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ABSTRACT

Two diseases that include Acute Respiratory Infections (ARI) are diphtheria and tuberculosis. Both diseases have a
large number of sufferers and can cause extraordinary events (KLB). One of the achievement indicators of infectious
disease control and management programs is discovery. However, the limited number of medical analysts causes the
discovery process (examination) long and subjective. To help with this problem, a bacillus identification system was
created for early detection of Acute Respiratory Infections (ARI). This systemis an implementation of computer vision.
The data used are preparations of the bacteria Mycobacterium tuberculosis and Corynebacterium diphtheriae obtained
at Besar Laboratorium Kesehatan (BBLK) Surabaya. The parameters used are the area, perimeter and shape factor. The
Learning Vector Quantization (LVQ) method can classify and identify bacillus bacteria that cause acute respiratory
infections with a training accuracy of 97% and a test accuracy of 86% with a learning rate of 001 and a reduced learning
rate of 0.25.
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1. INTRODUCTION diphtheria sufferers is reported to continue to increase
until in 2019 there were 358 cases [4].
Acute Respiratory Infections (ARI) including the

incidence of infectious diseases (disease prevalence) and
morality (a measure of the number of deaths in a
population) are the highest in the world [1]. ARI is
divided into two, namely lower respiratory tract
infections (LRTIs) and upper respiratory tract infections ’ ‘ e
(URTIs). ARI is caused by bacteria, fungi and viruses [2] that often occurs is a large number of patients and the
Two examples of ARI diseases calusca by bacteria are limited number of medical analysts causing the
tuberculosis and diphtheria. The similarity between these microscopic examination process to take a long time. In
two diseases is that the bacteria are rod-shaped or bacilli. flddl[?(,m“ lmdwﬂl‘ analysts ne?d h?%h €xperience 1m

identifying bacteria so that the identification process is

One of the indicator achievements of the infectious
disease control and handling program is disease
discovery [4]. Generally, the discovery of the disease is
done by sputum examination or sputum specimen from
suspected then examined microscopically. The problem

Tuberculosis (TB) is one of the lower respiratory tract subjective. Based on the description of the problem, the
infections caused by the bacterium Mycobacterium researchers created a bacilli identification system for
tuberculosis [3]. In 2019, the discovery and treatment carly detection of acute respiratory infection (ARI) which
rate of all TB cases in East Java ranked second in can assist medical analysts in microscopic examination.

Indonesia as many as 64,311 cases with a Case Detection
Rate (CDR) of 66% while the CDR target set was at least 2. RELATED WORKS
70% [4]. While diphtheria is an upper respiratory tract

infection, which is usually found in the larynx and is Some of the references we use are the application of
caused by the bacterium Corynebacterium diphtheriae the Learning Vector Quantization (LVQ) method in
[3]. From year to year in East Java, the number of identifying  Mycobacterium tuberculosis and non-
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bacterial bacteria with an accuracy rate of 91.33% [5]. K-
method is used to classify color image
segmentation on tuberculosis identification with an
accuracy rate of 97.68% [6]. The Channel Area
Thresholding (CAT) segmentation algorithm can identify
bacillus bacteria in sputum images with an accuracy of
97.58% [7]. The LVQ method is used again in classifying
acute respiratory infections (ARI) with the highest
accuracy of 100% [1]. In other cases, the LVQ method
is also able to classify Neisseria gonorrhoeae bacteria as
early detection of gonorrhoea with an accuracy rate of
91.67% [8].

medans

Based on the reference explanation above, the
researcher used the Learning Vector Quantization (LVQ)
method to identify bacilli in acute respiratory infections
(ARI).

3.METHODS

The stages of research is data collection, process
cropping, color conversion, segmentation, [eature
extraction and identification of bacteria using the
Learning Vector Quantization method as shown in Figure
1.

Bacillus Bacteria
Image Dataset

Image Cropping
Process
Image Color
Conversion
Image
Enhacement
+| Segmentation
Pracess
Feature Extraction Mycobacteriom
o~ berculosi
Classification using o

Learning Vector Q i

Corynebacterium
diphteriae

Figure 1 Block Diagram of System Identification of
Bacilli Bacteria in Acute Respiratory Infection (ARI)

3.1. Bacillus Bacteria Image Dataset

The data used are preparations of the bacteria
Mycobacterium  tuberculosis  and Corynebacterium
diphtheriae obtained at Besar Laboratorium Kesehatan
(BBLK) Surabaya. Then the data is taken for the image
of the bacteria using a digital microscope. Generally,
bacteria have three forms, namely cocci, bacilli and
spirochetes and the size of the bacteria is 0.4 to 2 pym [9].
Based on the atlas of medical microbiology,
Corynebacterium diphtheria includes gram-positive
bacteria, clubshape and pleomorphic rods [10], while
Mycobacterium tuberculosis is an aerobic acid-fast rods
bacteria [11] as shown in Table 1.
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3.2. Image Cropping Process

The purpose of the image cropping process is to
reduce the computational load because the original size
of the bacteria image is 4000x3000 pixels. In addition,
the cropping process is also part of the normalization of
image size so that the image used becomes 161x241
pixels as shown in Figure 2.

Table 1. Bacilli Bacteria in Acute Respiratory Infection

Bacteria Name Bacteria Image

Mycobacterium _. :
Tuberculosis
tuberculosis y
Corynebacterium °
Diphtheria -
diphtheria - ¥

o P

Figure 2 Image cropping results from (a) 4000x3000
pixels to (b) 161x241 pixels

3.3. Image Color Conversion

Generally, the original image is an RGB color space
image or consists of 3 components, namely a red
component, a green component and a blue component.
The RGB color space is also considered to have a large
size so that the color space is difficult to segment [12]
then each color component must be separated [13] or
conversion to another color space. In this research, the
researcher separates each RGB color component and
converts the RGB color to a grayscale color space in each
bacterial image as shown in Figure 3.

34. Image Enhancement

The purpose of this process is to improve the quality
of the image, for example, increasing the intensity of the
light and darkness of the RGB component image and the
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grayscale image. In this research, we used a contrast
stretching process that serves to distribute the intensity of
the light and dark on the whole scale of intensity, so that
the resulting image with high contrast value [14].

Mycobacterium fuberculosis

Corynebacterium diphtheria

L h L
5 LY L
(a) (b) (c) (d) (e)

Figure 3 (a) The original image of bacteria, (b) the image
of the red component, (¢) the image of the green
component, (d) the image of the blue component and (e)
the image of the grayscale.

3.5. Segmentation Process

This stage aims to separate the object and
background. This process is divided into two stages,
namely, segmentation based on the grey threshold value
(T) and segmentation based on Channel Area
Thresholding (S.Area). The formula equation for the
segmentation process based on the grey threshold value
(T) is as follows [15]:

L,if grayscale(a,b) =T

segmentation (a,b) = }0, if grayscale(a,b) =T

(H

The segmentation based on Channel Area
Thresholding (CAT) uses a labeling process with
neighboring techniques in 4 or 8 directions. Then we look
for the area on each labeling and segmented based on the
area.

3.6. Feature Extraction

The next step is feature extraction where at this stage
the function is to take features or parameters from the
shape of the bacillus bacteria. Some of the morphological
features used in this research are area, perimeter and
shape with the formula equation [14]:

Area = Number of pixels inrow — 1+ rowto —2 + -

+rowto—8 (2)
Perimeter = Z Even code +v2 x Z odd code (3)
P2 4
Shape = — 4)
ape = —
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Where Aisthe Area, P is the perimeter and S is the shape
factor. These three parameters are obtained from the
chain code calculation process using labelling based on
neighboring relationships.

3.7. Learning Vector Quantization

Learning Vector Quantization (LVQ) is one of the
artificial neural network methods with supervised
learning methods to classily input vectors into certain
classes. The classification results depend on the distance
between the input vectors. If there are two input vectors
that have similar distances, the competitive layer will
classify the two input vectors into the same class [13].
The LVQ network architecture is shown in Figure 4. The
algorithm of the Learning Vector Quantization (LVQ)
method is as follows :

1. Set the input parameters: weight (W), learning rate
(@), reduction of learning rate (Dec o), minimum
learning rate (Min o) and Maximum Iteration
(MaxEpoch),

2. Enter the input matrix: B (x, y) and target matrix: T
(1, y). where x = number of inputs and n = amount
of data.

3. Determine the initial condition :

a. Error=1
b. Epoch=0

4. If (epoch <MaxEpoch) or (¢= Mina) then
a. An update of epoh value, Epoch = epoch +1
b. Perform the iteration in the input until some data

is trained, for x =1 ton

5. Find J so that | B - Wy | is a minimum

6. Updating weight value Wy.

a. IFT=1J]Then,
Wj (new) = Wj (old) + a (B- Wj (old))

b. IFT #1J Then
Wj (new) = Wj (old) +a (B - Wj (old))

7. Reduce the value of learning rate o.

’T
- Wy | Mycobacterium
tuberculosis
3
. WG| N Corynebacterium

v diphteriae

Shape

Figure 4 Network architecture on the Learning Vector
Quantization method

The total number of data in this research is 150 data
consisting of 100 training data and 50 testing data.
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3.8. The Calculation of Performance Method

One technique to calculate the ability of the
classification method is to use the Receiver Operating
Characteristic (ROC) technique. This technique produces
four characteristic values, namely True Positive (TP),
True Negative (TN), False Positive (FP) and False
Negative (FN) which are shown in the illustration Table
2. Based on this value, the sensitivity or True Positive
Rate (TPR) value, specificity or False Positive Rate
(FPR) and accuracy values are obtained using the
formula equation [16] :

TP
TPR = 1o TN (3)
FP
FPR=vp 7N (6)
| - TP+ TN L00s
Ceuracy = T Ep s TN £ PN 100% )

Table 2. Confusion Matrix

Output Class

TP FP A

FN TN B

4. EXPERIMENTAL RESULT

4.1. Image Color Conversion

Figure 3 shows that the image that best represents the
shape of bacteria is (c) the image of the green color
component for both images of bacteria. In the green
component image, the difference between the object and
the background is clearly visible when compared to (e)
grayscale images and (d) blue component images, so to
improve image quality, an image enhancement process is
carried out.

4.2. Contrast Stretching

In the stages of image enhancement, the image of the
green component is added with contrast or the contrast
stretching process. The addition process also affects the
histogram of the bacterial image as shown in Figure 5.
The picture shows that there is a change in the histogram
of the green component of Mycobacterium tuberculosis.
In Figure 5 (a) the gray value has a dark-light intensity
range of 70 to 240, while after adding contrast stretching,
the gray value in the green component image histogram
becomes evenly distributed according to the intensity
scale or has a gray value range of 0 to 255.

4.3. Segmentation Process

The next step is the segmentation process based on
the gray threshold value using the equation (1). In this
research, several threshold values were used, namely 10,
50, 100, 150. This value determines the segmentation
results as shown in Figure 6. That figure shows that the
gray threshold value (T) that best represents the shape of
bacteria is T = 150. if using a value of T < 100, then the
shape of the bacteria Corynebacterium diphtheria
(bottom) is separate, this is different when using T = 150.
However, in the Mycobacterium tuberculosis bacterial
segmentation image there are still other objects or noise
(Figure 7) when using T=150, so further segmentation is
needed using Channel Area Thresholding (CAT).

"4

(a)

N . a0,

(b)

Figure 5 Histogram of the green component image (a)
before and (b) after the addition of contrast stretching on
Mpycobacterium tuberculosis.

(b) (c) (d)

Figure 6 The results of image segmentation based on a
threshold value of gray (a) T=10,(b) T=50,(c) T=100
and (d) T =150
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The segmentation image used a labeling process with
a chain code based on the 8-direction neighbor
relationship. After the objects are labeled, then we look
for the threshold value for the area [S.Area]. In this
research, one threshold value was used, namely [S. Area]
< 100, so that the segmentation results are obtained as
shown in Figure 7. The image shows that there are white
dots that have an area of fewer than 100 pixels. When the
CAT process is carried out, the white dots will disappear
and leave a large object that has an area of more than 100
pixels or the bacteria itself.

Figure 7 The results of Image Segmentation based on
Channel Area Thresholding (CAT).

4.4. Feature Extraction

After getting the segmentation image based on the
CAT technique, the next step is the feature extraction
technique. The features used in this research are 3,
namely area, perimeter and shape obtained from the
equations of formulas 2 to 4. Table 3 shows the results of
feature extraction for each bacterium.

Table 3. The Value of Features on Each Class of Bacteria

Perimeter

Minirmum 1075 115 12.30
Mycobacterium

Maximum 6295 505 63.27
tuberculosis

Average 3276 285 26.89

Minirmurm 1022 149 14.83
Corynebacterivm

Maximurm 6528 556 75.82
diphtheriae

Average 3720 368 39.44

Based on the results in Table 3, the average area of
Corynebacterium diphtheriae is 3276 while the average
area of Mycobacterium tuberculosis is 3720. On average
Corynebacterium diphtheriae perimeter is 368. This
feature is larger than the average perimeter of
Mycobacterium tuberculosis which is 295. The average
form factor (shape) of Mycobacterium tuberculosis was
26.89 while the average shape of Corynebacterium
diphtheriae was 3944. It can be concluded that

Advances in Social Science, Education and Humanities Research, volume 645

Corynebacterium diphtheriae has a larger area, perimeter
and shape than Mycobacterium wberculosis.

4.5. Classification using Learning Vector
Quantization

In this research, 100 training data and 50 testing
data were used. The learning rate (o) used in this research
were 0.1; 0.01; 0.001 with a reduction of the learning rate
(dec a) were 0.01; 0.1; 0.25. The maximum epoch that is
used is the 5000 iteration with an error rate 0.000001.
Based on these input parameters, the training accuracy is
shown in Table 4.

Table 4. Accuracy Results of The Learning Vector
Quantization Method

Learning Reduction of learning rate  Accuracy
rate (o) Dec o)

0.01 96
01 0.1 96
0.25 96
0.01 96
0.01 0.1 96
0.25 97
0.01 96
0.001 0.1 a5
0.25 96

Table 4 shows that the highest accuracy on the
training system is 97% with a learning rate (o) of 0.01
and a reduction of learning rate (dec «) of 0.25. The
calculation of accuracy is obtained from the confusion

matrix of the training process which is shown in Table 5.

Table 5. The Confusion Matrix of Training LVQ

Output Class

Target Class

A Corynebacterium diphtheriae

B : Mycobacterium tuberculosis

| TP+ TN
CCUracY = TP ¥ FP + TN + FN

x100% = 97%

The next step is the testing process with 50 data with
a learning rate (o) of 0.01 and a reduction of the learning
rate (dec o) of 0.25. The testing results were obtained
using the calculations in the confusion matrix shown in
Table 6.




ATLANTIS

PRESS Advances in Social Science, Education and Humanities Research, volume 645

Table 6. The Confusion Matrix of Testing LVQ

Output Class

Target Class
A B

21 4 A Corynebacterium diphtheriae

3 22 B : Mycobacterium tuberculosis

Table 6 shows that the Learning Vector Quantization
classification method can correctly classify 21 data on
Corynebacterium diphtheriae bacteria and 22 data on
Mycobacterium tuberculosis bacteria. While the four data
should be Corynebacterium diphtheriae bacteria, but the
classification results show that the four data are classified
as Mycobacterium tuberculosis bacteria. On the other
hand, three data were also misclassified into

Corynebacterium diphtheriae bacteria.

4.6. The Calculation of Performance Method

Based on the confusion matrix in Table 6, the
sensitivity or True Positive Rate (TPR), specificity or
False Positive Rate (FPR) and accuracy values are

calculated using the equations 5 to 7.

Sensitivity (TPR i 2 _osrs
ensitivity (TPR) = gp ¥ PN = 2143~
Specificity (FPR) r 0.154
pecificity “FP+TN 4+22
TP + TN
Accuracy = x100% = 86%

TP+ FP+TN+FN

Sensitivity is a value that indicates that the method
can identify the image correctly, while specificity
indicates the error rate of the classification method in
identifying bacterial images. The value of sensitivity
(TPR) 15 0.875, the value of specificity (FPR) is 0.154
and the level of accuracy in the testing process of the

system is 86%.

5. CONCLUSION

The results of the research showed that the Learning
Vector Quantization (LVQ) method was able to identify
bacillus bacteria that cause Acute Respiratory Infection
(ARI) with the best training accuracy rate of 97%. The
learning rate used is 0.01 and the reduction of learning
rate is 0.25, so that the testing accuracy rate on 50 data is

86%.
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