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ABSTRACT: The brain tumor's fast growth of aberrant brain cells poses a serious threat to an adult's well-being because it
may severely hamper the functioning of organs and possibly result in mortality. There is great variation in the dimensions,
appearances, as well as positions of such tumors. Magnetic resonance imaging (MRI), has become a vital instrument for
locating malignant tumors. Nevertheless, physically identifying brain tumors remains a challenging as well as time-
consuming task that may result in errors. The intricate anatomical structure of the human head contributes to its immense
complexity. Cerebral tumors, migraines, infections, as well as strokes are just a couple of instances of CNS disorders that
offer significant challenges to assessment, inspection, as well as the creation of efficient therapies. Brain tumors, that arise
from aberrant cerebral cell growth, provide a serious challenge to radiologists as well as medical experts concerning timely
identification. Brain tumor identification with MRI requires a challenging as well as error-prone conventional procedure.
An accumulation that results from aberrant nerve tissue growth is an indicator of brain tumors. This study explores the role
of deep learning (DL) in brain tumor identification and provides a comprehensive review of the DL, ML (Machine
Learning), and Al (Artificial Intelligence) based models in brain tumor detection and classification. Additionally, the study
would offer vital insights to the readers about the new methods used by researchers for brain tumor detection to conduct
further investigations in this field.

KEYWORDS: Attificial Intelligence, Brain Tumor, Deep Learning, MRI, Machine Learning.

L. INTRODUCTION

A reliable as well as timely identification of cerebral tumors is essential for both therapy strategy as well as treatment for
patients. While treating brain tumors, doctors could put an extensive amount of work into image evaluation [1]. To
physically identify as well as formulate choices, doctors nowadays have to depend on their unique abilities with subjective
assessment of images. Because of the intrinsic complexities of brain tumor imaging as well as the broad variety of skills
among professionals, reliable detection by subjective sight simply is challenging [2]. Neurologists frequently employ MRI
imaging as it makes a thorough evaluation of the cerebral cortex as well as the skull possible. It offers horizontal, parallel,
including axial images for an additional complete assessment. Not only does MRI provide sharp, contrast-rich images, but
it also offers the advantage of having a radiation-independent technique [3]. This is therefore the recommended non-
invasive MRI method for detecting numerous types of cerebral cancer. Any type of cerebral abnormality has the potential to
seriously jeopardize both well-being and the human neurological mechanism. The most serious kind of tumor known
nowadays includes a brain tumour, that arises from unchecked cell division that causes damage to the individual skull. This
may be characterized into three categories: glioma, pituitary, and meningioma tumor depending on the placements as well
as cell architecture, based on data report from the World Health Organisation (WHO) [4].

The goal of ML is to segregate the incoming data into categories according to shared characteristics or behavioral trends.
Supervised techniques include KNN (K-Nearest Neighbours), ANN (Artificial Neural Network), RF (Random Forest), as
well as SVM (Support Vector Machine). There are two phases to such methods: testing as well as training groups. The
datasets are individually labeled by humans throughout the learning process. In this process, the framework is initially
created and then used to identify categories that are not yet labeled during the validation phase [5]. When the KNN
technique is used, the nearest locations are identified by calculating their lengths utilizing a variety of methods, such
as Hamming, Euclidean distances, etc. For categorization problems, the SVM approach is widely used in the modern era. In
this method, each characteristic that constitutes an information particular, that stands concerning a coordinate, has
been generated within a unique n-space point. Therefore, the primary aim of the SVM approach is to find the boundary
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that divides subclasses over an expanse of n parameters, which is known by the term hyperplane [6]. Figure 1 illustrates the
healthy brain MR image depicting the CSF, Gray Matter, as well as White Matter.

Gray
¥ | Matter

o White
Matter

Figure 1: Illustrates the healthy brain MR image depicting the CSF, Gray Matter, as well as White Matter [7].

The goal of AI (Artificial Intelligence) is to build gadgets that function as well as act like people. Al-based computer
operations encompass more than just trend acknowledgment, arranging, including resolving issues ML makes utilisation of
a collection of techniques known as DL. Itis used to develop algorithms for brain tumor classification as well as
identification using MRI. This makes it possible to quickly as well as easily identify brain tumors. The majority of head
problems are caused by abnormal brain cell growth, which may damage the brain's architecture and eventually lead to
aggressive tumors in the brain [8]. The mortality risk could be decreased by promptly identifying brain tumors as well as
timely therapy. The human CNS is made up of the vertebral column including the cerebral cortex, making it the main nerve
pathway element. The cerebral cortex is responsible for most organism processes, such as coordinating, combining,
organizing, making decisions, and sending signals to the remainder of the human organism. The anatomy of the brain of an
individual is incredibly complex. Certain CNC problems, like infections, migraines, cerebral tumors, as well as strokes, are
very difficult to diagnose, assess, as well as create a workable cure plan [9]. Figure 2 illustrates the conventional ML
approach for classifying brain tumors.

Brain tumor dataset —> Image pre- F—>| Feature extraction
processing
v
Feature selection ML classification

Figure 2: Illustrates the conventional ML approach for classifying brain tumors.

ILLITERATURE REVIEW

Investigators have previously looked at the use of ML techniques for brain tumor categorization, particularly in recent
times. Clinical picture analytics has greatly benefited from the rise of Al along with DL-rooted developments, particularly
in the area of illness identification [10]. A comprehensive evaluation was conducted by examining a large number of
articles, demonstrating how DL approaches and algorithms provide state-of-the-art outcomes in all areas of clinical picture
evaluation, particularly in the domains of brain tumor evaluation, division, as well as categorization [11]. The development
of medicinal technology enables clinical professionals to provide patients with improved electronic medical facilities. E-
health treatment solutions are useful in many different areas of medicine. Biomedical scanning technologies centered on
artificial intelligence are becoming more and more important since they give radiologists identification data for issues
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associated with better therapy. The evaluation as well as a course of therapy for individuals are significantly impacted by
several clinical imaging modalities, such as ultrasound, as well as X-rays [12].

In [13] E. Irmak, conducted research for the multi-categorization of brain tumor MR pictures by deep-CNN along with a
fully-optimized model. This suggested CNN framework could be utilized to aid clinical individual in validating their first
assessment for tumor classification. For investigators, predicting brain tumors as well as individual survival rates remain
unsolved problems. MRIs provide new avenues for brain tumor studies, including image examination, forecasting, as well
as categorization. Benign as well as malignant abnormalities constitute the two classifications into which brain tumors fall
[14]. Regression along with other DL techniques are closely associated with the dimension of the information. When it
comes to standard regression techniques for predicting the mortality duration for individuals who have higher-grade brain
tumors, the 3D-CNN is crucial. For increased precision, 3D CNN has been combined using SVM Classifier. Throughout
the investigation, tumor cell form, setting, magnitude, and deep characteristics are examined. Regression-rooted techniques
demand additional training information. People with higher-grade brain tumors have varying survival times: shorter-,
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middle-, as well as longer-term [15]. Table 1 summarizes previous research on brain tumor detection by DL.

Table 1: Summarizes previous research on brain tumor detection by DL.

S. No. Author Used Technique Advantages Limitations
1 S. Kothari et al. Hybrid DL Model Automated computer- Overfitting and high-
[16] rooted methods time consumption
2 K. R. Pedada et al. Enhanced U-Net Avoids de-convolution | More computing cost
[17] structure overlapping
3 R. Asad et al. [18] Deep CNN with Outperformed baseline Restricted
stochastic gradient methods generalization of the
descent (SGD) model
optimization
algorithm.
4 S. Saeedi et al. [19] 2D-CNN with Good accuracy in the Imbalance of class
convolutional auto- diagnosis 3 kinds of
encoder brain tumors
5 M. I. Mahmud et al. Inception V3, Fast recognition of Lowe's accuracy rate
[20] ResNet-50, and brain tumors by MR on low data
VGG16 images
6 S. Magsood et al. Multiclass-SVM Outperforms existing High computation
[21] approaches both complexity
visually as well as
quantitatively
7 A. Chattopadhyay CNN-rooted DL Fast convergence Limited data
et al. [22] technique availability
8 T. Shelatkar et al. Light Weight DL- Simple and powerful This method is
[23] Model based on computationally
Fine-Tuning expensive and requires
time in model training.
9 N. Noreen et al. DL-Model Rooted on Reduce the More time consuming
[24] Concatenation misclassification as
Technique compared to previous
IJMRSETM©2023 | AnISO 9001:2008 Certified Journal |
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models
10 W. M. Salama et al. Convolutional Enhanced Resource Intensiveness
[25] variational generalization
generative
frameworks
II1. DISCUSSION

Brain tumors are the result of rapid, unchecked tissue growth. This is critical to discovering disease earlier to spare
numerous lives. Tumor categorization is essential for specific treatment as different types of cerebral tumors may be
categorized based on their compassion, birth, rate of creation, as well as phase of advancement. Correctly defining the
regions of brain tumors is the goal of cerebral tumor division. MRI is becoming a widely used radiographic technique in
medical diagnostics due to advancements in cerebral scanning. Brain imaging anomalies may be identified by
DL approaches without requiring a laborious custom pattern selection procedure. In addition to growth, there is a wide
range of other uses for pictures synthesized using generative adversarial networks (GANs) within this discipline, including
picture transformation enrollment, super-resolution, blurring, dynamic modification, division, rebuilding, and color
improvement [26]—[28].

The investigation as well as the depiction of deep characteristics constitutes a crucial problem for the identification as well
as forecasting of brain tumours using radiographic MRIs. Throughout cancer treatment, deep characteristics can be
extracted from MR pictures for diagnosis, treatment, as well as identification. The radiometric qualities of the pictures
provide qualitative knowledge that physicians are acquainted with and immediately relate to significant physiological
aspects [29]. Whenever the DL-model network is pre-trained as a brain tumor features extractor, the deep-
CNN model obtains optimal performance to forecast as well as classify images. The median survival period of individuals
with tumors can be more accurately predicted using deep feature extraction methodologies as well as procedures. To create
CNN systems for categorization as well as division, characteristics are extracted from ImageNet using the Deep-
CNN s activation approach. CNN's activating characteristics approach uses several methods, such as data enrichment
computations, including characteristic sharing [30]. Figure 3 illustrates the classification methods of brain tumors.
Considering that biological images such as MRI scans are of good effectiveness, computer-rooted diagnostics may be a
very helpful tool for physicians. When compared to PET as well as computerized tomography (CT), MRI is the preferable
diagnostic modality because it produces superior tissue comparison as well as emits no ionizing energy. The automatic
input assessment versus the manually created attribute assessment is made possible by the deep learning (DL) architecture
[32]. Frequent issues with clinical photography are addressed by DL techniques, which also accelerate picture contrast as
well as processing and improve reliability as well as efficiency. Big data sets, that are typically insufficiently accessible in
the healthcare area, are necessary for DL algorithms to learn their models efficiently. Huge data sets are essential for the
development of DL scenarios, and this is essentially the cerebral MRI's limitation. While introducing new specimens to the
collection, the learning dataset is expanded using the dataset enhancement approach to increase the grade of artificial
images. The collection can be enhanced by performing operations on the current photos in the information set, including
converting, nevertheless, the new pictures produced by these approaches are not diverse [33].

IJMRSETM©2023 | AnISO 9001:2008 Certified Journal | 13054


http://www.ijmrsetm.com/

International Journal of Multidisciplinary Research in Science, Engineering, Technology & Management (IJJMRSETM)

| ISSN: 2395-7639 | www.ijmrsetm.com | Impact Factor: 7.580] A Monthly Double-Blind Peer Reviewed Journal |

|ﬂ!l!|
| Volume 10, Issue 11, November 2023 |

12

Number of literature

Neural Networks
SVM

Custom CNN
Pre-trained
DNN

ResNet and its variants

Figure 3: Illustrates the classification methods of brain tumors [31].

DL [34], a subfield of ML [35], has been widely used to develop automated, semi-automated, as well as mixed approaches
that could quickly as well as correctly identify as well as separate tumors. When DL uses an instructional corpus that is
sufficiently diverse and of high excellence, it can acquire the characteristics that are important for a given issue. By
incorporating feature extraction as well as choice stages into learning management, DL has demonstrated remarkable
effectiveness in addressing ML problems [36]. A series of stages produced by a normalized summation of the data from the
preceding layer is a common representation of deep learning algorithms. The initial layer represents the information,
whereas the final level represents the result. Although DL models may copy complicated translation functions across
multiple sections, they can solve highly tough issues with less operator intervention than standard machine learning
approaches [37]. Figure 4 shows normalized MRI images depicting tumors in diverse planes.

axial coronal sagittal

meningioma

glioma

pituitary

Figure 4: Normalized MRI images depicting tumors in diverse planes [38].

While ML is used in many fields, most research shows that it was primarily utilized within the medical as well as
agricultural industries for illness categorization, forecasting, as well as diagnosis. Breast carcinoma division as well as
categorization, brain tumor recognition as well and splitting, are the medical sector's most investigated topics. Biopsies,
which involve excision as well as pathological investigation utilizing a variety of cellular testing methods, are the platinum
benchmark for diagnosing brain tumors. Nevertheless, the biopsy-based assessment is intrusive and can involve
hemorrhage or even damage which impairs functioning. As a consequence, the cornerstone of contemporary imaging which
permits doctors to describe the anatomical, molecular, digestive, as well as operational characteristics of brain tumors
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involves non-invasive brain tumor detection utilizing MRI [39]. Table 2 depicts the DL model performance evaluation
using different matrices.

Table 2: DL model performance evaluation using different matrices.

S. No. Evaluation matrix Equation
1 F1-Score TP
TP + 1/2 (FP + FN)
2 Recall TP
R Il =———
G = TP Y EN
3 Precision Precision TP
" TP +FP
4 Accuracy Accuracy = TP +TN
Y=TP+TN +FP +FN
5 NPV TN
TN + FN

Increasingly greater death rates might be avoided in large part by having brain tumors detected earlier. Accurate brain
tumor identification remains extremely difficult owing to the tumor's shape, dimensions, as well as architecture. The
categorization of magnetic resonance imaging has a significant impact on medical diagnostic as well as treatment choices
for individuals with brain tumors. The tumor separation approach, as well as MR pictures, seem to be potential tools for
early brain tumor detection [40]. However, more work needs to be done until the tumor's exact site can be identified as well
as classified. The beginning of a skull tumor is caused by aberrant cell clusters forming within or close to the cerebral
cortex [41]. The patient's well-being is impacted by the aberrant tissues, which disrupt the mind's regular functioning. For
the investigator, doctors, including clinical specialists, the primary emphasis of their study is brain scan examination,
assessment, including therapy using accepted healthcare imaging procedures. Considering brain disorders such as cerebral
tumors are lethal and account for a significant portion of mortality in affluent nations, the study of brain pictures is deemed
essential [42].
IV.CONCLUSION

An aberrant development of brain cells that interferes with regular cerebral activity is called a cerebral tumor. In clinical
picture analysis, the main goal is to use techniques to obtain useful as well as correct data with the fewest potential
mistakes. Optimizing medical assessment, therapy preparation, as well as a follow-up can be greatly enhanced by
automating the division as well as categorization of brain tumors. Unquestionably, automation of brain tumor separation, as
well as categorization activities, has advanced through the application of a variety of methodologies, such as DL, and
shallow ML, including traditional picture interpretation. In recent years, brain tumor classification has become a highly
challenging activity all around the world. However, state-of-the-art research is done on DL and ML for brain tumor
detection as well as classification. Yet, there is a vital need and possibility to investigate a more advanced brain tumor
prognosis model. This research summarizes various methods and models developed for brain tumor detection and
classification utilizing DL, ML, and Al-based predictive models. In addition, this study may help new researchers to obtain
insights regarding recent research on brain tumor using DL and ML as well as covers the key limits of the earlier research
and future possibilities for the development of new models to analyze the brain tumor quickly.
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