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Abstract: At the peak of technological progress, we began to see in our daily lives many
applications that depend on artificial intelligence, and in the medical field, artificial intelligence
provides support and assistance to doctors and medical workers in making sound decisions that
help the doctor and the person concerned in the process of discovering and identifying the
disease.

Fuzzy logic is one of the modern techniques used to find a solution to many problems and
recognize objects within the image, and in this research, fuzzy logic was used to extract features
from the density values within the image, and by using different density values, rules are formed
in fuzzy logic.

Four medical images (tumor images) were used and the proposed algorithm was implemented,
which leads to clear recognition of the object (tumor) within the image, and using the Image J
system, the tumor area was found.

Keywords: Artificial Intelligence, Computer Vision, Object Recognition, Fuzzy Logic, Rules in
Fuzzy Logic.

1. Introduction

In today’s technology and internet era, the study of intelligence techniques is growing
developing demand. Computer vision aims to recognize objects (tumors) within an image [1].
Object recognition is a method for defining objects in images, the general structure of object
recognition is represented by several points, the most important of which is acquiring and
processing information, then extracting distinctive characteristics and finding common
characteristics within the specific shape or pattern [2].

The main goal of the objects recognition in an image is to make the objects in the resulting image
more appropriate than the original image, and it depends greatly on the issue to be applied. This
process results in an increase in the amount of information that can be interpreted visually from
the input data [3]. The process of distinguishing a digital image into several sectors has the
primary goal of simplifying the image or changing the representation of an image to something
that is more useful and easier to analyze. In other words, giving a label to each group of pixels
that has certain characteristics. Object recognizing has many uses, especially in the medical field,
if the input data is large, complex and is required to help diagnose a specific case disease [4].
Dealing with gray scale images is more convenient than true color images, so it is more flexible
and using by the researchers [5]. In this research, the focus was on the intensity values present in
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the image. The gray level images uses a pixel values ranging from 0 to 255 to represent the light
intensity [6], it’s for each pixel is a single value for a gray level image. Intensity value is the
basic information stored inside pixels, and it is the most common and important feature used in
object recognition [7]. In this research, fuzzy logic was used to objects recognition (tumor) from
the intensity values inside the medical image.

Many studies have addressed this topic, including:

» Soobia Saeed et al. in 2019 introduced a new method to detect the brain tumors by using
image processing [8]

» K. Vaishnavi et al. in 2023 proposed a hew method to object detection using deep learning to
recognize object in images [2]

» Narayana Challa in 2023 proposed a method to executed the artificial intelligence for object
detection [3]

» Abdelraouf Ishtaiwi et al. in 2024 proposed a method to detection Brain Tumor by using
different yolo versions models [9]

2. Methodology

In this research, artificial intelligence represented by fuzzy logic was used to find the tumor area
in medical images

2.1 Artificial Intelligence

Acrtificial intelligence is the science that searches for effective methods to simulate human
intelligence digitally and to find optimal methods to understand how the brain works, and how it
responds to various circumstances and situations with great flexibility. It is also defined as the
ability of a calculator to do things that require intelligence, and research’s aims to the artificial
intelligence increases the ability of computers to collect information, learn from it, understand it,
and gain experience by carefully, in addition to using mathematical laws provided to the
computer then building self-knowledge, so that in the end the machine is able to respond to the
various variables with complete flexibility and with good timing and duration in various
situations and surrounding circumstances [10].

Acrtificial intelligence has created a qualitative breakthrough in all areas of life over the past few.
Almost no field is devoid of employing applications of artificial intelligence, especially its
multiple uses in the medical field, as it has been used to diagnose diseases better and faster than
humans and perform simple and complex surgical operations [11]. It helps people with hearing
and visual disabilities and the elderly in multiple ways, due to its ability to perform complex
tasks thanks to its ability to analyze large data and extract and distinguish patterns. It benefits
from the data and information available to it and learns from it. It possesses intelligent
algorithms that can extract patterns and make independent inferential decisions. It also relies on
training new models using known data to solve problems and improve performance. Artificial
intelligence has become the most important foundations on which the technology industry is
based by building machine that can be perception and rational and logical thinking so that
computer think like humans.

Today, it is also considered a valuable partner for researchers, doctors, and innovators in
achieving new innovations and expanding the boundaries of knowledge [12].
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2.1.1 Fuzzy Logic

Fuzzy logic is the most intelligent technologies that have a high ability to find appropriate
solutions for many different applications, which are subject to recognized scientific frameworks
and rules. Through it, clear conclusions can be obtained [13]. This is done by simulating human
capabilities in making appropriate decisions as well as the process of logical reasoning, which
relies on rules built from available facts through certain conditions on which the entered data on
based to obtain the required results [14-16].

Fuzzy logic is used in many medical, industrial, computer science applications and fields that
require decision making on a specific issue. Its can find a method to formulate models to solve
very complex and ambiguous issues that cannot be analyzed using traditional methods [17-19]. It
has the ability to estimate and guess without relying on mathematical and statistical models, thus
enabling the data analyst and users to make the appropriate decision in solving complex issues
through continuous experiments [20, 21].

2.2 Brain tumors

The brain is the main control center over other parts of the body. There are several types of brain
tumors. Some of them are benign. This means that any excess cell growth forms a mass. But the
others are malignant. This means that the mass is made up of abnormal cells that continue to
spread and attack other tissues [8, 22].

The main causes of brain tumors are usually unknown, but genetic and hereditary factors may
play a major role [9, 23]. It may also be caused by exposure to dangerous chemicals or exposure
to radiation for long periods [24]. The disease is diagnosed through a medical examination in
addition to a computed tomography or magnetic resonance imaging [25]. This is done by taking
a biopsy, and medical images can help the doctor and specialist diagnose the patient’s condition
and the patient’s response to treatment. It also depends on the area and size of the tumor and the
time period for its detection [22, 26].

2.3 Proposed Algorithm

In this research, the following algorithm was proposed for tumor recognition in medical images
by using fuzzy logic:
1. Read gray level image A (tumor image)
2. The size of tumor image (100, 100)
3. Show the tumor image
4. Normalized tumor image by divide each pixel in to 255
5. Executing Rules of Fuzzy Logic
For i=1:100
For j=1:100
Rulel: If (A(i,j) ==0) Then R(i,j) = 0: k1=k1+1: Print(* Black”™)
Rule2: If (A(i,j) > 0 and A(i,j) <= 0.2) Then R(i,j) = 0.2: k2=k2+1: Print(“ Very Dark™)
Rule3: If (A(i,j) > 0.2 and A(i,j) <= 0.4) Then R(i,j) = 0.4: k3=k3+1: Print(“Dark”)
Rule4: If (A(i,j) > 0.4 and A(i,j) <= 0.6) Then R(i,j) = 0.6: k4=k4+1: Print(“Gray”)
Rule5: If (A(i,j) > 0.6 and A(i,j) <= 0.8) Then R(i,j) = 0.8: k5=k5+1: Print(‘“Brightness”)
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Rule6: If (A(i,j) > 0.8 and A(i,j) <= 0.996) Then R(i,j) = 0.996: k6=k6+1: Print(“Very
Brightness”)
Rule7: If (A(i,j) == 1) Then R(i,j) = 1: k7=k7+1: Print(“White”)
End
End
6. Renormalized tumor image by multiply each pixel to 255 and round result
Print k1, k2, k3, k4, k5, k6, k7
Find the Rate of each group (k1, k2, k3, k4, k5, k6, k7) by divide each group to the
summation of all groups
9. Printresult image R
10. Execute some operation to illustrated the tumor Image
11. Convert tumor image R to the binary image
12. Remove unnecessary information from tumor image
13. Using Image J system to find the Area of the tumor
14. Print tumor Image
15. End

3. Results and Discussions

The proposed algorithm was executed on four medical images of brain tumor disease, as
shown in Figure 1. Seven rules were built using fuzzy logic and based on the intensity values
present in the original image. The number of pixels and the rate of all intensity values that fall
within a specific range were found according to the rules of fuzzy logic, as shown in Table 1.

The size of image were processed is equal 100 rows and 100 column, and the sum of the
ratio of all intensity values was equal to 1.

The Histogram was drawn, and this helped in recognize the tumor area better, as shown
in Figure 2. Clarification of the resulting image was performed and it was converted to the binary
system and removing unnecessary information. By using Image J system the tumor area was
determined and find its area as shown in Table 2.
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Original A1 After Execute Fuzzy Rules  Convert to Binary Tumor Al

Original A2 After Execute Fuzzy Rules  Convert to Binary Tumor A2

2

Original A3 After Execute Fuzzy Rules  Convert to Binary Tumor A3

v,

Original A4 After Execute Fuzzy Rules  Convert to Binary Tumor A4
Figure 1: Represent the application of the proposed algorithm on four brain tumor images
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Figure 2: Represent the Histogram of original image and Histogram after execute fuzzy rules of four
images
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Table 1: Rrepresent The Rresults of Eexecution proposed algorithm four images

Image Name _Execute Rulgs Status No. of Pixels Rate
in Fuzzy Logic
Rulel Black 757 0.0757
Rule2 Very Dark 3487 0.3487
Image 1 Rule3 Dark 2846 0.2846
(A1) Rule4 .Gray 1785 0.1785
Rule5 Brightness 355 0.0355
Rule6 Very Brightness 566 0.0566
Rule7 White 204 0.0204
Rulel Black 1017 0.1017
Rule2 Very Dark 2413 0.2413
Image 2 Rule3 Dark 3816 0.3816
(A2) Rule4 .Gray 1651 0.1651
Rule5 Brightness 399 0.0399
Rule6 Very Brightness 608 0.0608
Rule7 White 96 0.0096
Rulel Black 541 0.0541
Rule2 Very Dark 3066 0.3066
Image 3 Rule3 Dark 4333 0.4333
(A3) Rule4 .Gray 1285 0.1285
Rule5 Brightness 575 0.0575
Rule6 Very Brightness 194 0.0194
Rule7 White 6 0.0006
Rulel Black 1053 0.1053
Rule2 Very Dark 3372 0.3372
Image 4 Rule3 Dark 850 0.0850
(A) Rule4 _Gray 3270 0.3270
Rule5 Brightness 1215 0.1215
Rule6 Very Brightness 240 0.0240
Rule7 White 0 0
Table 2: represent the area of tumor of four brain tumor images
Image Name Al A2 A3 A4
Area of Tumor 219 329 161 669

4, Conclusions:

The research concluded the following important points:

» The use of artificial intelligence, especially fuzzy logic, has a major role in the medical field
because of its great importance in helping doctors and specialists diagnose the patient’s
condition.

» Detecting the tumor in the early stages has a major role in responding to treatment. The
proposed algorithm can be applied to the patient several times to determine his health
condition. It is applied after receiving the necessary treatment in order to know the extent of
the patient’s response to treatment. The importance of this stage lies in finding information
about the tumor, represented by the area of the tumor.
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The research helped to find an intelligent method that makes it easier for researchers,
doctors, and specialists to distinguish and recognize tumors by building rules in fuzzy logic
based on the intensity values present in medical images, as the original image is entered,
depend on the rules that were built in fuzzy logic, object (tumor) is recognize. Within the
image, the resulting image is then converted to the binary system and unnecessary
information is removed from the image. The tumor then determined and its area is found
using the Image J system.
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