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Abstract - Detection of brain tumors via MRI scans is a healthcare imperative complicated by the enormous variation
in the shapes and locations of the tumors. This project proposes the application of deep learning using the ResNet-50
convolutional neural network to automatically classify brain tumors from MRI scans. The system not only aims for high
diagnostic accuracy but also incorporates Grad-CAM heatmaps to provide visual interpretation of the model’s
predictions, enhancing transparency in clinical decision-making. Through extensive preprocessing, data augmentation
during model training, and a user-friendly web interface, the system is designed to be both powerful and practical for

real-world medical use.
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I. INTRODUCTION

Brain tumors are a life-threatening illness that must
be detected in a timely and accurate manner to
enhance patient outcomes and care. Although MRI
is still the gold standard for detecting brain tumors,
interpreting the scans manually is time-consuming
and prone to human bias. This necessitates the need
for effective, reliable, and automated diagnostic
devices that will aid medical practitioners in making
quicker and more uniform decisions. Recent
breakthroughs in deep learning, especially in the
form of convolutional neural networks (CNNs), have
proved tremendously capable in interpreting
complex medical images. This research takes
advantage of the ability of the ResNet-50 model to
produce an intelligent, explainable brain tumor
detection system that offers diagnostic

accuracy along with visual transparency using Grad-
CAM technology and web deployment ease.

II.BACKGROUND AND LITERATURE
REVIEW

Brain tumors are among the most intricate and
threatening medical conditions, where early and
accurate diagnosis becomes vital in enhancing the
level of treatment. MRI (Magnetic Resonance
Imaging) has been extensively used in brain
diagnostics because it can provide high-quality
images of brain structures. Nevertheless, manual
interpretation of MRI scans could be time-
consuming, subjective, and dependent on the skill of
the radiologist, thus could introduce variability.

The advent of artificial intelligence (Al), and
especially deep learning, has dramatically improved
the feasibility of automatic analysis of medical
images. Other machine learning methods like
Support Vector Machines (SVM) and K-Nearest
Neighbors (KNN) involved hand- engineered feature
extraction, which restricted their flexibility and
scalability. On the other hand, Convolutional Neural
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Networks (CNNs) have been found to be superior by
extracting features from the data directly.

Some of these deep learning architectures such as
AlexNet, VGG-16, and InceptionV3 have seen
encouraging performance in tumor classification.
InceptionV3, for instance, showed high accuracy in
separating various types of tumors, although its
complexity limited its use in real- time.
Developments such as Capsule Networks and 3D
CNNs have enhanced the capability to interpret
spatial patterns in MRI scans.

Even with these improvements, issues such as

overfitting, restricted generalization on small
samples, and non- interpretableness remain.
Researchers have answered back through

approaches such as hybridization of models, data
augmentation, and explainability techniques such as
Grad- CAM. These strategies assist in making Al
predictions more interpretable for practical usage.
Attention mechanisms and light-weight models have
also been suggested for use in low-resource settings.

I1l. PROPOSED METHODOLOGY

The main objective of this project is to build an
automatic brain tumor detection system using the
ResNet-50 convolutional neural network, known for
its capacity to train very deep models efficiently with
the help of residual connections. The system will
classify MRI images via multiple preprocessing
steps—resizing, normalization, and data
augmentation—to enhance the accuracy and
robustness of the model. By using transfer learning
based on ResNet-50, pre-trained on large-scale
image datasets, the model acquires the capacity to
generalize very well even with sparse medical
imaging data.

In order to make the model's outputs explainable
and clinically reliable, Grad-CAM will produce
heatmaps marking the MRl areas affecting
predictions. This level of explainability is necessary
for adoption in healthcare settings. The model will
then be implemented in a web- based interface,
made easy to use and effective for doctors, with

quick and accurate diagnosis and treatment

assistance.

Dataset and Preprocessing

We will be working with publicly available MRI data
sets, for example, the Kaggle Brain MRI Images
Dataset with labeled scans of meningioma, glioma,
pituitary tumors, and normal brain tissue. The
images are resized to 234x224 pixels to be used in
model training and normalized to have uniform pixel
intensity within the data set. To enhance the model's
generalization and capacity to work with varied data,
different augmentation methods—Ilike rotation of
the image, flipping, zooming, and noise addition—
will be implemented during training.

Brain Tumor Normal
Fig 1: Sample MRI scans showing different tumor

types and a normal brain.

Model Architecture

The backbone of the system is a ResNet-50
convolutional neural network, pre-trained on
ImageNet and subsequently fine-tuned on the brain
MRl  dataset. ResNet-50's residual learning
architecture facilitates effective training of deep
networks by avoiding vanishing gradient problems,
thus
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Fig1: Visual representation of the ResNet-50 model,
highlighting its residual blocks and deep learning
structure.

being able to extract intricate features necessary for
tumor classification. Fully connected layers will be
customized with dropout regularization to prevent
overfitting and modify the model for multi-class
classification.

l1l. TRAINING AND TESTING

The model will be optimized with a suitable
optimization algorithm like Adam or SGD with
learning rate scheduling and early stopping to avoid
overfitting. The loss function would be categorical
cross-entropy for multi-class classification. The
performance would be measured using standard
metrics such as accuracy, precision, recall, F1- score,
and ROC-AUC on validation and test sets.

IV. EXPLAINABILITY MODULE

To impart interpretability, Grad-CAM (Gradient-
weighted Class Activation Mapping) is incorporated.
It produces heatmaps on input images, indicating
which part of the image contributed to the model's
choice. Such openness is vital for acceptance in
medical facilities, where trust in Al systems is a top
priority.

V. USER INTERFACE AND DEPLOYMENT

A web-based frontend will be created to enable
users— e.g., radiologists and medical researchers—
to upload MRI scans and obtain real-time
classification  results along with Grad-CAM
heatmaps. The model inference will be processed at
the backend, and the frontend will output in a
friendly and accessible format. Secure data storage
and privacy measures will be in place to meet
medical data protection requirements.

VI. CONCLUSION

This project aims to create an automated brain
tumor detection system that runs on the ResNet-50
deep learning model, suitable for medical image
classification because it efficiently utilizes residual
connections when training deep networks. With the
application of extensive preprocessing methods and
data augmentation, the model should be able to
perform well and remain stable even when
confronted with issues like class imbalance and
changes in tumor presentation.

Moreover, the incorporation of Grad-CAM
visualization will also offer explainable Al
functionality, enabling clinicians to visualize and
have confidence in the model's predictions by
outlining the tumor areas in MRI images. The
dissemination of the system using a user-friendly
web- based interface will promote ease of use for
clinicians, promoting faster diagnosis and decision-
making.

This project has high potential to significantly
improve the accuracy and efficiency of brain tumor
diagnosis, reduce the workload for radiologists, and
enhance patient outcomes through early detection
and treatment planning. Future scope involves
developing the system to include tumor
segmentation and multi-class grading, as well as
model validation on larger, multi-center databases
to make it applicable in various clinical settings.
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