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ABSTRACT

Tuberculosis is a highly infectious disease that primarily affects the lungs. The main cause of TB is
mycobacterium tuberculosis. According to World Health Organization (WHO), it is one of the top 10 causes of
death worldwide. In many cases, TB can be preventable and treatable under the right conditions. Diagnosis of
active TB is based on chest X-rays, as well as microscopic examination and culture of body fluids. The
development in artificial intelligence algorithm provides an easy way for detecting tuberculosis. In this paper we
have conducted a brief survey on various methods of detecting tuberculosis using artificial intelligence. Our aim
is to overcome the existing limitations and to develop a mobile application for both Android and IOS to detect
TB and produce the result stage-wise which is easy to use and provide higher accuracy.
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l. INTRODUCTION Lung infected with tuberculosis (TB)
Tuberculosis has existed since antiquity. =

Much archaeological survey has evidences that it
was prevalent in Egypt. Source case and susceptible
individuals increase the risk of transmission [1].
Host related determinants of disease risk TB was
called as white plague which means "Consumption".
Consumption is a Latin word which means
“‘wasting’” [2]. The Greek Physician Hippocrates
observed tubercles in cattles and pigs [3]. The
tubercle bacillus was first identified by Robert Koch
in 1882. Koch was awarded Noble prize for his
contribution in Tuberculosis [4]. The mycobacterium
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tuberculosis is slow growing mycobacteria with
doubling  time under optimal  condition.
M.tuberculosis is a agent of TB in human. The
mycobacteria have an outer layer which is waxy in
nature spreads around the lungs [5]. The probability
that an individual with tuberculosis will transmit
M.tuberculosis to others is determined by many
factors. Individuals with more severe pulmonary
tuberculosis may emit higher numbers of infectious
droplet nuclei by producing droplets at an elevated
rate [6] [7].Closer proximity and longer duration of
contact between an infectious include HIV infection
[8], diabetes [9], smoking [10], excess alcohol use
[11] and malnutrition [12]. Several studies
conducted in Africa have estimated the proportion of
transmission occurring within households [13].

Fig.1 Lung infected with tuberculosis (TB)

1. Types of tuberculosis

TB is an airborne infectious disease that
affects the lungs, though it can also affect other parts
of the body. When it affects the lungs, it's called
pulmonary TB and that of outside the lung is called
extra-pulmonary TB. It can also be classified as
active or latent. Active TB is contagious and causes
symptoms. Latent TB doesn't cause symptoms and
isn't contagious. Pulmonary TB is active TB that
involves the lungs. Extra-pulmonary TB involves
parts of the body outside the lungs such as the bones
or organs. TB lymphadenitis is the type of extra
pulmonary TB which affects the lymph nodes.
Skeletal TB affects the bones, spine and joints and it
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does not cause any symptoms. Genitourinary TB is
the type of extra-pulmonary TB which affects the
urinary tract and Kidneys [14].

2. Symptoms and Risk factors of TB

The symptom of TB varies under two
conditions. Latent TB: The person affected by latent
TB will have no symptoms and no damage is seen in
chest X-rays. They can be detected only by blood
test. Active TB: The person affected by active TB
will have cough with phlegm, fatigue, fever, chills,
loss of appetite and weight. This can also
spontaneously go away and return [15]. The person
who has weak immune system and the person who
has HIV infection have the risk of developing TB
disease much higher than normal persons. About 5
to 10% of TB patients who do not take treatment
will develop TB disease at some time in their life
[16].

SYMPTOMS OF TUBERCULOSIS

Severe prolonged cough

(with blood or sputum)

Intoxication Chest pain

Night
sweats

Weakness
or fatigue

Increased body
temperature

Decreased appetite

Fig.2 Symptoms of tuberculosis

3. Death rate of TB patients

TB is a global epidemic that causes the
death of 1.8 million people worldwide annually. In
2016 the World Health Organization said that there
are 9 million new cases formed all over the world. In
2018, 1.1 million children fell ill with TB globally,
and there were 205,000 child deaths due to TB.
Eight countries account for two thirds of the total,
with India leading the count, followed by China,
Indonesia, Philipines, Pakistan, Nigeria, Bangladesh
and South Africa [17].

4. Diagnosis method of TB with artificial
intelligence

Diagnosis of pulmonary TB is established
using chest X-ray, sputum microscopy, culture in
both liquid and solid media, and nucleic acid
amplification.  Patients  with  smear-negative
pulmonary TB go for chest computed tomography,
biopsy samples and new molecular diagnostic tests

[18]. The term "Artificial Intelligence"(Al) was
coined by John McCarthy in 1956[19]. In Artificial
Intelligence various Machine Learning algorithm
have found the interest in Computer-aided Detection
and diagnosis methods. Advances in Al algorithm
has developed the method of identifying the
presence and absence of TB using various methods
like Convolutional Neural Network(CNN), Artificial
Neural Network(ANN), Deep learning, Genetic
algorithm, Fuzzy logic and Neural network with
multiple layer[20].

1. METHODS
1. Artificial Neural Network

Artificial Neural Network is based on
computing system designed to stimulate human
brain analysis and process information. Artificial
Intelligence is formed from Artificial Neural
Network. It is the information processing technique.
It works like the human brain which processes
information [21].

ANN is used to detect the prevalence of TB
by checking radiographic findings, constitutional
symptom and measuring variability caused due to
demography using General Regression Neural
Network. The evaluation was done using a tenfold
cross validation approach. This showed the
sensitivity of 100% and specificity of 72% [22]. The
ANN has one hidden layer and it was trained with
the resilient back propagation algorithm. They
included neural model which has sensitivity of 100%
and specificity of 99.3%.They used chest X-Ray for
detection of TB.

The developed ANN has high accuracy and
it can be used as a tool to optimize use of IR in
hospitals. [23]To predict TB an approach based on
Artificial Neural Network was developed. The ANN
took the TB patient’s information such as gender,
age, HIV status, previous TB history, sample type
and sign. Based on these data the ANN predict the
Mycobacterium tuberculosis is positive or negative.
The accuracy of this method is >94%. [24] Here they
used patient’s MMR (Measles, Mumps, Rubella)
which is extracted and converted into usable format
(gray scale values) are given to neural net for
training. It is based on back propagation theorem. By
using ANN in Al the diagnostic process is non-
invasive and gives fast results [25].
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Fig.3 Basic structure of artificial neural network

The most important problem of ANN is the
unexplained behavior of the network. This reduces
the trust in the network. The network structure is
achieved only by the trial and error and experience.
The network timing is unknown and it does not give
the favorable outcome.

2. Convolutional Neural Network

Convolutional neural network are designed
to recognize patterns directly from pixel images.
CNN have a basic four types of layers:
convolutional, activation, pooling and fully
connected layers [26].

Deep learning has brought more clear
description and advanced problem solving
techniques. The architecture of deep learning is
nothing but a stack of multilayer modules which are
simple of the subject in learning [27].

In the study of CNN, Adam optimizer was
used to minimize the cross entropy. The method was
implemented using Theano framework. Later, a
convolutional neural network was built named as
tuberculosis Al (TB-Al) to recognize the TB
bacillus. They used a training set with 45 samples,
which had 30 positive cases and 15 negative cases
after training the neural network input of about 201
samples were used as test set. The TB-Al achieved
97.94% sensitivity and 83.65% specificity.

In [28] a large scale TB database has been
used for automated TB screening. For categorizing,
deep convolution neural network was used. By
introducing different angled chest x-ray, database
can be introduced for non-identifiable chest
abnormalities. It generated 4096 dimensional vector.
Then, machine learning and mobile computing
technique combined for TB diagnosis which used
deep convolutional neural network for automated TB
screening. The annotation software could help to
highlight the TB manifestation which is useful for
machine learning algorithm.[29]

Deep learning with DCNNs accurately
classify TB at chest radiography. They used Two
different DCNNs, AlexNet and GoogleNet to
classify the images as TB infected or as healthy.
Augmenting the dataset increased the accuracy. This
method has the sensitivity of 97.3% and specificity
100%. According to this method Deep learning with
DCNNSs can accurately classify TB[30].

In [31] an ensemble deep learning for TB
detection using x-ray and carry edge detected image
was discussed which produced an accuracy of about
89.77% [31].

Fig.4 Basic structure of convolutional neural

network
Later, some advances in artificial
intelligence based on image recognition was
developed. It used deep learning methods to

develop computer program that analyses chest x-ray
to detect pulmonary tuberculosis [32].

In [33] convolution neural network and
deep learning for the TB image classification were
applied. It also used transfer learning since the data
set is small and imbalanced. This method gave an
accuracy of about 98% [33].

CNN methods increase the performance of
image classification in small data sets using data
augmentation [34] [35] [36] and transfer learning,
which achieved 92% accuracy [37].

3. Fuzzy Logic

The fuzzy logic shows the way of decision
making in humans that involves all possibility
between digital value YES and NO. They can be
implemented in hardware, software or a combination
of both. Fuzzy logic is a type of Al tools used for
valuable result. It may not give reasoning, but
acceptable reasoning.
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Fig.5 Fuzzy Logic

Fuzzifier - This indicate transforming the TB input
into fuzzy forms that are combined with fuzzy sets.
Rules - The parts are antecedents and THEN parts
are consequent in the IF-THE fuzzy rules. This is
decided with expert who analyzes the TB diagnosis.
Intelligence -This shows analyzing the output after
the fuzzy rules has been applied to the input
variables.

Defuzzifier -This involves converting the fuzzified
output into values that can be read and interpreted by
medical expert [38].In [39] work on diagnosis of TB
using fuzzy diagnosability has been discussed in
detail. They have formalized the construction of
diagnose that are used to perform fuzzy diagnosis. It
provides the set of techniques to deal with problems
of fuzziness, imprecates and precise result. It has
focused only on FIS, but with ANFIS also diagnosis
can be done.

They are mentioned this as a future
subsequent work. In [40] ANFIS has been used to
implement intelligent diagnostic system for TB, by
using 270 data for training and checking. It obtained
an error 0.14177 and 0.4313 during the training and
checking. It shows the training and testing
performance were 99.58223 and 99.58197
respectively. It concludes by showing ANFIS has
shorter learning duration and obtained excellent
result.

Later, in [41] a discussion about neuro -
fuzzy system for TB was done. Rule based fuzzy
system contains symptoms as input variables in
certain specified ranges or referrals to doctor as
output. The proposed algorithm has neural network
and decision making ability of rules based system.
This has several applications such as noisy
recognitions, noisy images filtering, medical
sciences, intelligent agent, and performance analysis
of dynamical system. As on the survey research, the
fuzzy logic algorithm provides less accuracy in
detection tuberculosis. Setting exact fuzzy rules is
difficult so it is not widely used.

4. Genetic Algorithm
A genetic algorithm is a search algorithm
that is inspired by Charles Darwin’s theory of

natural evolution. The process of natural selection
starts with the selection of fittest individuals from a
population. They simulate “survival of the fittest”
among individual of consecutive generation for
solving a problem. There are five phases in Genetic
algorithm: (a) Initial population, (b) Fitness function,
(c) Selection, (d) Crossover, () Mutation. [42]
Genetic algorithm is a method of problem-solving. It
is used to produce high quality solution for problems
[43].

Start

Evaluate fitness

Terminate criterion?

Selection

!

Crossover
L

Mutation

v
End
Fig.6 Flow chart of Genetic Algorithm

Hybrid system for diagnosis chest diseases
using neural network and Genetic Algorithm were
used[44]. Genetic- Neuro-Fuzzy Inferential method
for diagnosis of tuberculosis was introduced which
showed enhancement in accuracy level of diagnosis
[45]. Genetic algorithm Neural network was used for
the automated detection of mycobacterium
tuberculosis.  Ziel-Neelson stained tissue slide
images were used for diagnosis.

To separate the tubercle bacilli from the
background they used k-means clustering method.
Genetic algorithm (GA) is applied to select
significant input features for neural network (NN).
GA-NN was used to identify significant input
features and it was classified into two classes; ‘true
TB’ and ‘possible TB’.

The GA-NN approach was able to produce
better classification performance with an accuracy of
89.64%. Adding more features in this method, it was
able to reduce its performance in some analysis [46].

To detect tuberculosis, Genetic algorithm
and neural network was proposed which used
different parameters such as Age, Cough, Chest
Pain, Fever, Night Sweats, Chest Pain, Hemoglobin
and Weight Loss, Unwillingness for work, Loss of
appetite is taken as input parameters. Genetic
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Algorithm and Neural Network (GANN) performs
better with these parameters as compared to other
technique. It is the cost effective technique to detect
tuberculosis [47].

Genetic-Neuro-Fuzzy Inferential method
was used to provide a decision support platform in
producing accurate, timely, and cost effective
diagnosis of Tuberculosis. The accuracy was 70%
[48]. The result of [49] which used genetic algorithm
with two hidden layer classification showed the
accuracy of 93.93%. Though a greater accuracy, but
genetic algorithm is expensive and time consuming.

5. Neural Network with Multiple Layers

Multiple layer neural network has more than
one layer of artificial neurons. Single layer neural
network was used before in the evolution of Al. It
consists of at least one input layer which sends
weighted inputs to a series of hidden layers, and an
output layer at the end [50].

5.1 Basic Types of Neural Network

5.1.1 Single layered feed forward neural network
A network in which node of input layer

transcends into the output layer but not reverse is

known as single layered feed forward neural

network.

O

Output
Layer
Fig.7 Structure of single layered feed forward neural
network

5.1.2 Multilayered feed forward neural network

It consists of more than one hidden layer
known as hidden neurons. This hidden neuron works
in linking the external input neuron with other
neuron in the network. The input from first source of
neuron passes the signal to the next.

These signals received as output of second
layer then act as input to third layer and continues
tills final layer. This final layer consists of total
signal output of all the previous neural layers [51].

output layer

input layer
hidden layer 1 hidden layer 2

Fig. 8 Structure of multilayered feed forward neural
network

The tuberculosis diagnosis was carried out
by the multilayer neural network (MLNNS). It has
two hidden layers and a genetic algorithm for
training, algorithm has been used. The accuracy was
93.93% with back propagation algorithm.

More efficiency was obtained by using
Levenburg-Marquardt Training Algorithm but it is
different to encode. The result was 94.88% accuracy.
Training the multi-layer neural network with genetic
algorithm takes too much time. MLNN with genetic
algorithm is a successful way to diagnose
tuberculosis.

6. Mobile Application to Detect TB

A mobile app was created to detect TB by
listening to the sound of the patient's cough. They
used artificial intelligence and machine learning to
make the cough interpretation.

It is non-invasive and it is easy for the
diagnosis of TB. The accuracy of this method was
85% [52]. The 10S mobile app was used to detect
TB through chest X-ray by developing an algorithm
in artificial intelligence.

The chest X-ray was converted into digital
images. Caffe framework with GoogLeNet network
were used to create a model for classification of X-
ray. The accuracy of this method was 98.39% [53].

I1l. PROBLEM STATEMENT

The ANN network structure is achieved
only by the trial and error and experience. The
network timing is unknown and it does not give the
favourable outcome. Training of genetic algorithm
to detect tuberculosis is better. But genetic algorithm
is expensive and time consuming. Fuzzy logic
algorithm provides less accuracy and setting exact
fuzzy rules is difficult. Even though there are
various methods to detect tuberculosis, there are no
methods where the patients can see their results by
self at their own place. Our aim is to overcome these
limitations and to develop a mobile application for
the detection of TB stage wise through chest X-ray
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for both android and 10S. This method of detection
will be more useful and viable for doctors and
patients especially while applying Telemedicine
concepts which is also easy to use and provides the
result immediately.

V. CONCLUSION
In this review research we have discussed
various methods of Artificial Intelligence to detect
tuberculosis. Many algorithms have been used to
increase the accuracy of the result. The detection of

TB using Chest X-ray and sputum analysis was
done. But there are some limitations present in each
method. The Convolutional Neural Network is used
for different medical diagnosis. The use of mobile
application will be more effective to detect
tuberculosis. Our future work is to overcome the
existing limitations and to develop an mobile
application for both Android and 10S to detect TB
and produce the result stage wise which is easy to
use and provide higher accuracy.

Table. 1 Comparison of Various Methods used to detect TB

Year Author Method Algorithm Accuracy(%)
2004 Ramana.K.V ANN BP 80%
Erhan

2009 Elveren.NejatYumusak MLNNSs GA 94.88

MLNN(1 hidden

layer) BPmW 93.04
2010 Er, Temurtas et al MLNN(2 hidden
layer) LM 95.08

2010 | O.Er,F.Temutas ANN Genetic-Neuro-Fuzzy 70
2011 | E.Elveren and N.Yumusak ANN GA(2 hidden layer) 93.93

MLNN(2 hidden
2011 Elveren&Yumusak layer) GA 94.88
2011 | Dongardive et al Decision tree Identification tree 945
2012 | Ansarietal Neuro-Fuzzy BP 96
2016 | Hwangetal CNN Modified AlexNet 90
2016 M.K.Osman&M.Y.Mashor NN GA 89.64
2017 | Lakhani&Sundaram CNN Ensemble 96
2017 | Islametal CNN Ensemble 90
2017 | Alcantara CNN Binary classification 89.6
2017 PayalDande&TurvaSamani ANN Fuzzy logic + GA
2017 Maelon al cantara CNN No algorithm 85.68
2018 | Roopa H&Asha.T PCA&KPCA No algorithm 96.07
2018 | Yan Xiong CNN No algorithm 97.94

Muhammad Tahir Khan et
2019 al ANN No algorithm 94
2020 | Ray Chang CNN Transfer learning 98
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