be 
viewed. Relationship frequency is determined for these 
words. According to the determined results, the words that 
are most related to the given word are output. This structure 
actually resembles an artificial neural network structure 
consisting of a single hidden layer. The purpose here is to 
learn weights. Learning weights give us the words we want 
to relate as a result. 

In this study, while the word2vec model was trained, the 
data pool consisting of 60 thousand comments and cleared 
data was used. Positive / negative sentences were ignored 
when the model was created. All sentences were taken up and 
relations between words were removed. The model was 
presented to GRU as an embeddings layer just before the 
classification and summarization. The relationship between 

the words of the text to be classified and summarized will be 
found in this layer as shown in Table II. 

TABLE II.  WORD2VEC 

Word2vec 

'iyi', 0.71 

'harika', 0.70 

'güzeldi', 0.69 

'başarılıydı',0.64 

'mükemmel', 0.66 

'beğendim', 0.64 

 
 

C. Sentiment Analysis with GRU  

Gated Recurrent Unit (GRU), together with LSTMs, 
addresses the problem of the fading gradient that traditionally 
RNNs face. LSTM is the more general form of GRU. 
Disappearing and exploding gradient phenomena are 
frequently encountered in the context of RNNs. The reason 
for this is that it is difficult to capture long-term dependencies 
due to the multiplicative gradient which can be exponentially 
decreasing / increasing according to the number of layers. 
The fact that GRU is faster than LSTM has made it useful in 
some cases. Since the main theme of the text mining studies 
is texts and words, the relationship between the words before 
and after the words in the sentence is very important for the 
study. Fig. 3 below shows the GRU architecture. 

 

  
 

Fig. 3. GRU architecture 
 

In this study, GRU was used to save time. The model of 
the GRU used is given in Fig. 4. The embeddings layer is 
normally given as one-hot encoding input by default. But in 
our study, we focus on the higher success rate that adds to the 
study in the semantic context between words. The 400 vector 
model created with Word2vec is given as an introduction to 
the embedding layer. The number of neurons was determined 
as 128 by performance evaluation. The dropout layer is 0.5. 
The Softmax activation layer was used as the output layer 
consisting of 2 classes. binary_crossentropy function was 
used because the loss function output class number was not 
greater than 2 Opt. 
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Fig. 4. GRU model 

 

D. Text Summarization with Latent Semantic Analysis 

 
Latent Semantic Analysis (LSA) takes the content of a 

text as a system input and reveals the hidden semantic 
relationship between terms and sentences in the text. The 
LSA's system input is a term-sentence matrix (matrix A). In 
LSA, the singular value decomposition (TDA) of the matrix 
A is performed and the matrix is divided into three factors (A 
= USVT). It is an uncontrolled learner text analysis used to 
find a set of keywords in a given document. The word group 
(properties) resulting from the process represents the sub-
subject. Since it is an uncontrolled learning method, the 
subjects found may need to be evaluated by an expert. In 
addition, it is often necessary to know in advance how many 
different sub-topics are to be found. 

The study collected comments on a topic on twitter. 
Afterwards, the classification process was carried out to 
determine the sense of the majority of the comments. After 
the transaction, the text was summarized with LSA and brief 
information was provided to the user. This process is written 
in python language and performed by using sumy library. 

 

V. EXPERIMENTAL RESULTS 

For the text classification, the GRU classification model 
in Fig. 4 and the data pool given in Table I are used. The 
embedded layer in the text classification model was created 
with Word2Vec model. 

10% of the 60 thousand comments in the repository were 
used as test data and the remaining data were used as training 
data. The parameters of the word embedding model are set to 
vector parameter 400 window size 5. The loss and accuracy 
rate of the test is given in Table III below. 

TABLE III.  THE BEST CLASSIFICATION RESULTS OF 
WORD2VEC-GRU 

 
 Precision Recall F1-Score 

Support 

Negative        0.94       0.93      0.94       3054 
Positive        0.93  0.94       0.94 2946 
Avg/total 0.94       0.94       0.94       6000 

 
The test on social networks was made on the comments found 
on #avangersendgame hashtag on twitter. The collected 
comments were run by repeating the preprocessing steps in 
the model. As a result of the study, it was observed that 91% 
of the comments were positive. The positive comments were 

summarized by an unsupervised method with LSA text 
summarization algorithm. Summarizing results are given in 
Fig. 5. 
 

“Yenilmezler serisi kadar izlemekten keyif aldığım bir film yok 
Ben seni 3000 kes seviyorum 
3000. kez sevmeyende ne bileyim seviyorum diye dolaşmasın ortalıkta 
izlemedim ama İronman ölüyormuş haberiniz olsun” 

 
Fig. 5. Summarizing results 

 
The success of the study was tested in other social 

networks. But the best success has been on the twitter, which 
is the majority of the text. In tag and image based social 
networks such as Instagram, the success rate was found to be 
low because the system could not establish a semantic context 
among the tags. 

VI. CONCLUSION 

In order to measure the accuracy of word embedding 
algorithms, similarity relationships between words are 
examined. The similarity relationship of the model created 
for Word2vec Turkish language is shown in Table 2 by the 
similarity ratio between the words similar to the word 
'beautiful'. Classification is also the inclusion of classification 
in the relationships between words with the increase of 
classification success with word embedding models. The 
success of the classification affects the direct success of the 
classification. 

In the study, GRU and word2vec models were created for 
Turkish language. With these models, comments on any 
subject can be collected and emotion classification can be 
made. As a result of the classification, the text was 
summarized with LSA. If the written texts were not written 
in the daily spoken language but were written in an academic 
language in accordance with the grammatical rules, there 
would be an increase in the success rate. 
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Özet—Bu çalışmada, Lineer Diskriminant Analizi (LDA) – 
Uç Öğrenme Makine (UÖM) Sınıflandırıcı yöntemine dayalı 
yeni bir uzman hepatit teşhis sistemi önerilmiştir. UÖM, 
biyomedikal mühendisliği, bilgisayarlı görü, sistem tanımlaması 
ve robotik gibi alanlarda çeşitli uygulamalara sahiptir. Bu 
makalede, UÖM gelişiminin ayrıntılı bir açıklaması verilmiştir. 
UCI makine öğrenme veritabanı, hepatit hastalığı veri seti için 
kullanılmuştır. Önerilen yöntemin performansı, sınıflandırma 
doğruluğu, duyarlılık ve özgüllük gibi istatistiksel analiz 
yöntemleriyle değerlendirilmiştir. Önerilen hepatit tanı 
sisteminin yapısı üç aşamada tanımlanabilir. İlk aşamada, 
hepatit veri seti elde edildi ve özellikler azaltıldı. Hepatit veri 
setinin bu 19 özelliği, sırasıyla LDA, Temel Bileşen Analizi 
(TBA) ve Genelleme Diskriminant Analizi (GDA) yöntemleri 
kullanılarak 10 özelliğe indirgenmiştir. İkinci aşamada veya 
sınıflandırma aşamasında, her analiz azaltılmış özellik seti, 
UÖM sınıflandırıcısına verilir. Bu aşama, LDA-UÖM 
Sınıflandırıcı yönteminin TBA-UÖM ve GDA-UÖM olmak 
üzere diğer iki yöntemden daha iyi performans gösterdiğini 
göstermiştir. Son olarak, üçüncü aşamada, LDA-UÖM uzman 
sistemimizin hepatit teşhisi için teşhis performansı 
hesaplanmaktadır. Bu sistemin sonuçta ortaya çıkan 
sınıflandırma doğruluğu% 95.17 dir. Bu çalışmada, sonuçlar 
aynı veya benzer veri seti kullanılarak hepatit tanısal yaklaşım 
çalışmaları ile karşılaştırılmıştır.  

Anahtar Kelimeler—Hepatit; Lineer Ayırt Edici Analiz; 
Özellik Azaltma; Teşhis Sistemleri; Uç Öğrenme Makineleri 
(UÖM). 

Abstract—In this study, a new expert hepatitis diagnostic 
system based on the Linear Discriminant Analysis (LDA) - 
Extreme Learning Machine (ELM) Classifier method is 
suggested. ELM has various applications in fields such as 
biomedical engineering, computer vision, system identification 

and robotics. In this paper, a detailed explanation of the ELM 
development is provided. The UCI machine learning database 
was used for the hepatitis illness dataset. Proposed method 
performance is evaluated through statistical methods such as 
classification accuracy, sensitivity and specificity statistical 
analysis methods. The structure of this hepatitis diagnosis 
system can be described in three phases. In first phase, the 
hepatitis dataset is obtained and features reduced. These 19 
features of the hepatitis dataset are reduced to 10 features using 
Linear Discriminant Analysis (LDA), Principle Component 
Analysis (PCA) and Generalize Discriminant Analysis (GDA) 
methods respectively. In the second phase or classification stage, 
each analysis reduced feature set is given to the Extreme 
Learning Machine (ELM) classifier. This phase indicated that 
the Linear Discriminant Analysis (LDA) - Extreme Learning 
Machine (ELM) Classifier method outperformed the two other 
methods, PCA-ELM and GDA-ELM. Finally, in third phase, the 
diagnosis performance of our LDA-ELM expert system for 
diagnosis of hepatitis is calculated. The resulting classification 
accuracy of this system was 95.17 %. In this study, results are 
compared to hepatitis diagnostic approach studies using the 
same or like dataset and conclude that the high classification 
accuracies. 

Keywords—Hepatit; Linear Discriminant Analysis; Feature 
Reduction; Diagnosis System; Extreme Learning Machine 
(EML). 

I. GİRİŞ 

Amerika Birleşik Devletleri'nde karaciğer hastalığı tipik 
olarak, 40-60 yaş grubundakileri etkilemektedir (tüm yaş 
aralıklarında mevcut olmasına rağmen). Azınlıklar ve 
yoksulluktan mahrum kalanlar özellikle hassastır. Halen 
yaklaşık 5.5 milyon Amerikalı (yetişkinlerin yaklaşık yüzde 
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iki ila üçü) kronik karaciğer ve siroz hastalığına sahiptir. 
Karaciğere bağlı hastalık, ABD'deki ölümlerin ilk on 
nedeninden biridir. Dört Amerikalıdan birinin yaşamları 
boyunca karaciğer hastalığından muzdarip olacağı tahmin 
edilmektedir. Halen, hepatotropik virüs hepatit-C'nin neden 
olduğu karaciğer hastalığı hepatitinin önde gelen nedenidir. 
Hepatit, karaciğer iltihabı olarak tanımlanır. 

Mantar enfeksiyonları, bakteri, virüs, alkol gibi toksinlere 
maruz kalma sonucu ortaya çıkabilir. En yaygın viral hepatit 
tipleri, hepatit-A, hepatit-B ve hepatit-C'yi içerir [1, 2]. Diğer 
daha az yaygın viral hepatit tipleri arasında hepatit D, hepatit 
E ve hepatit G bulunur. Hepatit hastalığı karaciğer hücrelerine 
zarar verir. Genel olarak, önemli miktarda karaciğer hasarı 
oluşana kadar, karaciğer hala etkili olabilir. Ancak, hastalık 
erken teşhis edilmez ve tedavi edilmezse karaciğer sağlığı 
tehlikeye girebilir. Erken evre veya akut hepatit fazının 
semptomları spesifik değildir ve genellikle grip gibi diğer 
hastalıkların belirtileridir. Bu nedenle, doktorlar tanıyı 
doğrulamak için tipik olarak kan testleri kullanır. Kronik 
evreyi teşhis etmek daha zordur, çünkü semptomlar spesifik 
değildir veya önemli bir karaciğer hasarı oluşana kadar 
genellikle kendini göstermez. 

Uç Öğrenme Makinesi (UÖM - Extreme Learning 
Machine -ELM), biyoinformatik, görüntü işleme, sinyal 
işleme, koordinat tanımlama sistemleri, güvenlik ve hastalık 
teşhisi dahil ancak bunlarla sınırlı olmamak üzere çeşitli 
alanlarda başarıyla uygulanmıştır. Genelleştirilmiş bir Tek 
Gizli Katman Beslemeli Ağların (SLFN'ler) gizli düğümlerini, 
yinelemeli ayarlamaya gerek olmadan rastgele seçer. Ve 
UÖM, [3-9] 'da önerildiği gibi SLFN'lerin çıktı ağırlıklarını 
analitik olarak belirler. Çıktı ağırlıkları analitik olarak 
hesaplansa da, UÖM’nin gizli nöronlar ve aktivasyon işlevi 
tipleri için bir kurala ihtiyacı yoktur. UÖM gizli düğümleri 
aslında nöronlar gibi davranmaz. Sadece gizli katman ve çıkış 
katmanı parametreleri (veya ağırlıklar) arasındaki serbest 
bağlantı öğrenilmelidir. Bu şekilde, UÖM, belirtilen sistemi 
çözmek için doğrusal-doğrusal bir model olarak formüle 
edilir. Geleneksel yöntemlere kıyasla, UÖM çok verimlidir ve 
küresel optimum hale gelme eğilimindedir [3-9]. Donanım 
uygulaması ve paralel hesaplama teknikleri UÖM eğitim 
bilgilerini hızlandırabilir. UÖM için iyi bir sınıflandırma 
performansı elde etmek için öğrenme parametreleri uygun 
şekilde belirlenmelidir. Geleneksel algoritmalarına kıyasla 
UÖM verimliliği ve performans avantajları, farklı alanlardan 
geniş bir problem aralığında gösterilmiştir [3-5]. UÖM 'nin 
genellikle destek vektör makinelerinden (SVM'ler) [10], en 
küçük kare destek vektör makinelerinden [11] ve diğer 
modern algoritmalardan çok daha etkili olduğunu belirtmekte 
fayda vardır. Bazı çalışmalar UÖM 'in SVM'lerden ve 
varyantlarından daha iyi olduğunu göstermektedir [4-6,12]. 
[4-6] 'da UÖM ile SVM arasında detaylı karşılaştırmalar 
bulunabilir. 

Son on yılda, UÖM teorileri ve uygulamaları kapsamlı bir 
şekilde çalışılmıştır. UÖM 'de, öğrenme etkinlikleri 
perspektifinden bakıldığında nesneler üç kat halinde 
tasarlanır. Özel uygulamalar için daha verimli ve uygun hale 
getirmek için UÖM modelinde çeşitli uzantılar yapılmıştır. 
UÖM teorileri ve uygulamaları üzerine bir literatür taraması 
Huang, Wang ve Lan tarafından yapılmıştır [11]. O zamandan 
beri, UÖM araştırması daha da aktif hale geldi. Teorik bir 
açıdan, UÖM 'in evrensel yaklaşım kabiliyeti Huang, Zhou ve 
diğ. [12]. Farklı uygulama gereksinimlerini karşılamak için 
birçok UÖM çeşidi önerilmiştir. Örneğin, maliyete duyarlı bir 

öğrenmede minimum test süresi, test süresi bütçesini 
karşılamak için kompakt bir ağ gerektirir. Ek olarak, UÖM 
son zamanlarda kümelenme, özellik seçimi ve temsili 
öğrenme için genişletilmiştir [3, 13, 23]’de UÖM alanlarında 
birçok spesifik iyileştirme önerilmektedir. Söz konusu 
özniteliklerin ön işlemlerle sınıflandırma performansını 
arttırmaya geldiğinde bu alanda ypılmış   

Bu çalışmada, LDA - UÖM Sınıflandırıcı yöntemine 
dayanan yeni bir uzman hepatit teşhis sistemi tanıtılmıştır. 
UÖM, biyomedikal mühendisliği, bilgisayarlı görü, sistem 
tanımlaması ve robotik gibi alanlarda çeşitli uygulamalara 
sahiptir. Bu yazıda, UÖM gelişiminin ayrıntılı bir açıklaması 
verilmiştir. UÖM yöntemi ile eğitilmiş sınıflandırıcı, tek 
katmanlı bir sinir ağıdır (SLNN). UCI makine öğrenme 
veritabanı, hepatit hastalığı veri seti için kullanılmıştır. 
Önerilen yöntem performansı  sınıflandırma doğruluğu, 
hassasiyet gibi ölçeklerle değerlendirilmiştir. 

II. LDA - UÖM SINIFLANDIRICISINA DAYALI UZMAN 

HEPATIT HASTALIKLARI TANI SISTEMI  

A. Veri Kümesi 

Hepatit hastalığı veri setini elde etmek için UCI makine 
öğrenme veritabanı kullanılmıştır. Bu veri seti 20 öznitelik 
içermektedir. Bu özniteliklerden biri sınıf özniteliğidir [17]. 
Hepatit veri seti iki farklı hedef sınıfına ait 155 veri 
içermektedir. 6–8 ayrık değere sahip 20 öznitelik, 13 ikili ve 
6 özellik vardır. Ayrıca, sınıf dağılımı ölüler için 32, yaşayan 
hastalar için 123; Veri setinin nitelik bilgisi Tablo 1'de 
verilmiştir. 

TABLE I.  HAPATIT VERISETI 

 
Hepatit Veriseti 

Öznitelik Değerler 

1 Yaş 10-80 (10’ar artışlı) 
2 Steroid Yes, No 
3 Cinsiyet Erkek, Kadın 
4 Varis Var, Yok 
5 Ascides Var, Yok 
6 Malez Var, Yok 
7 Dalak Hissi Var, Yok 
8 Karaciğer Büyümesi Var, Yok 
9 Anoreksi Var, Yok 
10 Karaciğer Pekişmesi Var, Yok
11 Örümcekler Var, Yok
12 Yorgunluk Var, Yok
13 Antiviral Var, Yok 
14 Histoloji Var, Yok 
15 Alk fosfataz 33, 80, 120, 160, 200, 250 
16 Protime 10, 20, 30, 40, 50, 60, 70, 80, 90 
17 Albümin 2.1, 3.0, 3.8, 4.5, 5.0, 6.0 
18 SGOT 13, 100, 200, 300, 400, 500 
19 Bilirubin 0.39, 0.80, 1.20, 2.00, 3.00, 4.00 
20 Sınıf  

 

B. LDA - UÖM Sınıflandırıcısına Dayalı Uzman Hepatit 
Hastalıkları Tanı Sistemi Uygulaması 

Bu çalışmada, LDA - UÖM Sınıflandırıcısına dayanan 
yeni bir uzman hepatit hastalıkları tanı sistemi tanıtıldı. UÖM 
sınıflandırıcısı, tek katmanlı bir sinir ağıdır (SLNN). 
eğitilmiştir. Bu yeni uzman hepatit hastalıkları tanı sisteminin 
LDA - UÖM Sınıflandırıcısına dayanan blok şema  Şekil 1'de 
verilmiştir. 
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Fig. 1. Önerilen Yöntemin Blok Şeması 

Özellik Çıkarma Aşaması: Bu aşama bir özellik çıkarım 
aşamasıdır. Bu aşamada, bu çalışmada kullanılan hepatit 
hastalıkları veri kümesi UCI makine öğrenim veri tabanından 
elde edildi. Bu hepatit veri seti, 19 özellikten oluşur. Yani, bu 
hepatit veri kümesi 19 boyutlu özellik alanından oluşur. Daha 
sonra, bu 19 özellik sırasıyla PCA[14], LDA [15], ve GDA 
[16] yöntemleri kullanılarak 10 özelliğe indirgenmiştir. 

Sınıflandırma Aşaması: Bu aşamada, azaltılmış özellik 
kümeleri, UÖM sınıflandırıcısına ayrı olarak verilir. İlk 
olarak, LDA yönteminden elde edilen 10 azaltılmış özellik 
UÖM sınıflandırıcısının girdilerine verilmiştir. İkinci olarak, 
PCA yöntemindeki ve GDA yöntemindeki özellikler sırasıyla 
UÖM sınıflandırıcısının girdilerine verilmiştir. Bu çalışmanın 
temel amacı, hepatit hastalıkları veri seti için LDA - UÖM 
Sınıflandırıcı yönteminin diğer PCA- UÖM ve GDA- UÖM 
yöntemlerine göre üstün doğru teşhis performansını 
göstermektir. Bu deneysel çalışmalarda kullanılan eğitim 
parametreleri ve LDA - UÖM sınıflandırıcısının yapısı Tablo 
2'de gösterilmektedir. Bu parametrelerin aktivasyon 
fonksiyonlarının türü ve sayısı ve öğrenme hızı gibi değerleri, 
birkaç farklı deneyden sonra en iyi performans için 
değerlendirilir.  

TABLE II.  SINIFLANDIRICI PARAMETRELERI 

 
Sınıflandırıcı Parametreleri 

Parametre Değerler 

1 Katman Sayıları 

Giriş Katmanı: 10 
Gizli Katman : 1 
Gizli Katmandaki Nöron 
Sayısı: 20 
Çıkış: 1 

2 Aktivasyon Fonksiyonu Tan. Sigmoid 

3 Öğrenme Kuralı 

UÖM (Extreme Learning 
Machine (ELM) for Single-
Hidden Layer Feedforward 
Neural Networks (SLFNs)) 

4 Toplam Karesel Hata 0.0000001 

Test Aşaması: Bu aşamada, önerilen önerilen LDA-UÖM 
uzman sisteminin hepatit tanısı için doğru tanı performansı, 
sınıflandırma doğruluğu kullanılarak tahmin edilir. 
Sonuçlardan görüldüğü gibi, bu sistemin sınıflandırma 
doğruluğu bu deneysel çalışmaların sonuçlarından yaklaşık % 

92,17 elde edildi. Bununla birlikte, bu çalışmanın sonuçları 
aynı veri tabanını kullanan önceki hepatit hastalığı 
çalışmalarıyla karşılaştırılmıştır. Bu çalışmada ve öncekilerde 
özellik vektörünü daha düşük bir boyuta indirerek yüksek 
sınıflandırma doğruluğunun elde edildiği açıkça 
gösterilmiştir. 

Bu deneysel çalışmalarda, verinin beşte ikisinin eğitim 
için UÖM sınıflandırıcısına girdi olarak verildiği 3 katlı bir 
çapraz doğrulama şeması uygulanmıştır. Verilerin geri kalanı, 
LDA - UÖM sınıflandırıcısına dayanan bu yeni uzman hepatit 
hastalıkları tanı sisteminin performansını test etmek için 
belirlenen test verileri olarak değerlendirildi. Bu strateji üç kez 
uygulandı. Önerilen UÖM yönteminin performansını 
belirlemek için ortalama değerler hesaplandı. 

UÖM test sürecinde UÖM yapısında gizli katman nöron 
sayısı ve aktivasyon fonksiyonu tipi için optimum 
parametreler kullanılmıştır. Daha önce de belirtildiği gibi, veri 
kümesi, sınıf özelliği dışında 19 alakalı özelliğe sahiptir ve 
toplam 155 vaka içermektedir. Böylece, 155 x 19 boyutunda 
bir matristir. UÖM sınıflandırıcısı için aktivasyon fonksiyonu 
tipi ve gizli nöron sayısı, çoklu testler gerçekleştirilerek 
belirlendi. Aktivasyon fonksiyonu sigmoid, sinüs, teğet 
sigmoid, sigmoid, radyal temel, üçgen, poli ve hardlim'i 
kapsar. Ayrıca, gizli nöron sayısı 5 ile 132 arasındadır. 
Spesifiklik analizine göre, önerilen yöntemin sınıflandırma 
doğruluğu ve hassasiyet performansı hesaplanmıştır.  

Çalışmada LDA - UÖM sınıflandırıcısına dayalı yeni bir 
uzman hepatit hastalıkları tanı sistemi önerilmiştir. Veri 
kümesindeki 19 özellik, sırasıyla LDA, PCA ve GDA 
yöntemleri kullanılarak 10 özelliğe indirgenmiştir. Burada, bu 
karşılaştırma çalışmasını yapmanın temel amacı, LDA - UÖM 
sınıflandırıcı yönteminin sırasıyla diğer PCA-UÖM ve GDA-
UÖM'e karşı üstün doğru teşhis performansını göstermektir. 
Bu önerilen LDA-UÖM uzman sisteminin hepatit 
hastalıklarının teşhisi için doğru tanı performansı, 
sınıflandırma doğruluğu kullanılarak tahmin edilmektedir. 
UÖM algoritması için tüm deneysel çalışmalar, bir PC'de 
çalışan i7 CPU'ya sahip MATLAB 2019a [17] ortamında 
gerçekleştirildi. Farklı aktivasyon fonksiyonlarının 
kullanıldığı LDA - UÖM, PCA-UÖM ve GDA-UÖM 
sınıflandırıcı yöntemlerinin teşhis performansları ve gizli 
nöronların sayısı için sonuçların karşılaştırılması Tablo 3'te 
gösterilmektedir. Bu tabloda gösterildiği gibi, en iyi 
sınıflandırma Önerilen LDA-UÖM yönteminin doğruluğu, 
tanjant sigmoid ile aktivasyon fonksiyonunun kullanıldığı ve 
gizli nöronların sayısının 23 olduğu mimari ile % 95.17 olarak 
bulunmuştur. 

Duyarlılık (Sensivity), Özgüllük (Specificity) ve Doğruluk 
(accuracy), analizleri aşağıdaki denklemler yardımı ile elde 
edilir. 

FNTP

TP
sensivity

+
=(%)                             (1) 

TNFN

TN
yspecificit

+
=(%)                                               (2) 

TNFNFPTP

TP
accuracy

+++
=(%)                                   (3) 
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TABLE III.  LDA - UÖM, PCA-UÖM VE GDA-UÖM SINIFLANDIRMA 

PERFORMANSLARININ KARŞILAŞTIRILMASI 

Öznitelik 
İndirgeme 
Yöntemi 

Aktivasyon 
Fonksiyonu 

Gizli Katman 
Sayısı 

Doğruluk (%) 

LDA  Tangent sigmoid 23 95.17 
LDA  Tangent sigmoid 42 91.23 
PCA Sigmoid 31 91.10 
LDA Poly 42 90.45 
GDA Tangent sigmoid 33 90.20 
GDA Tangent sigmoid 21 90.15 
PCA Tangent sigmoid 25 90.13 
LDA Tangent sigmoid 36 89.92 
LDA Sigmoid 43 89.56 
PCA Sigmoid 76 87.16 
PCA Tangent sigmoid 26 86.34 
LDA Tangent sigmoid 42 84.03 
LDA Poly 48 83.24 

Benzer şekilde, hepatit tanısı için diğer yöntemler, giriş 
sınıflandırıcı için azaltılmış bir özellik vektörü kullanan Ref 
[18-24] 'de sunulmuştur. Tablo 4'te, önerilen LDA-UÖM 
yöntemimizin ve aynı veri setini kullanan önceki çalışmaların 
karşılaştırma sonuçları sunulmaktadır. 

TABLE IV. AYNI VERI KÜMESINI KULLANAN REFERANSLARDAKI 

ÇALIŞMALARIN ÖNERILEN YÖNTEM ILE KARŞILAŞTIRMASI 
Referans Yöntem Doğruluk (%) 

 [18] 
ANN 
RBF 

81.375 
85 

 [18] ANN+LM 91.87 
 [19] LDA+ANFIS 94.16 
 [18] PCA+ANN 89.6 
 [20] FS+AIRS 92.59 
 [21] PCA+LSSVM 92.59 

This study LDA-UÖM 95.17 

III. SONUÇLAR VE TARTIŞMALAR 

Bu çalışmada, Lineer Diskriminant Analizine (LDA) – Uç 
Öğrenme Makinesi (UÖM- Extreme Learning Machine -
ELM) Sınıflandırıcı yöntemine dayanan yeni bir uzman 
hepatit teşhis sistemi sunulmuştur. UÖM, biyomedikal 
mühendisliği, bilgisayarlı görü, sistem tanımlaması ve robotik 
gibi alanlarda çeşitli uygulamalara sahiptir. UÖM yöntemi ile 
eğitilmiş sınıflandırıcı, tek katmanlı bir sinir ağıdır (SLNN). 
UCI makine öğrenme veritabanı, hepatit hastalığı veri seti için 
kullanılmıştır. Önerilen yöntemin performansı sınıflandırma 
doğruluğu, duyarlılık ve özgüllük gibi istatistiksel analiz 
yöntemleri ile değerlendirilmiştir. Bu hepatit tanı sisteminin 
yapısı üç aşamada tanımlanabilir. İlk aşamada, hepatit veri seti 
elde edilmiş ve özellikler indirgenmiştir. Hepatit veri setinin 
19 özelliği, sırasıyla LDA, PCA ve GDA yöntemleri 
kullanılarak 10 özelliğe indirgenmiştir. İkinci aşamada veya 
sınıflandırma aşamasında, her analiz azaltılmış özellik seti, 
UÖM sınıflandırıcısına verilir. Bu aşama, LDA – UÖM 
Sınıflandırıcı yönteminin diğer iki yöntemi (PCA-UÖM ve 
GDA-UÖM) geride bıraktığını göstermiştir. Son olarak, 
üçüncü aşamada, LDA-UÖM uzman sistemimizin hepatit 
teşhisi için teşhis performansı hesaplanmaktadır. Bu sistemin 
sonuçta ortaya çıkan sınıflandırma doğruluğu % 95.17 
olmuştur. Sonuçlarımızı aynı veri setini kullanarak hepatit 
tanısal yaklaşım çalışmaları ile karşılaştırdık ve elde ettiğimiz 
yüksek sınıflandırma doğruluğunun yöntemimizi ve özellik 
vektörlerini azaltan diğer yöntemleri hepatit tanısı için 
uygulanabilir yaklaşımları daha düşük boyutlara düşürdüğü 
sonucuna vardık. 

Önceki çalışmalar incelendiğinde, özellik vektörünün 
düşük boyutuna indirgenmesi durumunda yüksek 
sınıflandırma doğruluğunun elde edildiği açıkça 
görülmektedir. 

Deneysel sonuçlar, yeni LDA-UÖM algoritmasının çoğu 
durumda iyi genelleme performansı verebileceğini 
göstermektedir. Dahası, bu yeni LDA-UÖM algoritması, 
ileriye dönük sinir ağları için geleneksel popüler öğrenme 
algoritmalarından binlerce kez daha hızlı öğrenebilir. 
Deneysel sonuçlar, önerilen yeni LDA-UÖM öğrenme 
algoritmasının etkili bir yorum yapabileceğini göstermektedir. 
Uzman hepatit hastalıkları tanı sistemi için yeni LDA-UÖM 
yönteminin performansı Tablo 3-4'de verilmiştir. 

Uzman hepatit hastalıkları tanı sistemi için yeni LDA-
UÖM yönteminin en önemli yönü, LDA-UÖM yönteminin 
kendi kendini düzenleyebilme yeteneğidir. Bu, gerçek 
zamanlı bir teşhis uygulamasında eğitimli bir ağın derhal yanıt 
vermesini sağlar. Programlama gereksinimleri ve eğitilmiş bir 
ağın gerçek zamanlı uygulamalar sırasında anında yanıt 
vermesi gerekmez.  
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Abstract— Sovereignty, which is the dominant concept of 
political science, is constantly shaping the power relations 
among modern states externally, and between state and 
individuals internally, within the context of the territory, the 
population on the territory, and the activities performed by this 
population. With the development of digital data-based 
technologies, the intersection of the physical space with 
cyberspace, the organic population with the artificial, and the 
actual activity with the virtual, make the objects that the 
sovereignty address can and will become increasingly complex. 
Digital data has become the new enabler of public value.  As of 
uncertainty’s new parameter, digital data drives new socio-
economic reality. However, the concentration of digital data at 
non-state actors, reduced need for intermediary institutions and 
increased non-governmental expertise also lead to 
transformation of the existing power relations. This paper 
scrutinizes digitally augmented concept of sovereignty and 
explores a new conceptual framework to understand the 
objectives of state sovereignty. 

Keywords—digital data sovereignty, cyberspace, sovereignty, 
national security, privacy 

I. INTRODUCTION 

The concept of sovereignty, from the most local political 
formation to the most global political power relations, is one 
of the most important concepts that modern politics and 
modern political science have failed to answer the question of 
"what" for centuries [1, 2]. On the other hand, modern 
sovereignty; has been developed in a period where the 
territory was the land and sea, the population was mostly 
consisted of settled people and activities carried out by the 
people in these territories were within sight and physical. 
While the objects of sovereignty take various new forms in 
few centuries, the discourse and practice of sovereignty has 
been transformed, and new meanings are added to the concept 
according to the existing conditions. For instance, in the air, 
which has been the new domain of sovereignty for the last 100 
years, and finally in outer space, activities such as economic, 
legal and national security are rapidly becoming more 
widespread through new technical possibilities. Furthermore, 
cyberspace that provided by electronic networks has been 
enabling new and remote social formations and expanding the 
areas of activity that require sovereign discourse through the 
technological developments it accelerates. Hence, the state of 
sovereignty over the complexed different territories and actors 
has become increasingly controversial. 

The validity of the sovereignty claim is consistent with the 
effectiveness of the techniques owned by the state. Latest 
economic and social applications of digital technologies have 
brought to the forefront the national concerns such as 
cyberspace control, data ownership and authority over 
autonomous systems. However, the socio-technical basis of 

the discussions in all three topics has not yet matured. The 
current debate focuses on ensuring spatial control in a 
technical sense. On the other hand, the debate on digital data 
sovereignty as a new technical form of sovereignty in terms of 
political science and public administration has been centered 
around the privacy of personal data. Besides, the debate on 
artificial intelligence-assisted autonomous systems is mostly 
taking place at the level of possible ethical frameworks. In this 
context, there are two main discussions. First one is about the 
effects of digital technologies on sovereign discourse and 
practices. Second one is about how to realize sovereign 
practices on contemporary socioeconomics of digital 
technologies. This study is mostly focus on second one in 
consideration with first one as a conceptual framework. 
Although the subject content is essentially referred to as 
digital data sovereignty, there is a literature with “information 
sovereignty” [3, 4] and "technological sovereignty" [5].  

 States primarily aspire to survival, yet it is not the only 
goal [6]. If this were the case, it is considered that the current 
states would be shaped according to restrictions. Another 
important goal of states is to preserve the way of life. They 
enter competition or cooperation when necessary in order to 
survive and maintain their way of life. Indeed, the 
international political system and the balance of power are 
built on different combinations of competition and 
cooperation in accordance with the characteristics of these two 
priorities. Hence, sovereignty claims include survival 
discourse in tandem with competitive acts.  

There is a difference between sovereignty and digital data 
in terms of tangibility. Sovereignty is, above all, an abstract 
concept. However, the embodiment attributed to the concept 
is shaped by the practices that the state directly applies or 
interferes with. This concrete reality requires authority over 
the territory and population where the state develops the 
discourse of sovereignty. On the other hand, digital data is 
based on concrete realities such as hard disk, database, 
computer, software, etc. and is a set of “0” and “1” by 
electrical means. On the other hand, this objective situation 
makes it possible to isolate technology through information 
technologies. While the evolving digital data techniques 
remain within the abstract concept of information 
technologies, new possibilities can have different 
consequences on domination under the same concept. This 
makes it difficult to examine the impact of digital technologies 
on sovereignty. Where the state practices and the 
embodiments around digital data intersect, information 
technologies and the abstractions of sovereignty also intersect. 
The embodiment of sovereignty can be seen through power 
relations and through state practices. In order to examine the 
digital technologies impact on sovereignty, it is necessary to 
embody the abstraction of the concept of sovereignty and to 
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address the concrete practices of the state in the context of 
sovereignty.  

States direct sovereign discourse on territories internally 
and externally. They instrumentalize these practices as a 
domestic sovereignty which is for the provision of internal 
control and authority, interdependence sovereignty for the 
provision of cross-border crossing control, external 
sovereignty for the overriding of non-intervention, and 
international sovereignty for international recognition [7].  

In this context, the current characteristics of sovereignty 
have been detailed in the context of territory, population and 
activities. Based on this contextual framework, a new 
perspective to examine the effects of digital data on the 
concept of sovereignty is discussed. 

II. STATE SOVEREIGNTY IN TRANSITION 

The concept of sovereignty has been significant for 
modern states and the international system built on this 
context remain valid as the current balance of political powers. 
Sovereignty does not naturally accrue to the state. It is a 
combination of various international and international 
processes [8]. Today's international political structure is 
mainly based on the United Nations Convention signed in 
1945 after World War II. Article 2 of the convention. In 
accordance with the principles contained in the Article, all 
member states have equal sovereignty and member states are 
obliged to refrain from the use of force to threaten the spatial 
integrity and political independence of any state [9]. 

States, in the last 25 years, have faced major events and 
concepts such as the end of the cold war, the fight against 
terrorism, the Responsibility for Protection, the increasing 
number and influence of transnational corporations and the 
information technology revolution [10]. According to Krasner 
[11], sovereign state systems have been under unprecedented 
pressure in the last two centuries under the developments in 
the phenomenon of globalization and international norms that 
have changed towards human rights. Globalization challenges 
internal sovereignty and cross-border crossing in this context, 
as it makes state control problematic. On the other hand, the 
transnational norms around human rights make external 
sovereignty problematic through state authority.  

According to Strange [12], financial globalization and the 
influence of non-state actors on state sovereignty led states to 
redefine sovereignty according to the new situation. These 
challenges have led to significant crises in the objective 
dimensions of sovereignty and in the establishment of 
authority within the scope of sovereignty. Especially in the 
post-World War II period, the international understanding 
based on the objectives set by governments and citizens can 
be achieved through interstate cooperation has been eroded. a 
structural understanding of international law and order on 
behalf of humanity and the world community. Within the 
scope of this understanding, nation-state and national 
sovereignty is seen as the new source of resistance and 
reaction before international new order [13]. 

The discussions in the literature on the transformation of 
the objects of sovereignty are generally based on the 
increasing diversity of the object of sovereignty. The basic 
element of the concept of sovereignty is the assertion of 
authority over a territory, a population in this location, and 
activities carried out by this population. However, when the 
rhetoric of sovereignty is examined, it is seen that these three 

elements of sovereignty do not come to the fore 
simultaneously. For example, "submarine fiber cables" are the 
object of a sovereign discourse directed towards territory, 
while "mass surveillance" is the object of a sovereign 
discourse that observes population and "disclosure of state 
secret" towards activity. 

The discourse of sovereignty seeks to answer the questions 
"where, who and what?" The answer to these questions is 
answered differently in line with social development and 
technological advances. However, the discourse of 
sovereignty has always targeted these three basic elements, 
regardless of how the concept is transformed. As a matter of 
fact, the main objects of the concept of sovereignty consist of 
a specific territory, population and activity, as represented in 
Fig 1. In this representation, the objects of sovereignty are 
represented in three basic dimensions. Accordingly, there is a 
projection of any sovereignty discourse, as well as space, 
population and activities. 
 

 
Fig 1. The conceptual objectives of sovereignty 

A. Transformation of Territory 

Classical definitions of sovereignty were generally defined 
in the 19th century. It is based on the social formations and the 
phenomena of land and sea, which mankind can be 
instrumental in. Considering the technological advances in the 
20th and 21st century, the debate on sovereignty over new 
domains has increased and become the contemporary 
institutional form. The balance of power of states affected by 
technological developments at national/international level and 
the increasing spatial dependence for socio-economic 
relations are decisive in the transformation of spatial 
sovereignty. Based on historical development; land, sea, air, 
space and cyberspace sovereignty can be mentioned. As we 
move the reality of humanity to new locations and its activities 
in these spaces diversify, the concept of sovereignty over 
spaces reproduces itself. State sovereignty historically 
requires land sovereignty. However; 

• Maritime sovereignty in ensuring land sovereignty, 

• Air sovereignty in ensuring maritime and land 
sovereignties, 

• Space sovereignty in ensuring air, maritime and land 
sovereignties, 

• Most recently, cyberspace sovereignty, which 
developed outside of traditional spatializations, has 
been important for space, air, maritime and land 
sovereignties. 
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Although the claim of the sovereign is defined at absolute 
range for its initial definition, the current international system 
is based on inter-state agreements such as the UN Security 
Council Resolutions and the Geneva Convention. On the other 
hand, there are exceptions in the agreements due to the 
conditions of the territories. For example, it is essential that no 
country claims sovereignty on the high seas. Similarly, all 
states have common rights on seabeds, Antarctica and the 
Moon as determined by UN agreements. 

While international discussions on territories have reached 
a certain level of maturity and regulation, as Kittichaisaree 
[14] pointed out, the phenomenon of cyberspace remains to be 
regulated internationally. Meanwhile, the relevant provisions 
of existing international law (UN Convention) generally apply 
to cyberspace sovereignty. As stated in the Tallinn Manuel 
2.0, no state can claim sovereignty directly over cyberspace, 
while able to address sovereignty over cyberinfrastructures 
and activities associated with these infrastructures [15]. 

Countries' cyberspace-related policies are closely related 
to levels of sophistication and international political objectives 
in information and communication technologies [14]. For 
example, the United States, which has global dominance over 
ICT, emphasizes the free movement of information and 
fundamental freedoms. On the other hand, Western European 
countries seek for the protection of privacy and personal data, 
cyber security in African countries where internet usage is 
rapidly spreading, and China is legalizing the right to national 
sovereignty in cyberspace, who has the most internet users. 
Countries with technologically advanced competence are at 
risk of monopoly on cyberspace law unless they are restricted 
by other countries. Indeed, many states are unintentionally 
consensus or object to what they do not understand, as they 
are unwittingly indifferent to the results of the relevant 
technology when they are released and accessible to the 
public. 

B. Transformation of Population 

Besides evaluating individuals as a basic social unit 
through sovereignty over the body, it is possible to determine 
the scope of a discourse that directs the body to all kinds of 
organic or inorganic components that make up the individual. 
In line with advances in digital data-driven biotechnology, 
today's political space goes beyond the human body's 
relationship with things, directly to all the parts that make up 
the human body and the genetic records that make up the 
living. The field of biotechnology, which has the power to 
shape the human nature that shapes the diversity of political 
thought, has the potential to negatively affect the nature of 
democracy and politics [16]. 

The main object of population-based sovereignty is 
individuals, who are legally referred to as real persons. 
However, in social life, there are some rights and assignments 
that real persons have and legal entities that have legal 
equivalents. Legal entities are a social entity, or a community 
of goods and the work and transactions carried out on behalf 
of them are carried out by real persons. However, today's 
sovereignty debate has gone beyond the traditional human 
institution. Physically and genetically interfered with human, 
domestic and wild animals, natural life and artificial 
intelligence issues are also becoming the agenda of political 
science. The most important distinguishing feature of today's 
reality is that digital systems in human activities may be 
reflected outside of the human body, on the human body and 
within the human body. 

The institutionalization of mass surveillance as an 
important mean for control, detection and order has become 
common use in modern societies to carry on sovereign 
discourse. For instance, Echelon, the first known 
comprehensive mass surveillance program of the 
communication age that was established in co-operation of the 
United States, Britain, Canada, Australia and New Zealand, 
during the Cold War was used for military and diplomatic 
purposes in the early 20th century. But its use was expanded 
in late 20th century to listen to private and commercial 
communications infrastructures [17]. On the other hand, as it 
was disclosed in 2013, most U.S.-based global digital service 
companies’ databases have been accessed within the scope of 
mass surveillance practices conducted through a program 
called PRISM [18]. Amid growing concerns about mass and 
unauthorized digital surveillance, the UN General Assembly's 
68th session of the 2013 meeting held in 2013. A/RES/68/167 
Decision on privacy in the digital age was taken in the session 
[19]. 

With the interaction of organic elements of real people 
with cyberspace, the organic integrity of traditionally accepted 
human beings is taking a new form. As progress has taken 
place in related areas such as information technology and 
biotechnology, human integrity is gradually evolving into 
cyber-organic forms. 

Following the development of digital data-based 
computing, automated information processing-based 
activities have brought up artificial intelligence discussions. 
Currently, the legal personality of artificially intelligent 
systems is out of the question. However, discussions in this 
direction continue. For instance, The European Parliament's 
Decision of 17 February 2017 has taken an important step in 
how autonomous robots will be represented in social and 
economic activities and what kind of responsibilities they will 
carry. This Resolution recommends legal status under the 
definition of "electronic personhood" for autonomous systems 
[20]. On the other hand, In 2017, for the first time in history, 
a robot named "Sophia", with a partial artificial intelligence, 
was granted citizenship by the Saudi Arabian government 
[21], although there is no social acceptance in real. 

C. Transformation of Activities 

Each activity includes a population unit and part of space. 
However, in cases where the activity has factual properties, it 
is possible to make an assessment independent of the 
environment and the actor. Modern society is based on the 
differentiation of social roles. It is also possible to consider all 
social activities within the scope of political, economic and 
cultural activities. 

The expanding social formations with globalization and 
the development of transportation opportunities have caused 
real and legal persons to move and interact more and more 
within the different sovereign areas. As a result of digital 
technologies, people have become able to engage in social 
interactions without going from one place to another 
physically. Unlike other technological advances, digitization 
leads to new developments that significantly affect both 
organizations and human preferences at the same time. Within 
this perspective, a very comprehensive sphere of influence has 
emerged for states. 

The uncertainties and change surrounding the domestic or 
foreign status of the active actors disperse the relationships 
between these actors through network structures while at the 
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same time transforming the distinct line that exists in terms of 
sovereignty [22]. 

III. TOWARDS A CONCEPTUAL FRAMEWORK FOR DIGITAL 

DATA SOVEREIGNTY 

 With the digital data sovereignty, the authority of the state 
on the digital data produced, processed and stored in the field 
of sovereignty is not discussed. The increasingly visible 
debate is how to rebuild the state's eroded control practices on 
the growing volume of digital data and accelerated data traffic. 

 Digital data sovereignty includes discussions about which 
state sovereignty and therefore the laws governing the digital 
data generated. The concept of digital data sovereignty is 
evolving against security risks, especially for both space and 
society. However, there is no accepted common definition yet 
[23]. Meanwhile, the digital data sovereignty debate is 
focused on the acceptance that digital data will be stored and 
processed within the boundaries of a specific country 
physically [24] and the state's authority over information 
assets [25]. 

 One of the most important topics of discussion in recent 
years, "protection of personal data" and "digital data privacy" 
is an individual-level debate, while increasingly gaining 
political and national character to the rhetoric of "national 
security" and "digital data sovereignty" has begun to evolve. 
According to Polcak and Svantesson [3], although they belong 
to different legal and political areas, there is a close 
relationship between digital data privacy and digital data 
sovereignty. While digital data privacy revolves around 
individual rights, digital data sovereignty comes into the 
context of state authority. However, it is possible to evaluate 
digital data privacy in the context of individual sovereignty. 
From this point of view, with "digital data sovereignty", states 
are trying to define the external non-intervention area of 
sovereignty. 

 Although the main course of the digital data sovereignty 
debate is on the axis of national security, there are also 
controversies that have developed in response to the gradual 
erosion of collection, ownership and applications as the 
sovereign rights of indigenous peoples (such as Indian tribes 
in the United States, Aborigines in Australia) over their 
territory and people,  [26]. 

 Technically, digital data has no nationality and is subject 
to the legal requirements applicable to the physical space in 
which it is stored [27]. However, as the perception of risk 
generated and processed in the field of sovereignty of a 
country increases, efforts to nationalize and put digital data 
under authority in discourse and practice. 

 The issue of digital data sovereignty has been increasingly 
discussed and taken globally. The reasons for the increasing 
debate are as follows: 

• A proliferation of examples of digital data of social 
activities in a sphere of sovereignty that can be 
interfered with by other governments and service 
providers, and this supports the perception of threats to 
national security. 

• Advances in next-generation information technologies 
rapidly increase the volume of digital data and 
complicate the control of digital data, increasing the 
possibility and likelihood of intervention 

• Increased centralization in platforms where social and 
economic activities based on cyberspace are carried 
out and this centralization brings specific companies to 
the forefront and relations between companies and 
governments create new dependencies. 

Information technology resources of end-user 
individuals, private companies and public institutions are 
increasingly being transported towards centralized systems 
with enormous computing power and storage capacity due to 
cost advantage and flexibility. However, users' control 
capacity over infrastructures and digital data is also 
decreasing. As the number of users who do not understand 
and manage information technology infrastructures 
increases, these technologies come under the control of those 
who own infrastructures and know how to manage them [27]. 

A. Sovereignty and Information Systems 

 The ability to manage information is known to have an 
important role in the formation and transformation of modern 
states by strengthening authority structures [28]. The claim of 
sovereignty of states and the validity of the claim of 
sovereignty requires knowledge as a priority. In this context, 
it is problematic for the states to claim sovereignty over things 
that they do not technically know, and to implement the 
necessary practices. 

 The relationship between sovereignty and information 
technology in literature, cyberspace sovereignty [29], digital 
data sovereignty [24], information sovereignty [30] control 
[31], mass surveillance [32], crossborder information flows 
with Internet [33], governance of global networks [34] and 
answers were sought under different headings. However, the 
current literature is quite dispersed and does not give a holistic 
perspective because it brings interpretations through an 
application area after discussing the concept of sovereignty in 
general.  

 Modern state crises transformed by information 
technologies and globalization have been contacted in the 
literature in different topics. For example, the state's changing 
position in the context of cyber-security in the information age 
has become an important topic in this sense [35]. According 
to Singh [36], there are two main influences on the sovereignty 
of information and communication technologies:  

• ICT and the state's ability to dominate existing spaces 
and population swelled.   

• The cyberspace environment shaped by ICT has 
created a new place of domination for states.  

The collection of large data generated by the digitization 
process on a transnational scale obscures definition of what 
is national, thereby blurring the boundaries between security 
and intelligence. Accordingly, there is a transition from small 
amounts of digital data to large amounts of digital data with 
high uncertainty by drinking high precision in the fight 
against crime [22]. 

B. Cyberspace versus Digital Data Sovereignty 

 The starting point of the cyberspace sovereignty debate 
sparks the desire of states to have sovereignty over all the 
places where social activities take place. It is understood 
through the size of the space of sovereignty and reflected in 
the practices of the state. Since there is a state-centric 
perspective, there is no equivalent to discussions in this 
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direction at the individual level in general. There has been a 
growing rhetoric against the possibility of outside intervention 
by other countries. Cyberspace sovereignty is technically a 
broad topic because it covers all the infrastructures that make 
cyberspace possible. On the other hand, digital data 
sovereignty, with the increase in data-based social activities, 
and the protection of personal data and privacy through 
individual-level discussions and state secrets on behalf of the 
state it became a concept against outside interventions and 
began to reflect on state practices. Digital data can generally 
be considered as a subset of cyberspace domination [24]. 
Indeed, it generally overlaps with the technical infrastructure 
of cyberspace. However, it is not possible to conceptually 
limit the sovereignty of digital data to cyberspace space. 
Digital data stored in physical spaces and isolated from any 
communication network is also conceptually covered by 
digital data sovereignty. 

C. State Practices 

 Policies for localizing digital data traffic, which is a state 
secret, have been on the agenda of all countries since the 
earliest periods of the Internet. However, countries such as 
Russia, China, Iran, North Korea, especially in the case of 
national security in case of interference and the superiority of 
U.S.-based companies in information technologies, more 
aggressive policies for the realization of within the territory of 
sovereignty. However, in 2013, the u.S. revelations that it 
collected and analyzed data from other states for the purpose 
of intelligence and industrial espionage against terrorism, 
European countries such as Germany and more 
democratically positioned countries also take more concrete 
steps in digital data sovereignty [5, 24, 37]. States also go to 
regulations in "authority technologies" in response to 
sovereign rights and security problems. Below are the 
practices of different countries to ensure digital data 
sovereignty: 

• Regulations applicable to the Personal Data Act in 
Force in Russia since 2006, foreign or domestic 
companies are required to store and process personal 
data belonging to Russian citizens within Russian 
borders is being made available. It has evolved as a 
measure against increased sovereignty over personal 
data and national security risks [38]. 

• Responding to the threats, China may face in the use 
and exploration of deep waters, space, cyberspace and 
polar regions with its assets and activities in the 
country's borders and areas in the National Security 
Act revised in 2015 authority is defined. At the same 
time, the Cyber Security Act, which came into force on 
July 1, 2017, introduces detailed regulations on the 
protection of sovereignty in cyberspace and sanctions 
[39].  

• The General Data Protection Regulation (GDPR), 
which entered into force on 25 May 2018, has ruled 
that digital data of EU citizens must remain within EU 
borders [40]. 

 Similar legislative regulations on digital data sovereignty 
and localization efforts are also available in Anglo-Saxon 
countries such as Australia [37]. Countries naturally have 
different policies and legal regimens on digital data. However, 
this situation leads states even with good relations to be more 
cautious towards each other. In 2007, the French 
administration ensured that senior executives were noticed 

that email data was encrypted and advising them not to use a 
Blackberry phone in allied countries such as the United States, 
Britain and Canada [41]. 

 Maintaining digital data sovereignty is not as easy as 
desired by the technical facilities available on open networks 
(such as the Internet) that are not under control. The physical 
location of the server in which digital data is kept must prove 
that digital data is stored on this server [25]. The proposed 
technical solutions for digital data sovereignty are briefly 
listed below [5, 42]: 

• National e-mail service: Conducting local e-mail 
services and all e-mail correspondence through servers 
within the country 

• New transit cables: New transit fiber lines between 
countries, regions and continents 

• Internet routing: Conducting and directing domestic 
data flow in a geographically restricted area 

• National cloud storage: Implementing private and 
public solutions for cloud storage services 

• Encryption tools: Better encryption of end-to-end 
communications 

IV. CONCLUSION 

 It has been tried to be found that ensuring sovereignty is 
either a social argument that can be realized with purely 
political discourse or a technical issue that is easy to determine 
with expertise in digital technologies. Sovereignty, in the 
broadest sense, gives power the authority to control and 
determine the outcome of everything within the field of 
sovereignty. Naturally, each technological development 
brings different possibilities and possibilities. This general 
equation also applies to the impact of digital data technologies 
on the sovereignty of the world. Since the subject of 
discussion of the study is the changing areas of sovereignty on 
an international scale and the reactions given by the nation 
state to this, the existence of discussions on the transformation 
of the concept of sovereignty is noted and the subject is left to 
another study. The concept of sovereignty requires mutual 
recognition between the state level, or the actor concerned 
with the state. The claim of sovereignty of states and the 
validity of the claim of sovereignty requires knowing as a 
priority. The state cannot claim sovereignty over things it does 
not know. Digital data sovereignty has become emerging topic 
with respect to socio-economic developments. But it is much 
more difficult than technically positioning a country within 
cyber-walls. In following studies, technical and political 
essence of digital data technologies will be scrutinized in order 
to have a better understanding of changing nature of the 
concept of state sovereignty.  
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