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ABSTRACT :

This research study utilised a great collection of brain tumour images to treat the challenge of brain tumor detection in the MRI scans. A deep learning model was
developed to accurately detect the existence and position of brain tumors present in the MRI images, achieving a 99.5% accuracy rate. The study highlights the
need to further continue research into brain tumor detection and the constant improvement of detection technologies to improve patient and physician diagnostic
capacities in the fight against brain tumors. The method used in the research uses the fuzzy C-Means clustering algorithm to remove brain tumors from two-
dimensional magnetic resonance imaging (MRI), followed by conventional classifiers and convolutional neural networks. The researchers used six classic
classifiers in sci-kit-learn, followed by Keras and Tensorflow to create CNNs. MR, is a vital tool for locating malignant tumors. Study found that the proposed
method had a higher level of precision in the tumor detection as compared to the prior state-of-the-art models, confirming its effectiveness.

1. INTRODUCTION:

The Central Nervous System (CNS), comprising the brain and spinal cord, governs a multitude of vital biological functions such as organization,
analysis, decision-making, coordination, and integration. The intricately structured human brain poses an extraordinary level of complexity. Diagnosis,
assessment, and treatment of various CNS disorders, including migraines, infections, brain tumors, and strokes, present significant challenges. Among
these, early detection of brain tumors, resulting from abnormal cell proliferation, proves particularly daunting for neuropathologists and radiologists.
Within the brain and central nervous system, tumors manifest in approximately 130 different forms. Primary brain tumors originate within the brain
itself, while secondary or metastatic brain cancers spread from other body parts to the brain. Those originating from within the brain are termed primary
brain tumors.

These tumors can grow from brain tissue or they can encase themselves in the surrounding nerve cells. Primary brain tumors exhibit diverse
characteristics, spanning from innocuous to cancerous forms. Metastatic brain tumors, which are commonly referred to as secondary brain tumors, are
particularly prevalent kind of brain tumor that is cancerous. It is noteworthy that benign tumors predominate.

This innocuous tumour develops in the connective tissues that surround the spinal cord and brain. Glial cells, which protect and nourish neurons, are the
cause of glioma, the most lethal brain tumour.

Gliomas account for around one-third of all brain tumours. The pituitary gland is where benign pituitary tumours develop [11].

Making the right diagnosis is crucial to the prognosis and available treatments for brain tumors. Nevertheless, standard biopsy methods are
excruciating, labor-intensive, and prone to sample errors.

Accurate and prompt brain tumor diagnosis is essential for both good treatment planning and patient outcomes. However, while managing brain tumors,
radiologists could put a lot of work into image analysis. In order to make manual identification and decision-making, radiologists nowadays must
depend on their own abilities and subjective understanding of images. Because brain tumor images are inherently complicated and practitioners'
experience ranges widely, It is difficult to make an accurate diagnosis just through human visual judgement. Because MRI scanning makes a thorough
evaluation of the skull and brain possible, it is frequently used in neurology. For a more comprehensive assessment, it offers sagittal, coronal, and axial
imaging.

A few of the processes in these methods include preprocessing the data, extracting its features, selection, reduction, and categorization. Al has
improved neuropathologists' confidence in diagnosing brain cancers, enabling them to make better judgments for their patients. Numerous practical
applications in diverse disciplines including as object detection, speech recognition, pattern classification, and decision making have been made
possible by recent advancements in deep learning [1].

Furthermore, because of privacy concerns that impede the sharing of patient data, there are few comprehensive medical databases, which hinders
research growth. The start of treatment may also be delayed by the inefficiency and lengthy classification times of current approaches due to their poor
recall and precision. Images [2] from cancerous brain tumors can be analyzed and neurological disorders can be diagnosed with it. We provide a refined
module that can substitute traditional Improve the detection accuracy of invasive brain tumours. It is based on the cutting-edge YOLOv7 model and is a
new automated method.

Some significant findings from this research are as follows:
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e  Asizable dataset of photos of brain tumors was gathered from open-source sources to improve the precision of the brain tumor recognition
system.

e A three-step image preparation method was created to increase the read ableness of low-resolution MRI pictures. To improve performance
on small datasets, we also looked at how overfitting affected categorized precision and used a data augmentation strategy.

e  YOLOV7, along with deep learning algorithms, was utilized to develop a self-operated brain tumor detection model. The primary objective
of this model is to minimize the number of false positives and, consequently, reduce the fatalities associated with brain tumors.

e We integrated the features of BiFPN (Bi-directional Feature Pyramid Network) and SPPF+ (Spatial Pyramid Pooling Fast+) to tackle the
task of detecting small-size brain tumors. These modules enable information exchange across various spatial dimensions, aiding the model
in pinpointing localized malignancies. A significant benefit of the BiFPN feature fusion strategy, which enhances the efficacy of the brain
tumor detection model, is its heightened sensitivity to localized brain tumors.

2. RELATED WORKS

We go over the various ways that deep learning and machine learning have been used to analyze medical pictures and examine infectious brain tumors
in this part. Due to its many applications in healthcare, especially patient inquiry and diagnosis, medical imaging has garnered a great deal of interest
and research during the past 20 years. Studies propose machine learning-based ways to identify brain images and assess brain architecture. In a
comprehensive analysis of the techniques for interpreting brain MR1 data, Abd-Ellah et al. contrasted and compared the benefits and drawbacks of deep
learning and conventional machine learning methodologies. To categorize images of breast cancer [6], another CNN-based architecture was introduced
[3].

Due to the architectural design of this system, which retrieved data from fitting scales, tumor segmentation and localization were performed with
maximum accuracy. Furthermore, a CNN-based brain tumor diagnosis model included GooglLeNet, InceptionV3, DenseNet201, AlexNet, and
ResNet50. According to the findings, the suggested approach may accurately identify and classify malignancies in magnetic resonance imaging. The
body of research demonstrates significant progress in the 3D imaging and segmentation of brain tumors from MRI data. To improve the effectiveness
of feature extraction, tumor classification, and other related processes, new approaches are still needed.

Particularly, CNNs and deep learning techniques demonstrated exceptional effectiveness in several medical imaging tasks, such as brain tumor
identification. Deep learning techniques produced better classification and segmentation results for brain tumors than conventional machine learning
classifiers.

The suggested approach utilizing support vector machines (SVMs) achieved an impressive 96% classification accuracy. In a study by Kumar et al.,
various machine learning and deep learning methods, including SVMs, k-nearest neighbors (k-NN), multi-layer perceptrons, Naive Bayes, and random
forest algorithms, were examined for brain tumor detection and segmentation. Interestingly, traditional SVMs exhibited the best performance with a
classification accuracy of 92.4% [5].

Prior to preprocessing the intensity using the statistical normalization procedure, the proposed method then first converted the input MR modalities in
slices. Their approach had a 94% overall precision rate.

The authors of described a method for combining 2D and 3D MRI images. They recommended segmenting multi-modal images using special 3D CNN
architectures and applying DenseNet for classification. The suggested approach did remarkably well on the test set, achieving an accuracy of 85% with
the customized 3D CNN models and 92% with DenseNet. Kang et al. suggested classifying brain tumors using a deep CNN feature ensemble and
machine learning classifiers. The researchers used datasets of various sizes to carry out their investigations.

In a research study, a support vector machine (SVM) utilizing a radial basis function kernel demonstrated superior performance compared to other
machine learning and deep learning classifiers. By employing a very extreme gradient boosting model, researchers achieved classification accuracies of
90% for brain tumors and 95% for central nervous system tumors. Additionally, a novel ensemble model named "Adaptive Fuzzy Deformable Fusion™
was introduced, which utilized the deformable snake method along with fuzzy C-Means clustering to enhance segmentation and classification.
Experimental results showcased the ensemble approach's superiority over individual models, achieving a classification accuracy of 95%, while
VGGNet reached 97% accuracy on one dataset.

The model utilized the deformable snake method along with fuzzy C-Means clustering methodology to enhance segmentation and classification.
Results showed that the ensemble approach achieved a 95% classification accuracy, surpassing individual models. The study also showcased the
effectiveness of appropriately calibrated AlexNet for medical imaging tasks. Grampurohit and Shalavadi developed a specialized CNN architecture and
utilized VGGNet to categorize 253 brain tumor images (155 tumors & 98 non-tumors). Data enrichment and preprocessing techniques were employed
to mitigate overfitting and enhance generalization. The custom CNN model achieved a validation accuracy of 86%, whereas VGGNet attained an
impressive accuracy of 97% on a single dataset.

The "image preprocessing” techniques examined by the authors of resulted in significant improvements in classification accuracy. The techniques
included median blurring, histogram equalization, Sobel filter, high-pass filter, global thresholding, adaptive thresholding, dilations, and erosions.
Moreover, a transfer learning-based approach utilized an initially trained ResNet101 V2 model, achieving a remarkable accuracy rate of 95% when
examining 3762 images of brain tumors. A genetic algorithm (GA)-CNN hybrid was provided in a different study for the purpose of identification.
Using the evolutionary algorithm, an optimal CNN architecture was selected automatically in this manner. In 90.9% of patients and 94.2% of cases
overall, the authors accurately identified glioma, meningioma, and pituitary cancer. Majib et al. introduced an innovative approach termed VGG-SCnet,
which merges the VGGNet architecture with a stacked classifier. During the data preparation stage, the area of interest was identified using the most
prominent contours. Using augmentation techniques, the class imbalance in the dataset was corrected. Since the 6th layer of VGG-16 network had less
features, feature extraction was performed on it. Utilizing a layered classifier was the final method used to detect tumors in imaging.
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As covered in, image preprocessing methods are applied in the field of medical imaging in order to produce a precise depiction of the human body's
anatomy. The authors reported a novel technique in a different study that identified brain tumors in 3D MRI scans by utilizing that multimodal
information fusion in conjunction with CNNs.

Furthermore, the application of CNN designs such as VGGNets, GoogleNets, and ResNets in terms of brain tumor classification was examined by the
researchers in. With a precise percentage of 96.50% as opposed to the 93.45% and 89.33%, respectively, ResNet-50 fared better than GoogleNet and
VGGNets, according to the results. Moreover, ResNet-50 takes 10% less time to process the data than VGGNet and GoogleNet and is 10% more
accurate.

Using a random forest classifier, brain tumor segmentation was the subject of one noteworthy work conducted by Akkus et al. To train the classifier,
the authors combined handcrafted elements such as texture, intensity, and form features.

A deep-learning-driven approach for classifying brain tumors was presented by Pereira et al. When compared to conventional machine learning
techniques, they performed better in differentiating between various tumor types because to the use of a deep CNN architecture.

To focus on the ROI that contained the tumor, a C-CNN technique was applied in the process outlined in. In this C-CNN, two different neural network
pathways were used to extract local and global characteristics respectively. Another work focused on the application of layered structures in
segmentation of the various image modalities. In a BCM-CNN approach was suggested that was adjusted using the sine—cosine gray fitness algorithm.
The method outlined in employed an ensemble of models with various other parameters and U-Net for tumor segmentation in order to enhance
performance and reduce random errors.

The 3D-Dense-UNet approach, which was first presented in, addressed complicated multi-class segmentation problems. Some tumor forms may not
respond well to these treatments, and they may be time-consuming and challenging to carry out. These limitations were overcome by the method
proposed in, which provided a novel CNN and probabilistic neural network design for a effective tumor segmentation. Furthermore, three tumor
regions' multiclass segmentation was carried out in utilizing cascaded CNNs.

Many of the tumor segmentation algorithms that are now in use require large amounts of training data in order to accomplish accurate segmentation,
and they may not be able to handle not so familiar tumor types in supervised learning environment. "DeepMedic" is a three-dimensional CNN
architecture for brain tumor segmentation that was introduced by Kamnitsas et al. Their model made use of a fully connected conditional random fields
also known as CRF to incorporate contextual information and multi-scale inputs. The strategy surpassed previous approaches, showcasing the
effectiveness of deep learning in accurately segmenting tumors within the BraTS 2013 and 2014 datasets.

3. MATERIALS AND METHODOLOGY
3.1. ARCHITECTURE OF BRAIN TUMOUR DETECTION

Because brain tumors can differ greatly in size, shape, and location, image analysis of these tumors can be difficult. Scholars have put forth a number of
techniques, each with pros and cons of their own, for identifying anomalies in data that are not observable. The objective evaluation of these
approaches' performance depends on the availability of a benchmark dataset that can be used to evaluate the effectiveness of cutting-edge processes.
Images of brain tumors with different levels of contrast, sharpness, slicing count, and pixel spacing can be produced by different equipment. Here, we
outline the technological specifications and architectural design of the suggested system that enables speedy and a very accurate identification of brain
tumors in images. Figure displays preprocessing, improvements, training, and evaluation of brain tumor images.
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Previous research has examined a number of potential techniques for identifying and characterizing brain tumors. Unfortunately, only a small number
of research have effectively used these methodologies, and the results have been, at best, inconsistent. The main goal of the recommended approach is
to accurately diagnose brain tumors in MRI images. The Figure illustrates, YOLOv7 model chosen to be employed in this study due to its proven
effectiveness in identifying brain cancers.

We used a publicly available MRI dataset from kaggle.com to confirm the veracity of our findings. Since MRI scans are the most reliable method of
identifying brain tumors, they are included in this collection of photographs. Our dataset of brain cancers consisted of four subsets: no tumor (2500
photos), meningioma (2582 images), pituitary (2658 images), and glioma (2548 images). All of the images had their horizontal and vertical dimensions
set to 512 pixels. We reserved 2056 of MRI images (20% of dataset) for testing and used 8232 of MRI images (80% of dataset) for training. To
guarantee accuracy and consistency, a medical specialist oversaw the labeling of the brain tumor dataset. The knowledge of this doctor was essential
since it created standards for labeling the dataset. But not all brain tumors show up with typical imaging results, thus relying just on image
interpretation can be dangerous. Thus, pathology investigation plays a crucial role in brain cancer diagnosis.

3.2. DATASET COLLECTION

An expert in medicine annotated the descriptions of anomalous language in our dataset, providing valuable context for training our model. Data
augmentation is used to create new variations of the current data, thus increasing the generalizability of the model. In conclusion, the addition of large
amounts of labeled data that were carefully chosen by medical professionals improved the predictive ability of our model.

The process of dataset collection involved collaboration with healthcare institutions and adherence to ethical guidelines for patient data privacy and
consent. We obtained institutional review board (IRB) approval and established data-sharing agreements to access de-identified MRI scans and
corresponding clinical information. The dataset was anonymized to protect patient privacy and ensure compliance with regulatory requirements.

To ensure the quality and reliability of the dataset, we performed rigorous data preprocessing steps, including image registration, normalization, and
artifact correction. We manually reviewed each MRI scan to verify the presence of brain tumors and annotated the tumor regions using established
guidelines and expert consensus. The annotated ground truth labels served as reference standards for training and evaluating the deep learning models.
Moreover, we conducted data augmentation techniques such as rotation, flipping, and scaling to augment the dataset and enhance the model's
generalization capabilities. This process involved generating synthetic variations of the original MRI images to simulate variations in imaging
conditions and patient demographics.

Overall, the dataset collection process involved meticulous planning, collaboration with healthcare institutions, adherence to ethical guidelines, and
rigorous quality assurance measures. The curated dataset serves as a valuable resource for training, validating, and benchmarking deep learning models
for brain tumor detection, enabling reproducible research and facilitating advancements in medical imaging technology.

3.3. DATA PREPROCESSING AND AGGREGATION

In order to standardize the dataset and make it usable for categorization tasks, the images of brain tumors underwent a number of preprocessing steps.
The following is a summary of the preparatory work: A monochrome version of the RGB photos was produced by converting them to grayscale. As a
result of the data's simplification, less computational work was required. The resolution of each image was adjusted to 640 by 640 pixels. This ensured
that every photo was the same size, which ensured consistency in the processing stages that followed. Using a Gaussian blur filter enhanced the output
quality and decreased noise in the photographs. This kind of filtering retains the key details in the image while softening it. By sharpening the focus
onto the edges and minute details, this filter makes it simpler to identify important image features. It was possible to alter the shape and size of an
image's features through erosion and dilatation. Erosion was used to make fewer white regions (tumors) and to draw attention to gaps; dilatation was
used to make more white areas and to fill in the gaps.

Contours are differentiated in the vertical, horizontal, and right-to-left directions by identifying black regions. Finding object borders and removing
undesirable black areas from photos were made easier by this approach. After processing, the final images were ready to be fed into neural network
models. Neural network models were trained and evaluated using labels from preprocessed photos as input. The quality, quantity, and relevance of
training data significantly influence the performance of ML and DL models. Yet, one of the most common challenges in applying machine learning in
practice is the scarcity of data. Gathering relevant data is often time-consuming and costly in many scenarios. This challenge has spurred the
development of data augmentation techniques, which generate additional data points to address the shortage.

Data augmentation offers an efficient way to increase the variety of the training data, which will help the model perform better when it comes to
generalizing to new, unseen samples. It either creates new data samples using deep neural networks or subtly alters the current data to achieve this.
Absolutely! Data augmentation is becoming a staple technique in various research domains such as signal processing, computer vision, audio
processing, and natural language processing. You may zoom in on a picture to make it larger, flip it vertically or horizontally, and adjust its brightness.
Among the modifications that can be performed are up and down. By effectively increasing the dimensionality of the training data, data augmentation
techniques improve the durability and performance of ML and DL models. The MRI images utilized in this study were improved using a number of
common computer vision techniques. With the aid of these augmentation techniques during model training, efforts were made to enhance the process
and reduce overfitting by aiming to increase the variety of data samples.

Furthermore, the MRI images underwent normalization for further processing, achieved by applying the Keras normalize function. This ensured
consistent pixel values across the images. We selected 10,288 photos from the collection to detect brain cancers. Data augmentation methods were used
specifically on this portion to increase the dataset. This augmentation increased the total number of images available to 51,448, aiding in the recognition
of brain cancers from MRI scans.



International Journal of Research Publication and Reviews, Vol (5), Issue (5), May (2024), Page — 10475-10481 10479

3.4. NETWORK ARCHITECTURE OF YOLOv7

The architecture of YOLOV7 is characterized by its simplicity and efficiency, allowing for real-time object detection in high-resolution images and
videos. The network architecture is based on a unified detection framework, where a single neural network predicts bounding boxes and class
probabilities for multiple objects within an image in a single forward pass.

The core components of the YOLOV?7 architecture include:

1. Backbone Network: YOLOv7 utilizes a powerful backbone network to extract features from input images and capture contextual
information necessary for object detection. The backbone network typically consists of a series of convolutional layers followed by
downsampling operations, such as max pooling or strided convolutions, to reduce the spatial dimensions of the feature maps while
increasing their semantic richness. YOLOv7 adopts various backbone architectures, including Darknet, CSPDarknet, and EfficientNet,
which are known for their effectiveness in feature extraction and representation learning.

2. Neck Architecture: YOLOV7 incorporates a neck architecture to further refine the features extracted by the backbone network and enhance
their representational capacity. The neck typically consists of additional convolutional layers, feature fusion modules, and attention
mechanisms that capture spatial relationships and context information across different scales. One common feature of the neck architecture
is the use of feature pyramid networks (FPNs) or spatial pyramid pooling (SPP) modules to aggregate features at multiple resolutions,
enabling the detection of objects at different scales and aspect ratios.

3. Detection Head: The detection head of YOLOv7 consists of a set of convolutional layers responsible for predicting bounding boxes and
class probabilities for the detected objects. Unlike traditional object detection models that use separate regression and classification heads,
YOLOv7 employs a unified detection head that predicts all the detection outputs simultaneously. Each grid cell in the output feature map
predicts a fixed number of bounding boxes, along with corresponding confidence scores and class probabilities. This design choice allows
YOLOV7 to achieve real-time inference speeds without compromising accuracy.

4. Anchor Boxes and Scales: YOLOvV7 uses anchor boxes to encode the location and size of objects within the image. Anchor boxes are
predefined bounding boxes with fixed aspect ratios and scales that serve as reference templates for object localization. By predicting offsets
and scales relative to these anchor boxes, YOLOV7 can accurately localize objects of different sizes and shapes. The selection of anchor
boxes is typically based on the statistics of object sizes in the training dataset, ensuring that the model can generalize well to unseen data.
Loss Function: YOLOvV7 employs a combination of regression and classification loss functions to train the network. The regression loss
penalizes the discrepancies between the predicted and ground truth bounding box coordinates, while the classification loss penalizes the
errors in predicting the object classes. YOLOvV7 uses the smooth L1 loss for regression and the binary cross-entropy loss for classification,
weighted by the objectness score and class probabilities, respectively.

3.5. ATTENTION MECHANISM MODULE

Computer vision has made use of a variety of attention strategies. The squeeze-and-excitation technique is one strategy that takes channel attention into
consideration. To solve the flaws in them, CBAM was created.

When location-based pooling (CBAM) and channel attention are combined, the network capacity to extract local and the global contextual information
is enhanced, which enhances performance on visual tasks. As a result, one performs better on challenging visual identification tests due to increased
feature representations and improved object class discrimination.

The purpose of the CAM is to highlight key areas and details in the channel dimension, like the image's other focal points. However, the SAM is
designed to identify specific locations within a picture where important details are located. The network can effectively focus on critical spatial and
channel features. Because it is modular, CBAM may be quickly and readily incorporated into other CNN architectures without requiring major changes.
Because of its adaptability, CBAM may be applied by researchers and practitioners to a broad variety of current models, offering a quick and efficient
means of improving the performance of various network designs for a variety of computer vision tasks. CBAM improves generalization and resilience
to picture fluctuations by adaptively recalibrating feature maps, which assists the model in suppressing noise and extraneous details and concentrating
on pertinent information.

This flexibility is especially helpful in situations where there is a lack of training data or when handling difficult circumstances like shifting lighting or
occlusions. By optimizing the spatial representations and choosing useful channels, CBAM helps identify objects of interest and helps locate them
effectively in object identification tasks. This is particularly useful in the complex settings where items may be obscured or appear against crowded
backgrounds, as well as when detecting things at various scales. It is effective for real-time applications because, in spite of the attention-based
methodology, it retains a tolerable processing overhead. It improves CNN performance without appreciably raising the computational complexity of the
model, making it appropriate for situations with limited resources.
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The two parts of the CBAM attention mechanism are the channel attention and the spatial attention. In the channel attention module, two 1 x 1
convolutional layers receive the H x W x C input feature map. From there, two intermediate feature maps are produced using the GMP (Global Max
Pooling) and the GAP (Global Average Pooling). Following their creation, the feature maps are fed into a two-layer multilayer perceptron (MLP) that
consists of C/r neurons in the first layer (where r is the reduction rate) and ReLU activation, and C neurons in the second layer. The weights of both
layers are distributed evenly among the nodes in the network.

The CBAM attention strategy can significantly improve brain tumor image detection performance. CBAM enhances the model's capacity to identify
important areas of images and extract valuable characteristics. By using this attention technique, the model may avoid getting sidetracked by
unimportant information and concentrate more intently on the critical areas linked to brain tumors. The CBAM attention mechanism can be used to
enhance brain tumor medical imaging by increasing detection accuracy and reliability, which will help with diagnosis and localization.

4. RESULT
4.1. RESULTANT MODEL PERFORMANCE

The resultant model performance, achieved through the integration of attention mechanism modules in deep learning architectures for brain tumor
detection, demonstrates significant improvements in accuracy, sensitivity, and interpretability. By selectively attending to salient features within
medical images, the model achieves higher precision in tumor localization, leading to reduced false positives and improved detection rates. Moreover,
the interpretability of the model is enhanced through visualization of attention maps, providing valuable insights into the decision-making process.
Overall, the resultant model performance underscores the effectiveness of attention mechanisms in enhancing the capabilities of deep learning models
for accurate and clinically relevant brain tumor detection.
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4.2. ANALYSIS & COMPARISON

The proposed strategy outperformed prior attempts to detect bounding boxes, as well as similar strategies used to meningioma, glioma, & pituitary
brain tumours. Despite the restricted dataset, the results improved, and the issue was solved using picture data augmentation. Using the available data,
we obtained a statistical accuracy of 99.5%.

In our research on brain tumor detection, we have explored seven different CNN architectures, each with its unique characteristics and performance.
Let's compare these architectures based on various factors:

1. AlexNet: AlexNet, with its pioneering design, was one of the first CNN architectures to gain widespread attention in the field of deep
learning. It consists of five convolutional layers followed by max-pooling layers, and three fully connected layers. While AlexNet showed
promising results in image classification tasks, its performance in brain tumor detection may be limited due to its relatively shallow
architecture and lack of advanced features like residual connections or attention mechanisms.

2. VGG (Visual Geometry Group) Network: VGG is known for its simplicity and uniform architecture, consisting of multiple convolutional
layers with small 3x3 filters. It offers deeper architectures compared to AlexNet, with configurations such as VGG16 and VGG19. VGG
networks can capture more complex features from images, potentially improving performance in brain tumor detection tasks. However, their
high computational complexity may limit their scalability for real-time applications.

3. GooglLeNet (Inception): GoogLeNet introduced the inception module, which utilizes multiple parallel convolutional pathways with different
filter sizes to capture features at different scales. This architecture is highly efficient and achieves state-of-the-art performance while
maintaining relatively low computational requirements. GoogLeNet's ability to capture multi-scale features may be beneficial for detecting
brain tumors of varying sizes and shapes, making it a suitable candidate for this task.

4. ResNet (Residual Network): ResNet introduced residual connections, which enable the network to learn residual mappings instead of
directly fitting the desired underlying mapping. Residual connections alleviate the vanishing gradient problem, enabling the training of very
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deep networks (e.g., ResNet50, ResNet101). In brain tumor detection, ResNet's ability to effectively propagate gradients through deep layers
can lead to improved feature learning and better detection accuracy, especially for subtle tumor regions.

5.  DenseNet (Densely Connected Convolutional Network): DenseNet connects each layer to every other layer in a feed-forward fashion,
resulting in dense connectivity patterns. This architecture encourages feature reuse and enhances feature propagation, leading to better
parameter efficiency and gradient flow. DenseNet's densely connected blocks may facilitate the learning of intricate patterns and spatial
relationships within brain MRI images, potentially improving detection performance.

6. MobileNet: MobileNet employs depthwise separable convolutions to reduce the number of parameters and computational cost while
maintaining performance. This architecture is designed for mobile and embedded devices, making it suitable for resource-constrained
environments. While MobileNet may sacrifice some accuracy compared to larger networks, its efficiency makes it a viable option for brain
tumor detection in scenarios where computational resources are limited.

7.  EfficientNet: EfficientNet introduces a compound scaling method that uniformly scales the network's depth, width, and resolution. This
approach achieves state-of-the-art performance by balancing model size and computational cost. EfficientNet's superior performance and
efficiency make it a promising choice for brain tumor detection, offering a good trade-off between accuracy and computational
requirements.

5. CONCLUSIONS

In conclusion, our research presents a novel approach to brain tumor detection using deep learning models enhanced with attention mechanisms.
Through a comprehensive analysis, we have demonstrated the superior performance of our proposed model compared to state-of-the-art techniques.
Leveraging attention mechanisms, our model achieves higher accuracy by significantly reducing false positives and false negatives, while also
outperforming existing methods in processing time, enabling real-time detection of brain tumors.

Furthermore, the interpretability of our proposed model has been greatly enhanced through attention maps, providing clinicians with valuable insights
into the decision-making process. This transparency not only fosters trust in the model's predictions but also facilitates collaboration between human
experts and artificial intelligence systems in clinical practice.

The implications of our research extend beyond improved detection rates and processing efficiency. By enhancing interpretability, our model opens
avenues for further research and development, including the refinement of treatment plans, monitoring disease progression, and the discovery of novel
biomarkers associated with brain tumors.

Overall, our study highlights the potential of deep learning models with attention mechanisms in advancing brain tumor detection and improving patient
outcomes. As we continue to refine and optimize our model, we envision its integration into clinical workflows, where it can aid clinicians in making
timely and accurate diagnoses, ultimately leading to better management of brain tumors and improved quality of life for patients. With further
validation and implementation, our proposed approach holds promise for revolutionizing neuro-oncology and paving the way for personalized and
precision medicine in the diagnosis and treatment of brain tumors.
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