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1. INTRODUCTION

The lungs are a vital organ in the human body. This organ is a respiratory organ that is responsible for
the human respiratory and circulatory systems. This organ that belongs to the respiratory system functions as
a transmission medium for the exchange between (02) oxygen from the air and (Co2) carbon dioxide and
(H20) water vapor from the blood. This process is called external respiration or breathing [1] . The lungs are
organs of the human body that function in managing incoming air and sorting O2 (Oxygen) and Co2 (Carbon
Dioxide). The main function of the lungs is to change oxygen from the air with carbon dioxide from the blood.
If there is interference with lung function, the health of the human body as a whole can be affected. Examination
of medical workers needs to be done when there is interference with lung function. Several diseases of the
lungs have similar symptoms such as fever, cough with phlegm, weight loss, loss of appetite, and bad breath,
therefore it is necessary to carry out additional examinations [2]. This examination can usually be done in
various ways, one of which is through a chest X-ray radiographic examination procedure.

The chest X-ray procedure provides an image based on the diffraction of electromagnetic waves,
namely X-rays [1].With this light, the condition of the organs in the human body can be seen visually without
surgery (non-invasive procedure). Of course, this examination must be carried out carefully, but basically, the
reading of X-ray results tends to be done through visual observation, so an appropriate analysis is needed to
distinguish the results of a chest X-ray from the condition of the organs [3].

One of the conveniences is the implementation of technological developments, namely Artificial
Intelligence which has been implemented and helps humans in everyday life. Artificial Intelligence is a branch
of computer science that is concerned with creating smart machines that can do jobs like humans. According
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to John McCarthy (1956), Artificial Intelligence is a computer system that is formed to identify and model
human thought processes and desigh machines so that they can mimic human behavior. Artificial Intelligence
Technology in various forms has been used in various fields such as education, banking and financial markets,
manufacturing, agriculture and even now the implementation of artificial intelligence technology developments
has been found in the world of health [4].

Artificial intelligence in the world of health not only provides reliable support for medical
practitioners and facilities, but also maximizes the efficiency of practitioners. The use of Artificial Intelligence
is growing rapidly in the medical field, especially in diagnostics and treatment management [5]. Artificial
Intelligence (Al) methods from Machine Learning to Deep Learning have important functions in various
domains related to well-being, including improving new clinical systems, patient information and records, and
treatment of various diseases [4]. Artificial intelligence in the medical world can also be applied in processing
image data in radiology. In radiology, trained doctors visually assess medical images and report findings to
detect, characterize, and monitor disease. Therefore, artificial intelligence technology is needed to analyze X-
ray results as supporting diagnostic information. The use of artificial intelligence in processing imaging data
has been researched in a previous study by Bayu Dwi Prasetyo in 2020 Classification of X-Ray Image of the
Lungs of Pneumonia and Non-Pneumonia Children Using the Segmentation and Edge Detection Methods and
produced trial results from Sardjito Hospital data with accuracy value of 73.3%, sensitivity 62.5%, and
specificity 77.2%. Test results from kaggle data with an accuracy of 83.3%, a sensitivity of 70%, and a
specificity of 90%.

The Chan-Vese method is a developmental technique from Edge-Based Model and Level Set and is
an active contourless method [6]. The Active Contour Model is an active model in a segmentation technique
that utilizes energy and force constraints on images for grouping regions [7]. The active contour model is
commonly used in various image processing applications, especially medical image processing, such as images
from X-Ray Thorax, CT-Scan of the brain, or MRI images of other organs of the body [8].Active contour
models are used in digital image processing by means of pixel separation. The Chan-Vese method is used to
detect image objects with evolutionary energy. The development of the Mumford-Shah model and this model
is based on the energy minimization problem, which can be reformulated in the formulation of set levels,
leading to an easier way to solve the problem [9]

Canny detection is a technique in Edge-Based Segmentation discovered by John F. Canny in 1986
[10]. Basically, the Canny method works by using grayscale images as input and producing intensity
discontinuity locations as output or edge images [11]. In its application, there are steps for the canny edge
detection method, namely smoothing or noise filtering, calculates the magnitude of the gradient or the direction
of the gradient, Implement non-maximum suppression, set the Hysteresis Thresholding process [10]. Clustering
analysis is a multivariate technique that aims to group similar observations into clusters based on the observed
values of several variables for each individual. The goal in making clustering is to minimize variation within a
cluster and maximize variation between clusters [12]. There are many algorithms that are commonly used, one
of the most widely used algorithms is K-means clustering. K-Mean clustering is one of the unsupervised
learning algorithms included in non-hierarchical cluster analysis which is used to group data based on variables
or features. The goal of K-Means Clustering, like other clustering methods, is to obtain cluster data by
maximizing the similarity of characteristics within the clusters and maximizing the differences between the
existing clusters. The advantages of the K-Means algorithm are as follows: Relatively simple and easy to
implement, Scalable for large datasets, Easy to adapt to new instances, Commonly implemented to clusters of
different shapes and sizes. The K-means clustering algorithm groups data based on the distance between the
data and the cluster centroid points obtained through an iterative process. The performance of the K-means
clustering algorithm depends on the highly efficient clusters it forms. In accordance with the aims and
objectives of this study, two clusters will be created, namely Tuberculosis and Normal.

This research was conducted as an extension of the previous method, namely lung classification into
tuberculosis lungs and normal lungs based on chest X-rays using K-means clustering. The method used in this
study is a combination of the Chan-Vese Segmentation Method for image segmentation and the Edge Detection
Method, namely Canny Edge-Based Segmentation for detecting edges that work by using grayscale images as
input and producing intensity discontinuity locations as output or edge images. Smart detectors are the most
powerful edge detectors produced by edge functions [13].With the method used, it is hoped that it can provide
accurate lung classification results including the lungs of tuberculosis sufferers and normal lungs based on
chest X-ray images.

2. RESEARCH METHOD

In this study, the data used is a type of secondary data. Secondary data is data obtained or collected
by people who conduct research from existing sources. This data is used to support the primary information
that has been obtained, namely from library materials, literature, previous research, books, and so on.The
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secondary data used in this research was obtained through the Literature Study method, which is a method for
collecting data obtained from a number of books, magazines, or articles that have an attachment to the problem
and research objectives they have [14].Literature study can also be defined as activities in collecting data by
reading, recording and processing research materials or instruments. This method is used by collecting
secondary data in research in the form of x-ray images of lung disease, especially tuberculosis, sourced from
kaggle.com.

This research is a type of quantitative research, namely a type of research that produces findings that
can be achieved (obtained) using statistical procedures or other means of quantification (measurement). In this
study, numerical data was used in the form of a range of values or the range of the number of white pixels in
the X-Ray image which would then be processed for classification of lung conditions, especially tuberculosis
and normal lungs. The steps in this study are represented through a flowchart diagram in Figure 1. A flowchart
functions as a diagram to visually describe a sequence of operations by displaying a number of symbols [15].
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Figure 1. Research flowchart
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The segmentation process for images in this study aims to obtain features from the image so that it
can be used as a reference for producing clusters, namely for Tuberculosis lung classes and normal lungs. the
segmentation process goes through two stages, namely the chan-vese and the canny edge detection method.
The Chan-Vese method is a developmental technique from Edge-Based Model and Level Set and is an active
contourless method (Dwi Prasetyo, 2020). The Active Contour Model is an active model in a segmentation
technique that utilizes energy and force constraints on images for grouping regions (Getreuer, 2012). The active
contour model is commonly used in various image processing applications, especially medical image
processing, such as images from X-Ray Thorax, CT-Scan of the brain, or MRI images of other organs of the
body (Hemalatha et al., 2018). Active contour models are used in digital image processing by means of pixel
separation. The Chan-Vese method is used to detect image objects with evolutionary energy [16]. The
development of the Mumford-Shah model and this model is based on the energy minimization problem, which
can be reformulated in the formulation of set levels, leading to an easier way to solve the problem (Getreuer,
2012).

Canny detection is a technique in Edge-Based Segmentation discovered by John F. Canny in 1986[17].
Basically, the Canny method works by using grayscale images as input and producing intensity discontinuity
locations as output or edge images [11]. There are criteria which are advantages in the application of Canny
Edge Detection, namely [18] :

1. Detection Criteria
Canny detection has edge detection capabilities according to defined convolution parameters and is
flexible in determining the level of edge thickness detection.

2. Localization Criteria
Canny detection makes it possible to provide a minimum distance between the detected edge and the
original edge.

3. Response Criteria
Each edge has only one response so as to minimize clutter in the next image processing stage.

After the segmentation process is carried out on the image, all the feature values will be processed
and the K-Means Clustering process will be carried out. In the clustering process especially with the K-Means
method, there are several stages that need to be passed, including [19]:

Determination of the value of k or cluster to be created
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1. Initialize centroid values randomly

n
_Zit1X

=1,23,..n 1)

Information :

v : centroid on cluster

Xi . i-th x object

n : the number of objects / number of objects that are members of the cluster.

2. Assign each data point to the nearest centroid by calculating the distance for each data to the centroid
that has been made using the Euclidean distance.

(x,y)=le—yl= /3" (x;—y)? ,i=1,2,3,..n )

Information :
Xi . i-th x object
yi :i-th y power

n : number of objects

3. Recalculate the centroid value of the newly formed cluster by calculating the mean value of each
data point in the cluster.
4. Perform optimization so that the criteria are met by repeating the last two steps.

3. RESULTS AND ANALYSIS

In The first step in this study was to collect data related to the X-ray image used as the object of this
study. Data in the form of digital images will be processed in the research in Portable Network Graphics (*.png)
format. The image used is an X-ray image of the lungs for people with tuberculosis and normal lungs.

The processed data is divided into 2 folders, namely Training Data and Testing Data which contain
subfolders for each category of Tuberculosis and Normal Lung imagery. Description of the amount of data is
shown in Table 1 below:

Table 1. The Processed Data

Total Data
Normal Lungs 1341
Tuberculosis Lungs 650

All data was obtained through the kaggle.com website which is a platform that accommodates a
collection of datasets as research material. This dataset collection is done by downloading the required dataset
folder as a research object. The data in the form of this image already has a name tag so that the type of disease
is known in each X-ray image. The image is the result of an X-ray of a patient with tuberculosis and normal
lungs. The dataset obtained for this study is data that already has a label and is divided into two classes, namely
Tuberculosis Lungs Data and Normal Lungs Data.

The next step after inputting the image is image preprocessing. This step aims to improve the image
before analysis so that the raw data is ready to be processed. In this study there are 3 stages in the preprocessing
process, namely changing the size of the image so that all images have the same size, namely 256x256 pixels,
changing the RGB image to a Grayscale image, and applying filtering using the Histogram Equalization
method.

3.1. Image Size Normalization Process.
The normalization process is carried out by changing the size of the image to 256x256 pixels as shown
in the result in Figure 2 by using a function from MATLAB, namely imresize.

Clustering of Tuberculosis and Normal Lungs..(Putri et al).
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Figure 2. Input and Output Image Size Normalization Process
3.2. Grayscaling Process.

After resizing the image, the next step is the Grayscalling process to change the type of image that
was previously RGB to a Grayscale image with the rgh2gray function so that it can produce a Grayscale image
in Figure 3.

b
Figure 3. Output Grayscalling process
3.3. Filtering Process with Histogram Equalization.

Filtering process is done by Histogram Equalization. This process is carried out by evenly distributing
all pixels within the entire range of values so that the image has a flatter histogram.

o

3 o 150 20

Figure 4. Distribution of All Pixels Before The Filtering Process
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Figure 5. Distribution of All Pixels After The Filtering Process

From Figure 5 it can be seen that the color of the image has more contrast and has a flatter histogram
so that it can produce an image with a higher contrast than the image in Figure 4.

3.4. Calculation of The Area of White Pixels Chan-Vese Segmentation
In the image resulting from Chan-Vese segmentation, the area of the white pixel area is processed as

a variable for calculating X-ray image classification. In this process, the regionprops function is used to
measure the properties of a binary image.

?

Figure 6. The Image Resulting from Chan-Vese Segmentation

Before calculating the area of segmented image, the image resulting from the previous chan-vese
segmentation is converted into a binary image with the im2bw function and the process of filling in image
areas that have holes with the imfill function is carried out.

The results of the calculation of one of the images can be seen in Figure 7. In Figure 7, there are area
results for two segmentation areas in one image. Each image can have a varying number of areas, therefore the
sum of all areas is carried out so that it can be applied to all images [20].

Figure 7. The Results of the Calculation from Chan-Vese Segmentation
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The calculation results for all images are translated into the workspace provided by MATLAB as
shown in Table 2 for Tuberculosis Lungs and Table 3 for Normal Lungs.

Table 2. The calculation results for Tuberculosis Lungs

Images Area
‘Tuberculosis-1.png’ 4342
‘Tuberculosis-10.png’ 3700
"Tuberculosis-100.png’ 4265
"Tuberculosis-101.png’ 4426
"Tuberculosis-102.png’ 3328
"Tuberculosis-103.png’ 3356
"Tuberculosis-104.png’ 3728

Table 3. The calculation results for Normal Lungs

Images Area
'IM-0115-0001.png’ 2823
'IM-0117-0001.png’ 2097
'IM-0119-0001.png' 2269
'IM-0122-0001.png’ 2067
'IM-0125-0001.png’ 1990
'IM-0127-0001.png' 2297
'IM-0128-0001.png' 2629

3.5. Canny Edge Based Segmentation

After performing Chan-Vese segmentation on the image, the next step is the Canny edge detection
process. This process is implemented so that it can find the edge line and produce the circumference of the
image as other variables needed in the classification calculation process. The edges themselves are found by
detecting changes in the brightness level of the image [10].

The results of the implemented Canny operator are shown in Figure 8 as a comparison of the results
of Chan-Vese Segmentation and Canny Edge Detection.

Figure 8. Comparison of The Results of Chan-Vese Segmentation and Canny Edge Detection.

The calculation results for all images are translated into the workspace provided by MATLAB as
shown in Table 4 for Tuberculosis Lungs and Table 5 for Normal Lungs.

Table 4. Calculation Results with Canny Edge Detection for Tuberculosis Lungs

Images Circumference

‘Tuberculosis-1.png’ 418
"Tuberculosis-10.png’ 486
"Tuberculosis-100.png’ 485
"Tuberculosis-101.png’ 513
"Tuberculosis-102.png’ 487
"Tuberculosis-103.png’ 592
‘Tuberculosis-104.png’ 468

Table 5. Calculation Results with Canny Edge Detection for Normal Lungs

Images Circumference
'IM-0115-0001.png' 539
'IM-0117-0001.png' 473
'IM-0119-0001.png' 491
'IM-0122-0001.png' 375
'IM-0125-0001.png' 495
'IM-0127-0001.png' 414
'IM-0128-0001.png' 506
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3.6. Calculating Ratio
The classification process is carried out to distinguish between tuberculosis and normal lung
conditions based on the number of white pixels in the image of each category. This process is carried out by
applying equation (3)
Here is an example calculation:
1. Number of Pixel Image Detection of Canny ‘Tuberculosis-1.png’ 418
2. Number of Pixel Image Segmentation Chan-Vese ‘Tuberculosis-1.png’ : 4342

Calculation:

The number of pixels of the canny detection image _ 418

218 - 0.096269 A3)

The number of pixels of the chan—vese segmentend image T 4342

So from the results above it can be concluded, the number of white pixels in the ‘Tuberculosis-1.png’ image is
0.096269. This process is implemented in all images.

All calculation data is stored in the MATLAB workspace which is then processed through Jupyter
Notebook with the Python Programming Language for the K-Means Clustering process as a reference for class
division in the classification process.

Table 6. Ratio Calculation Results for Tuberculosis Lungs

Images Area Circumference Ratio
‘Tuberculosis-1.png’ 4342 418 0,096269
‘Tuberculosis-10.png’ 3700 486 0,13135135
‘Tuberculosis-100.png’ 4265 485 0,1137163
‘Tuberculosis-101.png’ 4426 513 0,11590601
‘Tuberculosis-102.png’ 3328 487 0,14633413
‘Tuberculosis-103.png’ 3356 592 0,17640048
‘Tuberculosis-104.png' 3728 468 0,12553648

Table 7. Ratio Calculation Results for Normal Lungs

Images Circumference Area Ratio
‘IM-0115-0001.png' 539 2823 0,19093163
'IM-0117-0001.png' 473 2097 0,22556032
‘IM-0119-0001.png' 491 2269 0,21639489
‘IM-0122-0001.png' 375 2067 0,18142235
'IM-0125-0001.png’ 495 1990 0,24874372
‘IM-0127-0001.png' 414 2297 0,18023509
'IM-0128-0001.png' 506 2629 0,19246862

3.7. Clustering Data by K-Means
The first step before clustering is to calculate the average of all data, namely Tuberculosis and Normal
data. This average value is the value obtained from the previous process, namely the ratio result.

Table 8. The Average Value of The Ratio

Data Mean (Average)
Tuberculosis 0,137366886
Normal 0,18574854

This clustering process aims to group data into two classes or clusters, namely Cluster 0 and Cluster
1. Cluster 0 has the closest value to the average value in the Tuberculosis data and so does Cluster 1 in Normal
data, so it can be concluded that Cluster 0 defines Cluster for the Tuberculosis class and Cluster 1 for the
Normal class. The clustering process is carried out through the Jupyter Notebook application and the centroid
points and results are obtained as follows:

Table 9. The Centroid Value of Each Cluster

Cluster Class Centroid
Cluster 0 0,144031
Cluster 1 0,203558

Table 10. K-Mean Cluster Results

Images Result Cluster
"Tuberculosis-1.png’ 0,096269 0
‘Tuberculosis-10.png’ 0,131351 0

Clustering of Tuberculosis and Normal Lungs..(Putri et al).
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Images Result Cluster
‘Tuberculosis-100.png’ 0,113716 0
‘Tuberculosis-101.png’ 0,115906 0
‘Tuberculosis-102.png’ 0,146334 0
‘Tuberculosis-104.png’ 0,125536 0

'NORMAL2-1M-1360-0001.png’' 0,190455 1
'NORMAL2-1M-1365-0001.png’ 0,25779 1
'NORMAL2-1M-1371-0001.png’ 0,279753 1
'NORMAL2-1M-1396-0001.png’' 0,220749 1
'NORMAL2-1M-1400-0001.png’ 0,176865 1
'NORMAL2-1M-1401-0001.png’ 0,177606 1
'NORMAL2-1M-1406-0001.png’' 0,20443 1
'NORMAL2-1M-1412-0001.png’ 0,226816 1
'NORMAL2-1M-1419-0001.png’ 0,182996 1
'NORMAL2-1M-1422-0001.png’' 0,279835 1
'NORMAL2-1M-1423-0001.png’' 0,224031 1

3.8. Testing Process

All test data already has a label so that the testing process can be carried out easily, namely by
matching whether the value of the number of white pixels in each test image belongs to one of the predefined
cluster classes, namely in Table. The following are the steps in the testing process :

1. Grouping data in each category included in the cluster class. Based on the centroid points that have
been obtained in the table, categories can be grouped. Determination of the classification class is done
by matching the calculation values of the number of pixels closest to the predetermined cluster
centroid points.

2. Counting the amount of data in each category to do the validation test.

After grouping the data, the next step is to calculate the amount of true and false data included in the
predetermined cluster class with the results as shown in the Table 11.

Table 11. The Amount of Clustered and Labeled Data
Labeled Class

Classes

Tuberculosis Normal
238 Tuberculosis 629 21
O20 Normal 521 820

3.9. Model Validation Test

Table 11 defines the amount of data labeled as tuberculosis lung that belongs to the clustered
tuberculosis lung class of 629 out of a total of 650 data while the amount of data labeled as normal lung that
belongs to the normal lung class that is clustered is 820 out of a total of 1341 data. The accuracy of applying
the algorithm model to the data can be determined from the number of labeled data that corresponds to the
clustering class as follows [21]:

The Number Of Clustered Data That Corresponds To The Data Label
Total

x 100%

Accuracy =

= 9294920 ,100% = 73% (4)

1991

mTrue Data mFalse Data

27%

73%

Figure 9. Data Validity Diagrams
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4. CONCLUSION

This research was conducted as a refinement of the previous method, namely the classification of lung
conditions which include tuberculosis and normal lungs based on chest X-ray images using the K-Means
Clustering method. From the results of the discussion, it was found that the validation test of applying the
algorithm model to the data can be determined from the number of labeled data that corresponds to the
clustering class. The implementation of the Chan-Vese Segmentation Method and the Edge Detection Method,
namely Canny Edge-Based Segmentation, produced an accuracy value of 73% and this shows that the model
is feasible to use. Based on the analysis of the results, in order to increase the accuracy of the results, it is
necessary to select a more balanced number of sample data between chest X-ray images of normal lungs and
tuberculosis lungs.
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