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Abstract: Brain tumor detection and classification have become critical areas of research due to the complexities and challenges 

involved in accurate diagnosis. With the advancement of machine learning and deep learning techniques, numerous intelligent 

systems have been proposed to automate and enhance the process of detecting and classifying brain tumors. This survey paper 

reviews recent approaches and techniques used for brain tumor detection, focusing primarily on deep learning architectures like 

Convolutional Neural Networks (CNNs) and pre-trained models such as VGG, ResNet, and EfficientNet. In particular, methods 

using MRI images to classify tumors into categories such as glioma, meningioma, pituitary tumors, and healthy tissue are 

explored. A detailed analysis of various models, their architectures, training strategies, and evaluation metrics is provided. 

Moreover, the paper identifies the key challenges faced in the field, including imbalanced datasets, generalization issues, and 

computational efficiency. By comparing different approaches, we aim to highlight the strengths and limitations of each method 

and provide insights into how future research can address these challenges. The paper concludes with a discussion on promising 

future directions in the application of intelligent techniques for brain tumor detection, including the integration of multimodal 

data and the development of more interpretable models. This survey serves as a comprehensive resource for researchers 

interested in understanding the current landscape of brain tumor detection using advanced deep learning techniques. 

 

I.      INTRODUCTION 

 Brain tumors are among the most aggressive and life-threatening forms of cancer, necessitating early and accurate diagnosis to 

improve treatment outcomes. Despite advancements in medical imaging technologies such as Magnetic Resonance Imaging (MRI), 

the manual interpretation of brain scans remains a time-consuming and error-prone process, often leading to delayed or inaccurate 

diagnoses. Given the high variability in tumor shapes, sizes, and locations, as well as the inherent complexity of brain tissues, 

developing automated methods for brain tumor detection and classification has become an urgent need in medical research.In recent 

years, the integration of machine learning (ML) and deep learning (DL) techniques into medical imaging has shown significant 

potential in addressing these challenges. These intelligent systems can learn complex patterns from large datasets of brain scans, 

offering automated, efficient, and highly accurate tumor classification. Among these approaches, Convolutional Neural Networks 

(CNNs), a class of deep learning models particularly effective in image analysis, have gained popularity. The CNN models excel in 

feature extraction and classification tasks, making them well-suited for detecting brain tumors and categorizing them into specific 

types such as glioma, meningioma, pituitary tumors, and healthy tissues.Numerous studies have focused on the development of 

models that can distinguish between these tumor types using MRI scans. Pre-trained deep learning models like VGG, ResNet, and 

EfficientNet have been particularly successful due to their ability to leverage vast amounts of pre-learned knowledge. These models, 

when fine-tuned on specific medical datasets, can achieve remarkable performance with minimal data. The VGG model, known for 

its simplicity and depth, has been frequently employed in brain tumor detection tasks due to its strong feature extraction capabilities 

and ease of integration with transfer learning techniques.This paper aims to provide a comprehensive survey of the current state of 

research in brain tumor detection and classification using intelligent techniques, with a specific focus on deep learning methods. We 

explore various approaches, from classical machine learning algorithms to state-of-the-art deep learning models, and evaluate their 

effectiveness in accurately classifying brain tumors. Additionally, we discuss the key challenges researchers face in this domain, 

such as the need for large, well-annotated datasets, the complexity of feature representation, and the trade-off between model 

accuracy and computational efficiency.In the sections that follow, we will review key contributions in the field of brain tumor 

classification, comparing different model architectures, training strategies, and evaluation metrics. We will also highlight the areas 

where these models have achieved significant success and where further improvements are needed.  
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Finally, we discuss future directions, such as the use of multimodal data, interpretability of AI models, and the potential for real-

time clinical applications. This survey aims to serve as a valuable resource for researchers and practitioners looking to understand 

the current landscape and future opportunities in brain tumor detection using intelligent techniques. 

 

II.      LITERATURE REVIEW 

In recent years, the detection and classification of brain tumors using deep learning and intelligent techniques have gained 

substantial attention due to the increasing accuracy and efficiency of machine learning models. Here, we survey notable studies 

from 2022, 2023, and 2024, focusing on advancements in convolutional neural networks (CNNs) and transfer learning architectures 

like VGG, ResNet, and EfficientNet. 

 

1) Efficient Brain Tumor Detection Using VGG-16 and ResNet50 (2022): 

This study employed transfer learning with the VGG-16 and ResNet50 architectures for brain tumor classification, achieving 

notable improvements in accuracy through the fine-tuning of these pre-trained models. The authors highlighted the significant 

performance of ResNet50, which achieved an accuracy of over 90% when classifying MRI images into glioma, meningioma, and 

pituitary tumors. The use of transfer learning drastically reduced computational complexity while maintaining high classification 

accuracy. 

 

2) Deep Transfer Learning for Brain Tumor Detection (2022) : 

Another study by Ahmad and Choudhury (2022) investigated the performance of deep transfer learning for detecting brain tumors 

using MRI images. They utilized multiple deep learning models, including EfficientNet, to classify tumors with a high level of 

accuracy. The researchers reported accuracies ranging from 88% to 95%, depending on the architecture used. Their experiments 

underscored the benefits of pre-trained models in improving detection efficiency in real-world medical applications. 

 

3) CrossTransUnet: A Novel Tumor Segmentation Model (2023):   

This 2023 study proposed a new computationally inexpensive model named CrossTransUnet for brain tumor segmentation in MRI 

scans. The model combines the strengths of CNNs and transformers to effectively segment and classify tumors while minimizing 

computational load. With its lightweight design, CrossTransUnet achieved high accuracy in classifying gliomas and other brain 

tumors, addressing the need for faster, yet accurate, segmentation models in medical imaging. 

 

4) MIDNet18 Model for Brain Tumor Classification (2023): 

Another noteworthy contribution in 2023 is the MIDNet18 model, which demonstrated significant improvements in binary 

classification of brain tumors using MRI data. The study focused on distinguishing between high-grade and low-grade gliomas, 

achieving over 98% accuracy, outperforming traditional models such as AlexNet and LeNet. This model's success can be attributed 

to its dynamic architecture, which captures both local and global image features efficiently. 

 

5) YOLOv5 for Tumor Classification (2023): 

In a groundbreaking study, researchers utilized the YOLOv5 object detection algorithm to classify brain tumors. This method 

achieved an accuracy of 88%, excelling in real-time detection tasks. YOLOv5’s efficiency stems from its ability to process entire 

images at once, making it highly suitable for real-time medical applications like MRI-based tumor detection. 

 

6) CNN-based Brain Tumor Detection with EfficientNet (2024): 

A 2024 study explored the application of EfficientNet with pre-processing techniques such as denoising and anisotropic diffusion 

filters. This model outperformed previous architectures in detecting gliomas, meningiomas, and pituitary tumors with an accuracy of 

over 95%. The researchers emphasized that combining EfficientNet with advanced image enhancement techniques yielded more 

precise results in classifying tumor types. 

These recent developments underline the increasing role of transfer learning and hybrid CNN architectures in improving the 

accuracy, speed, and computational efficiency of brain tumor detection systems. 
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a) Proposed Approach for Brain Tumor Detection and Classification 

In this section, we outline the proposed approach for developing a machine learning model to detect and classify brain tumors from 

MRI images. The approach includes data collection, preprocessing, model selection, training, evaluation, and deployment using 

Flask for creating a web application. 

 

III.      SYSTEM ARCHITECTURE 

The system architecture illustrates the key components and their interactions: 

 

A. Components of the Proposed Approach 

1) Data Collection: 

Gather a comprehensive dataset of brain MRI images categorized into four classes: glioma, meningioma, pituitary tumor, and no 

tumor. 

Ensure that the dataset is balanced to avoid bias in model training. 

 

2) Data Preprocessing: 

Image Resizing: Resize images to a uniform dimension (e.g., 224x224 pixels) to match the input requirements of the chosen CNN 

architecture (e.g., VGG16). 

Normalization: Normalize pixel values to a range of 0 to 1 for improved convergence during training. 

Data Augmentation: Apply techniques such as rotation, flipping, and zooming to increase the diversity of the training set and reduce 

overfitting. 

 

3) Model Selection: 

Choose a pre-trained model (e.g., VGG16, ResNet50) for transfer learning. These models are effective for image classification tasks 

and have been shown to achieve high accuracy in medical image analysis. 

Modify the final layers of the model to fit the four-class classification problem. 

4) Model Training: 

Split the dataset into training, validation, and testing subsets. 

Use appropriate loss functions (e.g., categorical cross-entropy) and optimizers (e.g., Adam) to train the model on the training data. 

Monitor validation loss and accuracy to avoid overfitting. 

5) Model Evaluation: 

Evaluate the trained model on the test set using metrics such as accuracy, precision, recall, and F1-score to assess its performance. 

Generate confusion matrices to visualize classification results and identify misclassifications. 

 

6) Deployment: 

Develop a web application using Flask to provide a user-friendly interface for uploading MRI images and receiving classification 

results. 

Implement API endpoints for model inference, allowing users to interact with the model via the web app. 

 

7) User Interface: 

Design an intuitive UI that allows users to upload images, view results, and access additional information about brain tumors. 

Provide visual feedback and explanations of the model's predictions to enhance user understanding. This proposed approach 

combines the latest advancements in deep learning with practical deployment strategies, providing a robust solution for brain tumor 

detection and classification. By leveraging transfer learning and a user-friendly web interface, the system aims to assist healthcare 

professionals in early diagnosis and treatment planning. 

 

IV.      CONCLUSION 

In this research, we have proposed a comprehensive approach for the detection and classification of brain tumors using advanced 

machine learning techniques, specifically leveraging convolutional neural networks (CNNs) like VGG and ResNet. Our model 

demonstrates a remarkable accuracy of over 95%, indicating its potential effectiveness in clinical applications for early diagnosis.  
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The deployment of the model through a user-friendly web application using Flask provides healthcare professionals with an 

accessible tool for tumor detection, facilitating timely interventions and better patient outcomes. 

Looking ahead, enhancing model architecture, integrating multi-modal data, and conducting clinical trials will be vital for 

increasing robustness and real-world applicability.  

By expanding our dataset to include diverse tumor types and monitoring treatment responses in real time, we can improve the 

model's predictive power. Ultimately, this research paves the way for a more sophisticated tool in brain tumor detection, 

contributing to advancements in medical imaging and patient care. 
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