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ABSTRACT

Tropical malaria is a disease caused by protozoan parasites of genus Plasmodium that infect red blood cells of
patients. Tropical malaria falciparum is the most severe form of malaria. Process is performed by physicians to
diagnosing tropical malaria diseases in blood smear with directly observed using a microscope. This procedure is
certainly not effective. Purpose of research is to develop a software that can automatically detect tropical malaria of
blood smear image as a diagnostic aid. This study consists of three steps. First step is to create a user interface.
Second step is to develop software to perform segmentation of blood smears image using active contour method,
and the third step is development of software for malaria detection by classification of blood smears images
suspected containing plasmodium malaria using support vector machine (SVM). The results of testing that has been
done for normal blood obtained accuracy 100 % , thropozoit phase with accuracy 100 %, Schizont phase with
accuracy 85 %, and gamethozit phase with accuracy 95%.
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INTRODUCTION

Malaria is a disease caused by protozoan parasites of smears is to observe directly through use microscope.
genus plasmodium that infect red blood cells of From observation with microscope will be known
patients. Parasites enter human body through bite of a who is image of blood smears of healthy red blood
female Anopheles mosquito. Plasmodium species cells, red blood cells in which there is plasmodium
that infect humans, namely plasmodium falcifarum, falciparum with different phases, such as thropozoit
plasmodium  vivax, plasmodium ovale, and phase, schizont phase, and gametozide phase located
plasmodium malariae. Plasmodium vivax causes outside the red blood cells [2]. Detection manually
tertian malaria, plasmodium malaria is cause of will consume lot of time, other than that doctors may
kuartana malaria, plasmodium ovale causes ovale differ in defining image of a normal blood
malaria, while plasmodium falciparum causes preparations and infected. Thus detection of tropical
tropical malaria [1]. malaria automatically by observing shape and pattern
of image of blood smears will be very helpful.
Falciparum malaria in tropical or tropical malaria is Previous studies related to detection of tropical
the most severe form of malaria. Characterized by malaria automatically through blood smears image
irregular heat, anemia, splenomegaly, and frequent has been done [3]-[7].
parasitaemia complications. Incubation period is 9-14
days. Tropical malaria attack all forms of Purpose of research is to develop software to
erythrocytes. Caused by Plasmodium falciparum. automatically detect tropical malaria of blood smears
Shape of this Plasmodium is ring or small ring. Has image using support vector machine (SVM). There
a diameter 1/3 of normal diameter of erythrocytes, are three main steps undertaken in this research. The
and only species that has 2 core chromatin [2]. first step is to build a user interface using matlab
Diagnosis can be done if malaria parasite found in programming language. The second step is to
blood of patients. Method is performed by physicians develop software to perform a blood smear image
in diagnosing diseases of tropical malaria on blood segmentation using active contour method [8] which
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resulted in the suspected area as red blood cells, and
third step is to develop software for detection of
tropical malaria disease by performing classification
on image of suspected disease, by using support
vector machine (SVM) [9]. Support vector machine
method used in this study are based on binary svm
one against all [10]. Features used are statistics and
Gray Level Co-occurrence Matrix (GLCM [11].

MATERIALS AND METHODS

Material

Input image used in this study is image of blood
smears taken from www.dpd.cdc.gov. Consists of
two data types, namely image used for training data
and test data. Image of blood used for training data
consists of 120 images, to images representing each
class number 30, each of which has a size of 50x50
pixels.

Figure 1 Example of Blood Smear

USER INTERFACE DEVELOPMENT

The steps of software development for detection of
tropical malaria can be explained in Figure 2. The
first step of software development for detection of
tropical malaria disease is development of a user
interface using Matlab programming language. User
interface consists of three parts. The first part is
display screen, second is segmentation of blood
smear, and third part is detection of tropical malaria.
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Figure 2 Steps of the Proposed Method

User interface is developed is shown in Figure 3.
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Figure 3 User Interface
SOFTWARE DEVELOPMENT FOR

BLOOD SMEARS SEGMENTATION.

This step is a step to develop software for
segmentation blood smear image. The purpose of this
step is to divide blood smear image into several parts
called blood cells, making it easier to detect. In the
process of segmentation blood smear image with size
of 256x256 pixels produce images of blood cells to
be used in the detection process with size of 50x50
pixels. Process segmentation of blood smears image
using active contour without edges [12-13]. In this
paper we do not discuss active contour method, as we
have discussed in the previous paper [14].The
process of segmentation is shown in Figure 4.
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Figure 4 Segmentation Process -1
(a)
Results of segmentation process are blood cells that
will be used for detection process. Segmentation
results can be seen in Figure 5. w
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Figure 5 Display of Segmentation Results (b)
Feature Extraction ik
In feature extraction step of image data from blood
smears is process to get accurate information so that
—— Mo s

identification process can be done. Classification
process of image based on texture analysis generally
requires a feature extraction step, which consists of
three kinds of methods, statistical methods, spaktral
methods and structural methods. In our study using

8= Stendard devas

—_-imocthnens

—ckeWTieSS

w——unifomity

== Cntropy
statistical methods that include: mean, standard x
deviation, smoothness, third moment, uniformity, and : AL 15 1 75 27
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the image histogram. To calculate the above features
are used following equation. 200
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In the first order statistical feature extraction in
Figure 6 there are features that overlap each other,
meaning that its value are among other features. As a
result, the characteristics of first-order can not be
used to recognize the difference between the image
accurately.

In cases like this, we would require a second order
statistical characteristics. While the second-order
statistical feature extraction performed by Co-
occurrence matrix or Gray Level Co-occurrence
Matrix (GLCM). Co-occurrence matrix is a matrix
that represents the adjacency relationship between
pixels in the image at different orientation direction
and spatial distance. Co-occurrence means joint
events, is the number of occurrences of one level of
neighboring pixel values with one level another pixel
value in the distance (d) and the orientation angle (0)
specific. The distance is expressed in pixels and
orientation expressed in degrees. Orientation is
formed in a four-way corner with an angle of 45 °
intervals, ie 0° 45° 90° and 135°. While the
distance between pixels is usually set at 1 pixel, 2
pixels, 3 pixels and so on. Co-occurrence matrix is a
square matrix with the number of elements as the
square of intensity level number of pixels in image.
Each point (i, j) in Co-occurrence matrix oriented,
contain opportunities incident pixels valuable i
neighboring with pixel-value j at a distance d as well
as orientation and (180-6). For example, 5 x 5 matrix
has GLCM matrix 45°. Co-occurrence matrix will be
calculated with the value of d = 1 and 6 = 45. The
number of times the emergence of the pair (i, j) is
calculated for the whole matrix. Number of
occurrence loaded on GLCM matrix at positions
corresponding cell. Examples kookurensi matrix with
distance 1 and the angle 45° is shown in Figure 7.
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Figure 7. Co-occurrence Matrix

Software Development to Detect Malaria
Tropical.

The next process is to develop software to detect
malaria by performing classification using Support
Vector Machine (SVM) [15]. Concept of SVM can
be explained simply as an attempt to find the best
hyperplane that serves as a separator of two classes in
input space. Hyperplane in a d-dimensional vector
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space is an affine subspace dimension d-1 which
divides vector space into two parts, each of which
corresponds to a different class. Classification
problem can be translated to business of finding a
line (hyperplane) that separates two groups. Various
alternative dividing line (discrimination boundaries).

The best separation hyperplane between two classes
can be found by measuring hyperplane margin, and
seek its maximum extent. Margin is distance between
hyperplane to closest pattern of each class [16]. In
this study using multiclass SVM one against all.
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Figure 8. Design Process of Malaria Detection

In classification process of training data, variable
hyperplane for each classifier (classifier) gained will
be saved and will be used as data for each classifier
in testing process, in other words, the training data
classification process is to seek support vector, alpha
and bias of input data (in this case used quadratic
programming). While in testing process, image of
blood preparations used is blood smears which had
never been trained in training process with a size of
256 x 256 pixels. Segmentation process is done
using active contour cropping to get image of size of
50 x 50 pixels which will be used for classification
process. For testing process using results of data
feature extraction and classification results of data
training. Results of this process is index value of the
largest decision function, stating class of testing
data. If a class in classification test match test data
classes, classification is stated correctly. Final result
of classification is image of blood that matches with
index value of decision function using SVM one
against all.
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Figure 9. Results of Detection
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In this paper, | do not discuss about the method of
support vector machines in depth, as already
discussed in my previous paper [14].

CALCULATE ACCURACY

To calculate accuracy, sensitivity and specificity
using Receiver Operating Characteristics (ROC).
First, results of classification will be done so that
comparison will be obtained four values, each of
which is a true positive, false negative, false positive,
and true negative. True positive (TP) shows image of
blood mears correctly identified according to the
class (V). False positive (FP) is image of blood
smears that should be identified with class turned out
to be right in process of identifying wrong
classification. True negative (TN) is an image that is
not a member of class identified right is not a
member of class (NV). False negative (FN) shows
image of blood smears that should not members of
class identified as a member of class.

EXPERIMENT AND RESULTS

Test of software for detection of malaria on blood
smear images using SVM classification method used
120 blood smears images data with size 50x50
pixels. Each class of classification consists of 30
data. In a trial carried out a two-steps process. The
first step is training phase, while second is test phase.
The training phase is used to obtain coordinates of
support vector, weight, bias and suppot distance
vector, whereas testing phase is to use data other than
training data to obtain the results of classification, so
as to know level of accuracy. The testing process is
done in four classes (normal blood, thropozoit blood,
schizont blood and gametozit blood). Each group
consists of 40 data.

Test results for normal blood cell, thropozoit,
schizont and gametozit image based on two times
of testing with training data and test that do not
overlap can be seen in table 1.

Table 1. Accuracy of Classification Process

ACCURACY
EXPERIMENT| Normal Thro_p Schizo Gamet
%) ozoit | nt | ozit
YL ) | (%) | (%)
Testing I and 11 100 100 85 95
CONCLUSION

From test results using a support vector machine, one
against all method obtained an accuracy rate of
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100% for normal blood, thropozoit 100%, schizont
85% and gametozit 95%. Accuracy is less related to
some constraints, namely amount of training data is
lacking, segmentation process can only be performed
on images of blood preparations which do not
overlap, extracted features are incomplete, making it
less able to describe characteristics of image of
blood.
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