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Abstract  The human brain is one of the most complex organs in the body, comprising billions of cells. A brain 

tumor arises when there is uncontrolled cell division, resulting in an abnormal mass of tissue either inside or 

around the brain. This group of abnormal cells can interfere with the normal functioning of the brain and damage 

healthy tissue. Brain tumors are generally classified into two categories: Benign (non-cancerous) and Malignant 

(cancerous). Detecting and classifying brain tumors is one of the most challenging and time-consuming tasks in 

the field of medical image analysis. With the rapid advancement of technology, computer vision is playing an 

increasingly vital role in healthcare, especially in medical diagnostics. Among various imaging techniques such as 

CT scans, X-rays, and MRIs, Magnetic Resonance Imaging (MRI) is considered the most reliable and safe for brain 

imaging. Traditionally, doctors manually examine MRI scans to locate and measure brain tumors, which is often 

time-intensive and prone to human error. In this project, we propose a deep learning-based approach using 

Convolutional Neural Networks (CNNs) to accurately detect and classify brain tumors. We trained, tested, and 

validated our CNN model on a brain tumor MRI dataset. The architecture includes multiple convolutional layers 

to facilitate effective feature extraction and improve prediction accuracy. CNNs are among the most powerful 

tools in deep learning and are widely used in research and practical applications. 

 
Keywords Brain Tumor, MRI (Magnetic Resonance Imaging), Deep Learning, Convolutional Neural 

Networks (CNN) ,Medical Image Analysis, Tumor Detection, Tumor Classification, Computer Vision, Benign and 
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I. INTRODUCTION 

 
Brain tumors represent a critical threat to human health due to their complex morphology and potentially fatal 

progression. Early and accurate detection of brain tumors is crucial for effective treatment planning and 

improved patient outcomes. Traditional diagnostic methods, such as manual segmentation of magnetic 

resonance imaging (MRI) scans, are labor-intensive, time-consuming, and prone to inter-observer variability. In 

recent years, deep learning techniques have demonstrated significant promise in automating and enhancing the 

accuracy of medical image analysis, offering a robust alternative to conventional approaches. Convolutional 

Neural Networks (CNNs), particularly architectures utilizing two-dimensional convolutional layers (Conv2D), 

have become foundational in the processing and classification of medical imaging data. These layers are adept at 

extracting spatial hierarchies of features, making them especially suitable for analyzing the intricate patterns 

present in brain MRI scans. Among the most prominent architectures employed for medical image segmentation 

is U-Net, a fully convolutional network renowned for its ability to achieve precise pixel-wise segmentation even 

with limited training data. U-Net's encoder-decoder structure with skip connections allows for the effective 

capture of both global context and fine-grained details, which is vital for accurately delineating tumor boundaries. 

This study focuses on the application of deep learning, with an emphasis on U-Net and Conv2D layers, for the 

automated detection and segmentation of brain tumors in MRI images. By leveraging the strengths of these 

architectures, we aim to contribute to the development of reliable, efficient, and scalable diagnostic tools that can 

assist clinicians in making informed decisions and ultimately improve patient care. 

 
II. LITERATURE STUDY 
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[1] Akkus, Z., et al. (2017). "Deep learning for brain MRI segmentation: state of the art and future directions." 

Journal of Digital Imaging. Akkus et al. provide a comprehensive review of deep learning models for brain MRI 

segmentation. The paper highlights advances in CNNs and autoencoders for precise lesion detection. It discusses 

challenges like data imbalance and variability in tumor appearance. Future directions emphasize integrating 

clinical information and improving model interpretability. It is valuable for understanding the evolution and 

limitations of deep learning in neuroimaging. 

 
[2] Pereira, S., et al. (2016). "Brain tumor segmentation using convolutional neural networks in MRI images." 
IEEE Transactions on Medical Imaging. This work proposes a CNN-based method for segmenting brain tumors in 
MRI images. The model architecture includes small kernels to reduce overfitting and improve efficiency. It 
demonstrated high accuracy on the BRATS dataset, particularly in segmenting tumor core and enhancing regions. 
The paper underscores the power of deep learning in complex biomedical image segmentation tasks. It laid early 
groundwork for deep learning in medical diagnostics. 

 
[3] Hossain, M.S., et al. (2019). "Brain tumor detection using convolutional neural network and deep 
learning." International Journal of Engineering and Technology.The authors explore CNN-based models for 
automated brain tumor detection. Their approach emphasizes preprocessing and architecture tuning to optimize 
classification. It achieves high accuracy on standard datasets with a relatively simple model. The work reinforces 
the role of CNNs in building efficient and scalable medical AI tools. It also highlights the importance of clean data 
pipelines. 

[4] Isensee, F., et al. (2021). "U-Net: a self-configuring method for deep learning-based biomedical image 

segmentation." Nature Methods. This paper introduces U-Net, a self-adaptive segmentation framework that 

configures itself based on the dataset. It outperforms many handcrafted pipelines in medical image segmentation. 

The model's adaptability and robustness make it ideal for brain tumor segmentation. It uses dynamic 

architecture adjustments, preprocessing, and postprocessing strategies. The framework provides a solid baseline 

for segmentation without manual fine-tuning 

 
[5] Kamnitsas, K., et al. (2017). "Efficient multi-scale 3D CNN with fully connected CRF for accurate brain 
lesion segmentation." Medical Image Analysis. Kamnitsas et al. propose a multi-scale 3D CNN integrated with a 
CRF for fine-grained segmentation. The architecture balances local detail with global context, vital for accurate 
lesion boundaries. The CRF refines results by leveraging spatial consistency. The method is efficient and highly 
accurate, winning several segmentation benchmarks. It’s widely cited in medical image segmentation literature. 

 
[6] Zhou, Z., Siddiquee, M. M. R., Tajbakhsh, N., & Liang, J., 2018, "UNet++: A nested U-Net architecture for 
medical image segmentation". Zhou et al. proposed UNet++, a nested and densely connected variant of the 
original U-Net architecture, aimed at improving medical image segmentation accuracy. The key innovation lies in 
redesigning the skip pathways using dense convolutional blocks, which better bridge the semantic gap between 
encoder and decoder feature maps. Their model demonstrates improved performance across multiple medical 
imaging datasets compared to standard U-Net. 

 
[7] Buda, M., Saha, A., & Mazurowski, M. A., 2019, "Association of genomic subtypes of lower-grade gliomas 

with shape features automatically extracted by a deep learning algorithm", Buda et al. explored the relationship 

between deep learning-extracted tumor shape features and genomic subtypes of lower-grade gliomas using MRI 

data. Their study used convolutional neural networks to extract quantitative shape descriptors that were 

previously reliant on manual delineation. The analysis revealed that specific shape characteristics could be linked 

with underlying molecular profiles of gliomas. This fusion of imaging and genomics holds promise for non-

invasive diagnostics and personalized medicine. Their work underscores the potential of deep learning in 

discovering biologically meaningful patterns from medical images. 

 

[8] Bakas, S., Reyes, M., Jakab, A., Bauer, S., Rempfler, M., Crimi, A., ... & Menze, B. H., 2018, 
"Identifying the best machine learning algorithms for brain tumor segmentation, progression 
assessment, and overall survival prediction in the BRATS challenge".Bakas et al. presented a 
comprehensive study from the BRATS (Brain Tumor Segmentation) challenge, benchmarking machine 
learning algorithms for tumor segmentation, progression analysis, and survival prediction. The study 
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aggregated contributions from multiple research teams worldwide, offering comparative evaluations of 
deep learning architectures. Their findings emphasize the importance of model ensemble techniques, 
attention mechanisms, and data augmentation for improved segmentation. The challenge dataset and 
results have significantly influenced the development of robust and generalizable segmentation 
systems. This work continues to be a foundation for researchers working on brain tumor analysis using 
AI. 
 

 

 
III. METHODOLOGY 

 

1. Research & Requirement Analysis 
 
The development of the brain tumor detection and segmentation system begins with an in-depth review of 
existing deep learning-based medical image analysis techniques. Various state-of-the-art methods, including 
convolutional neural networks (CNN), U-Net architectures, and tumor classification models, are studied to 
establish a comprehensive understanding of the existing solutions. Additionally, the specific needs for accurate 
tumor classification and segmentation in medical imaging are identified. This phase allows the formulation of 
clear objectives, including high accuracy, efficiency, and robustness in detecting brain tumors from MRI scans. 

 

2. Technology Selection 

 
After defining the system requirements, the appropriate technologies are selected to ensure the model's success. 
TensorFlow and Keras are chosen as the deep learning framework for their extensive support for CNNs, U-Net 
models, and ease of deployment. U-Net is specifically selected for its effectiveness in image segmentation tasks, 
while convolutional layers (Conv2D) are employed for feature extraction in both the tumor classification and 
segmentation models. Additionally, OpenCV is integrated for pre- processing MRI images, such as resizing and 
normalizing, to prepare them for model input. 

 

3. System Design 

In this phase, the architecture of the system is designed to achieve both tumor classification and segmentation. 

The system consists of two main components: (1) a classification model for categorizing the type of tumor, and 

(2) a segmentation model for identifying the region of interest where the tumor is located. The design of the U-Net 

architecture is carefully considered for the segmentation task, ensuring that the network has an encoder-decoder 
structure with skip connections for accurate pixel-level segmentation. The CNN classifier is structured with 

multiple convolutional layers for feature extraction followed by fully connected layers for classification output. 

Each component is designed to function independently, allowing for flexibility in testing and model evaluation. 

 

4. Implementation 

The system is implemented by developing individual modules and integrating them into a single pipeline. The 

tumor classification model is trained using labeled MRI images to classify brain tumor types, such as meningioma, 

glioma, and pituitary tumors, leveraging Conv2D layers for feature learning. Simultaneously, the U-Net model is 

implemented for tumor segmentation, utilizing convolutional layers for downsampling and upsampling to 

capture fine details of tumor regions. The pre-processing module is developed using OpenCV, ensuring that the 

input images are properly resized, normalized, and prepared for the model. Once the models are developed, they 

are trained using a combination of labeled MRI images and ground-truth segmentation masks. 

 
5. Testing & Optimization 

The system undergoes thorough testing and optimization to ensure the models' performance in real- world 
scenarios. The tumor classification model is evaluated using accuracy metrics, while the segmentation model is 

assessed using performance metrics like Dice Coefficient and Intersection over Union (IoU). Additionally, the 
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system is tested under various conditions, such as different MRI scan qualities and image resolution, to evaluate 

the robustness of the models. Based on testing results, hyperparameters and model architectures are fine-tuned 

to improve performance, particularly in terms of reducing false positives and improving segmentation accuracy. 

 
6. Deployment & User Feedback 

After achieving satisfactory results during testing, the system is deployed in a clinical setting, where medical 

professionals can input MRI images for automated tumor detection and segmentation. The user interface is 

designed to be intuitive, allowing users to upload MRI scans and receive both tumor classification and segmented 

images with highlighted tumor regions. Feedback is collected from medical professionals to evaluate the system’s 

accuracy and usability, with particular attention to the sstem’s efficiency and the reliability of the segmentation. 

User feedback is used to guide future improvements,including extending the model to handle 3D volumes of MRI 

scans and adding additional tumor classification types. 

 
IV. PROPOSED SYSTEM 

 

1. Introduction 
 
The proposed system aims to automate the detection and segmentation of brain tumors from MRI images using 
deep learning techniques. Traditional diagnosis methods often require significant time, expertise, and are 
susceptible to human error. To overcome these challenges, we propose a two-stage system that first classifies the 
presence of a tumor and then segments its precise location within the brain MRI scan. 

2. System Architecture 
 
The system is divided into two primary stages: 
• Stage 1: Tumor Classification 
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• Stage 2: Tumor Segmentation 
 
An overview of the workflow is as follows: 
1. Preprocessing of input MRI images. 
2. Classification of images into tumor or no tumor categories. 
3. Segmentation of tumor regions in positively identified images. 
4. Visualization of the segmented tumor area. 

3. Preprocessing 
 
Before feeding MRI images into the models, several preprocessing steps are applied to enhance 
consistency and improve model performance: 
• Normalization: Intensity values are normalized to a standard range. 
• Resizing: Images are resized to a fixed dimension to maintain uniform input size across the network. 
• Data Augmentation: Techniques such as flipping, rotation, scaling, and contrast adjustments are 
applied to artificially increase the size of the dataset and prevent overfitting. 
These preprocessing steps ensure that the models learn relevant features without being biased by noise or 
inconsistencies in the raw data. 
 
4. Tumor Classification 

The first stage involves a Convolutional Neural Network (CNN) that classifies whether an MRI image contains a 
tumor or not. The CNN architecture is designed to automatically extract hierarchical feature representations 
from the images. 
Key components of the classifier include: 
• Convolutional layers for feature extraction. 
• Pooling layers for dimensionality reduction. 
• Batch normalization for faster convergence. 
• Dropout layers to prevent overfitting. 
• Fully connected layers for final classification. 
The output is a probability score indicating the presence or absence of a tumor. Images with scores above a 
predefined threshold are classified as “Tumor Present”; otherwise, they are classified as “No Tumor.” 

5. Tumor Segmentation 
 
If a tumor is detected, the image proceeds to the segmentation stage. Here, a U-Net architecture is used to 
perform pixel-wise segmentation of the tumor region. 
Features of the U-Net model: 
• Encoder Path: Extracts deep feature representations through a series of convolution and pooling 
operations. 
• Decoder Path: Reconstructs the spatial dimensions and localizes the tumor using upsampling 
operations. 
• Skip Connections: Directly connect corresponding layers in the encoder and decoder paths, preserving 
detailed spatial information. 
The U-Net model produces a binary mask highlighting the tumor region, which is then superimposed on the 
original MRI scan for visualization. 
 
6. Advantages of the Proposed System 
 
The proposed dual-stage system offers several advantages: 
• Accuracy: Improved classification and precise segmentation of tumor areas. 
• Efficiency: Automated process significantly reduces diagnostic time. 
• Reliability: Reduces human error and assists medical professionals. 
• Scalability: The system can be integrated into hospital diagnostic workflows and adapted to various 
datasets. 
 
7. Future Scope 
 

http://www.ijsrem.com/


           
International Journal of Scientific Research in Engineering and Management (IJSREM) 

                Volume: 09 Issue: 05 | May - 2025                                SJIF Rating: 8.586                                         ISSN: 2582-3930                                                                                                                                               

  

© 2025, IJSREM      | www.ijsrem.com                                                                                                                         |        Page 6 
 

While the current system focuses on binary classification and segmentation, future enhancements can include: 

• Multiclass classification to differentiate between types of brain tumors (e.g., glioma, meningioma, 
pituitary tumors). 
• Incorporation of 3D volumetric segmentation for enhanced spatial analysis. 
• Real-time processing for clinical deployment. 
 
8. Conclusion 
 
The proposed system provides a robust and scalable approach to brain tumor detection and segmentation from 
MRI images. By combining classification and segmentation into an end-to-end framework, the system reduces 
manual effort, increases diagnostic accuracy, and supports early intervention. With further development, it holds 
significant potential to assist healthcare professionals and improve patient outcomes. 
 
 
V. RESULTS AND DISCUSSION 

 

The proposed system was evaluated for its ability to classify brain tumors into distinct categories and accurately 
segment the tumor region from MRI images. The models were tested on a dataset consisting of grayscale brain 
MRI scans resized to 128×128 resolution. The classification model effectively identified tumor types, such as 
meningioma, glioma, and pituitary tumor, with confidence scores, while the segmentation model accurately 
delineated tumor boundaries. Post-processing steps included drawing contours on the original images and 
calculating tumor area and perimeter, aiding in quantitative analysis. The results demonstrate the system's 
effectiveness in both tumor type identification and precise segmentation, supporting its potential for assisting in 
medical diagnostics 
 
 

 

 
Fig 1 Pituitary Tumor 

 

• Tumor Type Identified: Pituitary Tumor 
• Classification Confidence: 100.00% 
• Tumor Localization: Precisely segmented and highlighted in the central lower region of the brain
 MRI using red contours 
• Tumor Area: 7966.50 square pixels 
• Tumor Perimeter: 394.38 pixels 
• Tumor Shape & Size: Compact and well-defined lesion indicating a localized growth in the pituitary 
region 
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Fig 1 Meningioma 

 

 

• Tumor Type Identified: Meningioma 

• Classification Confidence: 99.91% 
• Tumor Localization: Clearly segmented and outlined with red contours in the brain MRI 

• Tumor Area: 8425.50 square pixels 

• Tumor Perimeter: 596.81 pixels 
• Multiple Tumor Regions: Two distinct tumor regions were detected and segmented 

• Clinical Relevance: The accurate detection and quantification of the meningioma enhances the 

potential for effective treatment planning and monitoring 
 
 
 

 

 
Fig 1 Glioma 

• Tumor Type Identified: Glioma 

• Classification Confidence: 83.89% 

• Tumor Localization: Clearly segmented and outlined with red contours in the brain MRI 

• Tumor Area: 2102.00 square pixels 

• Tumor Perimeter: 243.31 pixels 
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• Multiple Tumor Regions: Two distinct tumor regions were detected and segmented 

• Clinical Relevance: The accurate detection and quantification of the glioma supports effective diagnosis, 

treatment planning, and progression monitoring 

 
VI. CONCLUSION 

 

In this research, a comprehensive deep learning-based pipeline was developed for the detection, classification, 
and segmentation of brain tumors using MRI scans. The system integrates a Convolutional Neural Network (CNN) 
for accurate classification of brain tumors into four distinct categories—No Tumor, Meningioma, Glioma, and 
Pituitary Tumor—with high precision. In parallel, a U-Net-based architecture was employed for precise tumor 
segmentation, enabling the extraction of tumor boundaries. 

 
The segmentation model effectively highlights the tumor region, allowing for quantitative analysis including area 
and perimeter calculation. Visual outputs are enhanced with labeled predictions and overlaid contours, providing 
clear and interpretable diagnostic aids. This dual-stage model, combining classification and segmentation, 
demonstrates strong potential for assisting radiologists in early and accurate diagnosis, reducing diagnostic 
error, and improving clinical workflow. 

 
Future work can focus on incorporating 3D MRI data, enhancing model robustness through transfer learning, and 
deploying the system in real-time diagnostic environments. Overall, this framework offers a promising step 
toward practical, AI-assisted brain tumor diagnostics. 
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