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Abstract. Tuberculosis (TB) is an infectious disease caused by Mycobacterium Tuberculosis
or TB Bacilli. Currently, the classification of TB bacilli is carried out by microbiologist by
using Ziehl-Nielsen (ZN) stained smear sputum slide under a light microscopy. However, the
manual evaluation is time-consuming and lead to slow decision. Furthermore, the sensitivity is
less due to incline of human error which lead to inaccurate conclusion. Therefore, this study
proposes an intelligence identification and counting system to detect the presence of TB bacilli
in the ZN-stained smear sputum image. This system is designed to identify the presence of TB
bacilli and count the number of TB bacilli by applying digital image processing and artificial
intelligence techniques. In image acquisition, there are 70 samples images of ZN-stained smear
sputum image were collected from Hospital Universiti Sains Malaysia (HUSM) Kubang
Kerian, Kota Bharu, Kelantan, Malaysia. The image processing technique consists of contrast
enhancement, segmentation, and feature extraction. The contrast of original image was
enhanced by the combination of global enhancement, local enhancement and Contrast Limited
Adaptive Histogram Equalization (CLAHE). Then, the enhanced image was segmented using
color thresholding and the features were extracted consists of on 18 colour features, 15 shape
features and 5 texture features. Afterward, the features underwent feature selection to select the
relevant features by using Neighborhood Component Analysis (NCA) and ReliefF Analysis.
The study showed that there are relevant features were chosen by ReliefF at feature weight
more than 0.004 including (8 colour features, 11 shape feature and 3 texture features) for
improving the performance and accuracy of Multilayer Perceptron (MLP) trained by Scaled
Conjugate Gradient (SCG). For classification process, MLP, k-Nearest Neighborhood (k-NN)
and Support Vector Machine (SVM) are used with 6 folds cross-validation. It was found that
MLP has the highest of accuracy, sensitivity and specificity with 93.8%, 93.4% and 94.1%
respectively.

1. Introduction

Tuberculosis (TB) is an infectious disease transmitted from a person to another person by coughing or
breathing in the air containing bacteria called Mycobacterium Tuberculosis or TB Bacilli. It can be
divided into Pulmonary TB (PTB) and Extra-Pulmonary TB (EPTB). TB mainly target the lungs, but
also can affect any part of the body such as bone and joints, kidneys, brain, and lymph node.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


mailto:yusoff@unimap.edu.my

International Conference on Biomedical Engineering (ICoBE) IOP Publishing
Journal of Physics: Conference Series 1372(2019) 012079  doi:10.1088/1742-6596/1372/1/012079

According to The World Health Organization (WHO) [1], TB is the top 10 leading causes of death
worldwide in 2017. Estimated 10 million people were infected by TB and 1.6 million of people die
from the disease. There were 5.8 million of men, 3.2 million of women and 1 million of children are
suspected in the overall 10 million that were infected with TB. It shows that more than half of the
overall cases are represented by men.

Nowadays, manual diagnostic procedure is commonly used to detect the presence of TB by
microbiologist. In many countries, sputum smear microscopy is the main tool for laboratory diagnosis
of TB [2]. Although it requires simple laboratory, this procedure reveal low detection rate and less
sensitivity for determining a positive TB [3]. Moreover, the diagnosis under the microscope can lead
to eye pain and poor posture during screening because it takes 15 minutes per slides and the
microbiologist require to confirm hundreds of slides may per person. The smear microscopy method is
categorised as manual diagnostic procedure. Currently, the manual diagnostic procedure is quite
outdated compared to other current technology worldwide, include in every field. Thus, artificial
intelligence (Al) is explored to develop an autonomous system in detection of TB bacilli

Samuel ef al. [4] proposed a system using Inception V3-SVM model in transfer learning and fine-
tuning for classification of infected and non-infected by TB Bacilli. The system had the limitation in
low availability of the dataset and decreased the sensitivity because unable to support adaptive
learning. The average accuracy of the classifier is 95.05%.

Panicker et al. [5] has proposed a system to detect TB Bacilli by using pixel classification for
detection TB Bacilli. Pixel classification specifically used the convolution neural network (CNN) in
the architecture of the network which extracted a patch in images and probability value was generated
to determine the presence of bacilli. The architecture of this classifier consisted of 2 convolution layers
contained 32 filter maps, 3 convolution layer contained 64 filters and 1 convolution layer with 128
filters.

Mithra et al. [2] claimed that Gaussian-Fuzzy-Neural network (GFNN) classifier had achieved
better performance than another model for diagnosising of TB Bacilli specifically in determining
images into the bacilli and few bacilli. Besides that, the counting bacilli in the overlapping bacilli were
computed by GFNN. The GFNN model was used as a classifier to classify bacilli into three categories
which were few bacilli, overlapping bacilli and non-bacilli. Moreover, the model was also used for
counting the bacilli by computing few bacilli and overlapping bacilli.

The current research consists of two parts which is image processing and classification. Image
processing consists of contrast enhancement, segmentation and filtering. Then, the segmented images
undergo feature extraction and feature selection. After that, the selected features become inputs for
classifiers to determine the best classifier by evaluating accuracy, sensitivity and specificity.

2. Methodology

Figure 1 shows the flowchart for the methodology. The process involved image pre-processing,
contrast enhancement, segmentation, filtering, feature extraction and classification. The ZN-stained
smear sputum slides were acquired from Hospital Universiti Sains Malaysia (HUSM) Kubang Kerian,
KotaBharu,Kelantan,Malaysia.

2.1. Image Pre-Processing

In pre-processing method, the background and foreground were adjusted in order to get a clear view of
TB Bacilli and partially eliminate the undesired object in the images such as a bluish colour of sputum
and other artefacts. The foreground is enhanced so that the purple reddish TB Bacilli become clearer.
This method has three parts which are global contrast enhancement, local contrast enhancement and
contrast limited adaptive histogram equalization (CLAHE).

2.2. Segmentation
The color thresholding is implemented in order to segment the non-reddish colour and reddish colour
of TB bacilli. The colour model implements the LAB colour space to adjust the pixels so that the
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reddish colour was segmented. This method uses Color Thresholding Apps provided by MATLAB
R2017a. The outputs are the RGB image and binary image. This is due to regionprops() requires
binary image to proceed. The RGB image of colour thresholding is used only for display, however the
binary image is used to further filtering the unwanted objects within the image. The unwanted objects
areas as known as artefacts. Then, the original colour of the image was retrieved based on the resulted

segmented binary image.
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Figure 1 The flowchart of methodology

2.3. Feature Extraction and Feature Selection

2.3.1. Feature Extraction

A total of the 38 features have been extracted, namely 18 colour, 15 shape and 5 texture. The
colour features were extracted from the mean, variance and standard deviation of RGB colour and HIS
colour space. The shape features were extracted from regionprop() function which are perimeter, area,
solidity, diameter and eccentricity. Other shape features are compactness, circularity, the ratio of
major over minor axis and 7 Hu’s Moment. Lastly, the texture features were extracted by using
grayprops()where the RGB segmented image converted into grayscale image. These features are
correlation, energy, contrast, homogeneity, and entropy.
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2.3.2. Feature Selection

There are 38 extracted features from the previous process have undertaken feature selection to
avoid overfitting. There are two types of feature selection methods that were used in this study,
namely Neighborhood Component Analysis (NCA) and Relieff Analysis. In MATLAB, ReliefF and
NCA are the built-in function. For ReliefF, the function is relief{) that give feature weight as the
output. Usually, the feature weight which assigns as zero, that indicates the irrelevant feature and
whereas NCA uses function fscnca() that will give rank and feature weight as outputs. In NCA, the
feature weight assigns either zero or negative value is the irrelevant feature.

2.4. Classification

After extracting and selecting the features, the subsets of data were used for classification. This
classification used 3 models of classifier for detecting TB bacilli in the segmented image. These 3
models are Multilayer Perceptron (MLP), K-Nearest Neighbour (K-NN) and Support Vector Machine
(SVM). Each classifier has different approach in order to classify different objects existent within the
image. All classifiers will implement k-fold cross validation. The analysis is further when the data
split into training and testing by using k-fold cross validation approach. The number of k will be
varied in order to train the data and evaluated the accuracy, sensitivity and specificity of the classifier.
The best classifier has the highest of these three evaluation parameters.

3. Experimental Result and Discussion

The procedure was evaluated using 70 images of ZN-stained smear sputum that were collected from
Hospital Universiti Sains Malaysia (HUSM) Kubang Kerian, Kota Bharu, Kelantan, Malaysia. Figure
2 shows images to illustrate the process of image enhancement, filtering and segmentation where the
image was segmented until only TB bacilli and other reddish colour of objects were remained in the
image. The images of the process are shown in Figure 2(a) until Figure 2(g)
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(c) Conversion from RGB to binary (d) After noise filtering

(e) Retrleved orlglnal colour (f) Filtering artefacts

(g) segmented image
Figure 2 The TB bacilli image segmented process

There are 38 features that have been extracted in this study. However, the features have to be
selected in order to improve the performance of classifier. Neighbour Component Analysis (NCA) and
ReliefF were used for this task. As a result, 22 features have been selected with the lowest MSE by
ReliefF as shown in Figure 3. Table 1 shows the performance of the three classifiers, evaluated using 6
folds cross-validation. The best performance id MLP 15 hidden layer that yielded the accuracy,
sensitivity and specificity of 93.8%, 93.4% and 94.1% respectively.
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Figure 3. The performance of the classifiers
Table 1 Performance od classifiers

Classifier Accuracy (%) Sensitivity (%) Specificity (%)
MLP trained by SCG 93.8 93.4 94
k-NN (k =5) 85.0 82.1 87.9
SVM (polynomial kernel 91.1 91.2 90.9
function)

4. Conclusion

The proposed image segmentation procedure has successfully segmented TB and non-TB bacilli
from the background sputum. After the image processing was performed, 528 objects have been
detected in the images that containing TB bacilli and non-TB bacilli. There were 38 features that have
been extracted in this study, NCA and ReliefF algortihms were then used to select the most suitable
features. The best accuracy was produced by ReliefF with 22 selected features. The selected features
are 8 colour features. MLP, k-NN and SVM were used for classification. All the classifier yield good
classification performance with the accuracy of higher than 80%. MLP trained by yielded the highest
accuracy, sensitivity and specificity with 93.8%, 93.4% and 94.1% respectively.
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