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Configuration Manual: Brain Tumor 

Classification Using Deep Learning & 

Explainable AI (LIME) 

 

1. Introduction 

Brain tumor classification using MRI imaging has become a crucial area in medical AI due to 

the increasing need for accurate, fast, and reliable diagnostic support. Manual inspection of 

MRI scans can be time-consuming and prone to errors because tumor appearance varies 

widely in shape, size, and intensity. 

This project utilizes the Brain Tumor Classification MRI dataset from Kaggle and applies 

multiple deep learning models—including CNN, InceptionV3, Xception, EfficientNet-B6, 

and an advanced hybrid model (EFT-SA-Net)—to automatically classify tumor types. 

Explainable AI (XAI) using LIME is integrated to highlight important image regions 

influencing predictions, improving clinicians' trust and interpretability. 

This project supports: 

• Clinical decision support 

• Early tumor identification 

• AI-assisted radiology 

• Cloud-based medical diagnostic platforms 

 

2. Research Question 

Primary Research Question: 

How effectively can deep learning models classify brain tumors from MRI images, and what 

advantages do attention-based models (such as EFT-SA-Net) offer compared to conventional 

CNN architectures? 

Key Components Investigated: 



 

(A) Spatial Understanding 

Does the model detect tumor-relevant regions such as: 

• Tumor boundaries 

• Abnormal intensity patterns 

• Location-specific structural deviations 

(B) Feature Understanding 

Can attention-based models prioritize: 

• Tumor texture 

• Shape irregularities 

• Size variations 

• MRI contrast behavior 

3. Research Objectives 

Primary Objective 

To develop an efficient and interpretable deep learning–based system capable of accurately 

classifying brain tumors from MRI images using multiple neural network architectures and 

Explainable AI (LIME). 

 

Secondary Objectives 

1. To preprocess and standardize MRI images using resizing, normalization, 

augmentation, and labeling techniques to ensure high-quality input for deep learning 

models. 

2. To train and evaluate multiple deep learning architectures including CNN, 

Xception, InceptionV3, EfficientNet-B6, and EFT-SA-Net to compare their 

classification accuracy and robustness. 

3. To integrate Explainable AI (LIME) for visualizing and interpreting which MRI 

regions influence classification decisions, enhancing trust and transparency in medical 

AI. 

4. To measure model performance using metrics such as accuracy, precision, recall, 

F1-score, sensitivity, specificity, and confusion matrix. 

5. To develop a user-friendly GUI (Flask-based web application) that enables 

clinicians to upload MRI images and receive tumor predictions with explanatory 

heatmaps. 

6. To analyze the impact of advanced attention-based models (such as EFT-SA-Net) 

on feature extraction quality, tumor localization, and classification reliability. 

 



 

3. Environment Setup 

Correct environment setup ensures reproducibility and proper model training. 

3.1 Recommended Hardware 

Component Recommended 

GPU NVIDIA RTX 3060 / T4 / A100 

RAM 16 GB minimum 

CPU Quad-core 

Storage 10–15 GB 

3.2 Software Requirements 

Supported OS: 

• Windows 10/11 

• macOS 

• Ubuntu Linux 

3.3 Python Version 

Python 3.9–3.11 recommended. 

3.4 Required Libraries 

Core Libraries: 

• numpy, pandas, matplotlib, seaborn 

Deep Learning: 

• tensorflow, keras 

• EfficientNet / pretrained models 

• scikit-learn 

Explainable AI: 

• lime 

Imaging: 

• opencv-python 

3.5 Installation Commands 

pip install numpy pandas matplotlib seaborn opencv-python 

pip install tensorflow keras scikit-learn 

pip install efficientnet 



 

pip install lime 

For GPU acceleration: 

pip install tensorflow-gpu 

 

4. Dataset Description 

Dataset: Brain Tumor MRI Classification (Kaggle) 

Classes include: 

• Glioma 

• Meningioma 

• Pituitary 

• No Tumor 

Data characteristics: 

• 7,000+ MRI images 

• Multiple patient scans 

• Varying contrast levels and orientations 

https://www.kaggle.com/datasets/sartajbhuvaji/brain-

tumor-classification-mri 

5. Data Preprocessing 

Preprocessing steps include: 

• Image loading via OpenCV 

https://www.kaggle.com/datasets/sartajbhuvaji/brain-tumor-classification-mri
https://www.kaggle.com/datasets/sartajbhuvaji/brain-tumor-classification-mri


 

 
• Label encoding using LabelBinarizer 

 
• Image resizing (e.g., 128×128) 

 
• Pixel normalization 

 
• Train/Validation/Test split (80:10:10) 



 

 

 

6. Exploratory Data Analysis 

These help in understanding dataset balance and visual tumor patterns. 

 

 

7. Model Architectures 

Models implemented: 

1. Custom CNN – baseline model 



 

 

2. Xception – deep feature extractor 

 

3. InceptionV3 – multi-scale feature fusion 

 

4. EfficientNet-B6 – high-performance transfer learning 



 

 

5. EFT-SA-Net – EfficientNetB6 + Spectral + Temporal + Self-Attention 

 

The advanced model enhances tumor-feature detection via multiple attention layers. 

 

8. Training Pipeline 

Training steps: 

• Initialize models with chosen hyperparameters 

 
• Batch size, epochs, learning rate configurable 



 

 
• Callbacks: ModelCheckpoint, EarlyStopping, ReduceLROnPlateau 

 
• Validation monitoring during training 

• Save best performing weights 

 

9. Evaluation Metrics 

Metrics computed: 

• Accuracy 

• Precision, Recall, F1-Score 

• Confusion Matrix 

 



 

 

• Sensitivity & Specificity 

 

Visualization: 

• Training vs Validation Accuracy 

 
• Training vs Validation Loss 



 

 

 

10. Model Testing 

The best saved model is tested on unseen MRI images to measure real-world performance. 

Predictions include: 

• Tumor class 

 



 

 

11. Explainable AI (LIME) 

LIME is integrated to explain individual model predictions by highlighting influential image 

regions. 

Benefits: 

• Identifies tumor-focused areas 

• Improves interpretability for clinicians 

• Provides transparency for medical AI applications 

 

 


