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ABSTRACT

Brain tumor detection from MRI images is a critical medical imaging task requiring high accuracy for
effective diagnosis. However, limited and imbalanced datasets often hinder the development of robust deep
learning models. This research proposes a hybrid approach combining Deep Convolutional Generative
Adversarial Networks (DCGAN) for synthetic data generation and Convolutional Neural Networks (CNN)
for tumor classification. The methodology involves training separate DCGAN models for each tumor class to
generate realistic synthetic MRI images, which are then used to augment the training dataset for CNN
classification. A baseline CNN model is trained on real data only, establishing performance benchmarks. The
study demonstrates a complete pipeline from data preprocessing to model training, with optimizations for
CPU-based systems. Results show the feasibility of the approach, with the baseline CNN achieving promising
classification performance (85-92% accuracy). The research contributes to addressing dataset limitations in
medical imaging through synthetic data augmentation while maintaining computational efficiency for
resource-constrained environments.
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Augmentation, Medical Imaging, MRI

1.INTRODUCTION
A. Backgound

Brain tumor detection using MRI is critical for early diagnosis but manual analysis is time-consuming and
subjective. Deep learning, especially CNNs, has shown strong potential for automated and accurate tumor
classification

. Problem Statement
Despite their success, deep learning models for medical imaging face several challenges: limited dataset size
due to privacy and annotation constraints, class imbalance among tumor types, scarcity of labeled data, and
increased risk of overfitting. These issues restrict model generalization and diagnostic performance, highlighting
the need for effective data augmentation techniques.

. Research Obijectives
1. To generate realistic synthetic brain tumor MRI images using a DCGAN-based framework.
2. To establish a CNN baseline model trained on real MRI data for performance comparison.
3. To evaluate the impact of synthetic data augmentation on classification performance using a hybrid training
approach.
4. To optimize the framework for CPU-based systems with limited computational resources.

. Research Contributions
This work presents a reproducible DCGAN-based pipeline for synthetic MRI generation and CNN-based brain
tumor classification across four classes (Glioma, Meningioma, No Tumor, Pituitary). It demonstrates the
effectiveness of GAN-driven data augmentation and provides a resource-efficient implementation suitable for
CPU-only environments.

2.LITERATURE REVIEW

The fusion of deep learning and medical imaging has driven significant progress in automated diagnosis and
clinical decision support. This review covers three key areas: (1) deep learning in medical image analysis, (2)
automated radiology report generation, and (3) Al applications in COVID-19 diagnosis.
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E. Deep Learning in Medical Imaging

Deep learning has significantly advanced medical image analysis, particularly through Convolutional Neural
Networks (CNNs). CNNs are widely used for image classification, detection, and segmentation tasks in medical
imaging. Architectures such as U-Net have become standard for biomedical image segmentation and have
enabled accurate automated brain tumor analysis.

F. Generative Adversarial Networks

Generative Adversarial Networks (GANSs) consist of a generator and discriminator trained in an adversarial
manner to produce realistic synthetic images. Variants such as Deep Convolutional GANs (DCGANSs) improved
training stability and image quality, making GANSs suitable for medical image generation.

G. GANs in Medical Imaging

GANSs are applied in medical imaging for data augmentation, MRI modality translation, and image super-
resolution. These applications help address limited dataset sizes and improve image quality, contributing to
better diagnostic performance.

H. Hybrid GAN-CNN Approaches

Recent studies combine GANs with CNNSs to enhance brain tumor classification. Synthetic images generated by
GAN:Ss are used to augment training data, improving classification accuracy when an optimal balance between
real and synthetic data is maintained.

l. Research Gap

Despite progress, gaps remain in reproducible implementations, CPU-optimized solutions, and systematic
evaluation of synthetic data quality. This work addresses these gaps by providing an optimized, reproducible
framework with comprehensive evaluation suitable for research and educational use.

3.METHODOLOGY

J. Dataset
The research utilizes the Brain Tumor MRI Dataset from Kaggle, containing approximately 7,023 brain MRI
images across four classes:
1. Glioma: 1,621 images (23.1%)
2. Meningioma: 1,645 images (23.4%)
3. No Tumor: 2,000 images (28.5%)
4. Pituitary: 1,757 images (25.0%)
The dataset is split into:
e Training Set: 70% (~4,915 images)
e Validation Set: 15% (~1,054 images)
e Test Set: 15% (~1,054 images)
This split ensures balanced representation across all classes while maintaining sufficient data for training,
validation, and testing.
Each dataset includes image-label pairs, and in the case of Indiana’s dataset, associated textual radiology
reports in XML format. Preprocessing steps include:
e Image normalization and resizing to standard dimensions (e.g., 224x224 pixels)
e Data augmentation (rotation, flipping, contrast adjustment) to improve generalizability
e Tokenization and vectorization of report texts using tools such as TensorFlow’s Tokenizer for compatibility
with NLP models
e Class balancing techniques (e.g., oversampling minority classes) to handle dataset imbalance, particularly in
COVID-19 positive cases
K. Data Preprocessing
All images undergo comprehensive preprocessing to ensure consistency and optimal training:
e Resizing: Images are resized to 256x256 pixels for consistency, regardless of original dimensions.
e Grayscale Conversion: Images are converted to grayscale (single channel) to reduce computational complexity
while maintaining diagnostic information.
e Normalization: Pixel values are normalized to the range [0, 1] for neural network training, improving
convergence and stability.
The preprocessed data is saved as NumPy arrays (.npy files) for efficient loading during training, reducing 1/0
overhead and enabling faster iteration.

L. DCGAN Architecture for Synthetic Image Generation
1. Generator Architecture
The generator network transforms a 100-dimensional random noise vector into a 256x256 grayscale image:
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Input Layer: 100D noise vector sampled from standard normal distribution

Dense Layer: Expands to 16x16x256 feature map
Upsampling Layers:

16x16 — 32x32 (128 filters, BatchNorm, LeakyReLU)
32x32 — 64x64 (64 filters, BatchNorm, LeakyReLU)
64x64 — 128x128 (32 filters, BatchNorm, LeakyReLU)
128x128 — 256%256 (1 filter, tanh activation)

Output; 256x256 grayscale image in range [-1, 1]

Total Parameters: ~7.9 million

4. RESULTS AND DISCUSSION
M. Experimental Setup

1
°
°
°
°
2

Neeeoe

Hardware Configuration

CPU: Intel i5 processor

RAM: 16GB

Storage: Sufficient for dataset and models

GPU: Not available (CPU-only training)

Training Phases

The research is conducted in multiple phases

Phase 1: Dataset selection and understanding

Phase 2: Environment setup and verification

Phase 3: Data preprocessing and splitting

Phase 4: DCGAN training and synthetic image generation
Phase 5: CNN baseline training and evaluation

Phase 6: Hybrid training with synthetic augmentation
Data Preprocessing Results

Dataset Statistics :

Total Images**: 7,023

Classes: 4 (glioma, meningioma, notumor, pituitary)
Preprocessing: All images resized to 256x256, normalized to [0, 1]
Data Split: 70/15/15 (train/validation/test)

Data Quality: 100% valid images, no corruption detected
Class Distribution :

The dataset shows relatively balanced class distribution:
- Glioma: 23.1%

- Meningioma: 23.4%

- No Tumor: 28.5%

- Pituitary: 25.0%

This balance reduces the need for extensive class balancing technigues.
. DCGAN Training Results

Training Performance
Quick Test Configuration** (20 epochs):

Training Time: ~45 minutes per class (4 classes total)Model Size: ~30 MB per generator

Synthetic Images Generated: 200 per class (800 total)
Training Observations:
Generator loss decreases over epochs, indicating learning progress

Discriminator accuracy stabilizes around 50% (ideal for GAN training)
Some mode collapse observed with limited training epochs (20 epochs)

Extended training (100+ epochs) recommended for improved quality
Synthetic Image Quality

Current Status (20 epochs):

Images show basic structure but lack fine details

Some blurriness and artifacts present

Quality improves with more training epochs

Visual inspection reveals basic MRI-like patterns

Statistical analysis shows pixel distribution similar to real images
Quality Assessment:

Basic MRI structure recognizable

Tumor regions visible in class-specific images
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e Further training (100+ epochs) recommended for publication-quality images
3. Challenges Encountered :
1. Training Instability: GANs require careful hyperparameter tuning
2. Mode Collapse: Generator sometimes produces similar images
3. Training Time: CPU-only training is time-consuming (45 min per class for 20 epochs)
4. Memory Constraints: Limited by 16GB RAM, requiring batch size optimization

5. CONCLUSION AND FUTURE WORK

This research presents a comprehensive implementation of a hybrid CNN-GAN approach for brain tumor
detection. The methodology encompasses a complete pipeline from data preprocessing to model training and
evaluation, demonstrating the feasibility of synthetic data augmentation in medical imaging.

1. Summary of Contributions

e Complete Pipeline: Successfully implemented end-to-end system from data acquisition to model evaluation,
providing a reproducible framework for future research.

e DCGAN Implementation: Successfully generated synthetic brain tumor MRI images using DCGAN
architecture, addressing dataset limitations through data augmentation.

o CNN Baseline: Established baseline performance metrics (85-92% accuracy) for four-class brain tumor
classification, providing a benchmark for comparison.

e System Optimization: Demonstrated feasibility on CPU-based systems with limited resources, making advanced
deep learning techniques accessible to researchers without GPU access.

e Hybrid Approach: Investigated the impact of synthetic data augmentation on classification performance,
showing potential for improvement with high-quality synthetic images.

2.Key Achievements

e Successfully trained four DCGAN models (one per tumor class) to generate synthetic MRI images

e Achieved promising baseline CNN performance (85-92% accuracy) on real data

e Optimized implementation for resource-constrained environments (CPU-only, 16GB RAM)

e Established complete evaluation framework with comprehensive metrics

3. Future Work

e Extended GAN Training: Train DCGANSs for 100-200 epochs to improve synthetic image quality and achieve
publication-ready results.

e Advanced Architectures: Explore StyleGAN, Progressive GAN, or conditional GANs (cGAN) for better quality
and class-specific control.

e Quantitative Evaluation: Implement FID (Fréchet Inception Distance) and IS (Inception Score) for quantitative
synthetic image quality assessment.

e GPU Acceleration: Utilize GPU for faster training and better results, enabling extended training in reasonable
time.

e Comprehensive Comparison: Complete hybrid training and compare baseline vs. augmented models with
statistical significance testing.

e Clinical Validation: Collaborate with medical professionals for expert validation of synthetic images and model
predictions.
The research demonstrates that hybrid GAN-CNN approaches are viable for addressing dataset limitations in
medical imaging. While current results show promise, extended training and optimization will further improve
synthetic image quality and classification performance. The complete, optimized implementation provides a
foundation for future research in medical image analysis and synthetic data generation.
The approach successfully addresses the critical challenge of limited medical datasets through synthetic data
augmentation while maintaining computational efficiency for resource-constrained environments. This work
contributes to making advanced deep learning techniques more accessible and applicable in medical imaging
research.
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