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Abstract

In this paper, it is proposed a new methodology based on invariant moments and multi-class support vector machine (MCSVM) for
classification of human parasite eggs in microscopic images. The MCSVM is one of the most used classifiers but it has not used for clas-
sification of human parasite eggs to date. This method composes four stages. These are pre-processing stage, feature extraction stage,
classification stage, and testing stage. In pre-processing stage, the digital image processing methods, which are noise reduction, contrast
enhancement, thresholding, and morphological and logical processes. In feature extraction stage, the invariant moments of pre-processed
parasite images are calculated. Finally, in classification stage, the multi-class support vector machine (MCSVM) classifier is used for
classification of features extracted feature extraction stage. We used MATLAB software for estimating the success classification rate
of proposed approach in this study. For this aim, proposed approach was tested by using test data. At end of test, 97.70% overall success
rates were obtained.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

We can classify human parasites into two classes. These
are intestinal and blood borne parasites (Ash & Orihel,
1990). The human body exposed to parasites by food and
water sources, soil, vegetables, fruits, animals. The para-
sites enter internal organs such as liver and lung. The par-
asites cause many illnesses such as irritation, damaged
tissue, parasitic contamination, greater likelihood of micro-
organism intrusion, allergic response by the human body
itself.1 The future effect of parasites may be death.

In undeveloped countries, the illness caused parasites
are very prevalent. Nevertheless, intestinal parasitic and
protozoan infections are most common infections world-
wide (Ash & Orihel, 1990). The parasites in the intestines
can be classified into two classes. These are Protozoa and
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1 http://www.path.cam.ac.uk/~schisto/General_Parasitology/Old.
Gen.Parasitology.html, last accessed: 17.01.2007.
Helminthes. Protozoa have single celled. The Protozoa
are separated many categories such as Entamoeba, Giar-
dia, Trichomonas, Cryptosporidium, Isospora, Pneumo-
cystis and Balantidium. The Helminthes are separated
many categories such as Fasciola, Schistosoma, Ascaris,
Hookworm, Trichuris, Taenia and Enterobius.2

In world, about 65,000 deaths are directly attributable
to hookworm infections, and other another 60,000 to Asca-
ris lumbricoides in each of year (Yang, Park, Kim, & Choi,
2001). 70,000 people die due to Entoameoba histolytica
which causes amoebiasis in each of year.3 Moreover, some
illnesses, which cause several different parasite are com-
mon, and their harmful effects are often aggravated by
co-existent malnutrition or micronutrient deficiencies.3

So far, many scientists have examined microscopic
images for determining parasites automatically (Joachim,
Dulmer, & Daugschies, 1999; Sengur & Turkoglu, 2004;
2 http://www.k-state.edu/parasitology/, last accessed: 10.12.2006.
3 http://www.hemorrhoid.net/parasites.php, last accessed: 09.12.2006.

mailto:derya2344@hotmail.com
http://www.path.cam.ac.uk/~schisto/General_Parasitology/Old.Gen.Parasitology.html
http://www.path.cam.ac.uk/~schisto/General_Parasitology/Old.Gen.Parasitology.html
http://www.k-state.edu/parasitology/
http://www.hemorrhoid.net/parasites.php


M

Support
vectors

Origin

Class-1

Class-2

Fig. 1. Optimal separation hyperplane of SVM.
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Sommer, 1996, 1998a, 1998b; Yang et al., 2001). These sci-
entist reached morphometric features, including length,
smoothness, and sphericity with subjectively chosen
parameters from digital microscopic images (Yang et al.,
2001). These usefully features were used for classification
of parasite eggs.

In a classification of parasite egg study, a computer pro-
cessing algorithm using in order to automate routine fecal
examination for parasitic diseases was proposed. In this
study, digital image processing techniques and an artificial
neural network (ANN) classifier were used (Yang et al.,
2001). In this study, four morphometric features were
selected based on three morphological characteristics rep-
resenting shape, shell smoothness, and size and two differ-
ent ANN topologies were employed for classification
(Yang et al., 2001). In this study, 88.2% success classifica-
tion rate was obtained.

In other study, eight parasite eggs were used for classifi-
cation of parasite. In this study, a pattern recognition sys-
tem was proposed for classification of eight parasite eggs
from their images (Sengur & Turkoglu, 2004). In this study,
90% overall success classification rate was obtained.

In this paper, an expert diagnosis system for classifica-
tion of human parasite eggs based on multi-class support
vector machines classifier. This expert diagnosis system
has four stages. These are pre-processing stage, feature
extraction stage, classification stage, and testing stage. In
pre-processing stage, the microscopic parasite images
exposed to many digital image processing methods, which
are white-denoising, contrast enhancement, thresholding,
morphological and logical processes. In feature extraction
stage, Hu’s invariant moments were used to extract the fea-
tures from the pre-processed microscopic images. In classi-
fication stage, these invariant moments calculated in
feature extraction stage were given input of multi-class sup-
port vector machine (MCSVM) classifier. In testing stage,
the correct classification performance of our expert diagno-
sis system was evaluated with several statistical validation
methods.
2. Theory

2.1. Multi-class support vector machine classifier

The SVM is a binary classifier. It can be extended by fus-
ing several of its kind into a multi class classifier. For han-
dle multi-class problem, there are roughly four types of
SVMs (Cristianini & Shawe-Taylor, 2000; Fernández Pier-
na, Baeten, Michotte Renier, Cogdill, & Dardenne, 2004;
Huang & Wang, 2006; Kecman, 2001; Schölkopf & Smola,
2000). These are one-against-all SVMs, pairwise SVMs,
error-correcting-output code (ECOC) SVMs, all-at-once
SVMs.

The main aim of a Multi-class support vector machine
(MCSVM) classifier is obtaining a function f(x), which
determines the decision boundary or hyperplane (Fernández
Pierna et al., 2004). This hyperplane optimally separates two
classes of input data points (see Fig. 1).

Here, M is margin. It is the distance from the hyperplane
to the closest point for both classes of data points (Fernán-
dez Pierna et al., 2004; Gunn, 2004). The MCSVM classi-
fier positions the decision boundary by using maximal
margin among all possible hyperplanes. kwk has to mini-
mize subject to conditions given below for maximize the M,

min
wk k2

2
s:t: 8n; ynðhw:xni þ bÞP 1 ð1Þ
where, n is number of input data of MCSVM. w is a vector.
It defines the boundary, xn is input data point, b is a scalar
threshold value (Jack & Nandi, 2002). The obtained opti-
mal hyperplane of SVM (f(x)) is shown as below:

f ðxÞ ¼
Xt

n¼1

ynan < xn � x > þb ð2Þ
xn is named as support vector, which has a non-zero La-
grange multiplier (an). For calculating the f(x), using of
the data points outside support vectors is not necessity
(Fernández Pierna et al., 2004; Gunn, 2004). The readers
can found more information about MCSVM in references
(Fernández Pierna et al. (2004), Gunn (2004), Jack &
Nandi (2002).
2.2. Digital image processing operations used in this study

In pre-processing stage of this study contains four digi-
tal image processing operations. These are median filtering
for noise reduction, contrast enhancement, thresholding
and morphological and logic processes. These operations
can be brief explained as below:
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First step: In first step of pre-processing stage, the med-
ian filtering is used for noise reduction from
microscopic parasite images. The noise causes
to disordering the neighboring pixel values.
Therefore, the noise must be reduced by a
smoothing operation. This operation replaces
the value of the pixel in the centre of the win-
dow with the average of pixels in the window.
Thus, the effect of suppression of the distor-
tions in the gray values reduces due to the
scanner or camera error. The median filtering
is a nonlinear operation. It is well known for
noise removal while preserving the edges ren-
dering solution to this contradiction (Jahne,
1991). In result of median filtering, the pixels
in the window are sorted. A median value is
chosen to relocate the pixel value.

Second step: In second step of pre-processing stage, the
contrast enhancement is performed. Thus,
contrast of a microscopic parasite image in
a given gray level range can be increased by
stretching the range of gray levels in the
image. In result of contrast enhancement,
the brightest and the darkest pixel values
are estimated. Later, these are assigned to
the white and black.

Third step: In third step of pre-processing stage, the
thresholding is performed to microscopic par-
asite images. The threshold value must be
selected appropriate to image. If the thresh-
old value is well selected, threshold will yield
good visualization and increase the accuracy
and efficiency of the subsequent processing.
Different approaches have been proposed to
automatically select the thresholds.

Fourth step: In fourth step of pre-processing stage, ero-
sion, logical operations and filling operation
are performed.
2.3. Hu’s invariant moments

In image processing, moments are used as feature vec-
tors for classification as well as for image texture attributes
and shape descriptors of objects. In the early 1960s, Hu
developed seven invariant moments from algebraic
moment theory (Hu, 1962). These Hu’s seven invariant
moments are invariant under translation, rotation and scal-
ing. Some pattern recognition applications such as hand
printed characters, aircraft identification and ship recogni-
tion have included (Alt, 1968; Smith & Wright, 1971).

The two dimensional moments of order (p + q) with an
image intensity distribution of f(x,y) are defined as

mtd ¼
Z Z

xtydf ðx; yÞ � ox � oy ð3Þ

Here t, d = 0, 1, 2 . . .
These moments in general are not invariant to any
distortions and therefore the central moments are defined as

ltd ¼
Z Z

ðx� �xÞtðy � �yÞdf ðx; yÞ � oðx� �xÞ � oðy � �yÞ ð4Þ

where

�x ¼ m10

m00

; �y ¼ m01

m00

ð5Þ

The central moments are known to be invariant under
translation. Often it is desirable to normalize the moments
with respect to size. This may be accomplished by using the
area, l00. The normalized central moments are

gtd ¼
ltd

lr
00

ð6Þ

Where

u ¼ 1þ ðt þ dÞ
2

ð7Þ

The seven Hu invariants moments are calculated by:

u1 ¼ g20 þ g02; u2 ¼ ðg20 � g02Þ
2 þ 4g11

u3 ¼ ðg30 � 3g12Þ
2 þ ð3g21 � g03Þ

2

u4 ¼ ðg30 þ g12Þ
2 þ ðg03 þ g21Þ

2

u5 ¼ ðg30 � 3g12Þðg30 þ g12Þ ðg30 þ g12Þ
2 � ðg21 þ g03Þ

2
h i

þ ð3g21 � g03Þðg21 þ g03Þ 3ðg30 þ g12Þ
2 � ðg21 þ g03Þ

2
h i

u6 ¼ ðg20 � g02Þ ðg30 þ g12Þ
2 � ðg21 þ g03Þ

2
h i

þ 4g11ðg30 þ g12Þðg21 þ g03Þ

u7 ¼ ð3g21 � g03Þðg30 þ g12Þ ðg30 þ g12Þ
2 � 3ðg21 þ g03Þ

2
h i

� ðg30 � 3g12Þðg03 þ g12Þ 3ðg30 þ g12Þ
2 � ðg21 þ g03Þ

2
h i

ð8Þ
3. Methodology

In this study, an expert diagnosis system for classifica-
tion of human parasite eggs based on multi-class support
vector machines classifier. In this experimental study, 16
different types of human parasite eggs, which are Fertilized
Ascaris Lumbricoides, Unfertilized Ascaris Lumbricoides,
Diphyllobotrium Latum, Enterobius Vermicularis, Fasci-
ola Hepatica, Giardia Lamblia, Hymenolepsis Diminuta,
Hymenolepsis Nana, Hookworm, Kellicoti, Paragonimus
Westermani, Schistosoma Haematobium, Schistosoma
Japonicum, Schistosoma Mansoni, Taenia Saginata, and
Trichuris Trichura are used. These parasite egg cell images
were taken from the web site of Kansas State University,
division of biology (Parasitology research).1 These digital
human parasite images can be used for educational and
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Fig. 2. Digital microscopic images of each of the parasite egg cell types.
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non-commercial without any permission as it was noted in
the related web site3.

Digital microscopic images of each of the parasite egg
cell types are given in Fig. 2.

The meaningful objects in the image have to be discov-
ered. Later, their features have to be extracted by using dig-
ital image processing techniques for localize and classify
parasite egg cell in a given image. In these experimental
studies, the invariant moments of these features are calcu-
lated. Then a MCSVM classifier is employed. All process-
ing steps of these experimental studies were written in
MATLAB (Mathworks, Natick, MA). The methodology
based on invariant moments and multi-class support vector
machine (MCSVM) for classification of human parasite
eggs proposed in this study take from four stages. These
are 1. Pre-processing stage, 2. Feature extraction stage, 3.
Classification stage, 4. Testing stage. Overall processing
stages are outlined in Fig. 3.

1. Pre-processing stage: The main aim of this pre-process-
ing stage of the proposed expert diagnosis system is get-
ting the unique features from the similar group of
patterns. For this reason, the microscopic images of
parasite eggs mentioned in Section 3 are exposed a
sequence of pre-processing steps before invariant
moment calculation. Median filtering, contrast enhance-
ment, thresholding and morphological and logical oper-
ations are realized, respectively. A representative
illustration of a microscopic image of parasite egg after
and before pre-processing stage is given in Fig. 4.

2. Feature extraction stage: In feature extraction stage, we
use the method of Hu’s invariant moments (Hu, 1962).
We derives a set of seven functions that make use of
the central moments of pre-processed image for charac-
terize the shape of each parasite egg type. The output of
these invariant moments is independent of any transla-
tion, rotation or mirror image of a particular blob.
Moreover, these invariant moments can be used in con-
junction with both the blob image itself and the edge-
processed contour image.

3. Classification stage: In classification stage, the multi-class
support vector machine (MCSVM) classifier is used for
classification of features extracted feature extraction
stage. For this aim, a database was constructed from
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Thresholding
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Fig. 3. The Overall processing stages of proposed expert diagnosis system
for human parasite.

Fig. 4. A representative illustration of a microscopic image of parasite egg
after and before pre-processing stage.

Table 1
The training parameters and the structure of the MCSVM used in this
study

Used kernel function types Radial basis
function (RBF)

The parameter value of used kernel function (r) 4
Error tolerance constant value (C) 10

Table 2
The correct classification rates for the proposed expert diagnosis system
based on MCSVM

Human
parasite egg
types

Number of
correct classified
parasite egg cell

Number of
incorrect classified
human parasite
egg cell

Percentage of
correct
classification
rate (%)

Fertilized Ascaris

lumbricoides

57 3 95

Unfertilized
Ascaris

lumbricoides

58 2 96.66

Diphyllobotrium

latum

60 0 100

Enterobius

vermicularis

58 2 96.66

Fasciola hepatica 59 1 98.33
Hymenolepsis

diminuta

60 0 100

Hookworm 58 2 96.66
Paragonimus

westermani

60 0 100

Kellicoti 55 5 91.66
Schistosoma

haematobium

60 0 100

Schistosoma

japonicum

59 1 98.33

Schistosoma

mansoni

60 0 100

Taenia saginata 58 2 96.66
Trichuris trichura 59 1 98.33
Hymenolepsis

nana

58 2 96.66

Giardia lamblia 59 1 98.33
Total 938 22 97.70
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the microscopic images of parasite egg types mentioned
Section 3.
These all parasite egg images are rotated in steps of 15�
from 0�–165� and 10 different scales were chosen. In this
way, 120 microscopic images were obtained for each par-
asite egg types. As stated by this, a feature vector has the
dimension of 1920 · 7 was obtained after performed pre-
processing and feature extraction stages. Randomly cho-
sen half of the database was used for training of MCSVM
classifier.
The training parameters and the structure of the
MCSVM used in this study are as shown in Table 1. These
were selected for the best performance, after several dif-
ferent experiments.

4. Testing stage: In testing stage, the rest of the database
was used for testing of the proposed expert diagnosis
system based on MCSVM for classification of human
parasite eggs in microscopic images. Obtained classifica-
tion accuracy of the proposed expert diagnosis system
based on MCSVM was given in Table 2.

Demonstration of the effectiveness of the proposed rota-
tional and scale invariant features of parasite egg classifica-
tion system based on MCSVM is given in Table 2. As
shown in Table 2, five of the sixteen parasites egg type
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images were classified with 100% correct classification rate.
Moreover, the overall correct classification rate was
97.70%.

4. Discussions and conclusions

So far, many pattern recognition studies have been per-
formed (Avci, 2008; Avci & Akpolat, 2006). In these stud-
ies, many feature extraction and classification approaches
were used. In this study, the computer simulations on
MATLAB environment are designed for fulfilling the sys-
tem and testing the performance of the proposed MCSVM
for classification of human parasite eggs in microscopic
images. The developed system classified human parasite
egg with a high success rate even rotation and scaling oper-
ations are given in Table 2. The obtained overall correct
classification rate is 97.70%. The similar shapes of these
parasite eggs cause to a few incorrect classified rates.

The results obtained this study are show that the pre-
processing stage is most important part of this proposed
MCSVM for correct classification of human parasite eggs
in microscopic images.
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