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Abstract: Tuberculosis (TB) is a disease caused by infection with the bacterium Mycobacterium tuberculosis
in the lungs. TB is a major global health problem, ranking as the second leading cause of death from infectious
diseases worldwide. Given that TB is one of the infectious diseases that remains a public health problem, early and
accurate detection is key in controlling its spread. This study uses historical data of TB patients from several hospitals
in Central Sulawesi as research samples. One of the classification methods is the Support Vector Machine (SVM)
method. This method was chosen because of its ability to classify non-linear data and its potential to produce high
prediction accuracy with complex data. This study aims to improve the accuracy and efficiency of Tuberculosis (TB)
disease diagnosis in Central Sulawesi Province through the application of the SVM method. The parameters used in
this study were age, gender, body temperature, shortness of breath, chest pain, sputum examination, and final
diagnosis. The results of this study show that handling the problem of imbalanced data with an approach at the data
level using the Adaptive Synthetic Sampling (adasyn) method approach and SVM as a classification method for two
classes in this study shows that this method can classify each research data used with an accuracy rate of more than
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95%. The classification results show that the larger the data used for testing, the greater the classification accuracy.
The best classification accuracy value is obtained from the scheme 4 division of training and testing data, namely
90%:10% with a value of 100%. This shows that the method used in this study can be used to help diagnose TB
disease based on a patient's medical data. From this research, we introduce a web-based information system that can
be used to conduct early detection for TB patients independently, where they are unwilling or embarrassed to come
to the hospital.

Keywords: TB disease, Classification, Support Vector Machine, accuracy, Web-based application
information system.
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1. Introduction

Tuberculosis or TB is a disease caused by infection
with the bacterium Mycobacterium tuberculosis,
primarily affecting the lungs. TB is a major global
health problem, ranking as the second leading cause of
death from infectious diseases worldwide. By 2022, the
World Health Organization (WHO) estimated that 10
million people globally suffer from TB, resulting in 1.5
million deaths annually [1].

Indonesia is a country with the highest burden of TB
in the world, ranking second globally in TB cases. The
estimated number of people who fall ill from
tuberculosis reaches 845.000 with a mortality rate of
98.000 equivalent to 11 deaths per hour. Of these cases,
only 67% were detected and treated, leaving 283.000 TB
patients untreated and at risk of spreading the infection
to those around them [2].

The prevalence study on TB disease transmission
conducted by the Central Sulawesi Provincial Health
Office over the past three years recorded 10.207 cases.

In 2020, there were 2.874 new TB cases reported in
Central Sulawesi. This number increased to 3.143 cases
in 2021 and 3.456 cases in 2022. As of September 2022,
the region with the highest number of TB cases was Palu
City, with 718 cases, followed by Banggai District with
579 cases, and Parigi Moutong District with 421 cases

[3].

The classification of TB is crucial for ensuring an
accurate  diagnosis and appropriate treatment.
Traditionally, TB classification relies on physical
examinations, chest X-rays, and laboratory tests [4].
However, these methods have several limitations: 1)The
interpretation of physical examination and chest X-ray
results can vary depending on the doctor conducting the
assessment; 2)Laboratory tests may not always
accurately detect TB, particularly in patients with latent
infections.

The support vector machine (SVM) is a machine
learning algorithm widely used for data classification
[5]. SVM has proven effective in various classification
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applications, including disease classification. This
effectiveness is due to the SVM's ability to find a
globally optimal solution and consistently reach the
same solution in each run [6]. Compared to traditional
classification methods, SVM can achieve higher
accuracy and efficiently analyze large datasets [7][8].

Related to the problem of handling TB disease, the
task of a doctor will be greatly helped when there is a
system that can help doctors diagnose TB disease. The
purpose of this research is not to replace the role of a
doctor, but to provide recommendations or possible
diagnostic results based on patient symptoms.
Research on the classification of TB disease is still under
development. Research conducted by [9] used artificial
neural networks (ANN) for the classification of TB
disease, but the accuracy value has not provided better
results. Further research, [10] used k-nearest neighbor
(KNN) in TB classification and gave an accuracy value
of 78.66% and an AUC value of 0.806, which identified
the model as a good classification. In this study, it is
expected that the use of SVM methods for TB disease
classification can help improve the quality of TB
diagnosis and treatment. This can help reduce the
mortality from TB and improve the quality of life of TB
patients.

2. Materials and Methods

2.1. Tuberkulosis (TBC)

Tuberculosis (TB) is a contagious disease caused by
the Mycobacterium tuberculosis bacteria [11]. It
primarily affects the lungs but can also spread to other
organs, a condition known as extrapulmonary TB
[13],[14]. Pulmonary TB, the most common form,
occurs in approximately 80% of cases. TB can infect
anyone, especially those in the economically productive
age group of 15 to 50 years old [15],[16]. Factors such
as poverty, unhealthy lifestyles, poor environmental
conditions, and lack of awareness of TB contribute to its
spread. Early and appropriate treatment is crucial to
prevent severe complications and fatalities. While TB is
often associated with lung infections, it can also target
organs such as the kidneys, bones, and brain [12].
Diagnosing extrapulmonary TB can be challenging, as
symptoms may mimic other diseases.

2.2. Support Vector Machine

Support Vector Machines (SVM), first introduced by
[5], are a powerful machine learning technique capable
of handling both classification and regression tasks.
SVMs excel at finding the optimal global solution,
ensuring consistent results across multiple runs. The
algorithm functions by mapping the training data into a
higher-dimensional feature space. Within this space, an
optimal hyperplane is constructed to maximize the
margin between different data classes, effectively
separating them into distinct categories (-1, +1).

Given a set of X = {xq, x5+, x,}, withx; € R", i =
1,---,n. Known that X is in a particular pattern, that if x;
is a member of a certain class then x; given able
(target) y, = +1, else y, = -1. Hence, data will be given
as pair (x,,y,), (x, ¥,), ..., (x,,¥,) which are a
training vector set from two classes that will be
classified by SVM,

(x, y),x; € R", y € {-1,1}, i=1,-,n (1

A separating hyperplane is defined from a normal
vector parameter called w, and parameter defines
relative plane position toward coordinate center called
b, the two parameters are shown as follows:

wW'.x)+b=0 2

In defining the canonical-shaped hyperplane
separating, it must satisfy this constraint,
y [(W.x)+ bl =21 i=12-,n 3)

while the optimal hyperplane is obtained by

maximizing the margin ol or by minimizing the
w
following function:

ow) = - [lw|? 4

then the optimization problem can be solved by the
Lagrange function,
L(w,b,a)=

Slwll? - By (v (W x) + bl = 1} (5)

where «; is Lagrange multiplier. The Lagrange
function is a primal space; thus, it is necessary to
transform it into a dual space so that the function can be
easier and more efficient to solve. Hence, solving the

dual space can be obtained as follows:
min 1

= Diie1 er'lzl aiajyiyj(xiT. x;) — Z$:1 a; (6)

Q= ar
gO( 5

Subject to,

n

a; =0, i=1,2,--,n dan Zaiyi=0
i=1
Thus, the classification using the following formula

[9],

f(x) = h(W'.x + D) (7)
-1 x< -1
where h(x) = { x —-1<x<1 (8)
1 1
w= Y &yx;and b= —% w(x, + x;) )

2.3. Evaluation of the Model Performance
Classification accuracy is measured at the accuracy
rate. This metric evaluates the overall performance of
the classification model. A higher accuracy rate
indicates a more effective model for correctly
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categorizing data points.
tp +tn

Accuracy rate = —————— (10)

tp+ fo+ fn+ tn

where tp is the number of true positives, fp is the
number of false positives, tn is the number of true
negatives, and fn is the number of false negatives.

3. Data Description

The research variables consisting of response
variables and predictor variables from each data used in
this study are as follows; The response variable used in
this study is the Final Diagnosis, which is a variable with
categories; 0 = “negative TB” and 1 = “positive TB”.
The predictor variables used are Patient Age (X4),
Gender (X3), Fever Condition (X3) which is
categorized into mild, moderate and high, Shortness of
Breath (X4) which is categorized into mild and
acute/chronic, Chest Pain (X5) which is categorized into
mild and acute and Sputum Type (Xg) which is
categorized into clear, yellowish green and bloody.

Figure 1 shows a flow chart of the research
methodology used.

Data Input

kI

| Descriptive analysis |

ADASYN

i

Training data Data Sharing '| Testing data |

SVM Prediction 4—‘

Model Evaluation

i

| ‘WEB-based Information System |

Complete

‘I"

Figure 1. The research flow chart (developed by the
authors)

4. Results
4.1. Data Description and Comparison

The first step is to divide the training and testing data.
In this section, four training data division schemes were
identified: testing data, namely as follows:

a. 60% : 40% division scheme

b. 70% : 30% division scheme

c. 80% : 20% sharing scheme

d. 90% : 10% division scheme

Table 1. Description of TB data used in the study (compiled by the authors)

Data I Amount of  Minorit Majorit
Type Data Description Class Data Class g CJIass g
Tuberculosis or TB is a disease caused by infection of the Mycobacterium
TBC tuberculosis bacteria in the lungs. This condition is som_etimes referred to 980 399 581
as pulmonary TB. These data consists of 6 research variables and 2 (40.71%) (59.29%)
classes, namely, negative TB and Positive TB.
Next, we will go through the data class balancing Data c G
stage using the Adasyn method. The next stage is to 1 10 100
perform classification with the SVM method using the TBC 1 9541 9745 97.45
Radial Basic Kernel (RBF) function with parameter scheme 1 10 9745 9745 9745
values ¢ = 1, 10, and 100, and the cost parameters for 100 97.45 97.45  97.45

optimization are C = 1, 10, and 100. The classification
results in the SVM method for all specified schemes are
as follows (Tables 2-8, Figures 2-5).

Table 2. Comparison of Scheme 1 TB data before
and after applying Adisyn (compiled by the

authors)
Division  Data Training Testing
Scheme Descriptior 1 0 1
Before 253 335 146 246

60%:  Adasyn (43.02%)(56.98%) (37.24%)(62.76%)

40% After 327 335 229 246
Adasyn (49.40%)(50.60%) (48.21%)(51.79%)

Table 3. Scheme 1 TB data classification accuracy
rate with SVM (%) (compiled by the authors)

ROC Curve

Sensitivity

1 -Sp-ciﬁcit;
Figure 2. ROC curve for 60%:40% division scheme
(developed by the authors)
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Table 4. Comparison of Scheme 2 TB data before
and after applying Adisyn (compiled by the

authors)
Division  Data Training Testing
Scheme Descriptior ¢ 1 0 1
Before 266 420 133 161
700%:  Adasyn (38.78%) (61.22%) (45.24%) (54.76%)
30%

After 400 420 149 161

Adasyn  (48.78%) (51.22%) (48.06%) (51.94%)

Table 5. Scheme 2 TB data classification accuracy
rate with SVM (%) (compiled by the authors)

Data C hd
1 10 100
TBC 1 97.28 9830 98.30
scheme 2. 4 9830 9830 98.30
100 9830 9830  98.30

ROC Curve

05

e
@
1

Sensitivity

I3
=
1

T T T T
00 02 04 08 08 10

1 - Specificity

Figure 3. ROC Curve for 70%:30% division scheme
(developed by the authors)

Table 6. Comparison of Scheme 3 TB data before
and after applying Adisyn (compiled by the

ROC Curve

e
o
T

Sensitivity

e
e

0.

1 - Specificity
Figure 4. ROC Curve for 80%:20% division scheme
(developed by the authors)

Table 8. Comparison of Scheme 4 TB data before
and after applying Adisyn (compiled by the

authors)
Division  Data Training Testing
Scheme Descriptior 0 1 0 1
Before 366 516 33 65
90%:  Adasyn (41.50%) (58.50%) (33.68%) (66.32%)
10% After 454 516 67 65
Adasyn  (46.80%) (53.20%) (50.76%) (49.24%)

authors)
Division  Data Training Testing
Scheme Description 0 1 0 1
Before 329 455 70 126
80% : Adasyn (41.97%) (58.03%) (35.71%) (64.29%)
20% After 411 455 136 126

Adasyn (47.46%) (52.54%) (51.91%) (48.09%)

Table 7. Scheme 3 TB data classification accuracy
rate with SVM (%) (compiled by the authors)

(9
Data C 1 10 100
TBC 1 98.47 98.47 98.47
scheme 3 10 98.47 98.47 98.47
100 98.47 98.47 98.47

Table 9. Scheme 4 TB data classification accuracy
rate with SVM (%) (compiled by the authors)

G
Data ¢ 1 10 100
TBC 1 100 100 100
scheme 4 10 100 100 100

100 100 100 100

ROC Curve

0.8

T y r T
00 02 04 06 08 10
1 - Specificity

Figure 5. ROC Curve for 90%:10% division scheme
(developed by the authors)

4.2. Web System Implementation

Subsequently, we have produced a web-based
information system as an output of this research, entitled
“Sistem Informasi Tuberkulosis (TBC) dengan Metode
Support Vector Machine”. Our website is designed with
several objectives. The general objectives are: to
develop a web-based information system to assist in the
early diagnosis of Tuberculosis, to improve the accuracy
and efficiency of the TB diagnosis process, and to
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expand community access to TB diagnosis services. The
specific objectives are: to build a comprehensive
database of TB symptoms and diseases, to develop
accurate and reliable diagnostic algorithms, to provide
an ecasy-to-use and attractive user interface, and to
integrate the system with existing health information
systems.

We have designed the following visualization of the
website. Figure 6 shows the initial view of our design.
This is the homepage. This page is designed to make it
easier for users, so they do not need to log in. By simply
clicking on “Mulai Analisis” (Start Analysis), users can
directly proceed to the next step.

(3] )
Sistem Informasi Diagnosis \ \
[

Tuberkulosis (TBC) [

\ 4
\N

Figure 6. Homepage (developed by the authors)

Figure 7 shows the next step where users are
expected to input their biodata and fill in all the sub-
districts according to the laboratory results. After that,
they continue by clicking on the “Simpan” button
(Save).

Data Pasien

Nama Pasien

SITB SVM

Menu
= Dashboard

 Data Pasien

Jenis Kelamin
Laki-Lakl O Perempuan

Kondis| Demam
Ringan O Sedang O Tingg!

Sesak Napas

Ringan O Akut O Krons
% Diagnosa

Nyerl Dada

4 Pangobatan Ringan O Akut

Jenis Dahak
= Laporan Bening ) Hijau Kekuningan  Berdarah

) Kemball

Figure 7. Biodata input (developed by the authors)

Figure 8 shows the diagnostic results. Patients or
users only need to enter their name according to the
patient data, and the prediction results for the patient or
user will appear, which is in the form of “TBC atau
Tidak TBC” (TB or Not TB).

SITB SVM
Menu

= Dasnbonr

Figure 8. Diagnosis results (developed by the authors)

Figure 9 is the treatment recommendation. In this
section, patients or users diagnosed with TB will be
advised to seek further treatment according to the
recommendations of a specialist.

Figure 9. Treatment recommendations (developed by
the authors)

5. Discussion

The classification results show that the larger the data
used for testing, the greater the classification accuracy.
The best classification accuracy value is obtained from
scheme 4 division of training and testing data, namely
90%: 10% with a value of 100%. This shows that the
method used in this study can be used to help diagnose
TB disease based on a patient's medical data. Based on
the results and conclusions obtained from this research,
several things need to be developed. Increase the amount
of data from several hospitals in Central Sulawesi so that
further research can be done mapping areas based on the
number of patients with TB so that it can be a reference
for the Health Office or other related parties to focus
more on handling TB cases. The next data that can be
used as a continuation of this research is thorax photo
data (thorax X-ray) even though this data is very difficult
to obtain.

6. Conclusion

Handling the problem of data imbalance with the
Adaptive Synthetic Sampling (adasyn) approach and
SVM as a classification method for two classes in this
study shows that the method can classify each research
data used with an accuracy rate of more than 95%. This
shows that the method used in this study can be used to
help diagnose TB disease based on patient medical data.
From this research, we developed and introduced a web-
based information system that can be used to conduct
early detection for TB patients independently, where
they are unwilling or embarrassed to come to the
hospital.
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