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ABSTRACT: The timely and accurate detection and classification of brain tumors are essential for proper clinical
management and treatment planning. Conventional methods of diagnosis, although rooted, are time-consuming and
prone to human errors. This review paper delves into the newly evolving position of deep learning in medical imaging,
with particular emphasis on a new hybrid method for brain tumor analysis. The new approach combines the
hierarchical feature extraction capabilities of Convolutional Neural Networks (CNNs) with the global contextual
perception of Vision Transformers (ViTs). This report presents a multi-stage project that initially refines and compares
top-performing CNN and ViT architectures, followed by the creation of a hybrid model. Additionally, we explain the
deployment of explainable Al (XAI) methods, including heatmaps, to illustrate visually the model's decision-making
process, thus promoting clinical trustworthiness and interpretability.

KEYWORDS: Brain Tumor Detection; Hybrid Deep Learning; Convolutional Neural Network; Vision Transformer;
Explainable Al; Medical Imaging.

I. INTRODUCTION

Brain tumors are one of the major health challenges across the world, and a precise diagnosis is the cornerstone of
effective patient outcomes. Magnetic Resonance Imaging (MRI) is now considered the gold standard for imaging brain
structures and detecting pathologic alterations. Over the last decade, the combination of state-of-the-art deep learning
algorithms and medical image analysis has been extremely promising in enhancing and automating diagnostic accuracy
[1]. The conventional method has depended to a large extent on Convolutional Neural Networks (CNNs), which
perform very well in terms of extracting spatial hierarchies and local features from images[2], [3], [4]. While CNNs
might underperform when dealing with long-range dependencies and global context information, which is vital in the
holistic analysis of tumors,

To overcome these constraints, Vision Transformers (ViTs), which were originally designed for natural language
processing, have been repurposed for computer vision tasks and have shown remarkable performance in extracting
global relations and context information [5]. This has instigated increased interest in hybrid models that attempt to
bring the best of both worlds. The aim of this review is to present an overall view of a suggested hybrid CNN-ViT deep
learning architecture for the detection and classification of brain tumors. The project has not only the goal of obtaining
high accuracy but also improving model interpretability via the production of heatmaps, which is an essential part of
Explainable Al (XAI).

II. RELATED WORK

Deep learning for brain tumor analysis has evolved quickly. Early efforts were mainly concentrated on CNN
architecture. Architectures such as VGG-16 and ResNet-50 have gained extensive usage in segmentation and
classification problems, tending to perform well across different datasets [3], [4]. Researchers have developed various
CNN-based models, such as improved U-Net variants for segmentation, such as in the research of authors who have
employed an improved U-Net model with empirical evaluation[6], [7], and ensembling techniques to improve
performance[8].

IJIRCCE©2025 |  AnISO 9001:2008 Certified Journal | 14650




© 2025 1JIRCCE | Volume 13, Issue 8, August 2025| DOI:10.15680/1JIRCCE.2025.1308026
www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

&*"’, k\\ /I\ International Journal of Innovative Research in Computer
e and Communication Engineering (IJIRCCE)
IJI R ccE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

L ______________________________________________________________________________________________|
More recently, Vision Transformers have been an extremely viable alternative. It has been shown through studies that
ViTs work well in applications like brain tumor segmentation and classification, particularly by pointing out how they
are better at learning more global and larger features than CNNs [5]. For example, Numan Shabbir illustrated the use of
a Vision Transformer for brain tumor classification on a Kaggle notebook, whereas Aslan presented a comparison
between ViT and CNN architectures for medical image analysis[5].

The most powerful research for the intended project is, however, in the field of hybrid models. Various studies have
optimally blended CNNs and ViTs to leverage their respective strengths. For example, a hybrid CNN-Transformer
model was introduced for MRI brain tumor segmentation[9], while another work was centered on a deep fusion model
for classification [10], [11]. These hybrid models usually utilize distinct strategies to combine the CNN and ViT
outputs. Some utilize a mixture of CNN layers alongside a Transformer encoder, as has been suggested in BiTr-
Unet[9]. Other models, including MWG-UNet++ [12] and the combination of ViT and ResNet50, involve more direct
feature fusion between the two networks. A new hybrid model with an XAI component has also been investigated,
proving the significance of interpretability [13]. The several methods of fusion and models, including architectures,
form a deep pool of which the design and implementation of the proposed project can be nurtured.

III. PROPOSED HYBRID APPROACH

The project is organized in a phased approach to develop and validate systematically a sound hybrid deep learning
model for brain tumor identification and classification.

Phase 1: CNN Model Evaluation

The first stage entails refining and comparing several pre-trained CNN models on a carefully preprocessed dataset
drawn from Kaggle. The models to be compared are VGG16, ResNet50, and InceptionV3. This comparison will decide
which CNN structure is most appropriate for the given task and dataset, laying a solid baseline for the project.

Phase 2: Vision Transformer Evaluation

Upon the CNN analysis, different Vision Transformer models will be fine-tuned. This stage will investigate the ability
of the ViT to detect global patterns and long-range dependencies in the MRI scans. The assessment will be crucial for
picking the top-performing ViT model to be implemented into the hybrid architecture.

Phase 3: Hybrid Model Development

This is the heart of the project. The top-performing CNN and ViT models from the previous stages will be combined
into a new hybrid architecture. This model will be trained to merge the local, hierarchical feature maps of the CNN
with the global, non-local features of the ViT. It is hoped that this combination of the two streams of information will
provide a better-performing model with improved accuracy and robustness than using either architecture in isolation.

Phase 4: Explainable AI with Heatmaps

To address the "black box" nature of deep learning models, this phase will focus on implementing Explainable Al
(XAI) techniques. Specifically, we will generate heatmaps (e.g., using Grad-CAM or a similar method) that highlight
the regions of the MRI scan most influential in the model's decision-making process. These heatmaps will visually
indicate the location and extent of the detected tumor, providing a crucial tool for both clinical validation and
understanding the model's predictions.

IV. CONCLUSION

This review article introduces the architecture and motivation for a hybrid CNN-ViT model to detect and classify brain
tumors. Through systematic fine-tuning and testing of current-state CNN and ViT models prior to their combination,
we seek to develop an effective diagnostic tool. Adding an explainable Al component, in the form of generating
heatmaps to indicate tumor areas, is a major aspect of this project, catering to the issue of interpretability in clinical use.
We expect this hybrid model to not only offer superior performance but also to open the door to more reliable and
efficient deep learning models for the area of medical imaging.
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