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Abstract- Humans are the most abundant and widespread 

species in this environment and have thinking power with a 

large complex brain. The brain is made up of billions of 

nerves, if any of these nerves get damaged, it caused the 

“Brain Tumor”. The human body is made up of several 

molecules that handle the full functionality of the body. But 

when human lives are affected by drastic diseases then it 

affects the survival rates of humans. These diseases must be 

predicted at an early stage by professionals so human lives 

will be free from these diseases. Nowadays, advanced 

technology plays an important role in the medical field and 

detects diseases properly. Machine Learning and Deep 

Learning technologies are very efficient and can solve 

complex data in lesser time. Conventional Neural Networks in 

deep learning has many algorithms and make an effective 

model for the prediction of brain tumor easily. Many 

Researchers are conducting experiments to diagnose the 

disease using ML and DL techniques used for brain tumor 

prediction. This paper presents a detailed review and 

comparative study of existing ML and DL techniques used in 

the early prediction of brain tumors. This paper will help 

future researchers to make better decisions and to know which 

datasets and techniques are used in previous research work. 
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I. INTRODUCTION 

 

 Is the Human brain a biological computer? If yes 

then it would be the greenest computer in this universe. The 

human brain and computer can be compared by many features 

such as learning properties, problem-solving, decision-

making, storage, etc 

 

The most challenging between the human brain and 

computer property between the human brain and computer is 

the “thinking” property that’s why human is known as 

intelligent creature in the universe as compared to other 

creature in the universe. With the help of the brain, the human 

can make a decision very fast or can solve problems within a 

lesser time. By combining both features of humans and 

computers an expert machine is constructed which can work 

the same as a human behaves. The human brain and the 

computer play a key role in the advanced world with advanced 

Artificial Intelligence (AI) technology. AIis at the top with its 

advanced features and its applications. AI plays a key role in 

all fields like medical fields, education, Gaming, industrial 

area, etc. In medical fields, it is used for the diagnosis of 

diseases like lung cancer, breast cancer, tumor diagnosis, etc. 

Brain tumor diseases made human lives more drastic for the 

survivors and can lead to death.. For this, an awareness of 

brain tumors “World Brain Tumor Day” is celebrated on 8 

June throughout the world. So that everyone gets aware of 

brain tumors or they can be easily detected at their early 

stages.In the detection of tumors, Machine Learning (ML) 

techniques are mostly used for the prediction of brain tumors 

in Magnetic Resonance Images (MRI). So an automated 

model can be introduced for the professional in the hospital 

for detection purposes of tumors and made the decision 

quickly and easily within lesser time. For the detection of 

tumors, firstly anatomy of the brain must be understood 

properly with its parts and functionalities. So tumors must be 

managed or controlled properly at their early stages. 

 

1.1 Anatomy of the Brain 

 

The brain of a newborn human baby weighs between 

350 and 400 grams or around 3/4 pounds.The typical brain 

measure about 15 cm in length. The human brain is a vital and 

highly specialized three-pound organ with 1300 to 1400 

grams, which controls the overall functionalities of the 

body[1]. The brain can analyze or interprets information from 

the outside world through the human five senses - sight, smell, 

touch, taste, and hearing. It puts the signals together so that the 

human brain can sense the information immediately and store 

it in the brain's memory. By sending data from the human 

body to the brain, the functioning of the human body is greatly 

influenced by the central nervous system. The cranial nerves 

that come from the brain and the spinal nerves that originate 

from the spinal cord make up the peripheral nervous system. 

The brain mainly has three parts: The cerebrum, cerebellum, 

and brainstem. The brain's two primary tissues are grey matter 

and white matter. Meninges is another tissue that covers the 
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brain and spinal cord from damage by providing a protected 

layer.The harder part that covered the brain is known as the 

skull. It can protect the brain from damage. The anterior fossa, 

middle fossa, and posterior fossa are three separate regions 

located inside the skull. These phrases are sometimes used by 

doctors to describe the location of a tumor, such as middle 

fossa meningioma. The brain is the very sensitive part of the 

human body that handles billions of nerves. If any nerve stop 

working or gets damaged then it generated a tumor at that 

location[2]. 

 

1.2 Brain Tumor 

 

In the brain, thereare billions of nerves and if any of 

these nerves get damaged then they form a tumor at that 

location. Damage to the brain nerves and healthy tissues can 

be caused by a tumor, depending upon the type of cell affected 

by the brain tumor, the size of the tumor, and tumors that can 

be cancerous and noncancerous, etc. are the basic 

classification of brain tumor. A tumor is assigned from grade I 

to grade IV[3]. 

 

Grade I:Pilocytic or benign, slow-growing, and having 

clearly defined borders. 

 

Grade II: Slow-growing, infrequently spreading astrocytoma 

with a distinct boundary 

 

Grade III: Anaplastic Astrocytoma, grows more quickly. 

 

Grade IV:Glioblastoma, a malignant tumor that is most 

invasive, multiform, and spread quickly to surrounding 

tissues. The statistics of brain tumor cases also play a vital role 

inproviding knowledge about the cases of brain tumors all 

over the world.According to the International Association of 

Cancer Registries (IARC), India reports about 28000 cases of 

brain tumors each year, and sadly, 24000 individuals pass 

away from a brain tumor in 2022.The United States (US) of 

America, also suffered drastically for many years. In 2022, all 

age groups of people in the US suffer from brain tumor 

disease, which also leads to death.An estimated 700,000 

Americans living with a primary brain tumor, 88,970 

individuals in the US got diagnosed in 2022 with a primary 

brain tumor, estimated cases 63,040, individuals having a 

benign tumor in the US, estimated cases the US, 25,930 

individuals with a malignant tumor, and sadly 18,200 

individuals lose their lives through the malignant tumor in US 

2022. A tumor is a very serious disease that can occur 

anywhere in the human body.The origin of the tumor can have 

several ways - damage to nerves, highly used high levels of 

radiation, due to family genes, due to cancer, etc[2]. A brain 

tumor classification is based on a cancerous and non-

cancerous forms known as primary classification and 

secondary classification[4].Benign and malignant tumors 

come under the primary classification which can be easily 

curable. Metastatic brain tumors are secondary brain tumor 

which is not curable. The symptoms carried out by brain 

tumors are memory loss, fewer eye vision, vomiting, 

headache, weakness, irritation, hearing problem, muscles ache, 

etc[5].Diagnosis of the tumor is always taken by professional 

doctors using medical imaging.There are different types of 

imaging used for diagnoses such as Magnetic Resonance 

Imaging (MRI), Computed Tomography (CT), Single-Photon 

Emission Computed Tomography (SPECT), and Positron 

Emission Tomography (PET).Out of these CT and MRI are 

widely used because of their widespread techniques[5]. 

Surgeries can be done by doctors using stereotactic 

radiosurgery, radiation therapy, medication therapy, 

chemotherapy, targeted therapy, etc[6].With the advancement 

of computer and image technologies, medical imaging had a 

big impact on the medical sector.  

 

Paper Organization 

 

This paper is organized into different sections as 

follows:Section II describes the techniques used for the 

detection of brain tumors in MRI images. Section III describes 

the literature review. Section IV describes the comparative 

analysis of the techniques with their accuracies. Section V 

describes the conclusion of the paper and what work have 

been done in the paper in short.   Section VI describes the 

future scope. 

 

II. DIFFERENT TECHNIQUES USED FOR THE 

DETECTION OF BRAIN TUMORS IN MRI IMAGES 

 

Different techniques are used for the detection of the 

object from the images. In medical fields, it is mostly used for 

tumor and cancer detection in particular regions. Techniques 

such as image processing, image segmentation, wavelet 

transforms, filters, etc. are widely used for detection purposes. 

Image processing and image segmentation techniques work on 

the appropriate algorithms and provide better results. 

Transform is used for image encoding, decryption, restoration, 

and enhancement for preserving the good quality of images. 

To highlight the contour for the detection of edges, and 

sharpen the edges, image filters are used. A noise removal 

filter is used to remove the noise which is present in the 

images but it is a challenging task in medical imaging. Some 

techniques used for the detection of a brain tumor in MRI 

images are as follows. 

 

(A). Image processing (IP) 
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IP is a technique used for converting a physical 

image into a digital format by applying various operations to 

it[7]. It also improves the visualization of the images by 

applying sharpening contrast to the images so that objects can 

be identified easily from these images. Simply IP is a process 

used for adding new features to the old ones for the 

improvement of the images[8]. IP within the world of medical 

sciences plays a crucial role in the diagnosis of the disease. It 

helps in diagnosing or visualizing the disease within the 

interior parts without much complexity[8]. The image is made 

up of collections of pixels. Pixels can be of the same type or 

different, each pixel is connected to another pixel and form an 

image[9]. If these images have bluish pixels or visually are 

removed then, IP is used for renewing the images. 

 

(B).Image segmentation Techniques 

  

Image segmentation is part of DIG. It plays an 

important role in the phases of digital image processing[10]. 

Selecting a particular part from the image by the region of 

interest and then dividing the particular part into sub-parts 

with common pixels, color, or intensity regions is known as 

image segmentation[11]. It is mostly used in the recognition 

part of the image so that it can detect the object easily. It is 

mostly usedfor detection purposes at a particular part within 

the image.Table 1 showImage segmentation is done by using 

various method and some of which is listed below. 

 

(C). Wavelets Transforms 

 

Wavelets transform is the mathematical function that 

is used for calculating the frequency of the signal concerning 

time. Wavelet transforms play an important role in IP 

techniques such as image encoding, decryption, restoration, 

and the enhancement of an image. It enhanced images by 

applying contrast to the image, so the image visually becomes 

clear. Nowadays wavelet transforms techniques are mostly 

used in medical fields in imaging like ECG, EEG, EMG 

signals, etc. 

 

Table 2 show Image transforms is done by using various 

method and some of which is listed below. 

 

(D). Image Filtering 

 

Image filtering is an advanced technology that is 

mostly used in IP.It is the part of image processing that 

providesthe filtering properties in the images[12]. Filtering is 

mostly used in cinema industries for clear visualization in the 

video, films, etc. Nowadays, in advanced technology filters 

are used in many areas but in the medical sector filter 

applications provide usefulness to doctors for clear 

visualization of diseases in 

 

Table 1: Different Segmentation Methods. 

 
 

imaging. This technique makes the biomedical fields more 

advanced for identifying the diseases like tumors.Quality is an 

important concern in imaging by which diseases can be 

visualized properly.Medical images are affected by noise and 

its degradation to a greater extent.Different types of noise are 

present in an image e.g.salt and pepper noise, impulse noise, 

Gaussian noise, etc.De-noising is done by using appropriate 

filters.Table 3 shows the various types of filters used in 

images.  
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Table 2: Various Transforms in IP 

 

 

III. LITERATURE REVIEW 

 

In this section, we will discuss the related works 

which have already been done by different authors for the    

 

Table 3: Various Filters Used in Image Processing for 

Removal of Noises. 

 
 

Identification and detection of brain tumors. We look 

at different imaging used in medical fields for the diagnosis of 

diseases, IP techniques are used in digital imaging for the 

improvement of visualization, image segmentation techniques 

are used for the detection of tumors or diseases at a particular 

location, and MLalgorithms and deep learning techniques are 

used with their accuracy, also different classifiers are used for 

the classification of brain tumors i.e. benign and malignant. 

 

PriyankaModiya et al.[21] Conventional Neural Network 

(CNN) model is developed for brain tumor detection using 

transfer learning (TL) with dimensionality reduction method 

(DRM) with or without Principal Component Analysis (PCA) 

is used to classify MRI brain images as normal, Benign, and 

Malignant. The KAGGLE brain tumor detection dataset, 

which contains 3000 MRI normal and abnormal images was 

used to test the model with the help of python language, and 

kernel filters are used for enhancing or smoothening the MRI 

images. A comparative analysis of CNN models such as 

EfficientNet-B7 and VGG-16 is done. EfficientNet-B7 

provides better accuracy with a PCA of 80.00%.  

 

Yurong Guan et al.[22] presented a brain tumor classification 

model which is based on high accuracy and low complexity. 

The IP techniques are used in MRI images for the 

classification of tumors such as meningioma, Glioma, and 

Pituitary. The MRI images 3064 are collected from 223 

patients during 2005–2010 from two different state-owned 

hospitals in Guangzhou and Tianjin, China datasets are used 

for testing purposes in Mat Lab. The result shows that Glioma 

tumors achieved the highest accuracy 99.66% with a similar 

dataset. 

 

Sunita M. Kulkarni et al. [23]presented a comparative 

analysis of the DL techniques which is based on CNN such as 

Alex Net, VGG-16, ResNet18, Res Net 50, and Google Net 

for the classification of brain tumors such asBenignand  

Malignant tumors. The datasets are collected from the 

Hospital with 200 total images for testing in MatLab2019a. 

After analyzing the result, the author found that the Alex Net 

technique provides the best result as comparedto the others 

with an accuracy of 0.937, recall of 1, and F- the measure of 

0.96774. 

 

ParthaSutradhar et al.[24] proposed a hybrid model based 

on ML and DL techniques such as SVM, KNN, RF, 

EfficientNet-B3, ResNet-150v2, Inception ResNetv2, and 

VGG-16 in MRI images for the classification of tumors such 

as Pituitary, Glioma, Meningioma, and no tumor. The datasets 

are collected from Kaggle datasets with 3264 MRI brain tumor 

images At last, the experimental result showed that the DL 

CNN model i.e. EfficientNet-B3 performed better result with 

98.16% accuracy as compared to the others. 

 

ChetanaSrinivas et al [25] presented the comparative 

performance analysis of TL approaches such as VGG-16, 

Inception-v3, and ResNet-50 for the detection of brain tumors 
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as benign and malignant tumors. The datasets are collected 

from Kaggle with 233 MRI images of which 158 images are 

benign and 98 images are malignantly used for testing the 

model in python language. The experimental result showed 

that VGG-16 provides the best result with 0.94 accuracies. 

 

Anil Kumar Mandle et al.[26] proposed a model for brain 

tumor detection in MRI images using ML techniques such as 

K-means clustering used for segmentation and Kernel-based 

support vector machine (K-SVM) used for classification 

purposes. The datasets are collected from brat’s datasets using 

160 MRI images, consisting of 20 normal and 140 abnormal 

images used for testing the model in Mat Lab. After analysis, 

the experimental result showed that K-SVM has 98.75% of 

accuracy, 95.43% precision, and 97.65% recall. 

 

Abhishek Anil et al.[27] proposed a model for the detection 

of brain tumors using TL techniques such as Alex Net, VGG-

16, and VGG-19 using the Mat Lab 2018. The MRI images 

are collected from OASIS and Brats 2018 datasets more than 

20000 images are selected where 80% of images are for 

training and the remaining 20% for testing purposes and 

features are extracted by using the CNN algorithm.  After 

analyzing the performance, the author found that VGG-19 has 

the best detection accuracy with 95.78%. 

SamiaMushtaq et al.[28] presented a comparative analysis of 

ANN and CNN with MRI images for brain tumor detection 

using Python with TensorFlow. The datasets are collected 

from Brats 2020 images with 1060 tumorous images and 960 

non-tumorous images. Features are extracted from SVM, RF, 

and K-means. After analyzing the model, the author found that 

CNN has 88.70% accuracy as compared to ANN with 68.7%.  

 

Deepa P L et al.[29] presented a comparative analysis of TL 

techniques such as ResNet-50, Res Net- 101, and Res Net- 

152 for brain tumor detection using Mat lab 2020b. The MRI 

images are collected from the Brats 2017 and OASIS data sets 

with 11722 total images collected from where 3250 are normal 

images and 8472 are tumor images. After analyzing the 

performance, the author found that Res Net- 152 gives the 

highest accuracy with 93.8%.   

 

Priya K. Chiwande et al.[30] proposed a model for the 

classification of brain tumors i.e. Benign and Malignant 

tumors. Different classifiers are used for classification such as 

KNN and SVM. In their study, the author collected two 

different types of datasets one from the clinical database 

251.Second from Brats 2012 with 80 images for testing used 

in python language. After evaluating the algorithms, the 

author found that the SVM classifier achieved the highest 

accuracy of 96% as compared to KNN with 86%.  

 

Leonie Lampe et al. [31] presented a comparative analysis of 

the ML algorithms such as SVM, RF, Gradient boosting, and 

Deep feed-forward neural network (D-FFNN) for MRI images 

using the Project repository dataset. LIME methods are used 

for feature extraction in MRI images. After analysis, the 

author found that a D-FFNN is the best method for MRI 

images for tumor detection. 

 

IV. COMPARATIVE STUDY 

 

The comparative study describes the analysis of thedifferent 

techniques for the detection of brain tumors. 
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Table 4: Comparative Analysis of different ML and DL Techniques for brain tumor detection 
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different techniques for the detection of brain tumors.A 

literature review is conducted so that we can enhance the 

knowledge about existing research work. Table 4 shows that 

Many Researchers use DL and ML techniques for the 

detection of brain tumors from MRI images. These images are 

collected from different datasetssuch as KAGGLE, BRATS, 

clinics, Hospitals, etc. used to predict the tumor and also 

analyze the performance of these datasets. Feature extraction 

is also enhanced from these literature reviews so that we can 

find the best feature extraction algorithms for brain tumor 

detection from a computer-aided model (CAM).Researchers 

mainly used DL and ML techniques for comparison, from 

these comparisons we can find the best algorithms which work 

with efficient time and also provide an accurate result. 

Different classifiers are also used which are based on a neural 

networks such as ANN and CNN. The CNN classifier 

provides an accurate result. Establishing an automated CAM, 

can help doctors for making decisions faster and provide the 

best diagnosis for early tumor detection, and it can also save 

the lives of people with early detection of brain tumors. 

 

V. CONCLUSION 

 

Brain tumors are very invasive diseases that require 

many methods and time for curing from this dangerous 

disease. It also leads the patients to death. This research aims 

to present a detailed review and comparative study of existing 

ML and DL techniques used in the existing papers for the 

detection of brain tumors. A Survey on different techniques 

used for brain tumor detectionanda comparative analysis is 

conducted on these techniques which help in selecting the best 

approach for prediction purposes in the future. In the literature 

review, it has been observed that the selection of appropriate 

techniques improves the performance of the model and the 

accuracy of any model which is dependent on the good dataset 

and algorithms. Data preprocessing play an important role in 

the detection of disease. The existing papers show that the 

MATLAB tool is mostly used for experimental purposes. 

Many scholars used the BRAT dataset. After reviewing the 

literature, we found that CNN algorithms show the highest 

accuracy. 

 

VI. FUTURE SCOPE 

 

In the future, we can use the best feature selection 

and classification techniques for brain tumor detection with 

the proper algorithms and appropriate datasets and can 

establish an appropriate model for the early detection of brain 

tumor diseases with efficient functionalities. So in the medical 

field, it can be useful for doctors to predict the tumor easily 

and efficiently and make the patient's life more prominent by 

controlling and managing the tumor at an easy stage with 

lesser time. 
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