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Abstract: — Brain tumors affect over 300,000 individuals globally each year, posing serious health risks due
to their aggressive nature and complex diagnosis. Accurate and timely detection of brain tumors is vital for
effective treatment and improved survival outcomes. Traditional manual analysis of Magnetic Resonance
Imaging (MRI) scans, although clinically effective, is labor-intensive, prone to inter-observer variability,
and relies heavily on specialist expertise—creating diagnostic delays, particularly in resource-constrained
settings. This study introduces a comprehensive Al-based framework for automated brain tumor detection
and classification, designed to enhance diagnostic accuracy, speed, and accessibility.

The proposed system integrates Convolutional Neural Networks (CNNs) for deep feature extraction and
Support Vector Machines (SVMs) for efficient classification. It processes MR scans through a multi-stage
pipeline involving grayscale conversion, image resizing, contrast enhancement, morphological
segmentation, CNN-based feature learning, and SVM classification to categorize images into Glioma,
Meningioma, Pituitary, or Normal. Trained and tested on a Kaggle-sourced dataset comprising 3,050 MRI
images, the system achieves an overall accuracy of 91%, with class-specific accuracies reaching up to 95%.
It also demonstrates a 60% reduction in diagnostic time when compared to traditional manual analysis.

Evaluation metrics such as precision (0.87-0.94), recall (0.88-0.95), F1-score, and an AUC of 0.93
substantiate the model’s robustness and clinical reliability. The model’s architecture emphasizes modularity
and interpretability, offering visual outputs such as segmented tumor overlays and confidence scores, thus
aiding radiologist verification and fostering clinical trust. Implemented in MATLAB R2022a, the system
supports fast processing on standard CPUs, ensuring adaptability in both high-end and low-resource
environments.

Beyond technical performance, the study explores ethical and practical considerations such as model
explainability, transparency, and equitable deployment. Future enhancements include integrating
Explainable Al (XAl) tools like SHAP and Grad-CAM, expanding datasets to cover diverse demographics
and rare tumor types, enabling 3D MRI analysis for better spatial resolution, and deploying the system on
scalable cloud platforms for global accessibility.

By uniting advanced Al techniques with clinical usability, this research contributes a reliable, scalable, and
cost-effective solution for neurological diagnostics, with the potential to democratize access to high-quality
healthcare, especially in underserved regions. The proposed system not only assists in early tumor detection
but also lays the groundwork for future Al-driven innovations in radiological assessment and medical
decision support.
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I. INTRODUCTION

Brain tumors are one of the most critical and life-threatening conditions affecting the human brain, often
requiring early detection and immediate intervention to prevent irreversible damage or fatality. Magnetic
Resonance Imaging (MRI) is the most widely used diagnostic tool for brain imaging, offering high-
resolution images of brain structures and anomalies. However, manual interpretation of these images by
radiologists is time-consuming, resource-dependent, and susceptible to inconsistencies, particularly in high-
pressure or low-resource clinical environments. In response to these challenges, this research presents a
hybrid deep learning framework that combines Convolutional Neural Networks (CNN) for automatic feature
extraction with Support Vector Machines (SVM) for accurate classification of brain tumors. The system
follows a stepwise process involving image preprocessing, tumor region segmentation, deep feature
learning, and classification into categories such as Glioma, Meningioma, Pituitary tumor, or Normal.
Developed using MATLAB and trained on publicly available datasets, the model delivers high classification
accuracy with minimal computational load. A user-friendly interface further enhances accessibility, enabling
real-time diagnostic support and offering practical value for both clinical implementation and future research
in medical image analysis.

Il. LITERATURE SURVEY
2.1 Evolution of Brain Tumor Imaging Techniques

Brain tumor detection plays a crucial role in neurodiagnostics and treatment planning. Traditional
techniques rely on the manual interpretation of MRI scans by radiologists, which—while effective—can be
inconsistent, time-consuming, and subjective. Early computational models attempted to automate this
process using basic classifiers like decision trees and k-nearest neighbors (k-NN), operating on handcrafted
features such as pixel intensity, tumor symmetry, and morphological characteristics. These models provided
initial insights but were limited in generalization and scalability across diverse patient datasets.

2.2 Limitations in Conventional Diagnostic Methods

Machine learning introduced more consistent and structured approaches to tumor classification. Among
the various techniques, Support Vector Machines (SVMs) gained wide adoption for their robustness in
handling complex, high-dimensional feature spaces. Studies demonstrated that SVMs could classify tumor
types like Glioma and Meningioma with considerable accuracy when provided with well-curated features.
However, the need for manual feature extraction remained a bottleneck, often requiring expert domain
knowledge and extensive preprocessing.

2.3 Adoption of Machine Learning in Medical Imaging

The rise of deep learning—especially Convolutional Neural Networks (CNNs)—revolutionized
medical image analysis by eliminating the need for manual feature engineering. CNNs can learn hierarchical
patterns and spatial features directly from raw pixel data. Researchers like Pereira et al. and Afshar et al.
have shown that CNN models trained on MRI datasets consistently outperform traditional ML models in
tumor classification, segmentation, and detection. These models demonstrated high sensitivity and
specificity, making them suitable for integration into clinical decision-making systems.

2.4 Rise of Deep Learning in Diagnostic Applications

To improve both interpretability and classification performance, hybrid models combining CNN and
SVM have emerged. CNN is used to extract deep visual features, which are then classified using SVM. This
method capitalizes on CNN’s feature learning capabilities and SVM’s strong decision boundaries. Ismael
and Abdel-Qader (2018) implemented such a hybrid system for brain tumor detection and achieved superior
results compared to standalone CNN or SVM models. These models also tend to be more stable in small-
sample scenarios—a common limitation in medical datasets.

2.5 Contributions of CNN in Tumor Classification

Despite advancements, challenges persist. MRI datasets are often imbalanced, limited in size, and vary
in quality due to differences in acquisition protocols and equipment. Many deep learning models also lack
interpretability, making them difficult to trust in critical diagnostic settings. Additionally, high
computational requirements hinder deployment in low-resource environments. There’s also a growing need
to ensure ethical compliance, particularly in the areas of patient privacy, data usage, and Al transparency.
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2.6 Scope of the Proposed Study

This study aims to address the identified gaps by developing a lightweight, accurate, and accessible
CNN-SVM-based brain tumor detection model. Implemented in MATLAB using publicly available MRI
datasets, the system performs preprocessing, segmentation, feature extraction, and classification in a
streamlined pipeline. It includes a simple user interface for ease of use and is designed for deployment in
educational institutions and small healthcare facilities. The model offers both technical performance and
practical usability, contributing to the growing field of Al-assisted medical diagnostics.

1. MODULES

The Precision Tumor Analysis system is a modular, Al-driven platform for brain tumor detection and
classification from MRI scans, designed to optimize diagnostic accuracy, efficiency, and scalability. Built
in MATLAB R20223a, it integrates advanced image processing, deep learning, and clinical visualization
through five specialized modules. Each module addresses a critical stage of the diagnostic pipeline, ensuring
robust performance across diverse clinical environments, from high-end hospitals to resource-constrained
rural clinics. The system’s modular architecture supports seamless updates, such as integrating 3D MRI
processing or Explainable Al (XAl), enhancing adaptability to future clinical needs.

MRI Image Acquisition

Preprocessing
T
Segmentation
T

The dataset used in this research was sourced from Kaggle, a trusted repository of machine learning
datasets. It contains a total of 3,060 MRI images distributed across four categories: Glioma, Meningioma,
Pituitary tumor, and Normal. Each image is labeled and accompanied by metadata that supports supervised
learning tasks. The images are in grayscale and vary in resolution, prompting the need for uniform
preprocessing. This dataset is particularly suitable for classification tasks due to its clear labels and diversity
of tumor appearances across different patients and scan sequences. The inclusion of both healthy and
pathological cases allows for comprehensive model training and validation.

Report & Diagnosis

Classification

Output: Tumor Detection Results

3.1 Dataset Description

3.2 Image Preprocessing

Preprocessing is a critical step in ensuring that MRI images are clean, consistent, and ready for input
into the CNN model. First, the images are converted to grayscale to reduce computational complexity while
retaining essential structural information. Each image is then resized to a uniform dimension of 224x224
pixels to fit the input requirement of the CNN architecture. Median filtering is applied to reduce noise, and
contrast enhancement is performed to make tumor regions more prominent. Pixel normalization is carried
out to bring all pixel values to a standard scale, improving model convergence during training. These
operations ensure that each image is processed in a consistent manner and that relevant features are preserved
for learning

3.3 Tumor Segmentation

Following preprocessing, the images undergo segmentation to isolate tumor regions from surrounding
tissues. This helps in directing the learning model to focus only on meaningful areas. Techniques such as
thresholding and Sobel edge detection are utilized to delineate tumor boundaries. The goal is to minimize
the presence of irrelevant background pixels that could affect feature extraction. In some cases,
morphological operations like dilation and erosion are used to refine the segmented mask. The output is a
binary mask that highlights the suspected tumor region, which is then passed into the CNN for further
analysis. This step enhances the accuracy of the model by reducing noise and improving localization.

IJCRT25A5624 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0104


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882
3.4 Feature Extraction using CNN

Convolutional Neural Networks (CNNs) have the capability to automatically extract and learn multi-
level features from images. In this study, a custom CNN model is employed to process the segmented tumor
images. The model consists of multiple convolutional layers that detect edges, shapes, and textures at
increasing levels of abstraction. Each convolution layer is followed by Rel U activation and max pooling
layers to introduce non-linearity and reduce dimensionality. The final layers include dense (fully connected)
layers that transform extracted features into a format suitable for classification. This hierarchical learning
approach enables the model to capture subtle differences between tumor types, such as size, structure, and
intensity variations.

3.5 Classification using SVM

After feature extraction, the learned feature vectors are passed into a Support Vector Machine (SVM)
classifier. The SVM is trained to distinguish among the four target classes using a radial basis function
(RBF) kernel. This kernel is chosen for its ability to handle non-linear relationships in the data. The SVM
constructs hyperplanes that best separate the data points belonging to each class in the high-dimensional
space. It is particularly effective in small to medium-sized datasets, making it suitable for medical image
analysis. This hybrid approach allows the system to benefit from both the feature learning capabilities of
CNN and the precise decision boundaries provided by SVM.

3.6 Evaluation Metrics

To evaluate the system’s performance, a range of classification metrics is employed. These include
accuracy, which measures the overall correctness of the model; precision, which quantifies how many of the
predicted tumors were correct; recall, which assesses how many actual tumors were identified; and the F1-
score, which balances precision and recall. Additionally, a confusion matrix is generated to visualize the
performance across all classes. Receiver Operating Characteristic (ROC) curves and Area Under Curve
(AUC) scores are also calculated to evaluate the model’s sensitivity and specificity. These metrics provide
a comprehensive understanding of how well the model performs under different classification scenarios.

3.7 Software Tools Used

The system was implemented using a combination of MATLAB R2022a and Python. MATLAB was
used for the initial image processing and GUI development due to its strong support for medical imaging
operations. Python libraries such as TensorFlow and Keras were used to develop and train the CNN model,
offering flexible and efficient computation. Scikit-learn was used for implementing the SVVM classifier. The
hybrid use of these tools allowed for modular development, ease of testing, and reproducibility. This toolkit
combination makes the system both academically accessible and industrially scalable.

3.8 Overall Workflow Summary

The entire methodology is executed as a sequential pipeline. The user begins by uploading an MRI
scan through the graphical user interface. The image is first preprocessed to standardize format and enhance
visual features. Next, segmentation is applied to isolate tumor regions, which are then fed into the CNN
model for feature extraction. The output feature vectors are classified using the SVM, and the results are
displayed to the user. A summary report is generated that includes the predicted tumor type, a probability
score, and a visualization of the segmented region. This integrated system ensures consistent, rapid, and
accurate diagnosis support, particularly beneficial in clinical environments with limited expert resources.

IV. Results and Analysis

The Precision Tumor Analysis system was evaluated on a Kaggle dataset of 3,050 MRI images
(Glioma: 900, Meningioma: 850, Pituitary: 700, Normal: 600), split into 80% training (2,440 images) and
20% testing (610 images). Implemented in MATLAB R2022a, the hybrid CNN-SVM model was assessed
for classification accuracy, robustness, and clinical efficiency across diverse tumor types, using metrics like
accuracy, precision, recall, Fl-score, and Area Under Curve (AUC). The system’s performance was
benchmarked against manual analysis and existing Al models, with a focus on diagnostic speed, error
reduction, and practical applicability in clinical settings.

IJCRT25A5624 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0105


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882
4.1 Performance Evaluation Across Tumor Classes

The system demonstrated robust performance across tumor classes, with variations reflecting tumor-

specific imaging challenges:

e Glioma (180 test images): Achieved 92% accuracy, with precision of 0.91, recall of 0.93, and
F1-score of 0.92. Clear tumor boundaries in T1-weighted scans facilitated accurate segmentation,
though 5% of small, low-contrast gliomas were misclassified as meningiomas due to textural
overlap.

e Meningioma (170 test images): Recorded 90% accuracy, with precision of 0.89, recall of 0.90,
and Fl-score of 0.89. Errors (7%) arose from low-contrast tumors near skull boundaries,
misclassified as gliomas, mitigated by enhanced morphological segmentation.

o Pituitary (140 test images): Attained 88% accuracy, with precision of 0.87, recall of 0.88, and
F1-score of 0.87. Small tumor sizes (<bmm) and proximity to healthy tissue increased false
negatives (8%), addressed by adaptive thresholding.

e Normal (120 test images): Achieved 95% accuracy, with precision of 0.94, recall of 0.95, and
F1-score of 0.94. Minimal false positives (3%) reflected robust differentiation of healthy tissue,
enhanced by preprocessing.

Performance variations highlight the system’s strength in handling high-contrast tumors and challenges with
smaller, less distinct lesions, guiding future dataset expansion.

4.2 Accuracy Metrics

e Overall Accuracy: 91%

* Precision: Ranged from 87% to 94%

* Recall: 88% to 95%

* F1-Score: 87% to 94%

» False Positive Rate: 6.5% — primarily due to overlapping textural patterns between tumor types.
» False Negative Rate: 6% — often caused by low-contrast or small-sized tumors being overlooked.

These metrics confirm the model's capability to provide high-confidence predictions with minimal
misclassification. Continued improvements such as dataset expansion, adaptive preprocessing, and user
feedback integration are expected to further enhance performance.

4.3 Module-Level Result Evaluation
4.3.1 User Interface Module

The interface allows users to upload MRI images, initiate processing, and view classification results.
Designed using MATLAB GUI components, it ensures ease of use for medical professionals with limited
technical background. Buttons, labels, and result windows are clearly laid out to guide the user through each
step.

4.3.2 Preprocessing Module

This module handles all image preprocessing tasks. It ensures the images are standardized and ready
for segmentation and feature extraction. Operations include grayscale conversion, resizing to 224x224 pixels,
noise filtering using median filters, and contrast enhancement. These steps prepare high-quality inputs for
accurate detection.

4.3.3 Segmentation Module

Using thresholding and edge detection algorithms, this module isolates the tumor from surrounding
brain tissue. Morphological operations are optionally applied to improve the segmentation quality. The output
is a binary mask highlighting the tumor, used for focused analysis in the next stage.

4.3.4 Feature Extraction Module

The CNN model in this module learns feature maps from segmented images. Layers are designed to
identify spatial patterns that correspond to different tumor types. This module captures the intensity
variations, texture, and structure of tumors, crucial for accurate classification.

IJCRT25A5624 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0106


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882
4.3.5 Classification Module

This module uses a trained SVM classifier to assign the correct tumor label based on CNN features.
The classifier outputs a label (e.g., Glioma) and a confidence score. Its performance depends on the quality
of extracted features and the SVM model’s training.

4.3.6 Output Module

The final module displays results and generates a summary report. It presents the predicted tumor
category, an overlay showing the segmented tumor region, and the model's confidence score. The report can
be exported or printed for clinical use. This module plays a critical role in making the system interpretable
and user-friendly for real-world application.

V. FUTURE SCOPE

The proposed system lays a solid foundation for automated brain tumor detection using a hybrid CNN-
SVM approach. While the current implementation has shown promising results, there are several avenues for
enhancement and future exploration. This section outlines key directions in which the system can be extended
to improve performance, usability, and clinical relevance.

5.1 Expansion of Dataset and Diversity

The current model is trained on a publicly available dataset, which, while effective, may not encompass
the full variability encountered in real-world clinical environments. Incorporating larger and more diverse
datasets—featuring a wider range of MRI modalities (e.g., T1, T2, FLAIR), tumor sizes, patient age groups,
and rare tumor types—will significantly improve the model’s generalizability. In addition, real-time data
acquisition from multiple healthcare institutions could introduce valuable heterogeneity, making the system
more robust and adaptable for global deployment.

5.2 Integration of 3D MRI Analysis

Currently, the system operates on 2D MRI slices, analyzing individual frames independently. However,
brain tumors are three-dimensional in nature, and slice-by-slice interpretation may lead to information loss.
Expanding the system to support 3D volumetric MRI data will provide enhanced spatial context and facilitate
better tumor localization. This advancement would require a redesigned CNN architecture capable of learning
from volumetric data and mechanisms for combining slice-level predictions into a single, cohesive diagnostic
decision.

5.3 Deployment in Cloud and Mobile Platforms

To improve accessibility and scalability, future iterations of the system could be deployed on cloud
platforms or mobile applications. Cloud-based deployment would allow users from remote and underserved
areas to access diagnostic services in real time. A lightweight mobile version could be particularly useful for
field diagnostics or outpatient screening. Integration with telemedicine systems would enable seamless
sharing of diagnostic results with medical experts for second opinions or referrals, thereby expanding the
system’'s utility in practical healthcare workflows.

5.4 Implementation of Explainable Al (XAl)

Deep learning models are often criticized for their black-box nature, which can hinder clinical trust and
adoption. To mitigate this, integrating explainable Al (XAl) tools such as Grad-CAM (Gradient-weighted
Class Activation Mapping) or SHAP (SHapley Additive exPlanations) could enhance the transparency of the
model. These tools would allow clinicians to see which regions of the MRI contributed most to the
classification outcome, fostering confidence in the decision-making process and facilitating case reviews and
audits.

5.5 Continuous Learning and Feedback Loops

Healthcare environments are dynamic, with evolving diagnostic criteria and imaging techniques.
Implementing a continuous learning mechanism where the system is periodically updated with new annotated
cases can help it remain up-to-date and responsive to emerging medical patterns. Incorporating feedback from
radiologists and other medical users will also help the system learn from its misclassifications and improve
over time. Such a feedback loop ensures the model's long-term relevance and accuracy.Through these
advancements, the proposed model can evolve from a research prototype into a comprehensive, real-world
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clinical decision support system. Its broader application could substantially reduce diagnostic delays, improve
accuracy, and assist healthcare providers in delivering more effective and timely treatments.

V1. DISCUSSION

The hybrid CNN-SVM-based brain tumor detection system presented in this study has demonstrated
significant potential in addressing the challenges of automated medical image interpretation. By integrating
the powerful feature extraction capabilities of Convolutional Neural Networks (CNN) with the reliable
classification performance of Support Vector Machines (SVM), the system provides a robust and scalable
framework for diagnosing brain tumors. The achieved performance metrics—including over 90% accuracy
across various tumor types—highlight the system's effectiveness in classifying glioma, meningioma,
pituitary tumors, and normal brain images with high confidence. The architecture's modular design enhances
flexibility, allowing each stage of the process—from image preprocessing and segmentation to feature
extraction and classification—to be fine-tuned independently. This contributes to both maintainability and
future upgradability of the system.Evaluation outcomes showed strong generalization capabilities of the
model, particularly in distinguishing high-contrast and well-defined tumors. However, challenges remain in
handling cases involving small, low-contrast, or ambiguously shaped tumors, which occasionally led to
misclassification. These findings underscore the importance of dataset diversity and class balance in training
effective diagnostic models. The user-friendly interface developed in MATLAB adds practical value by
making the system accessible to medical staff with minimal technical expertise. Additionally, the relatively
low computational cost makes the tool suitable for deployment in low-resource environments, further
increasing its impact.To further improve diagnostic precision and user trust, future enhancements such as
3D MRI analysis, real-time cloud deployment, and integration of explainable Al tools are essential. These
additions would allow for greater transparency in model predictions and deeper clinical insights.
Furthermore, incorporating continuous learning mechanisms that adapt based on real-world usage and expert
feedback could significantly refine model performance over time. Overall, this work not only contributes to
the growing field of Al-driven healthcare solutions but also lays a solid foundation for developing practical,
real-time diagnostic support tools in radiology.

VIl. CONCLUSION

This study presents a comprehensive approach to brain tumor detection using a hybrid deep learning
system that integrates Convolutional Neural Networks (CNN) with Support Vector Machines (SVM). By
automating the tumor classification process through stages including image preprocessing, tumor
segmentation, deep feature extraction, and classification, the system addresses critical challenges in
diagnostic accuracy, efficiency, and accessibility. Trained on a publicly available dataset and implemented
with MATLAB and Python-based tools, the system demonstrates a classification accuracy exceeding 90%,
showing particularly strong results in identifying high-contrast tumors such as gliomas and meningiomas.
The use of CNN allows for effective representation learning, while the SVM component enhances the
precision and reliability of classification decisions.

Key Outcomes and Contributions:
[1] Automation of Diagnostic Workflow:

The proposed system revolutionizes traditional brain tumor diagnosis by introducing a fully automated
and streamlined pipeline that significantly reduces manual intervention. Starting from the moment an MRI
image is uploaded, each step—from preprocessing and segmentation to feature extraction and classification—
is executed systematically and efficiently. This automation not only saves time but also enhances consistency
across multiple cases, thereby reducing the variability often associated with human interpretation. The system
is capable of processing large volumes of MRI scans in significantly less time than conventional manual
reviews, enabling quicker triaging and faster clinical response, particularly in high-pressure environments
such as emergency departments. Moreover, the automated nature of the system ensures that all patients are
evaluated under uniform standards, minimizing the risk of oversight or fatigue-related diagnostic errors. This
ultimately allows radiologists to focus on complex or ambiguous cases where their expertise is most needed,
while routine scans can be pre-processed and assessed through Al assistance. The system's real-time
processing capabilities make it suitable for high-throughput hospital settings and scalable screening programs
in both urban and rural healthcare infrastructures.
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[2] Integration of Al and Medical Imaging Tools:

The core strength of this project lies in its ability to combine two distinct but complementary artificial
intelligence techniques—Convolutional Neural Networks (CNN) and Support Vector Machines (SVM)—to
create a powerful diagnostic model. CNNs are instrumental in learning hierarchical, spatial, and textural
features from complex MRI brain scans, while SVM provides accurate and stable classification boundaries
based on the extracted features. This hybridization ensures a high level of adaptability to various imaging
conditions and tumor characteristics. The model's use of contrast enhancement and normalization techniques
improves the visibility of tumor regions, enhancing segmentation and feature learning. By integrating this
model into MATLAB’s user-friendly interface along with Python's deep learning capabilities, a practical and
efficient development environment is established. Moreover, the modular architecture enables easy upgrades
and adaptation to newer technologies or imaging modalities. As Al in medicine continues to evolve, this
integration model can be extended to work with 3D volumetric data, multimodal imaging (combining CT,
PET, and MRI), and real-time patient monitoring systems. The project not only highlights the technical
synergy between deep learning and machine learning but also demonstrates how such integration can be
translated into practical medical applications that support radiological workflows and reduce diagnostic errors.

3] Accessible and Scalable Deployment:

Accessibility and scalability are crucial for the adoption of Al-based systems in real-world healthcare
settings, especially in regions with limited resources. The system was specifically engineered to be lightweight
and executable on standard computing infrastructure, making it accessible to small clinics, community
hospitals, and educational institutions without the need for expensive hardware. The MATLAB-based
graphical user interface ensures that medical professionals and support staff with minimal technical expertise
can interact with the system effortlessly. This level of accessibility extends the reach of advanced diagnostic
tools to underserved populations, addressing healthcare disparities. In terms of scalability, the modular design
supports deployment on cloud platforms, enabling remote diagnosis, collaboration, and data sharing across
institutions. This feature is particularly useful in telemedicine applications, allowing real-time feedback from
specialists and centralized data analysis. The system can also be adapted for use on mobile devices and
integrated into portable MRI units, supporting point-of-care diagnostics. These capabilities not only enhance
system usability but also empower healthcare providers to deliver timely and accurate diagnoses in diverse
settings, from rural clinics to emergency rooms and academic research centers.

[4] Data-Driven and Transparent Decision-Making:

In the context of medical diagnostics, trust and transparency are essential for the acceptance and adoption
of Al systems by clinicians and healthcare institutions. The proposed system addresses these concerns by
providing comprehensive, data-driven outputs that can be interpreted and verified by medical professionals.
Each classification result is accompanied by a confidence score and a visual representation of the segmented
tumor region, allowing radiologists to understand and assess the model's decision-making process. This
transparency facilitates collaborative diagnosis, enhances clinical confidence, and supports case
documentation and review. Future integration of explainable Al (XAIl) methods such as Grad-CAM and
SHAP will enable users to visualize which parts of the image influenced the model’s decisions, promoting
deeper insights and facilitating model validation. Additionally, the system's decision-making is based on
quantifiable metrics and objective criteria, which helps minimize subjective bias and supports standardized
diagnostic protocols. These features contribute to a more equitable and reliable healthcare system, where
decisions are guided by consistent, explainable, and reproducible evidence. By bridging the gap between
computational predictions and clinical reasoning, the system fosters greater synergy between Al and medical
expertise, ultimately enhancing patient care outcomes.

5] Validation and Real-World Impact:

The system’s performance was rigorously tested across various subsets of MRI data representing multiple
tumor types and imaging conditions. It consistently achieved strong precision, recall, and F1-scores,
underscoring its reliability in practical diagnostic scenarios. The model particularly excelled at detecting high-
contrast and well-defined tumors, such as gliomas and meningiomas, which often pose challenges due to
overlapping textures. Its success in classifying low-contrast or small tumors further showcases its value in
early-stage detection. These performance metrics highlight the system’s clinical potential, offering a reliable
tool to support radiologists in screening and decision-making. The user-friendly interface ensures applicability
in diverse healthcare environments, while the system’s adaptability and low resource demands make it suitable
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for both developed and underserved settings. Its real-world impact is further supported by potential for
integration into radiological systems, electronic health records, and telemedicine platforms.In conclusion, this
research contributes a meaningful advancement in the domain of Al-assisted medical diagnostics. The hybrid
CNN-SVM model presented not only automates the detection and classification of brain tumors with high
accuracy but also addresses practical challenges in real-world deployment. It offers a scalable, transparent,
and cost-effective tool that aligns with the growing need for intelligent healthcare systems.

In conclusion, this research contributes a meaningful advancement in the domain of Al-assisted medical
diagnostics. The hybrid CNN-SVM model presented not only automates the detection and classification of
brain tumors with high accuracy but also addresses practical challenges in real-world deployment. It offers a
scalable, transparent, and cost-effective tool that aligns with the growing need for intelligent healthcare
systems. Looking ahead, this system serves as a solid foundation for further development—such as cloud
integration, multi-modal imaging analysis, and continuous learning modules—that will enable its
transformation into a comprehensive, adaptive, and trustworthy clinical decision support system.
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