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ABSTRACT- Brain tumors are among the

most critical neurological disorders, where
early and accurate diagnosis is crucial for
effective treatment and improved patient
outcomes. Manual analysis of Magnetic
Resonance Imaging (MRI) scans is time-
consuming, relies on expert radiologists,
and can lead to inconsistent interpretations.
To address these challenges, this project
introduces a Deep Learning-Based Medical
Image Segmentation System that automates
brain tumor detection and segmentation
Jrom MRI images. The system employs a
Convolutional Neural Network (CNN) to
classify MRI scans into four categories:
Glioma, Meningioma, Pituitary Tumor, and
No Tumor. During preprocessing, all MRI
images are resized to 224 x 224 pixels and
normalized to ensure uniform input and
enhance model accuracy. The CNN
architecture integrates convolutional and
max-pooling layers for feature extraction,
dense layers for classification, dropout

layers to prevent overfitting, and a SoftMax
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output layer for multi-class prediction.
Upon tumor detection, K-Means Clustering
segments the tumor region, enabling clear
visualization of abnormal tissues. The
system also displays prediction confidence
and offers basic medical recommendations
based on the tumor type. Developed using
Python and the Flask framework, the
application features a secure, user-friendly
web interface with user authentication and
image upload capabilities. Additionally, the
system supports model training, dataset
analysis, and performance visualization.
Overall, this solution provides a fast,
accurate, and reliable computer-aided tool
Jor brain tumor detection and segmentation,
reducing manual effort and assisting

healthcare.
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INTRODUCTION

Medical imaging is a cornerstone of modern
healthcare, enabling precise diagnosis and
monitoring of diseases. Magnetic Resonance
Imaging (MRI) is especially valuable for
brain tumor detection, offering detailed soft
tissue visualization without the risks of
radiation. However, manual MRI analysis is
complex, time-intensive, and dependent on
experienced radiologists. Variability in tumor
characteristics and image quality can lead to
diagnostic challenges, potentially causing
delays or inconsistencies in clinical
decisions. Advances in Artificial Intelligence
(Al) and Deep Learning (DL), particularly
Convolutional Neural Networks (CNNs),
have revolutionized medical image analysis
by automating detection and segmentation of
abnormalities. These models excel at
extracting meaningful features, improving
classification accuracy, and assisting in
visualizing affected regions for better
treatment planning. This project introduces a
web-based Deep Learning Medical Image
Segmentation System that automatically
detects and segments brain tumors from MRI
scans. It classifies images into Glioma,
Meningioma, Pituitary Tumor, or No Tumor
categories using a CNN model. For detected
tumors, K-Means Clustering segments the

tumor area for clear visualization. The system
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also shows prediction confidence and
provides basic medical guidance. Built with
Python, Flask, and key AI libraries, the
application offers a secure, user-friendly
platform to enhance diagnostic efficiency and
to support the healthcare professionals,

complementing clinical expertise.
LITERATURE SURVEY

Medical image analysis plays a vital role in
the early and accurate diagnosis of
neurological disorders, especially brain
tumors. Traditional image processing
methods like thresholding, edge detection,
and region-growing have been widely used
for tumor detection and segmentation.
However, these approaches depend heavily
on image quality and often require manual
input, limiting their accuracy and increasing
diagnostic time. Recent progress in Deep
Learning, particularly Convolutional Neural
Networks (CNNs), has revolutionized
medical 1image analysis by enabling
automatic hierarchical feature learning and
improved classification accuracy. Notably,
the U-Net architecture by Ronneberger et al.
marked a breakthrough in biomedical image
segmentation by capturing both local and
global context. The nnU-Net framework
further advanced this field by adapting

network designs to various medical datasets,
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enhancing segmentation performance. Many
studies have combined deep learning and
segmentation techniques to better localize
and visualize tumor regions. Despite their
accuracy, these advanced models often
demand significant computational power and
large annotated datasets. To balance these
challenges, this project utilizes a CNN for
brain tumor classification alongside K-
Means Clustering for efficient tumor
segmentation. The web-based system, built
with TensorFlow/Keras, OpenCV, Scikit-
learn, and Flask, automates MRI analysis,
supports early tumor diagnosis, and improves
tumor visualization, offering a practical,
accurate, and computationally efficient
solution for computer-aided medical

diagnosis
RELATED WORK

Numerous studies have explored Artificial
Intelligence (AI) and Deep Learning
techniques for brain tumor detection and
segmentation from MRI 1images. Early
methods relied on traditional image
processing techniques such as thresholding,
edge  detection, and region-growing
algorithms. While these methods could
identify tumor regions, their accuracy was
limited by image quality and required

substantial manual intervention. More recent
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research has shifted towards Convolutional
Neural Networks (CNNs) for automatic brain
tumor classification, leveraging their ability
to learn complex features directly from MRI
data. Many studies have combined CNNs
with segmentation techniques to enhance
tumor visualization, aiding radiologists in
diagnosis. These deep learning approaches
have shown superior accuracy, faster
processing times, and reduced dependency
on human effort compared to conventional
techniques. Building on these advancements,
this project develops a Deep Learning-Based
Medical Image Segmentation System
integrating CNN for tumor classification and
K-Means Clustering for tumor segmentation.
Implemented as a web application using
Flask, the system allows users to upload MRI
scans, receive classification results with
confidence scores, and visualize segmented

tumor regions.

This solution offers a practical, efficient, and
reliable tool to support healthcare
professionals in brain tumor diagnosis and

treatment planning.
EXISTING SYSTEM

Currently, brain tumor detection and
segmentation primarily rely on manual
examination of MRI scans by experienced

radiologists, using traditional = image
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processing techniques like thresholding, edge
detection, and region-growing to identify
tumor regions. Although these methods
support diagnosis, they require significant
human intervention and are highly sensitive
to variations in image quality, tumor size,
shape, and location, which can reduce
accuracy. Some recent computer-aided
diagnosis systems have integrated machine
learning algorithms for tumor classification,
but many depend on manual feature
extraction, limiting their ability to accurately
detect and segment complex tumor
structures. This reliance often leads to
diminished performance when applied to

diverse MRI datasets.

Key drawbacks of existing systems include
the heavy dependence on manual analysis,
making the diagnostic process time-
consuming and labor-intensive; lower
accuracy due to sensitivity to image noise and
tumor variability; and limited automation, as
most approaches require manual
segmentation and feature  extraction,
reducing efficiency and increasing the chance
of human error. These challenges underscore
the need for more automated, precise, and
robust solutions to improve brain tumor
healthcare

diagnosis and support

professionals with faster, more reliable tools.
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PROPOSED SYSTEM

The proposed system is a Deep Learning-
Based Medical Image Segmentation solution
designed to automatically detect and segment
brain tumors from MRI scans. It employs a
Convolutional Neural Network (CNN) to
classify MRI images into four categories:
Glioma, Meningioma, Pituitary Tumor, and
No Tumor. This automation reduces the need
for manual intervention, enhances diagnostic
accuracy, and accelerates the analysis
process, providing timely results for medical
professionals. Following classification, the
system utilizes K-Means Clustering to
segment and isolate the tumor region,
enabling clear visualization of the affected
area. This segmentation aids healthcare
providers in better understanding tumor
location and extent, which is critical for
treatment planning. The system features a
secure, web-based interface built with Flask,
allowing users to easily upload MRI images,
view prediction confidence scores, and
access segmented tumor visualizations. This
user-friendly platform is designed to assist
radiologists and clinicians by streamlining
brain tumor diagnosis. Overall, the proposed
system delivers an efficient, accurate, and
practical tool for brain tumor detection and
segmentation. Future enhancements could

include integrating more advanced deep
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learning architectures and expanding medical
datasets to  further improve model

performance and clinical applicability.

SYSTEM ARCHITECTURE

Fig 1: System Architecture

The Deep Learning-Based Medical Image
Segmentation System is designed as an
intelligent and user-friendly web application
that integrates Deep Learning, Image
Processing, and modern web technologies for
automated brain tumor detection and
segmentation. The system follows a layered
architecture consisting of a presentation layer
(HTML, CSS, and JavaScript), a business
logic layer (Flask-based application with
CNN and K-Means Clustering), and a data
layer (SQLite database). This modular design
ensures  efficient  processing,  easy
maintenance, and future scalability. The user
interface provides a simple platform where
authenticated users can upload MRI brain

images, train the model, and view prediction
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results with confidence scores and segmented
tumor images. The interface is designed to be
intuitive and responsive, allowing users to
interact with the application without

requiring technical expertise.

METHODLOGY DESCRIPTION

The system integrates multiple modules for
efficient brain tumor analysis. The User
Interface, built with HTML, CSS, and
JavaScript, offers a responsive platform for
registration, login, model training, image
upload, and displaying segmented tumor
results with confidence scores. The Model
Training module preprocesses MRI data and
trains the CNN, while the Image Upload
module prepares images using OpenCV. The
CNN classifies tumors into four categories,
and the Tumor Segmentation module uses K-

Means clustering to highlight tumor regions.

RESULTS AND DISCUSSION

Deep Learning-Based Medical Image
Segmentation System
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Fig 2: Home page of Medical Image
System
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The Home Page serves as the main interface
of the Deep Learning-Based Medical Image
Segmentation System, providing users with
an overview of the application's purpose and
functionality. The homepage also presents the
objective of the application, emphasizing its
role in assisting healthcare professionals
through Al-based brain tumor detection and

medical image segmentation.

Fig 3: Model info of Medical Image

System

The Model Information page details the
dataset, CNN architecture, tumor

classification (Glioma, Meningioma,
Pituitary, No Tumor), and explains K-Means
Clustering’s role in  tumor region

segmentation.

Fig 4: Model training of Medical Image
System
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The Model Training page shows CNN
training progress with MRI dataset samples,
preprocessing results, and performance
visualizations, allowing users to monitor
learning and assess model effectiveness

before tumor prediction.
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Fig 5: Image Detection of Medical Image
System

The Image Detection page allows users to
upload MRI scans for automated tumor
analysis, where the system preprocesses the
image, classifies tumors using CNN, and
visualizes the segmented tumor region with

predictions.
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Fig 6: Image Detection Result of Medical

Image System
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The Prediction Results page shows tumor
type, confidence score, and segmented tumor
region via K-Means Clustering, along with a
brief medical description to help users
understand the diagnosis and visualize the

area.

CONCLUSION

The Deep Learning-Based Medical Image
Segmentation System effectively automates
brain tumor detection and segmentation from
MRI images using CNN classification and K-
Means Clustering. Developed as a secure,
user-friendly Flask web application, it
enables model training, image upload, and
displays confident, segmented predictions.
Leverage the trending technologies like
TensorFlow/Keras, OpenCV, and SQLite, the
system ensures accurate analysis and smooth
performance. By reducing manual effort and
enhancing diagnostic accuracy, it serves as a
valuable tool for healthcare professionals,
with potential for further improvements
through advanced models, larger datasets,

and clinical integration.
FUTURE SCOPE

The proposed system can be enhanced by
integrating advanced deep learning models
like U-Net, Mask R-CNN, or Vision

Transformers for  improved  tumor
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segmentation and classification. Training on
larger, diverse MRI datasets will increase
robustness and generalization. It can be
extended to detect other neurological
disorders such as stroke and Alzheimer's.
Cloud and mobile integration would enable
remote MRI uploads and real-time results.
Incorporating explainable Al will enhance
transparency  for  clinicians.  Future
integration with  Hospital Information
Systems and PACS, along with automated
reporting and continuous learning, will create
a comprehensive, intelligent diagnostic tool

supporting clinical workflows and improving

healthcare quality.

REFERENCES

[1] D. P. Harini, “Electronic Health Record
Stage  Identification using  Principal
Component Analysis,” Machine Intelligence
Research, vol. 18, no. 01, pp. 864- 873, 17 8
2024.

[2] D. P. Harini, “Two Level Intrusion
Detection For Detecting Intruders in
Multitier Web Applications,” International
Journal of Engineering & Science Research,
vol. 3, no. 9, pp. 472-478, 2013.

[3] D. P. Harini, “Analyze and Predict of
Human Cyber Attackers using Artificial
Neural Network,” Journal of Basic Science
and Engineering, vol. 21, no. 1, pp. 1529 -
1536, 8 72024.

[4] Wong et al, Brain tumor classification

using MRI images and deep learning

Vol 26 Issue 07, July 2026

Page 1368 of 1370



ISSN:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

techniques. PLOS ONE, 20(5): €0322624,
2025.

[5] Bouhafra & El Bahi, Deep learning
approaches for brain tumor detection and
classification using MRI images (2020—
2024): A systematic review. Journal of

Imaging Informatics in Medicine, 2025.

[6] F. Isensee, P. F. Jaeger, S. A. A. Kohl, J.
Petersen, and K. H. Maier-Hein, "nnU-Net: A
Self-Configuring Method for Deep Learning-
Based Biomedical Image Segmentation,"
Nature Methods, vol. 18, no. 2, pp. 203-211,
2021.

[7] D. Jha, M. A. Riegler, D. Johansen, P.
Halvorsen, and H. D. Johansen, "DoubleU-
Net: A Deep Convolutional Neural Network
for Medical Image Segmentation," IEEE
International Symposium on Multimedia

(ISM), 2020

[8] I. Qureshi, J. Yan, Q. Abbas, K. Shaheed,
A. B. Riaz, A. Wahid, and M. W. J. Khan,
"Medical Image Segmentation Using Deep
Semantic-Based Methods: A Review of
Techniques, Applications and Emerging
Trends," Information Fusion, vol. 90, pp.

316-352, 2023.

[9] A. Hatamizadeh et al, "UNETR:
Transformers for 3D Medical Image

Segmentation,"  Proceedings  of  the

www.ijesat.com

Vol 26 Issue 07, July 2026

IEEE/CVF  Winter
Applications of Computer Vision (WACV),
2022.

Conference on

[10] N. Tajbakhsh, J. Y. Shin, S. R. Gurudu,
et al., "Convolutional Neural Networks for
Medical Image Analysis: Full Training or
Fine Tuning?", I[EEE Transactions on
Medical Imaging, vol. 35, no. 5, pp. 1299—
1312, 2016.

[11] V. Badrinarayanan, A. Kendall, and R.
Cipolla, "SegNet: A Deep Convolutional
Encoder—Decoder Architecture for Image
Segmentation," [EEE Transactions on

Pattern Analysis and Machine Intelligence,
vol. 39, no. 12, pp. 2481-2495, Dec. 2017.

[12] M. Havaei, A. Davy, D. Warde-Farley,
A. Biard, A. Courville, Y. Bengio, C. Pal, P.-
M. Jodoin, and H. Larochelle, "Brain Tumor
Segmentation with Deep Neural Networks,"
Medical Image Analysis, vol. 35, pp. 18-31,
Jan. 2017.

[13] K. Kamnitsas, C. Ledig, V. F. .
Newcombe, J. P. Simpson, A. D. Kane, D. K.
Menon, D. Rueckert, and B. Glocker,
"Efficient Multi-Scale 3D CNN with Fully
Connected CRF for Accurate Brain Lesion
Segmentation," Medical Image Analysis, vol.

36, pp. 61-78, Feb. 2017.

Page 1369 of 1370



International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 07, July 2026

[14] G. Litjens, T. Kooi, B. E. Bejnordi, A. A.
A. Setio, F. Ciompi, M. Ghafoorian, J. A. W.
M. van der Laak, B. van Ginneken, and C. I.
Sanchez, "A Survey on Deep Learning in
Medical Image Analysis," Medical Image
Analysis, vol. 42, pp. 60—88, Dec. 2017.

[15] D. L. Pham, C. Xu, and J. L. Prince,
"Current Methods in Medical Image
Segmentation,"  Annual  Review  of

Biomedical Engineering, vol. 2, no. 1, pp.

315-337, 2000.

ISSN:2250-3676 www.ijesat.com Page 1370 of 1370



