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Diagnosing disease by playing the role of image processing is one form of current medical technology
development. The results of image processing performance have provided accurate diagnoses to be
used as material for decision-making. This research aims to detect brain tumor objects in Computed
Tomography (CT-Scan) images by developing a segmentation technique using the Adaptive Threshold
Morphology (ATM) algorithm. the ATM algorithm in the segmentation process involves the Extended
Adaptive Global Threshold (eAGT) function to produce an optimal threshold value. This research
method involves several stages of the process of detecting tumor objects. The preprocessing stage
uses the cropping and filtering process optimized using the eAGT function. The next stage is the mor-
phological segmentation process involving erosion and dilation operations. The final stage of the seg-
mentation process using the ATM algorithm is labeling objects that have been detected. The research
dataset used 187 Computed Tomography-Scan images from 10 brain tumor patients. The results of
this study show that the accuracy rate for detecting brain tumor objects in Computed Tomography-
Scan images is 93.47%. These results can provide an automatic and effective detection process based
on the optimal threshold value that has been generated. Overall, this research contributes to develop-
ing segmentation algorithms in image processing and can be used as an alternative solution in treating
brain tumor patients.
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1. INTRODUCTION

Medical imaging on CT-Scan images is increasingly important for diagnosing brain tumors, but it still has shortcomings, such
as noise, which causes detection results not to be optimal. Brain tumors are a disease that is quite dangerous and difficult to detect
[1]. This tumor disease can attack and affect parts of the brain, so early detection is very necessary for early prevention [2]. Previous
research explains that brain tumors are diseases that have the impact of threatening human life [3]. Tumor attacks on the brain can
be the initial cause of psychiatric complications such as depression and other attacks [4]. Furthermore, brain tumors, or what is
commonly known as brain cancer, are a form of cells that replicate quickly and have no limits and no control over their growth
[5]. Based on this, it is hoped that the CT-Scan image can be optimized using image processing to improve the performance of the
diagnosis process.

This improvement can be done using the Digital Image Processing (DIP) concept. The DIP concept can provide image manip-
ulation performance with the practical role of technology [6]. DIP has also been able to assist the performance of medical personnel
in diagnosing a disease [7, 8]. Several developments were carried out, which were presented in previous research, which was able to
maximize the diagnostic process for brain tumors by carrying out classifications providing an accuracy of 92.44% [9]. The same re-
search also confirmed that DIP, by adopting deep feature classification and extraction in the diagnosis process of brain tumor patients,
provides output with an accuracy of 92% [10]. Improving the diagnosis process on CT-Scan images has improved the diagnosis
process for brain tumor patients by providing a good accuracy of 93.34% based on Deep Learning (DL) performance with Gaussian
and Median filtered images [11]. Furthermore, previous research confirmed that the form of DIP development using the classification
method can provide quite an accuracy rate of 89% [12]. Similar research also presents the development of DIP in detecting and clas-
sifying brain tumor types, which can provide maximum results based on the classification method CNN, which provides detection
results with an accuracy of 91% [13].

Based on previous research, segmentation techniques can still be developed to maximize the detection process [14]. Another
form of development also reported that the performance of the Deep Learning (DL) method in the development of the segmentation
process with Multiscale context Aggregation and Edge activation U-Net (MAEU-Net) of diagnosing brain tumor patients based
on the detection process, providing dice coefficient, sensitivity, and specificity of 0.0590, 0.901, 0.942, and 0.998 [15]. Several
developments can also be presented in the performance of medical with the Resnet-50 model in the detection process by producing
an accuracy of 95% [16].

This research aims to carry out the process of detecting brain tumor objects in Computed Tomography (CT-Scan) images by
developing a segmentation technique using the Adaptive Threshold Morphology (ATM) algorithm. The detection process is carried
out using the DIP concept by developing segmentation techniques for the performance ATM. The findings of this research present
the development of segmentation techniques in the ATM algorithm to find optimal threshold values based on the eAGT function
in threshold morphological segmentation. The resulting threshold value will become a parameter in the segmentation process of
the input image used in detecting tumor objects. This is based on the performance of threshold segmentation in previous research,
which has not worked more effectively in the segmentation process [17]. Furthermore, threshold segmentation performance has also
been utilized in filtering the detection process [18]. The development of the overall segmentation technique presented in the ATM
algorithm is new for research, and the aim of this research is to optimize the process of detecting brain tumor objects in CT-Scan
images. Based on this, detecting brain tumor objects in CT-Scan images is expected to provide an effective and efficient algorithm
for carrying out an optimal detection process. Overall, this research contributes to helping medical parties diagnose and treat brain
tumor patients.

2.  RESEARCH METHOD

The process of detecting brain tumor objects in this research uses a quantitative approach by playing the role of the eAGT
function in developing segmentation techniques. The segmentation technique was developed using the ATM algorithm to generate
threshold values for the detection process automatically. The development of this segmentation technique will later be able to provide
novelty presented in an ATM algorithm in the process of detecting brain tumor objects. The process of detecting brain tumor objects
uses CT-Scan images sourced from the M.Djamil Padang Provincial General Hospital (RSUP). The data consists of 187 images from
10 patients with brain tumors. The stages of the detection process are presented in the research framework, which can be seen in
Figure 1.

Figure 1 shows the stages of the ATM algorithm’s work process in detecting brain tumor objects in CT-Scan images. The
detection process is carried out by developing a segmentation process based on the extended Adaptive Global Threshold (eAGT)
function. Extended Adaptive Global Threshold (eAGT) performance will provide updates based on optimal threshold values. The
threshold value obtained for each test image varies based on the eAGT performance results. The performance of the segmentation
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process in the ATM algorithm will later be able to provide precise and accurate object image detection results in diagnosing tumor
objects. The segmentation image output with the eAGT function can later be combined with morphological segmentation to display
the detected brain tumor object. Overall, the segmentation process can provide optimal brain tumor object detection.

Cropping Image

Image Enchansement
(Median Filtering)

¥

Extended Adaptive Global
Tresholding (e AGT)

Binary Image

Image Extraction

Morphological Erosion | Maorphological Dilation
(Strel) (Strel)

Overlay Image

Figure 1. ATM Algorithm in the Brain Tumor Detection Process in CT-Scan Images

2.1. Extended Adaptive Global Threshold (eAGT)

The segmentation process obtains the desired object area in an image [19, 20]. The segmentation process separates objects by
dividing image objects into several segments from a collection of pixels [21, 22]. eAGT performance is also used to automatically
find the optimal threshold value for each image to be tested. eAGT performance can measure and calculate image intensity level
values in color dimensions and histogram values. Based on this, the performance of eAGT is presented in Equation (1).

CAGT = 2im Bl (1)
i:npi

Formula (1) is the eAGT equation used in the image segmentation process and used to calculate the total number of pixel values
with the intensity of pixel values based on the gray color scale from the i histogram normalization process results. The value is the
average grayscale color intensity value of the image. The value ranges from 1 to 255. The process of determining the threshold value
for eAGT performance is presented in Figure 2. The process of determining the threshold value can be explained using the eAGT
function. The eAGT function is adopted to filter image output using median filtering. The threshold value can later be determined so
that the threshold value becomes the eAGT performance output.

Filtering Image

(Median Filteringy || Binary Image

Figure 2. Process of determining binary threshold values with eAGT performance
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2.2. Morphological Segmentation

Morphological segmentation is one of the methods used in the detection process [23]. Morphological segmentation in the
process of detecting tumor objects in the brain involves opening and closing morphological operations. Morphological operations
are operations that are commonly used on binary (black-and-white) images to change the shape structure of objects contained in the
image [1]. Morphological operations can also carry out the component extraction process in the form of image representation and
description [24]. An illustration of strel shape in the segmentation process using morphological operations is presented in Figure
3, which is an illustration of a structure element (strel) in the form of a disk with a size of 2x2. The stretch illustration shows the
pivot point with a blue box. Strel has two important components, namely shape and size. This component is very influential on
segmentation results using morphological operations.

Figure 3. Strel shape illustration

3.  RESULT AND ANALYSIS

The process of detecting tumor objects in CT-Scan images uses an image dataset of 187 images from 10 patients suffering
from brain tumors. The dataset is sourced from the M.Djamil Padang Provincial General Hospital. A sample research dataset on
CT-Scan images of brain tumor patients can be presented in Figure 4, which is the result of a CT-Scan image of a patient with a brain
tumor. This image will later be used as a research dataset to test the performance of the extended Adaptive Global Threshold (eAGT)
function in segmenting brain tumor objects. The performance results of the eAGT function can provide optimal threshold values in
the image segmentation process.

Figure 4. CT-scan image samples of brain tumor patients

3.1. Preprocessing

Preprocessing is the initial stage of detecting brain tumors in CT-Scan images. The preprocessing stage involves cropping
and enhancement techniques that aim to improve image quality. The preprocessing results can be seen in Figure 5, which is the
output of preprocessing results in the process of detecting brain tumor objects. Preprocessing uses cropping techniques intended to
cut focused images on brain organ objects. Enhancement techniques are also used to improve image quality, which removes noise
in the previous image. The image improvement process with enhancement techniques adopts filtering performance using Median
filtering. The performance of the filtering process with median filtering can provide quite good image improvement results. The
entire preprocessing image output will be input into the segmentation process to detect brain tumor objects in CT-Scan images.
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(a) Input image results (b) Croping image results (c) Image enhancement results

Figure 5. Image preprocessing results in the process of detecting brain tumor objects

3.2. Brain Tumor Object Segmentation Process

Brain tumor objects are detected in CT-Scan images by developing a segmentation process using the extended Adaptive Global
Threshold function to find the optimal threshold value. This threshold value will later become a parameter for the segmentation
process using the Threshold method. The development of the segmentation process is presented in an algorithm, which can be found
in Pseudocode 1.

Pseudocode 1. Extended Adaptive Global Threshold (eAGT) in Morphology Segmentation
Function unique, imhist
Input: Im(m,n)
Initialization
[m,n,1] = size(Im(m,n))
eAGT,i=0
IntensitasLevel = unique (Im(m,n))
[px, gL] = imhist(Im(Im ;= 1),i)
eAGT = find (px / IntensitasLevel)
Output: Object Detection
Start
Read image =Im of size
Calculate image size [m,n,l] = size(Im(m,n))
Calculate the Intensity Level of the image
IntensityLevel = unique (Im(m,n))
Determine the midpoint (y,z), ¢ = fix(size(Im(m,n))/2)
Calculate the number of pixels and normalize the histogram value at each i-th pixel value level
[px, gL] = imhist(Im(Im(m,n) > =1),i)
Calculate Threshold value aAGT = find (px/IntensityLevel)
Show eAT results
Display object detection
alpha_data = values*double(borderbrn);
redOverlay=cat(val,ones(size(borderbrn)),zeros(size(borderbrn)), zeros(size(borderbrn)));
Finish

Pseudocode 1 is a development of the image segmentation process using the eAGT function to find the optimal threshold value.
The performance of the segmentation process in the algorithm that has been developed can optimize the performance of threshold-
based segmentation based on eAGT. The image results obtained from the eAGT segmentation process can be combined using the
morphological segmentation process. Morphological operations in the segmentation process involve Opening, Closing, Dilation, and
Erosion operations which are based on predetermined stretch values. The results of the segmentation that has been carried out can
be presented in Figure 6, is the result of the segmentation process developed with the eAGT function. The performance results of
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this function present the optimal threshold value. Based on tests that have been carried out, the performance results of the eAGT
function present a threshold value of 121. This threshold value can be used as a parameter for carrying out eAGT-based segmentation.
The image output resulting from threshold-based segmentation is also combined with morphological segmentation to provide precise
and accurate detection images. Based on tests that have been carried out on research datasets, the segmentation process developed
provides quite maximum results. These results will later be carried out in an analysis process by measuring the level of accuracy,
sensitivity and specificity values. The analysis process is carried out using Equation (2), (3) and (4) [25].

(a) Image preprocessing (b) eAGT segmentation (c) Opening results (d) Closing result

(e) Dilation results (f) Erosion results (g) Tumor object results (h) Detection object

Figure 6. Brain tumor object detection results

y - TP+TN -
Y = TPYFP+TN + FN
TP
A ___r

ceuracy = mm—ms 3)

TN
A Y = ————— 4
cecuracy TN £ FP (@]

Equations (2), (3) and (4) analyze the results of detecting brain tumor objects based on segmentation development with Function
and eAGT. The analysis results obtained an accuracy rate of 93.47%, sensitivity of 85%, and specificity of 90%. These results were
obtained after testing the performance of the Adaptive Threshold Morphology algorithm using a dataset of 180 images. The ATM
algorithm’s performance has also improved the detection process based on the threshold value produced by eAGT. The analysis
process was also carried out by comparing several previous studies, which can be presented in Table 1. This is a process of comparing
the performance results of the ATM algorithm in detecting tumor objects based on previous research. This analysis shows that the
ATM algorithm can outperform the methods and algorithms presented in the tumor detection process. Based on the results of this
analysis, the development of the segmentation process in detecting brain tumor objects provides maximum results. The development
of the segmentation process that has been carried out has been able to provide novelty in the segmentation process to optimize the
process of detecting brain tumors in CT-Scan images. The overall results presented are based on developing a segmentation process
for detecting brain tumor objects in CT-Scan images and have also provided the development of an effective and efficient image
object detection model. This research has also contributed to the medical side in the process of identifying and diagnosing brain
tumor patients.
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Table 1. Review of Research Results

No Previous Research Results Results of work performed

1 The diagnostic process for brain tumors by carrying out classifications =~ The ATM Algorithm’s performance in the
texture-based decision-making criterion to determine whether any of  detection process provides an accuracy rate
them actually involves a true tumor, providing an accuracy of 92.44%  of 93.47%, sensitivity of 85%, and specificity
[9] of 90%.

2 Diagnosis process in brain tumor patients with, providing output with
an accuracy of 93% [25]

3 DIP development using the classification method can provide quite with
results of an accuracy rate of 89% [12]

4 Deep Learning (DL) method in the development of the segmentation
process with Multiscale context Aggregation and Edge activation U-Net
(MAEU-Net) of diagnosing brain tumor patients based on the detection
process, providing dice coefficient, sensitivity, and specificity of 0.0590,
0.901, 0.942, and 0.998 [15].

4. CONCLUSION

Detecting brain tumor objects by developing a segmentation process has provided optimal image output. The segmentation
process was developed based on the eAGT function’s performance, which produced threshold values for each image. The resulting
threshold value can be a parameter in automatic threshold-based segmentation based on the pixel values presented. Performance
testing of the segmentation process that has been developed has provided an accuracy level of 93.47%, a sensitivity of 85%, and
specificity of 90%. The development of the segmentation process will later be able to provide novelty presented in an algorithm in
the process of detecting brain tumor objects.
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