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Abstract

Image transformation is important to obtain and find certain information about an image that was not previously known, such
as pixels, geometry, size, and color. Following this, this research aims to analyze image transformation in producing better
values using threshold and segmentation methods. The segmentation process is carried out based on two color models, namely
hue saturation value (HSV) and red green blue (RGB). The image data used in this study was the x-ray image of the lungs from
www.fk.unair.ac.id. which is processed using the Matlab 2021a application to help the analysis process. on the results of the
image segmentation analysis carried out in this case, the greater the HSV and RGB threshold values used in the image data,
the better and clearer the segmentation of the detected image results. In other words, the size of the thresholding value
generated greatly affects the quality, brightness, size, and color of the resulting image. The best lung X-ray image segmentation
results were obtained when using the threshold values HSV = 0.9 and RGB = 9.
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1. Introduction

Image segmentation is a very important part of image
processing, which is used to divide an image into two
or more parts and process image partitions into several
regions, not overlapping and homogeneous [1]. Image
segmentation is a difficult problem in understanding
image analysis and computer vision [2]. In image
processing, the segmentation method is used to separate
objects from the image background [3], [4]. Image
segmentation is widely used in the medical world,
including to identify organ pixels or lesions from
medical images such as CT-scan or magnetic resonance
imaging (MRI) [5], [6]. One of the segmentation
methods that can be used is Thresholding [7], [8]. One
of the image segmentation methods that can be used is
thresholding, in which the processing is based on
differences in the percentage of gray images. At the
time of implementing image segmentation, a limit value
is needed which is called the threshold value. Where if
the image intensity value is greater than or equal to the
threshold value, then it is changed to 1 (white color) but
if the image intensity value is smaller than the threshold
value then it is changed to 0 (white color). Thus the
output image from thresholding is a binary image [9-
11]. The segmentation process in images can be used in

several applications, although there are many variations
of the method used, which have the same goal, namely
obtaining a simple, useful representation of an image
[12].

Various choices of methods that can be used in image
segmentation, choosing the best method is very difficult
because in determining the method used depends on the
approach used as well as the features to be produced
from the image [13], [14]. The segmentation process is
closely related to image transformation because by
using the segmentation method, the image will
transform into another form so that it is different from
the original image [15], [16]. In this paper, the process
of image segmentation and transformation is both
analyzed using the thresholding method, because the
method can do it simultaneously [17], [18]. The use of
thresholding methods has grown widely in solving
many problems of image segmentation and
transformation, which is evident from the studies that
have been carried out [19], [20].

Research that proposes a new equilibrium optimization
algorithm for multi-thresholding image segmentation
problems. The result of this method can overcome
large-scale problems with high efficiency and
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outperform all other algorithms such as whale
optimization algorithms, bat algorithms, sine-cosine
algorithms, salp swarm algorithms, harris hawks
algorithms, crow tracing algorithms, and particle swarm
optimization in metrics used to evaluate segmented
image quality for all threshold levels [21]. The research
introduced the use of a new meta-heuristic algorithm
called black widow optimization (BWO) to find the best
threshold configuration using otsu or chalk as a goal
function. To evaluate the performance and effectiveness
of BWO-based methods, it was assessed using a variety
of benchmark images, and compared to six well-known
meta-heuristic ~ algorithms including; whale
optimization  algorithm  (WOA),  equilibrium
optimization (EO), gray wolf optimization (GWO), slap
swarm algorithm (SSA), moth flame optimization
(MFQ), and sine cosine algorithm (SCA), slap swarm
algorithm (SSA). The experimental results show that
the proposed BWO-based method outperforms other
algorithms in terms of fitness values as well as other
performance measures. Statistical analysis shows that
BWO-based methods achieve efficient and reliable
results compared to other methods [22], [23].

Research that discusses color image segmentation uses
adaptive hierarchical histogram thresholding. The
experimental result show that this algorithm can obtain
better segmentation results compared to histone-based
techniques and roughness-index-based techniques with
more efficient time complexity [24].

The purpose of this research is to find the intensity value
or the gray level below it which is the background while
above it is the foreground (object). One of the
extensions of the proposed scheme is the minimum
threshold (not the global minimum) of the proposed
scheme's objective function [25], [26]. Research that
discusses and proposes a rapid threshold segmentation
method for froth images based on characteristic of pixel
distribution. The size and distribution of the froth are
important indexes in froth flotation.

Froth image segmentation has always been a problem
in building floating models. In segmenting the froth
image, the Otsu method is usually used to obtain a
binary image for the classification of the froth image,
this method can obtain satisfactory segmentation
results. However, each level of grayness is required to
calculate each variant between classes, so it takes longer
on froth imagery with a large pixel count. To solve this
problem, the threshold segmentation method is used
[27].

Image segmentation is one of the most challenging
problems in medical image analysis to differentiate
between adjacent tissues in different parts of the body.
In this context, suitable image pre-processing tools can
improve the accuracy of results achieved by computer-
assisted segmentation methods. By considering an
image with a bimodal intensity distribution, the

thresholding technique image binarization can work
well for segmentation of two classes with a bimodal
histogram image, to overcome this limitation in order to
automatically —determine the optimal threshold
according to the bimodal magnetic resonance (MR)
image, by designing a framework intelligent image
analysis in assisting doctors effectively in decision
making.

Based on the related studies that have been explained,
this study implements thresholding and segmentation
methods to obtain threshold values from a pulmonary
roentgen image. In this research, it consists of two parts
of the process, namely: 1) The process of segmenting
image transformation by combining two color
segmentation results; 2) The segmentation process of
Heu Saturation and value (HSV) is a process of
separating objects by selecting colors according to the
values of Heu, Saturation and Value (HSV).

2. Research Methods
2.1 Image Data

This study used data from lung X-ray images measuring
673 x 379 pixels obtained from the website
www.fk.unair.ac.id.

Figure 1. Lung X-Ray Image

Chest X-ray or chest thorax X-ray (Figure 1) is a chest
image that shows the image of the pocket, lung image,
respiratory tract image, blood vessel canal, and lymph
nodes. A chest X-ray or thoracic X-ray is an
examination using electromagnetic wave radiation to
display a picture of the inside of the chest. Through this
examination, you can see the image of the spine and
chest image, rib image, heart image, lung image, upper
spine image, respiratory tract, blood vessels, and lymph
nodes [28]. Reading or analyzing thoracic x-rays (chest
X-rays) requires an understanding of the anatomy and
physiology of the chest organs and an understanding of
the limitations of radiological examination.

There are still many doctors, as well as the radiological
part who made mistakes in the thoracic X-ray readings.
According to the Indonesian doctor competency
standard (SKDI) in 2012, the reading of thoracic X-ray
results is categorized at level 4a where the explanation
of the analysis results of photo X-rays can be done by
general practitioners because they are equipped with
clinical skills independently and without supervision.
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2.2 Flowchart

The process of image transformation segmentation in
this study is to combine two color segmentation results,
namely based on HSV and RGB. The flow chart can be
seen in Figure 2.

Input RGB Image

'

HSV Segmentation

'

RGB Segmentation

'

Segmentation Masking

'

Input Image Segmentation

'

Detected object

Figure 2. Process of Overall Segmentation Stages

Based on figure 2 above, shows the process of
segmentation stages in combining 2 (two) color
segmentations in the color input image data. In the next
stage, the Hue, Saturation, and Value (HSV) image
segmentation process is carried out, after this process is
completed, the process is then carried out using Red
Green Blue (RGB) segmentation. The results of these
two segmentations are then used in forming masking
segmentation which will be used in retrieving objects.
The next stage is the segmentation on the input image
so that the next stage of the selection process in
determining the image can be detected.

The segmentation process of Hue, Saturation, and
Value (HSV) is a process of separating objects by
selecting colors according to the values of Hue,
Saturation, and Value (HSV). The proximity of the
visual process depicted by the human eye as well as
distinguishing color perception well makes the HSV
color model more often used than the RGB model. The
HSV color space model is a transformation of an RGB
color cube along a gray axis (diagonal axis of a
combination of black and white dots), resulting in a
conical color palette. Hue, Saturation, and Value in the
HSV color system. The following is a description of the
HSV channel: The Hue attribute is a pure color
representation. The saturation attribute indicates the
effect of white light affecting the degree of color
dominance. The attribute value indicates the difference
in brightness with pure color.

The process of segmenting the Hue, Saturation, and
Value (HSV) and Red Green Blue (RGB) images can
be seen in figure 3.

Input RGB Image

v

Enter the HSV threshold value

v

Enter the RGB threshold value

v

Convert RGB values to HSV

v

Object Segmentation

v

Output

Figure 3. Stages of HSV and RGB Segmentation Process

Figure 3 shows the process of the Hue, Saturation, and
Value (HSV) and Red Green Blue (RGB) segmentation
stages. Initially, the RGB image is loaded. Then
determine the Threshold Hue, Saturation, and Value
(HSV) values with parameter values in Matlab 0.1, 0.2,
0.3,0.4,0.5,0.6,0.7,0.8,and 0.9. The value of the Hue,
Saturation, and Value (HSV) attributes is the value of
the object to be detected. After that determine the
Threshold Red Green Blue (RGB) value with parameter
values in Matlab 1, 2, 3, 4, 5, 6, 7, 8, and 9. The next
stage is the conversion of Red Green Blue (RGB) to
Hue, Saturation, and Value (HSV) followed by object
segmentation. Based on the parameter values that have
been given to Hue, Saturation, and Value (HSV) and
Red Green Blue (RGB), different final image results
will appear.

3. Results and Discussions

The method used in this research is to build an
evolutionary framework in image enhancement,
automatic global thresholds, and segmentation. The
framework used in the pre-processing resistance is
MedGa. MedGa is an image enhancement method
based on a genetic algorithm in increasing the threshold.
The results obtained from this study quantitatively show
that the use of MedGa as a pre-processing stage
outperforms  conventional image enhancement
methods. The accuracy of bimodal magnetic resonance
(MR) image segmentation is greatly improved making
it especially suitable for clinical contexts requiring
bimodal magnetic resonance (MR) image analysis and
segmentation, which aims to provide useful insights in
diagnosis. To obtain the threshold value, the calculation
process is carried out. The first step that must be done
is to make a histogram. From the histogram, it can be
seen the number of pixels for each gray level. The gray
level of the image is expressed by | to L. The | level
starts from 1, namely pixel 0. For L, the maximum level
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is 256 with a pixel value of 255. The threshold value to
be searched for from a grayscale image is expressed by
k. The value of k ranges from 0 to L-1, with a value of
L=256 (the histogram symbol is Pi). So the probability
of each pixel at level i is expressed by formula 1

i = % 1)

Pi is the pixel probability i.e, n; is the number of pixels
with gray level I, and N is the the total number of pixels
in the image.

Next look for the cumulative total value, cumulative
average and global intensity. Formula 2 is for
calculating the cumulative sum of w(k), for L =0, 1, 2,
I

w(k) = X P O]

Equation 3 is to calculate the cumulative mean of p(k),
forL=0,1,2,..L-1

ulk) = i, i. Py @)

Equation 4 is to calculate the global average intensity
pr(k)

ur(k) = LiZg i Py (4)

In equation 2, equation 3, and equation 4, the value of k
represents the gray level at which each pixel range will
be calculated. Next calculate the variance between
classes. Equation 5 is for between class variance.

2(k) = Lpre®-u@l?
o5 (k) = w()[1- w(K)] ©)
The results of the calculation between class variance are
sought for the maximum value. The largest value is used
as the threshold or threshold value (k), with Equation 6

Ug (k) = maxlsstag (k) (6)

(k) is the Cumulative Total, u(k) is the Cumulative
Average, ur(K) is the Global Intensity Averag, and o2
is the Threshold Value [9].

In general, the program thresholding algorithm used for
the segmentation process in this study can be seen in the
following pseudocode:

Algorithm THRESHOLDING

{ Clean the monitor/screen }

cls

{ Read the image file to be trained}

Img « read('citra_paru.jpg’)

write(Img)

{ Determine the HVS threshold value starting from
0.2;0.3;...;0.9}

Thres HSV « 0.9

{ Determine the HVS threshold value starting from 2;
3;...; 9}

Thres RGB <9

{ Read pixel position }

P «— Read(gca,[])
{ Selecting the pixel position to be segmented by
double clicking on the selected area }
P «— wait(P)
X «—round(P(1,1))
Y « round(P(1,2))
{ assigns a reference color to the RGB space }
RGBI1 « Img(Y,X,:)
R «—RGBC(,;,1)
G < RGB(:,;,2)
B — RGB(,:,3)
{ convert the reference pixel color }
HSV1 « rgb2hsv(RGB1)
HI12 — HSV(;:,1)
S12 «— HSV(:,:,2)
V12 «— HSV(,:,3)
{ Image conversion to HSV and HCL color space }
citra_hsvl « rgb2hsv(Img)
[m,n,1] « size(citra_hsvl)
{ Initialize the resulting image matrix }
cit hasilHSV1(1:m,1:n,1:1) « uint8(0)
cit_hasilRGB1(1:m,1:n,1:1) « uint8(0)
fori« 1:m
forj « lin
{ calculate the RGB color range }
dR1 « (abs(Img(i,j,1)-R))"2
dG1 « (abs(Img(i,j,2)-G))*2
dB1 « (abs(Img(i,j,3)-B))"2
checkl « sqrt(double(dR1+dG1+dB1))
if (checkl <= Thres_RGB)
cit_hasilRGB1(i,j,:) « Img(i,j,:)
end
{ Calculates the HSV color range }
dH1 « citra_hsv1(i,j,1)-H12
S21 « citra_hsv1(i,j,2)
dV1 « (citra_hsv(i,j,3)-V12)"2
Dcyl « sqrt(double((dV1
+(S12*S12)+(S21*S21)) - (2*S12*S21*cos(dH1))))
if (Dcyl <= Thres_HSV)
cit_hasilHSV1(i,j,:) < Img(i,j,:)
end
end
end
{ display image results }
write(cit_hasilHSV1)
write(cit_hasilRGB1)

Based on the pseudocode, the threshold values for HSV
images were generated and increased from 0.1 to 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, to 0.9, while the threshold
values for RGB images were generated and increased
from 1to 2, 3, 4,5, 6, 7, 8 to 9. For the comparison
results of each image display based on the generated
threshold value as shown in Table 1 to Table 9. The
images presented in table 1 are different from the four.
The selected image color in the red area which is the
HSV result looks dominated by black and a few red
color points, while the RGB results are still dominated
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by black with more and thicker red than the HSV
results. While the image color selected in the white area
which is the result of HSV is clearer, the black and
white colors forming a red color frame do not exist,
while the RGB results for white, black, and red are quite
clearly visible.

Table 1. Image Results with threshold values HSV=0.1 and
threshold RGB=1

Image Color HSV Result RGB Result

Selected Original Image Image Image

In table 4 the selected image color in the red area which
is the HSV result shows clearer black and red where
black is more dominant, while the RGB results are
dominated by black and red looks less bright.
Meanwhile, the image color selected in the white area
which is the result of HSV white and black is brighter
and there are red spots, while the RGB results of black,
red and white look faded.

Table 4. Image Results with threshold values HSV=0.4 and
threshold RGB=4

. 2= > 4 Siges
White Area

The imagery presented in table 2 differs from all four.
The image color chosen in the red area which is the
HSV result looks dominated by black and there is a red
dot, while the RGB result is dominated by black with
redder than the HSV result. While the image color
chosen in the white area which is the HSV result is
clearer black and white red colors are absent, while the
RGB results of white, black, and red colors are quite
clearly visible.

Table 2. Image Results with threshold values HSV=0.2 and
threshold RGB=2

Image Color HSV Result RGB Result
Selected Image Image

White Area . A ¢

In table 3 the selected image color in the red area which
is the result of HSV shows that the combination of black
colors dominates but the red color is more visible than
in the HSV results in table 2, while the RGB results are
dominated by black with some red colors forming 2
stacks. While the color of the image selected in the
white area which is the result of HSV is dominated by
white and black with a hint of red, while the RGB
results for black and red look quite clear, the white color
is not clear.

Original Image

Table 3. Image Results with threshold values HSV=0.3 and
threshold RGB=3

Image Color HSV Result RGB Result
Selected Image Image

Original Image

Image Color HSV Result RGB Result
Selected Image Image

In table 5 the selected image color in the red area which
is the HSV result shows that the black color dominates
more and the colors look brighter, while the RGB
results are dominated by black but the white color is
clearly visible enough. Meanwhile, the image color
selected in the white area which is the HSV result of
white and black looks brighter and the red spots are
more clearly visible, while the RGB results for white,
black, red and white look brighter.

Table 5. Image Results with threshold values HSVV=0.5 and
threshold RGB=5

Original Image

Image Color HSV Result RGB Result
Selected Image Image

In table 6 The image color selected in the red area which
is the HSV result is very clearly visible the pattern
image is black chest red brighter white color shows the
chest frame, while the RGB result is dominated by black
but the red color is bright enough to be located on the
left and right chest and there is a fading black color.
While the image color chosen on the white area which
is the result of HSV white looks lighter, red fades and
the black color is bright enough to cover red, while the
RGB result is very bright white, the red color is bright
enough so that it is clear the cavities on the black chest
look bright.

In table 7 The image color selected in the red area which
is the HSV result looks dominated by black in the end
the cavity image is not visible but the red color is very
clear on the image on the left and right chest, while the
RGB result shows the black image still dominates but
shows the image of the chest cavity, the red color looks

Original Image
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quite clear which forms the image on the left and right
chest. While the image color chosen in the white area is
the result of HSV visible very clearly the pattern image
white color shows the chest cavity, red looks bright
covering the red chest, while the RGB results show a
brighter and clearer image, red looks bright, white very
bright images image cavity black looks bright.
Table 6. Image Results with threshold values HSV=0.6 and
threshold RGB=6

HSV Result
Image

RGB Result
Image

Image Color
Selected

Red Area h ﬂ
. A - - "‘E', Mo

Table 7. Image Results with threshold values HSV=0.7 and
threshold RGB=7

Original Image

HSV Result
Image

RGB Result
Image

Image Color
Selected

Red Area n ﬂ
White Area : 1

In table 8 the selected image color in the red area which
is the result of HSV looks dominated by black and the
image looks broken, the red color looks bright enough
to form the image on the left and right chest cavities,
and white color combines with red and white to form
the pattern of spots, while the RGB results show that the
black image still dominates but shows the image of the
chest cavity fading, the red color looks faded which
forms the image on the left and right chest. While the
color of the image chosen in the white area is the result
of the HSV, it is very clear that the image pattern is
white, the white color shows the chest cavity, and the
red color looks bright which combines with the white
color, the red color covers part of the red color image,
while the RGB results show a brighter and clearer
image than HSV results.

Original Image

Table 8. Image Results with threshold values HSV=0.8 and
threshold RGB=8

Image Color HSV Result RGB Result
Selected Image Image

/"-;
Red Area n ﬂ ; c ‘

Intable 9 The image color selected in the red area which
is the result of HSV is very clearly visible and displays
a clear image of the chest cavity that looks good red
displays a bright and clear image, and the white color is
very bright, as well as the black color is visible, while
the RGB results show that black is very dominating the
image, red color forms an image that looks quite clear
and the presence of fading black color forms the image
of the cavity on the chest. While the image color chosen
in the white area is the result of HSV it is very clear that
the pattern image is white showing the chest cavity, the
red color looks bright which combines with the white
color the image results are better than the overall test
results, while the RGB results show a brighter and
clearer image of all the test results from this image
shows the best results.

Original Image

Table 9. Image Results with threshold values HSV=0.9 and
threshold RGB=9

Image Color HSV Result RGB Result
Selected Image Image

. &= _ : &iig
White Area u ﬂ

Original Image

Qualitative results of the tests carried out by changing
the HVS threshold and RGB threshold values can be
seen in table 10.

Table 10. Qualitative Results of Testing

Threshold value  Image Color HSV Result Image Value RGB Result Image Value

HVS RGB Selected Hue Saturation Value Red Green Blue
0,1 1 Area Merah 0.4137 0.1032 0.0830 115.177 64.133 50.830
0,1 1 Area Putih 347.387 351.540 352.023 997.344 898.673 858.493
0,2 2 Area Merah 23.975 0.7075 0.56364 102.802 56.937 44.753
0,2 2 Area Putih 454.679 459.139 458.158 1.031.284 932.890 892.616
0,3 3 Area Merah 57.940 19.572 15.775 106.779 59.284 46.739
0,3 3 Area Putih 594.569 598.560 595.023 866.802 907.031 1.005.687
0,4 4 Area Merah 103.464 40.295 32.979 118.210 66.149 52.572
0,4 4 Area Putih 684.442 685.802 679.206 1.023.766 925.287 885.025
0,5 5 Area Merah 152.028 65.671 54.460 121.620 68.339 54.445
0,5 5 Area Putih 759.739 755.297 744.086 1.020.938 922.418 882.149
0,6 6 Area Merah 204.631 102.375 86.850 133.018 75.752 60.844
0,6 6 Area Putih 831.340 817.213 800.756 1.019.058 920.523 880.246
0,7 7 Area Merah 255.075 144.406 125.260 139.846 80.203 64.665
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Threshold value  Image Color HSV Result Image Value RGB Result Image Value

HVS RGB Selected Hue Saturation Value Red Green Blue
0,7 7 Area Putih 886.393 861.451 840.527 1.038.862 940.519 900.208
0,8 8 Area Merah 793.165 690.911 665.100 147.198 85.605 69.391
0,8 8 Area Putih 946.950 906.909 880.282 1.039.090 940.744 900.432
09 9 Area Merah 1.046.108 947.601 910.098 144.437 83.564 67.593
0,9 9 Area Putih 1.011.822 946.905 913.250 1.034.134 935.747 895.442

In table 10, you can see the results of qualitative testing
of images by changing the threshold values of HVS and
RGB with the same image area. This result shows that
changes in the HVS and RGB threshold values can
affect image quality, where the greater the HVS and
RGB threshold values used in the image data, the better
and clearer the segmentation results are shown by
changes in larger pixel values.

4. Conclusion

Based on the results of image segmentation analysis in
this case, the greater the HSV and RGB threshold values
used in the image data, the better and clearer the image
segmentation results are detected. In other words, the
size of the generated threshold value greatly affects the
quality, brightness, size and color of the resulting image
display. The best results of lung X-ray image
segmentation when using threshold values HSV = 0.9
and RGB = 9.
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