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Abstract

Brain tumor detection and diagnosis using Magnetic Resonance
Imaging (MRI) has become an essential area of research in medical
image analysis due to the critical need for early and accurate
identification. MRI provides detailed visualization of brain tissues,
enabling the detection of abnormal growths that may indicate
tumors. However, manual interpretation of MRI scans is often time-
consuming and subject to variability among radiologists.

To address these challenges, this study proposes an automated
approach that integrates image preprocessing, segmentation, feature
extraction, and classification techniques to improve diagnostic
efficiency and accuracy.The proposed system leverages machine
learning and deep learning models, particularly Convolutional
Neural Networks (CNNs), to automatically learn discriminative
features from MRI images and classify them into tumor and non-
tumor categories or further into specific tumor types. Advanced
preprocessing methods enhance image quality, while segmentation
techniques isolate tumor regions for precise analysis.

Index Keywords: Brain Tumor Detection, MRI Imaging, Deep
Learning,  Convolutional ~ Neural —Network (CNN), Image
Segmentation, Medical Image Processing, Feature Extraction,
Tumor Classification, Artificial Intelligence in Healthcare

[. INTRODUCTION

Brain tumors are among the most critical and life-threatening
neurological disorders, characterized by the abnormal growth of cells
within the brain. These tumors can be either benign (non-cancerous)
or malignant (cancerous), and their impact depends on factors such as
size, location, [6] and growth rate. Early detection is essential for
effective treatment planning and improving patient survival rates.
However, identifying brain tumors at an early stage remains a
significant challenge due to the complexity of brain structures and the
subtle differences between healthy and abnormal tissues.

Magnetic Resonance Imaging (MRI) has emerged as one of the most
reliable and widely used imaging techniques for brain tumor
diagnosis. Unlike other imaging modalities, MRI provides high-

resolution images with excellent soft tissue contrast, enabling
detailed visualization of brain anatomy. Radiologists rely on MRI
scans to detect [7] abnormalities, assess tumor progression, and guide
treatment decisions. Despite its effectiveness, manual analysis of
MRI images is time-consuming, requires expert knowledge, and is
prone to subjective interpretation, which can lead to inconsistencies
in diagnosis.

The integration of image processing techniques with artificial
intelligence has led to the development of robust systems for brain
tumor detection. Preprocessing methods such as noise reduction,
normalization, and skull stripping improve the quality of MRI
images, while segmentation techniques help in isolating tumor
regions from surrounding tissues. Accurate segmentation [1] is
crucial for identifying tumor boundaries and extracting meaningful
features that contribute to precise classification. These advancements
have significantly improved the reliability and efficiency of
automated diagnostic systems.

This study focuses on developing an intelligent framework for
detecting and diagnosing brain tumors using MRI images. By
combining advanced preprocessing, segmentation, and deep learning-
based classification [4] methods, the proposed system aims to
achieve high accuracy and consistency in tumor detection. The
ultimate goal is to support medical professionals in making informed
decisions, reduce diagnostic time.

II. METHODOLOGY

The methodology adopted for brain tumor detection using MRI
images follows a systematic and modular framework that ensures
accurate analysis and reliable outcomes. Initially, MRI datasets are
collected from publicly available medical repositories or clinical
sources. These datasets typically [5] include multiple categories such
as normal brain images and tumor-affected images. Proper annotation
and labeling of the data are essential to train supervised learning
models effectively. The dataset is then divided into training,
validation, and testing sets to evaluate the performance of the
proposed system in a balanced and unbiased manner.

© 2026, ISJEM (All Rights Reserved) | www.isjem.com

| Page 1



P e

LSS

{ L‘.’ Conference Proceedings: Volume: 05 ACME - 2026

U

- ISJ?EM ‘\j International Scientific Journal of Engineering and Management (ISJEM)

ISSN: 2583-6129
DOI: 10.55041/ISJEM.ACME099

‘;% An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

Figure 1: Enhanced Brain Tumor Detection

The next phase involves image preprocessing, which plays a crucial
role in enhancing the quality of MRI scans. Raw MRI images may
contain noise, intensity variations, and irrelevant background
information that can affect model performance. To address these
issues, preprocessing techniques such as Gaussian filtering for [7]
noise removal, intensity normalization for standardization, and skull
stripping to eliminate non-brain tissues are applied. These steps
ensure that the input data is clean, consistent, and suitable for further
analysis, thereby improving the efficiency of the detection system.

After preprocessing, segmentation is carried out to identify and
isolate the tumor region within the brain. This step is critical as it
focuses the analysis on the region of interest. Advanced segmentation
approaches, especially deep learning models like U-Net, are widely
used due to their ability to capture fine-grained spatial details and
produce  precise [2] [11] tumor  boundaries.

Figure 2: Enhanced MRI Brain Tumor

In the final stage, classification is performed to determine whether a
tumor is present and, if so, to categorize its type.

Recent advancements in brain tumor detection using MRI images
have been significantly influenced by deep learning techniques. In
2020, Zeineldin et al. proposed the DeepSeg framework, which is
based on a modified U-Net architecture for automatic tumor
segmentation. The model utilized encoder—decoder structures with
CNN backbones such as ResNet and DenseNet to extract spatial
features.

In 2024, researchers introduced lightweight CNN architectures such
as GliomaCNN for efficient classification of brain tumors. This
model focused on distinguishing between low-grade and high-grade
gliomas using MRI images and incorporated explainable Al
techniques like SHAP and Grad-CAM. The system achieved an
accuracy of approximately 99.15%, highlighting the importance of
model interpretability and computational efficiency in clinical
applications .

Recent studies in 2025 have focused on improving classification
accuracy using optimized deep learning models. A study published in
Scientific Reports proposed a CNN model with multiple
convolutional layers that achieved an overall accuracy of 98.5%
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Figure 3: Flow Diagram

Furthermore, ensemble-based approaches integrating multiple CNN
models and explainable Al techniques have been developed to
improve classification robustness. These systems use methods like
Grad-CAM for visualization and [14] achieve accuracy levels above
90%, ensuring both performance and interpretability. Such
approaches demonstrate the growing trend toward reliable and
transparent Al systems in brain tumor diagnosis
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Figure 4: Handcrafted Deep-Feature-Based Brain Tumor Detection.

Between 2023 and 2024, researchers explored hybrid techniques
combining deep learning with traditional machine learning methods.
These approaches integrated feature extraction from CNNs with
classifiers such as Support Vector Machines (SVM) or [3] ensemble
models to enhance classification performance. Additionally,
systematic reviews during this period confirmed that deep learning-
based computer-aided diagnosis systems significantly reduce false
diagnosis rates and assist radiologists in clinical decision-making.
These studies also emphasized the importance of preprocessing
techniques and standardized datasets for improving model
generalization.

In 2025, advanced architectures such as hybrid CNN-transformer
models were introduced to capture both local and global features
from MRI images. These models addressed limitations of
conventional CNNs, such as sensitivity to texture variations and
inability to model long-range dependencies. The integration of
attention mechanisms and spatial learning strategies [2],[13] further
improved detection accuracy, with some models achieving accuracy
levels above 98%. Such developments highlight the trend toward
more sophisticated and high-performing architectures in medical
imaging applications.

Flow of the Application

The application begins with the user uploading MRI brain images
through a user-friendly interface, which serves as the input to the
system. Once the images are received, they undergo a preprocessing
stage where noise is removed, contrast is enhanced, and irrelevant
regions such as the skull are eliminated. This ensures that only the
essential brain tissues are retained for analysis. The processed images
are then passed to the segmentation module, where the tumor region
is identified and isolated using advanced techniques such as deep
learning-based models. This step helps in focusing the analysis
specifically on abnormal regions within the brain.

Dataset Collection

The dataset used for brain tumor detection is collected from reliable
and publicly available medical imaging repositories to ensure quality
and consistency. Commonly used sources include benchmark

datasets such as the Brain Tumor Segmentation (BraTS) dataset and
other curated MRI image collections from research platforms.
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Figure 5: Number of Brain Tumor Cases

These datasets contain a large number of annotated MRI scans,
including both normal brain images and images with different types
of tumors such as glioma, meningioma, and pituitary tumors. Proper
labeling and [12] annotation of the data are essential, as they provide
the ground truth required for training supervised learning models.

Algorithm:

The proposed algorithm for brain tumor detection from MRI images
follows a structured sequence of steps that combines image
processing and deep learning techniques. Initially, the input MRI
image is acquired and passed through a preprocessing stage where
noise reduction, normalization, and skull stripping are performed to
enhance image quality and remove irrelevant regions. The processed
image is then fed into a segmentation module, typically implemented
using a deep learning architecture such as U-Net, which accurately
identifies and isolates the tumor region. This segmented output
focuses the analysis on the area of interest, reducing computational
complexity and improving detection precision.

V. DISCUSSION

The results obtained from the proposed brain tumor detection system
demonstrate the effectiveness of combining image processing
techniques with deep learning models. The preprocessing steps
significantly improve the quality of MRI images by reducing noise
and enhancing contrast, which in turn helps the [9] model focus on
relevant features. Accurate segmentation of tumor regions plays a
crucial role in isolating abnormal tissues, allowing the classification
model to make more precise predictions. The integration of these
stages ensures a smooth workflow and contributes to improved
overall system performance.

Training and validation accuracy

= Training acc

—— Validation atc

25 50 7S 100 125 150 175 200
Figure 6: Enhanced brain tumor classification

Despite the promising performance, certain challenges still exist in
the proposed approach. One of the major limitations is the
dependency on large, well-annotated datasets, which are often
difficult to obtain in the medical domain.

Objectives

The primary objective of this study is to develop an automated
system for detecting and diagnosing brain tumors from MRI images
with high accuracy and reliability. The system aims to minimize the
dependency on manual analysis by radiologists, thereby reducing
human error and improving diagnostic efficiency. By integrating [10]
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advanced image preprocessing, segmentation, and classification
techniques, the proposed model seeks to identify tumor regions
effectively and differentiate between normal and abnormal brain
tissues. This contributes to early detection, which is crucial for
successful treatment and better patient outcomes.

Limitations

Despite the effectiveness of the proposed brain tumor detection
system, several limitations need to be considered. One major
constraint is the dependency on large and well-annotated MRI
datasets for training deep learning models. In the medical field,
obtaining such datasets is challenging due to privacy concerns, high
annotation costs, and limited availability of expert-labeled data. As a
result, the model’s performance may be affected when applied to
unseen or diverse real-world data. Additionally, variations in MRI
image quality, scanning protocols, and equipment can introduce
inconsistencies that impact the accuracy of detection and
classification..

Innovation

The proposed system introduces an innovative approach to brain
tumor detection by integrating advanced image preprocessing,
precise segmentation, and deep learning-based classification into a
unified framework. Unlike traditional methods that rely heavily on
manual feature extraction, this system utilizes Convolutional Neural
Networks (CNNs) to automatically learn complex patterns directly
from [2] MRI images. The incorporation of segmentation techniques,
such as U-Net, ensures accurate localization of tumor regions, which
enhances the overall detection performance. This end-to-end
automation not only reduces human effort but also increases the
consistency and reliability of the diagnostic process.

Contribution

This work contributes to the field of medical image analysis by
presenting a comprehensive and automated framework for brain
tumor detection and diagnosis using MRI images. The proposed
system integrates multiple stages, including preprocessing,
segmentation, and classification, into a cohesive pipeline that
enhances diagnostic accuracy and efficiency. By leveraging deep
learning techniques such as Convolutional Neural Networks (CNNs),
the [3] study demonstrates how automated feature extraction can
outperform traditional methods, reducing the need for manual
intervention and minimizing human error. This contribution is
significant in improving the speed and reliability of tumor
identification in clinical settings.

Relevance

The relevance of this study lies in its potential to address critical
challenges in the early detection and diagnosis of brain tumors,
which are among the most serious neurological conditions. Accurate
and timely identification of tumors is essential for effective treatment
planning and improving patient survival rates. By utilizing MRI
images along with advanced machine learning and deep learning
techniques, the proposed system offers a reliable and efficient
solution that can assist radiologists in analyzing complex medical
data. This is particularly important in modern healthcare, where the
volume of diagnostic imaging is continuously increasing and
demands faster, more precise interpretation.

VI. RESULTS

The proposed brain tumor detection system was evaluated using a
well-structured dataset of MRI images, consisting of both normal and
tumor-affected cases. The dataset was divided into training,
validation, and testing sets to ensure unbiased performance
evaluation. After training the Convolutional Neural Network (CNN)
model, the system demonstrated a high level of accuracy in
identifying tumor regions and distinguishing between different tumor
types. The preprocessing and segmentation [2] stages contributed
significantly to improving the clarity of input data, which enhanced
the overall performance of the classification model.
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Figure 7: MRI-Based Brain Tumor Detection

Overall, the results indicate that the proposed system is efficient,
accurate, and suitable for real-world implementation. These results
highlight the potential of the system as a supportive tool in clinical
decision-making and advanced healthcare applications.

VII. CONCLUSION

This study presents an effective approach for detecting and
diagnosing brain tumors using MRI images through the integration of
image processing and deep learning techniques. The proposed system
combines preprocessing, segmentation, and classification into a
unified framework, enabling accurate identification of tumor regions.
By utilizing Convolutional Neural Networks (CNNs), the system is
capable of automatically extracting relevant features and delivering
reliable predictions, reducing the need for manual analysis and
minimizing the chances of human error.

VIII. FUTURE WORK

Future work for this study can focus on enhancing the performance
and robustness of the brain tumor detection system by incorporating
larger and more diverse MRI datasets. Expanding the dataset with
images from different sources, imaging protocols, and patient
demographics will help improve the model’s generalization
capability. Additionally, integrating advanced data augmentation
techniques and domain adaptation methods can further reduce
overfitting and enable the system to perform effectively across
various real-world clinical environments.
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