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COVID-19 is a virus from the coronavirus family that can have deadly effects. This virus has
affected the whole world since the end of 2019. Early diagnosis and treatment of this virus
directly affect its spread. For this reason, many different studies in many different fields are
carried out for this purpose. There are many studies with computer-aided systems for the
detection of the virus of COVID-19. All these works have a common goal; It contributes to the
solution of stopping the spread of this virus. This is the main focus of our study. In this
direction, studies have been put forward with image processing and machine learning
methods. In our study, segmentation of X-ray images and clarification of anomalies on the
lungs was performed using the k-means method. Thanks to this segmentation process, an
application has been realized that can support physicians in their decisions with the help of X-
ray images. Segmentation is the process of separating similar structures on an image into
groups. These groups are capable of distinguishing between diseased and healthy regions. The
results show that the segmentation process reveals significant results in the detection of
disease-induced deterioration on lung images. Particularly, there were significant differences
between the lung images of healthy individuals and those who had the disease. In the study,
lung X-ray images of 10 healthy, 10 pneumonia but not COVID-19, and 10 COVID-19 (+)
patients were used. The future goal of this study is to use the segmentation results obtained
as input in a computer-based study that will automatically detect the disease and improve the
current success. In addition, it is among our future goals to conduct comparative studies with
different segmentation methods.
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k-Ortalamalar Algoritmasini Kullanarak COVID-19
Hastalarinin X-151m1 Goriintiilerinin Analizi ve Boliitlenmesi

Ozet

COVID-19 korona viriis ailesinden 6liimciil etkileri olabilen bir virtistiir. Bu viriis 2019 yili
sonlarindan bu yana tim diinyay: etkisi altina almistir. Bu viriisiin erken tani ve tedavisi
yayllimini dogrudan etkilemektedir. Bu nedenle ¢ok farkli alanlarda ¢ok farkli ¢alismalar bu
amag icin gerceklestirilmektedir. COVID-19’un viriisiiniin tespiti i¢in bilgisayar destekli
sistemler ile yapilan ¢ok sayida calisma bulunmaktadir. Biitiin bu ¢alismalarinda ortak bir
hedefi vardir; bu virlisiin yayilimimi durdurmak, ¢6ziimii icin katki saglamaktadir.
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Gerceklestirdigimiz bu calismanin da ana odak noktasi budur. Bu dogrultuda goériintii isleme
ve makine o6grenmesi yontemleri ile c¢alismalar ortaya konmustur. Calismamizda k-
ortalamalar yontemi ile X-i1sim1 goriintiilerinin bdliitlenmesi ve akcigerler tuzerindeki
anomalilerin belirginlestirilmesi islemi gerceklestirilmistir. Bu boliitleme islemi sayesinde X-
1s1n1 gorintileri yardimiyla hekimlere alacaklar1 kararlarda destek olabilecek bir uygulama
gerceklestirilmistir. Boliitleme bir goriintii iizerindeki benzer yapilarin gruplara ayrilmasi
islemidir. Bu gruplar hastalikli ve saglikli bolgeleri birbirinden ayirt edebilecek nitelikte
olmaktadir. Elde edilen sonuclar géstermektedir ki boliitleme islemi akciger goriintiileri
tizerindeki hastaliktan kaynakli bozulmalarin tespitinde anlamli sonuglar ortaya koymaktadir.
Ozellikle saglikli bireyle ile hastalik geciren kisilerin akciger goriintiileri arasinda belirgin
farklar ortaya ¢ikmistir. Calismada 10 saglikli, 10 COVID-19 kaynakli olmayan pnémoni ve 10
COVID-19 gecirmis Kkisilere ait akciger X-1sm1 goriintiisii kullanilmistir. Bu ¢alismanin
gelecekteki hedefi elde edilen boéliitleme sonuglarini hastalifin otomatik olarak tespit
edilmesini saglayacak bilgisayar temelli bir calismada girdi olarak kullanmak ve mevcut
basariy1 yukarilara tasimaktir. Bunun yani sira farkli boéliitleme yontemleri ile kiyaslamali
calismalar yapmakta gelecek hedeflerimiz arasindadir.

Anahtar Kelimeler: Gértintii I'sleme, COVID-19, Boliitleme, X-isini, k-Ortalamalar, Tibbi
Goriintiileme
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1 Introduction

COVID-19 is a type of virus from the coronavirus
family that has affected the world. Since December
2019, the whole world has been working hard to
overcome this virus. Early diagnosis and treatment
of the virus are important in the course of the
disease. For this reason, many computer-assisted
studies are carried out for the detection of the virus.
The common point of all these studies is that they
can support specialist physicians and health
workers. A test called the Polymerase Chain
Reaction (PCR) test is used to detect the COVID-19
virus. This thesis is obtained as a result of studying
the swab samples taken from the mouth and nose of
the individuals in the laboratory environment. The
disadvantage of this test is its sensitivity rate of 60-
70% [1, 2]. For this reason, radiological imaging and
blood analysis are used to support the test while
making the diagnosis. X-ray imaging is used in
radiological imaging because it gives fast and
mostly good results.

There are many academic studies done with X-ray
imaging. The first of the studies conducted in this
area proposed a model on X-ray with the VGG16
model [3]. In their study, they used the data set [4]
images by resizing it to (224 x 224). The method
they proposed achieved an accuracy rate of 96.1%.
In the study of Abbas et al. [5], the status of being
positive or negative from COVID-19 X-ray images
was evaluated. The deep transfer learning method
was used in the study. The principal component
analysis method was used in the study to reduce the
high number of features. The success of the system
was measured with validation, sensitivity, and
specificity metrics, and success rates of 95.12,
97.91, and 91.87 were obtained, respectively. Nour
et al.,, using Deep Features and Bayes Optimization,
kNN, SVM, and decision trees methods, also used X-
ray images and COVID-19(+), COVID-19(-) and non-
COVID-19 determined the pneumonia disease [6]. A
success rate of 97.25% was achieved in the study.

The importance of segmentation in the analysis of
medical images cannot be denied [7-9]. Particularly,
segmentation approaches are frequently used to
detect anomalies on images [7-9]. Segmentation or
clustering of medical images in the k-means method
is an effective method that is frequently used. There
are many studies in this field in the literature. You
can view some of these studies in the [10-13]
articles.

In this study, we have also segmented COVID-19 X-
ray images using the k-means method. The second
part of the study consists of materials and methods,
the third part consists of experimental studies and
the last part consists of results.

2 Material and Methods

The data set we used in our study consists of X-ray
images. The dataset includes 125 images of COVID-
19 positive, 43 of which are female and 82 are male.
In addition, there are 500 clear lung X-RAY images
without any finding, and 500 images with
pneumonia but not COVID. This dataset was created
by bringing together images from different datasets
[4, 14] in the study numbered [15]. 26 of the
positive ones about the data set have age
information and their average is 55. In our study,
images of COVID-19 (+) and healthy people in the
data set were used. Sample images of this data set
are shown in Figure-1.

COVID-19 (+) Healthy

Figure 1. Sample images from the dataset

To analyze the segmentation approaches, a total of
30 images, 10 healthy, 10 pneumonia, and 10
COVID-19 (+), were used from the data set.

In our study, various preprocessing was applied
before the segmentation of the images. The first of
these pre-process is the resizing of images. The
sizes of the images in the data set can be different
from each other. For this reason, the images were
resized (525 x 525) to have a standard structure.
The next preprocessing step is the conversion of
images from a multi-channel structure to a single-
channel structure. Here, too, all images are
converted to gray level.

After the preprocessing steps, the images were
segmented using the k-means method. The K-means
method is a segmentation method that has been
used for many years and produces successful
results. It has been successfully applied in many
areas such as image processing, data mining, and
machine learning. The k-means clustering
algorithm was developed in 1967 by ].B. It is one of
the oldest clustering algorithms developed by
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MacQueen [16]. It is one of the most widely used
unsupervised learning methods. The assignment
mechanism of k-means allows each data to belong
to only one cluster [17]. The working mechanism of
the k-means algorithm is as follows;

1. First, k objects are selected, each
representing the center or mean of a cluster.

2. The remaining objects are included in the
clusters with which they are most similar,
taking into account their distance from the
mean values of the clusters.

3. Then, new cluster centers are determined
by calculating the average value of each
cluster, and the distances of the objects to
the center are examined again.

4. The algorithm continues to shift until there
is no change in the clusters.

The most common square error criterion (SSE) is
used to evaluate the k-means clustering method.
The clustering result with the lowest SSE value
gives the most successful result. SSE calculation is
calculated with the following formula [18].

SSE = i Z dist2(mi, x) (1)

i=1 x€Ci
x: An object in the C; set,
m;: center point of cluster C;
k: Number of clusters

Here, dist is the standard Euclidean Distance
between two objects, value x is an object in the set
Ci, value mi is the center point of the set Ci.

3 Experiments

In our study, healthy, pneumonia (not COVID-19
(+)) and COVID-19 (+) images were used in the
segmentation of COVID-19 X-ray images. Different
cluster numbers were tried for the segmentation
process, but when the results were analyzed, it was
decided to determine the number of clusters as 2.
The results obtained in the study are given in
Figures 2 3, and 4.

In our study, the MATLAB platform was used in the
coding phase. The steps of the operations
performed in our study are shown in Figure 2.

Gray Level

) Input Image > Conversion

—» Image Resizing

Segmentation with ¢ Selecting Cluster
e k-means method Number

Figure-2. Flowchart of the process

When Figures-3, 4, and 5 are examined, it is seen
that there are very clear differences between the
images obtained as a result of segmentation of
healthy and COVID-19 lung images. We can see the
anomaly in the segmented images caused by the
frosted glass image created by the COVID-19 virus
on the lungs in Figure-3. As a result of the
segmentation obtained as a result of the healthy
lung images, it is seen that the region where the
lungs are located is segmented as a whole, as can be
seen in Figure-4, and there is no skipping between
them. It can be seen from Figures-3 and 4 that
automatic diagnosis systems can be created using
these segmented images.

Original Image

l'_&nented Image

Figure-3 Segmentation of COVID-19 (+)
images. The number of clusters: 2.
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Original Image

Segmented Image

Figure-4 Segmentation of COVID-19 (-) images. Number
of clusters=2.

Figure 5 shows the segmentation results obtained for
images with pneumonia but without COVID-19. When
Figure 3 and Figure 5 are compared, it is understood that
COVID-19 has different effects from standard pneumonia
and this situation can be seen more clearly as a result of
segmentation. Similarly, similar differences are seen
between healthy images and images with pneumonia.
These differences show that the segmentation process
highlights the differences in the images and the results
obtained will positively affect the classification process.

Original Image Segmented Image
‘ e w

Figure-5 Segmentation of Pneumonia (not COVID-19
(+)) images. Number of clusters=2.

4 Results

In our study, the segmentation of X-ray images of
healthy people and people who had COVID-19 was
performed using the k-means method. The results
obtained are shown on three COVID-19 (+) and
three healthy lung X-ray images with different
structures. Thanks to these images, it was seen that
the foggy image caused by COVID-19 on the lungs,
in other words, the frosted glass image, could be
detected as a result of segmentation. It is aimed to
make automatic diagnosis systems by using these
results in classification processes in future studies.
In this way, studies that can support medical
professionals in early diagnosis and treatment will
be revealed.
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