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Abstract
Brain tumors are among the most critical and life-threatening medical conditions that require early diagnosis for
effective treatment. Traditional diagnostic methods rely on radiologists’ expertise, making the process time-
consuming and prone to human error. This study presents a deep learning-based model developed using
TensorFlow and NumPy to automate the detection and classification of brain tumors from MRI images. The
model is trained on a dataset sourced from Kaggle and online medical repositories, consisting of four categories:
Glioma, Meningioma, Pituitary Tumor, and No Tumor. Preprocessing techniques such as grayscale conversion,
image resizing, normalization, and data augmentation were applied to enhance the dataset quality. The model is
trained using a CNN, Adam optimizer, and sparse categorical cross-entropy loss function to enhance accuracy.
The system allows users to upload MRI images, and based on the trained model, it predicts the presence and type
of tumor. The results demonstrate high accuracy in classification, making this model a promising tool for
computer-aided diagnosis (CAD) in medical imaging. This research contributes to the field of medical Al by
providing a reliable and efficient brain tumor detection system, assisting radiologists in faster and more precise
diagnoses.

IndexTerms - Brain Tumor Detection, Deep Learning, Convolutional Neural Networks, MRI Classification,
Medical Imaging, Computer-Aided Diagnosis.

I. Introduction

Brain tumors are a severe health condition that can significantly impact human life. Early detection and
precise classification are crucial for timely medical intervention and effective treatment planning. (Liang Wu,
2024). With advancements in artificial intelligence (Al) and deep learning (DL), automated diagnostic systems
now help medical professionals analyze medical images with greater accuracy and efficiency (Kandasamy, 2025).

Magnetic Resonance Imaging (MRI) is widely used in medical imaging due to its ability to provide
detailed anatomical structures of the brain. However, interpreting MRI scans manually is complex, requiring
specialized expertise. This research develops a deep learning model with TensorFlow and NumPy to automate
brain tumor detection and classification into four categories: glioma, meningioma, pituitary tumor, and no tumor.
The model utilizes a dataset from Kaggle and online repositories and applies advanced preprocessing techniques
such as grayscale conversion, resizing, normalization, and augmentation to enhance performance.

This study aims to contribute to the field of Al-driven medical imaging by developing a model that
enhances the accuracy and efficiency of tumor detection. The system allows users to upload MRI images, and the
model predicts the presence and type of tumor based on learned patterns. The results indicate that deep learning
methods can significantly improve the speed and accuracy of medical diagnoses, reducing human workload and
diagnostic errors.

Il. Literature Review

Brain tumor detection and segmentation have been extensively studied in recent years, with deep learning playing
a crucial role in improving accuracy and efficiency. This literature review presents recent advancements in MRI -
based brain tissue segmentation and deep learning techniques for tumor identification and classification.
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(Liang Wu, 2024) conducted a survey on MRI-based brain tissue segmentation using deep learning. Their study
highlights various deep learning methodologies applied in brain tissue analysis, discussing the effectiveness of
convolutional neural networks (CNNSs), generative adversarial networks (GANSs), and transformer-based
architectures. They emphasize the increasing accuracy of segmentation models due to advancements in neural
network designs and training strategies.

(Kandasamy, 2025) explored optimized deep learning networks for the accurate identification of cancer cells in
bone marrow. The study focuses on improving network efficiency and classification accuracy using deep learning
techniques. By employing optimization strategies, the research demonstrates significant improvements in cancer
cell detection, which could be relevant for tumor classification in brain MRI scans.

( Shaikh, et al., March 2025) proposed an enhanced brain tumor detection and segmentation framework using
densely connected convolutional networks (DenseNets) and stacking ensemble learning. Their study indicates
that DenseNets significantly improve feature extraction, and the ensemble learning approach helps combine
multiple model predictions, thereby boosting segmentation accuracy. The use of ensemble learning is particularly
beneficial in handling variations in tumor size, shape, and intensity.

(Mansur, et al., 2024) presented a deep learning-based approach for brain tumor image analysis and segmentation.
Their research discusses the impact of different segmentation techniques and neural network architectures on
accuracy. The study highlights the effectiveness of fully convolutional networks (FCNs) and U-Net architectures
in segmenting brain tumor regions from MRI images.

(Disci, et al., 2025) introduced a novel approach for brain tumor classification using transfer learning and pre-
trained deep CNN models. Their study demonstrates that pre-trained models such as ResNet, VGG, and Inception
achieve high classification accuracy when fine-tuned on brain MRI datasets. Transfer learning enables the use of
knowledge from large-scale datasets to improve performance in medical image analysis.

(Schwehr, et al., 2025) proposed a deep learning model integrating attention mechanisms and energy-based
uncertainty predictions for brain tumor segmentation. Their approach leverages attention mechanisms to enhance
feature selection and uncertainty quantification to improve model reliability. By incorporating energy-based
uncertainty, the study addresses the challenge of ambiguous tumor boundaries in MRI scans.

I11. Methodology
3.1 Data Collection
The data for this research was obtained from Kaggle and other publicly available repositories such as OpenNeuro
and TCIA (The Cancer Imaging Archive). The dataset consists of MRI images categorized into four classes:

1. Glioma Tumor

2. Meningioma Tumor

3. Pituitary Tumor

4. No Tumor
The MRI images in the dataset contain variations in contrast, brightness, and other considerations to ensure
diversity and robustness in model training.

3.2 Data Preprocessing
To enhance the quality and consistency of input images, the following preprocessing steps were applied:
e Grayscale Conversion: All MRI images were converted to grayscale to simplify computation and focus

on essential features.

e Resizing: Images were resized to 128x128 pixels to maintain uniformity across the dataset.

e Normalization: Pixel values were scaled between 0 and 1 to standardize input and improve model
performance.

« Data Augmentation: Techniques such as random rotation, flipping, zooming, and brightness adjustments
were applied to artificially expand the dataset and enhance model generalization.

3.3 Model Development
The proposed model for brain tumor detection was developed using TensorFlow and NumPy. The architecture
consists of multiple layers designed for effective image classification. The structure is as follows:

e Input Layer: Accepts MRI images of 128x128x1 (grayscale format).
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e Feature Extraction Layers:

o Multiple Convolutional Layers (3%3 filters) to extract spatial features.

o Batch Normalization to stabilize training.

o Max-Pooling Layers to reduce dimensionality while retaining crucial features.
e Fully Connected Layers:

o Flattening Layer to transform feature maps into a 1D vector.

o Dense Layers with ReLU activation for classification.

o Dropout Regularization to prevent overfitting.
o Output Layer:

o The final layer consists of four neurons representing the four tumor categories, using Softmax

activation for classification.

3.4 Model Compilation and Training
The model was compiled and trained with the following hyperparameters:
e Optimizer: Adam (Adaptive Moment Estimation)
o Loss Function: Sparse Categorical Cross-Entropy
o Evaluation Metrics: Accuracy
e Training Configuration:
o Batch Size: 32
o Epochs: 30
o Train-Test Split: 80% training, 20% validation

3.5 Performance Evaluation

The trained model was evaluated using accuracy, precision, recall, and Fl-score. A confusion matrix was
generated to analyze misclassification rates. Cross-validation techniques were used to validate the robustness of
the model.

IV. Results & Discussions

The developed Brain Tumor Detection Model, built using TensorFlow and NumPy, was trained on MRI images
sourced from Kaggle and online repositories. The model was evaluated based on accuracy, loss, and classification
performance.

4.1 Model Performance
The model was trained for 30 epochs with a batch size of 32, utilizing Adam optimizer and sparse categorical
cross-entropy loss. The final accuracy and loss metrics are summarized in Table 1.

Table 1: Model Accuracy and Loss
Metric Training Set | Validation Set

Accuracy | 96.6% 96.3%

Loss 0.12 0.18

4.2 Classification Performance

The model successfully classified MRI images into four categories: Glioma, Meningioma, Pituitary Tumor, and
No Tumor. The softmax activation function was used in the final layer to predict the tumor type with high
confidence.

4.3 Visualization of Results
The training process was monitored using accuracy and loss graphs, which demonstrated stable learning and
decreasing error.
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4.4 Model Testing

Figure 2: Training vs. Validation Loss

A separate dataset of MRI images was used for real-world testing. When an MRI image was input into the model,
the system accurately determined whether a tumor was present or not. If a tumor was detected, the model further
classified its type, as shown in Table 2.

Table 2: Model Predictions on Sample Test Data

Predicted Class: Glioma Tumor
Actual Class: Glioma Tumor
Confidence (%):96.5%

Predicted Class: Pituitary Tumor
Actual Class: Pituitary Tumor
Confidence (%): 96.7%
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Predicted Class: Meningioma Tumor Predicted Class: No Tumor
Actual Class: Meningioma Tumor Actual Class: No Tumor
Confidence (%):96.3% Confidence (%):96.2%

The model's performance suggests its potential applicability in assisting medical professionals in preliminary
brain tumor detection, reducing human error, and improving diagnostic efficiency.

V. Discussion

The brain tumor detection model effectively classifies MRI images into four categories: glioma, meningioma,
pituitary tumor, and no tumor, as demonstrated by the obtained results. The model, developed using TensorFlow
and NumPy, successfully identifies tumor presence and type based on MRI images.

5.1 Interpretation of Results

The performance evaluation of the model demonstrated high accuracy in distinguishing between different tumor
types. The training and validation accuracy curves showed consistent improvements over multiple epochs,
indicating the model's ability to learn complex features from MRI images. The loss function trends suggest that
overfitting was minimized through data augmentation techniques.

5.2 Strengths of the Model
e Automated Diagnosis: The model enables quick and efficient tumor detection, reducing reliance on

manual radiological assessments.

e High Accuracy: Due to extensive training on a well-balanced dataset, the model achieves promising
classification performance.

« Scalability: The methodology can be extended to larger datasets for further optimization.

5.3 Limitations and Challenges
o Dataset Limitations: The dataset was obtained from Kaggle and other online resources, but its diversity

in terms of MRI scanner types and image resolutions could impact generalizability.

o Real-world Applicability: While the model performs well in controlled conditions, its deployment in
clinical settings requires further validation.

e Class Imbalance: Some tumor types may have fewer samples, leading to potential bias in predictions.

5.4 Comparison with Existing Models

Compared to conventional tumor detection techniques, this model provides a non-invasive, Al-driven approach
that reduces diagnosis time. However, deep learning-based models trained on larger, hospital-grade datasets may
outperform this study's model in real-world conditions.

5.5 Ethical Considerations
The integration of Al in medical diagnostics must consider ethical concerns, including patient data privacy and
reliance on automated systems for life-critical decisions. Further research is needed to ensure clinical validation
and regulatory compliance.

V1. Conclusion
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The research on brain tumor detection Using MRI images successfully demonstrates the application of deep
learning techniques for medical diagnosis. The proposed model uses TensorFlow and NumPy to classify brain
tumors into four categories: glioma, meningioma, pituitary tumor, and no tumor. It serves as a valuable tool to
assist medical professionals in early detection.

The results indicate that the model achieves high accuracy due to proper data preprocessing, augmentation, and
optimized training strategies. The model's accuracy depends on dataset quality, image variability, and the risk of
misclassification. Expanding the dataset, using advanced deep learning architectures, and improving
explainability can enhance its reliability and effectiveness.

This study highlights the potential of artificial intelligence in healthcare, demonstrating its capability to assist in
critical medical diagnoses. With continuous advancements and refinements, Al-driven solutions like this can
significantly improve early detection, treatment planning, and overall patient outcomes.
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