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Abstract – Brain tumors pose significant challenges in 
medical diagnostics due to their complexity and the critical 
need for accurate and early detection. Machine learning (ML) 
has emerged as a powerful tool in medical imaging and 
diagnostics, offering the potential to improve the accuracy, 
speed, and reliability of brain tumor detection. Brain tumor 
detection is a critical aspect of medical diagnosis, as early and 
accurate identification of tumors significantly improves 
treatment outcomes and patient survival rates. However, 
traditional diagnostic methods, such as manual interpretation 
of medical imaging, are time-consuming, subjective, and prone 
to variability. In recent years, machine learning (ML) has 
emerged as a transformative tool in medical imaging, offering 
automated, accurate, and scalable solutions for tumor 
detection. This review paper explores the advancements in 
machine learning techniques applied to brain tumor detection, 
focusing on methodologies, datasets, and clinical applications. 
We provide an overview of key algorithms, including 
supervised learning, unsupervised learning, and deep learning 
models, highlighting their roles in tumor segmentation, 
classification, and prediction. Special attention is given to 
convolutional neural networks (CNNs) and their efficiency in 
processing medical imaging modalities such as MRI. Finally, 
we examine the integration of ML-based systems into clinical 
workflows, emphasizing their potential to complement 
radiologists and improve patient outcomes. This review aims 
to serve as a comprehensive resource for researchers and 
clinicians interested in leveraging machine learning for brain 
tumor detection and treatment planning. 

Keywords:-Brain tumor detection, machine learning, 
Convolutional Neural Networks (CNNs),  medical 
imaging, feature extraction, classification, data 
preprocessing. 

1.INTRODUCTION  

Brain tumor represent a significant health challenge, 
affecting millions of people worldwide and often leading to 
severe neurological deficits or mortality.  Beforehand and 
accurate discovery of brain excrescence is essential for 
effective opinion, treatment planning, and perfecting patient 
issues.  

Traditional diagnostic methods, such as manual analysis of 
magnetic resonance imaging (MRI), are time-consuming, 
subjective, and prone to human error. These limitations 
underscore the need for automated, reliable, and efficient 
approaches to brain tumor detection. 

The advent of machine learning (ML) has transformed the 
landscape of medical imaging, offering powerful tools to 
analyse large volumes of complex data. ML algorithms can 
learn patterns and features from medical images, enabling 
automated detection and classification of tumors with 
remarkable precision.  

This review paper provides a comprehensive analysis of the 
existing literature on brain tumor detection using machine 
learning. It covers a range of topics, including publicly 
available datasets, preprocessing and feature extraction 
techniques, popular machine learning models, evaluation 
metrics, and challenges encountered in real-world 
applications.  

This paper reviews the current systems and methodologies 
employed in brain tumor detection using machine learning, 
focusing on the various approaches, datasets, challenges, and 
future trends. The review aims to provide insights into how 
these technologies are transforming the diagnostic process 
and paving the way for more efficient, cost-effective, and 
accurate medical solutions. 

Brain tumors represent a critical health concern due to their 
potential to significantly impact neurological functions and 
overall quality of life. Timely and accurate opinion plays a 
vital part in perfecting patient issues by enabling early 
intervention and substantiated treatment strategies. 
Traditional diagnostic approaches, such as manual analysis 
of magnetic resonance imaging (MRI) and computed 
tomography (CT) scans, are often time-consuming and prone 
to variability among radiologists. These challenges 
necessitate the development of automated and reliable 
methods for brain tumor detection. 

Machine learning (ML), a subset of artificial intelligence (AI), 
has emerged as a transformative approach in medical 
imaging, offering unparalleled capabilities in pattern 
recognition, feature extraction, and decision-making. By 
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leveraging large datasets and advanced algorithms, ML 
models can assist clinicians in detecting brain tumors with 
high accuracy, speed, and consistency. Techniques such as 
supervised learning, deep learning, and transfer learning 
have demonstrated promising results in identifying tumor 
types, segmenting tumor regions, and even predicting 
patient prognosis. 

By summarizing the current state of the art, this paper aims 
to guide researchers and clinicians in selecting appropriate 
machine learning methodologies and understanding the 
potential and limitations of these technologies in brain 
tumor detection. Moreover, it seeks to identify gaps in the 
existing research and provide insights into future directions 
in this rapidly evolving field. 

 

Fig : Magnetic Resonance Image (MRI) of brain with 
tumor and without tumor 

1.1 Objectives 

The primary objective of this review paper is to provide a 
comprehensive understanding of the advancements in brain 
tumor detection using machine learning techniques. It seeks 
to analyse and summarize the existing body of research, 
focusing on various machine learning methodologies, 
including traditional approaches and modern deep learning 
techniques, that have been employed in this domain. By 
reviewing publicly available datasets, preprocessing 
methods, and feature extraction strategies, this paper aims 
to highlight the key components that contribute to the 
effectiveness of these models. Additionally, it seeks to 
examine the evaluation metrics used to assess model 
performance and discuss the challenges associated with real-
world implementation, such as data scarcity, class 
imbalance, interpretability, and computational 
requirements. Another significant objective is to explore 
emerging trends and innovative solutions, such as hybrid 
models, multimodal data integration, and federated learning, 
which have the potential to address current limitations and 
advance the field. Ultimately, this paper aspires to serve as a 

valuable resource for researchers and practitioners by 
providing insights into the potential, limitations, and future 
directions of machine learning in brain tumor detection. 

1.2 Existing System 

Specialists felt troublesome to identify the tumor at early 
organize . They not as it were felt troublesome to distinguish 
the tumor at early organize , they moreover took numerous 
days to identify physically. Due to these troubles therapeutic 
field faces certain issues. brain tumor detection using 
machine learning leverage a variety of approaches, ranging 
from traditional algorithms to advanced deep learning 
models. Traditional methods often rely on handcrafted 
features, such as texture, shape, and intensity extracted from 
medical images, which are then fed into classifiers like 
Support Vector Machines (SVMs), Random Forests, or 
Decision Trees. These systems, while effective, are limited by 
their dependence on feature engineering and often struggle 
to generalize across diverse datasets. Challenges in Existing 
Systems: While current methods show promise, challenges 
like data scarcity, computational costs, and false 
positives/negatives still exist. Brain tumor detection using 
machine learning has emerged as a transformative approach 
to improve the accuracy and efficiency of diagnosis. 
Traditional diagnostic methods, such as manual analysis of 
MRI or CT scans, are often time-consuming, subjective, and 
prone to human error. Machine learning (ML) leverages 
computational power to analyze large volumes of medical 
imaging data, identifying patterns and features that may be 
imperceptible to the human eye. Existing systems for brain 
tumor detection primarily utilize supervised learning 
techniques, where labeled datasets are used to train models 
for classification and segmentation tasks. Algorithms like 
Support Vector Machines (SVM), Random Forests, and k-
Nearest Neighbors (k-NN) have been applied to differentiate 
between tumor and non-tumor regions. 

1.3 Literature Survey 

Ref. 

No. 

Reference  

Paper Name 

Author Name Method 

[1] Design and 
implementing 
brain tumor 
detection using 
machine 
learning 
approach. 

G. Hemanth, 
M. Janardhan, 
L. Sujihelen 

In this paper author 
studied the model 
which is based on 
machine learning 
algorithm CNN and 
Data Mining methods to 
detect brain tumors 
from magnetic 
resonance images with 
high accuracy. 

[2] Brain Tumor 
Detection 
Using Machine 
Learning. 

Manav 
Sharma, 
Pramanshu 
Sharma, Ritik 
Mittal, 
Kamakshi 

A Convolutional Neural 
Network (CNN) has 
been utilized as the 
algorithm  for feature 
extraction, and division. 
The dataset utilized has 
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Gupta been procured from an 
web site. In this paper 
author studied a model 
which is based on 
machine learning 
algorithm CNN with 
97.79%  accuracy. 

[3] Brain Tumor 
Detection 
using Deep 
Learning and 
Image 
Processing. 

Aryan Sagar 
Methil 

CNN achieved a recall of 
98.55 on the training 
set, 99.73 on the 
confirmation set which 
is veritably compelling. 
This paper proposes a 
novel strategy to 
identify brain tumors 
from different brain 
pictures by to begin 
with carrying out 
distinctive picture 
preprocessing 
strategies i.e. Histogram 
equalization and 
opening which was 
taken after by a 
convolutional neural 
network. 

[4] A Literature 
Review on 
Brain Tumor 
Detection and 
Segmentation. 

Aditya 
Miglani, 
Hrithik 
Madan, 
Saurabh 
Kumar, 
Sanjay Kumar 

Magnetic Resonance  
Imaging (MRI) pictures 
are utilized by pros and 
neurosurgeons for the 
conclusion of brain 
tumors. The precision 
depends on the 
involvement and space 
information of these 
specialists, and is 
moreover a time 
expending and costly 
handle. To overcome 
these limitations, a few 
deep learning 
algorithms  have been 
proposed for the 
location of nearness of 
brain tumors. 

[5] Brain Tumor 
Detection 
Analysis Using 
CNN: A Review. 

Sunil Kumar, 
Renu Dhir, 
Nisha 
Chaurasia 

The novel strategy 
employments the CNN 
classification strategy 
and has been utilized to 
ignore the dataset 
picture calculation 
mistake. 

[6] Review of 
Brain Tumor 
Detection 
Concept using 
MRI Images. 

Ms. Swati 
Jayade, Dr. D. 
T. Ingole, 
Prof. Mrs 
Manik D. 

Ingole 

In this study paper we 
cover the introductory 
conception and 
practices of brain 
excrescence discovery 
from MRI images; 
review of different 
brain excrescence 
segmentation system is 

presented in this paper. 

[7] A review on 
Brain Tumor 
Detection 
using Deep 
Neural 
Networks. 

 Shaiq Wani, 
Sachin Ahuja, 
Abhishek 
Kumar 

The major thing of this 
paper is substantially to 
critically examine the 
former identification 
and classification 
efforts of brain 
excrescences using 
MRI( Magnetic 
Resonance Imaging) 
data. 

[8] Review of 
Brain Tumor 
Segmentation, 
Detection and 
Classification 
Algorithms in 
fMRI Images. 

 Tom Philip 
Pries, Roshan 
Jahan, 
Preetam 
Suman 

This paper is centered 
on review of those 
papers which 
incorporate division, 
location and 
classification of brain 
tumors. 

[9] Brain Tumor 
Classification 
and Detection 
Based DL 
Models: A 
Systematic 
Review. 

 Karrar 
Neamah, 
Farhan 
Mohamed, 
Myasar 
Mundher 
Adnan, 
Tanzila Saba, 
Saeed Ali 
Bahaj, Karrar 
Abdulameer 
Kadhim 

This inquire about 
extend is devoted to 
conducting an 
comprehensive 
investigation of existing 
endeavors in the space 
of brain tumor 
recognizable proof and 
classification by means 
of MRI looks. The 
conclusion area 
comprehensively 
surveys the merits and 
demerits characteristic 
in deep neural systems. 

[10] Brain Tumor 
Detection and 
Classification 
Using 
Intelligence 
Techniques: An 
Overview. 

Shubhangi 
Solanki, Uday 
Pratap Singh, 
Siddharth 
Singh 
Chouhan, 
Sanjeev Jain 

The main objectiveness 
of this study stays to 
offer investigators, 
comprehensive 
literature on magnetic 
Resonance (MR) 
imaging’s capability to 
identify brain 
excrescences. This 
paper also explains the 
morphology of brain 
excrescences, accessible 
data sets, addition 
styles, component 
extraction and 
categorization among 
Deep literacy (DL), 
Transfer literacy 

(TL), and Machine 
literacy (ML) models. 

 
2. CONCLUSIONS 

In conclusion, machine learning has emerged as a 
transformative technology in the field of brain tumor 
detection, offering unprecedented capabilities in analysing 
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complex medical imaging data with high accuracy and 
efficiency. This review has highlighted the evolution of 
machine learning techniques, from traditional algorithms 
Convolutional Neural Networks (CNNs) and transformer-
based architectures. While these advancements have 
significantly enhanced diagnostic precision and automation, 
challenges such as data availability, class imbalance, and the 
interpretability of models remain critical barriers to 
widespread clinical adoption. Promising trends, including 
federated learning, hybrid models, and the integration of 
multimodal imaging data, demonstrate the potential for 
overcoming these limitations and driving further progress in 
the field. Moving forward, interdisciplinary collaboration 
between machine learning researchers, medical 
professionals, and policymakers will be essential to ensure 
that these technologies are not only accurate and reliable but 
also ethical, secure, and accessible. By addressing existing 
challenges and exploring innovative solutions, machine 
learning can play a pivotal role in revolutionizing brain 
tumor detection and ultimately improving patient outcomes. 
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