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ABSTRACT 

BRAINORMER is a platform designed to revolutionize the healthcare industry by providing accurate brain 

tumor detection and educational resources for medical students and professionals. The project uses YOLOv8 

models for MRI-based brain tumor detection, optimizing accuracy by experimenting with different model 

sizes—small, medium, and large. Additionally, BRAINORMER integrates an IBM Watson chatbot and features 

like the Google Gemini API, which auto-generates detailed information about the detected tumor type, offering 

users essential medical insights and answering common queries. Our platform serves a dual purpose: acting 

both as a diagnostic tool for early tumor detection and as an educational resource for those interested in AI 

applications in healthcare. Our platform offers a user-friendly interface powered by technologies such as HTML, 

CSS, and JavaScript. Users can interact with the AI models hosted on the Streamlit platform, where they can 

upload MRI scans to identify the type of brain tumor and gain valuable insights using different tools available 

on the platform. Brainormer has a vision of bridging the gap between technical and non-technical users, 

demonstrating the potential of AI in medical science. 

I. INTRODUCTION 

Background and Motivation: 

Brain tumors are among the most lethal diseases in human history, and their early detection remains one of the 

most critical aspects of modern healthcare. Early detection is crucial for brain tumors, as it can significantly 

improve patient outcomes by enabling timely intervention and potentially saving lives. In recent years, 

Artificial Intelligence (AI) and machine learning (ML) have achieved remarkable advancements in healthcare, 

transforming medical diagnostics by enabling faster and more accurate detection of complex anomalies, 

including brain tumors. Hence, we considered bridging the gap between AI and Healthcare using BRAINORMER. 

The inspiration for building BRAINORMER came from a personal experience: I took my grandfather to the clinic 

and had to wait for the doctor’s appointment. Despite having MRI scans in hand, I realized I couldn’t interpret 

the results, and my grandfather kept asking if everything was okay. I saw how challenging it was for doctors to 

manage each patient’s needs as sometimes files go missing, or interpreting results takes time due to human 

error. That’s when the idea for BRAINORMER came to life, to build a platform where we can allow users to gain 

knowledge and show how AI can revolutionize healthcare by providing faster, more reliable diagnostics, 

minimizing human error. 

Problem Statement: 

Nowadays we need more efficient and reliable healthcare tools and that is why for faster and more accurate 

diagnosis we came up with BRAINORMER, (especially for the detection of brain tumors). Traditional diagnostic 

methods often involve manual interpretation of images, which can be time-consuming and prone to human 

error, which leads to delay and can cost a human life in some cases. This is particularly concerning in the case of 

brain tumors, where early detection is crucial to improving patient outcomes and saving lives. By leveraging 

advanced AI and machine learning technologies, we aim to bridge the gap in diagnostic efficiency, offering a 

solution that enhances the accuracy and speed of brain tumor detection, for both healthcare professionals and 

patients. 

Current Challenges in Healthcare ( that can be solved with the power of AI): 

 Delayed Diagnoses: Traditional methods for diagnosing brain tumors often rely on manual interpretation, 

which can lead to delays in diagnosis and treatment. 

 Human Errors: Medical imaging interpretation is prone to human error, which may result in misdiagnosis 

or missed critical conditions. 
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 Resource Constraints: Many healthcare systems face a shortage of trained professionals who can make 

accurate and timely diagnosis. 

 Scalability Issues: With a growing population, healthcare systems are under pressure to diagnose and 

manage a larger number of patients. 

AI offers the following in the healthcare field: 

 Enhanced Accuracy: AI models can analyze complex medical images with precision which reduces the 

chances of human error. 

 Faster Diagnoses: AI can streamline the diagnostic process, leading to quicker, more efficient patient 

outcomes. 

 Resource Optimization: By automating routine tasks, AI enables healthcare professionals to focus on more 

complex cases and reduce burnout. 

 Scalability: AI solutions can be implemented across various healthcare settings, providing consistent and 

reliable diagnostics, even in areas where medical expertise is limited. 

Objective 

BRAINORMER aims to address these challenges by combining cutting-edge AI technology with a comprehensive 

platform for both brain tumor detection and education. This platform leverages YOLOv8 models for highly 

accurate MRI-based tumor detection, optimizing model performance through experimentation with varying 

sizes. Additionally, BRAINORMER integrates an IBM Watson chatbot for user queries and Google Gemini API to 

provide users with detailed, real-time information about the detected tumor type. The platform serves a dual 

purpose: it acts as both a diagnostic aid for early tumor detection and as an educational resource for medical 

professionals, students, and Interested Individuals. 

 Develop an AI-Powered Platform: Our primary goal is to create a robust, AI-driven platform designed to 

assist medical students, researchers, and healthcare professionals in understanding and applying AI in 

healthcare. This platform will bridge the gap between advanced technology and medical practice, facilitating 

the integration of AI into routine medical diagnostics, and making it easier for users to access AI-powered 

insights and real-time support. 

 AI Models for Medical Condition Detection: We aim to develop and train specialized AI models capable of 

accurately detecting brain tumors through the analysis of medical images like MRIs.In future add more AI 

models for different medical conditions and expand this project. 

 Create an Accessible and Educational Website: Our project includes the development of a user-friendly 

website that not only deploys trained AI models but also provides valuable educational content. The 

platform will serve as a comprehensive resource for understanding AI’s role in healthcare, featuring 

tutorials, case studies, and interactive tools. Additionally, users will have the option to upload MRI scans, use 

AI-powered tumor detection models, and receive auto-generated insights, including a brief description, 

common symptoms, and typical treatment options through the integration of the Google Gemini API. This 

will help users make informed decisions and deepen their understanding of medical conditions. 

II. LITERATURE REVIEW 

The integration of artificial intelligence (AI) in healthcare has seen significant advancements in recent years, 

particularly in the areas of medical imaging and diagnostic support. Various studies have explored the 

application of AI techniques such as deep learning and machine learning in detecting and diagnosing diseases 

from medical images. 

 AI in Medical Imaging: Deep learning models like convolutional neural networks (CNNs) have shown high 

accuracy in detecting conditions such as brain tumors from MRI. Researchers have demonstrated that AI 

models can assist radiologists by improving diagnostic accuracy and reducing time spent on analysis. 

 YOLO in Healthcare: The "You Only Look Once" (YOLO) model, originally developed for object detection, 

has been successfully applied to medical imaging tasks, including tumor detection. YOLO’s real-time 

detection capabilities make it a promising tool for assisting in fast-paced medical environments. 
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 Chatbots in Healthcare: The use of AI-driven chatbots, like IBM Watson, is growing in healthcare. These 

systems help patients and medical professionals by answering questions, providing information, and even 

supporting mental health through conversational AI. 

BRAINORMER builds upon these research foundations by utilizing AI, specifically YOLO V8 models, for the 

brain, and IBM Watson for chatbot functionalities, demonstrating the practical applications of AI in 

revolutionizing healthcare. 

Advantages of Using YOLOv8 Over Traditional Machine Learning Algorithms: 

YOLOv8 provides significant advantages for tasks like brain tumor detection in MRI images, surpassing 

traditional machine learning methods through its end-to-end CNN architecture. Key benefits include: 

 Real-Time Detection: YOLOv8 is optimized for quick and accurate image processing, essential for time-

sensitive clinical applications. 

 High Precision and Recall: With strong precision, recall, and mAP metrics, YOLOv8 reduces false positives 

and negatives, ensuring reliability in medical diagnostics. 

 Single-Stage Architecture: Unlike multi-stage models, YOLOv8's single-stage design enhances speed and 

efficiency, beneficial in resource-limited settings. 

 Generalization: YOLOv8 adapts well to diverse data variations, improving robustness across different 

clinical scenarios. 

 Scalability: Multiple versions (n, s, m, l) offer flexibility for different computational resources, making 

YOLOv8 versatile for various deployments. 

III. METHODOLOGY 

Data Collection: 

The dataset utilized in this study was sourced from multiple Kaggle repositories. Additionally, to enhance the 

diversity and accuracy of our dataset, we scraped data from various healthcare and medical imaging websites. 

This dataset contains high-quality MRI images of various types of brain tumors with detailed annotations. An 

extensive cleaning process was undertaken to eliminate noisy, mislabeled, and low-quality images, resulting in 

a high-quality, accurately annotated and well-labeled dataset. This refined dataset supports the development 

and evaluation of machine learning models for brain tumor detection and classification, empowering 

researchers to leverage computer vision techniques for precise and early diagnosis of brain-related health 

conditions. 

The data instance distribution in this dataset is well balanced, ensuring a roughly equal number of instances 

across different classes of brain tumor, including glioma, meningioma, no tumor and pituitary. This balanced 

distribution aids in preventing class imbalance issues during machine learning model training and promotes 

robustness. Additionally, each data instance in the dataset is meticulously annotated with its corresponding 

instance label, providing precise information about the specific brain tumor class to which it belongs. These 

annotated instance labels are crucial for supervised learning tasks, enabling the model to learn and make 

accurate predictions based on the ground truth information associated with each image, ultimately enhancing 

the model's diagnostic capabilities in brain tumor detection. 

Sample Images of Each Class from the Dataset: 
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Dataset Composition: 

The dataset includes a total of 5,246 MRI images divided into training and validation sets. Each image is 

annotated with bounding boxes in YOLO format, and labels corresponding to one of the four classes of brain 

tumors, saved in a separate text file with the same name as image file indicating the affected area in the image 

(bounding box information) and class of tumor (label). All images present in the dataset were resized to 640 x 

640 pixels during data preprocessing. The classes are Glioma, Meningioma, No Tumor and Pituitary. 

The dataset includes MRI images captured from various angles, such as sagittal, axial, and coronal views, 

offering comprehensive brain anatomy coverage. This variety strengthens the robustness of models trained on 

this dataset, making it ideal for training and validating deep learning models for brain tumor detection and 

classification. The range of MRI scan angles, combined with precise annotations, provides a strong foundation 

for developing reliable computer vision applications in medical imaging. 
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Distribution of Images by Class: 

Number of Images in Glioma: 1153 

Number of Images in Meningioma: 1449 

Number of Images in No Tumor: 711 

Number of Images in Pituitary: 1424 

   

Working of the YOLO Model: 

YOLOv8 builds on the core YOLO framework developed by Ultralytics, further refining it for optimal 

performance. In essence, YOLOv8 divides the input image into a grid, where each grid cell is responsible for 

detecting objects within its spatial area. The following are the main steps in YOLOv8's working process: 

 Input Processing: YOLOv8 takes an image as input and divides it into a grid (e.g., 13x13, 26x26, or larger, 

depending on model configuration). Each grid cell is responsible for detecting objects located within its 

designated area. 

 Feature Extraction: The model extracts high-level features from the image using a deep convolutional 

neural network (CNN). YOLOv8 typically uses a backbone architecture like CSPDarknet or other advanced 

network structures optimized for detection tasks. 

 Bounding Box Prediction: YOLOv8 predicts bounding boxes by estimating the coordinates of the center, 

width, and height of each box for detected objects. It also calculates a confidence score for each box, 

indicating the likelihood that the box contains an object. 

 Class Prediction: In addition to predicting bounding boxes, YOLOv8 assigns a class probability for each 

detected object, allowing the model to identify and categorize multiple object types within the image. 
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 Post-Processing: After predictions are made, a confidence threshold is applied to filter out low-confidence 

detections. Non-Maximum Suppression (NMS) is then used to eliminate overlapping boxes, ensuring only 

the most accurate and relevant detections are retained. 

 

IV. EVALUATION & RESULTS 

Experimental Environment & Parameter Configuration: 

The experiment was conducted on Kaggle Notebook. The GPU used was 1 NVIDIA Tesla P100 with 16GB of 

memory. The CPU used was Intel(R) Xeon(R) CPU @ 2.00GHz with 4 cores, and the host had 31.4GB of RAM. 

The programming language utilized was Python 3.10.14, with CUDA v12.4 employed for GPU acceleration. The 

training was performed based on the deep learning framework PyTorch 2.4.0. 

 

 

Parameter Value 

Epochs 300 

Image Size 640 

Patience 10 

All other model settings were left at their default values. 

Evaluation Metrics: 

In this experiment, mean Average Precision (mAP), recall, and precision are used to evaluate the model. 

Experimental Results: 

The model training process employed different versions of YOLOv8: YOLOv8n, YOLOv8s, YOLOv8m, and 

YOLOv8l, each with distinct levels of complexity and capability. YOLOv8n, the smallest and fastest variant, is 
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optimized for scenarios prioritizing speed over maximum accuracy. YOLOv8s strikes a balance between speed 

and accuracy, making it ideal for real-time applications. YOLOv8m and YOLOv8l are larger models that deliver 

greater accuracy but require more computational resources to operate effectively. 

Models Precision Recall mAP50 mAP50-95 

YOLOv8n 0.95035 0.95011 0.97006 0.8041 

YOLOv8s 0.95312 0.95168 0.96616 0.80672 

YOLOv8m 0.96507 0.9219 0.96283 0.78339 

YOLOv8l 0.93194 0.92572 0.9621 0.78852 

V. DISCUSSION 

For a strong balance of performance and efficiency, YOLOv8s offers the highest mAP50-95 and competitive 

mAP50, making it a good choice overall for better detection and localization accuracy. If higher precision is the 

primary goal, YOLOv8m might be considered, though at the expense of recall and mAP50-95. For balanced 

speed and detection accuracy, YOLOv8n is a good choice. 

While the study demonstrates strong performance, several limitations need further exploration. A key 

limitation is the potential bias within the training and validation dataset, which may not capture the full 

spectrum of brain tumor types and variations, potentially affecting the model’s ability to generalize to different 

clinical scenarios. Additionally, though YOLOv8s achieves high accuracy, its predictions remain difficult to 

interpret. For healthcare professionals to fully adopt and trust this technology, they require insights into the 

model’s reasoning behind each detection and classification decision. Furthermore, despite YOLOv8’s optimized 

structure, its computational demands may still pose challenges in low-resource environments, limiting 

accessibility. 

Future research should address these limitations to improve the model's applicability and reliability. Expanding 

the dataset to cover a wider range of brain tumor cases from diverse patient groups and imaging techniques 

could enhance the model's generalizability. Developing explainable AI approaches would also boost the 

interpretability of YOLOv8 predictions, allowing clinicians to validate the model’s decisions more confidently. 

Optimizing the model to work on cost-effective hardware could further increase its accessibility across various 

healthcare settings, including those with limited resources. 

Further research could explore integrating YOLOv8 with other diagnostic tools to develop a comprehensive, 

multi-modal platform for brain tumor detection. Combining image-based analysis with clinical data, such as 

patient history, could provide a more complete view of brain health and enhance diagnostic accuracy. Future 

studies might also examine YOLOv8’s potential for monitoring brain tumor progression, enabling early 

detection and assessment of treatment effectiveness over time. Collaborations with clinical practitioners will be 

crucial to align model development with practical needs and facilitate integration into medical practices. 

Advancing these research areas will refine the approach for broader clinical adoption, ultimately improving 

brain tumor diagnosis and patient care. 

Detection Results Using YOLOv8s with Bounding Boxes: 
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VI. CONCLUSION 

This paper has explored the significant potential of utilizing deep learning techniques for brain tumor detection 

through medical imaging, with a particular focus on the use of the YOLO (You Only Look Once) algorithm. Brain 

tumor diagnosis plays a pivotal role in the field of medical imaging, where early and accurate detection can 

greatly improve patient outcomes. In our study, we harnessed the power of YOLOv8 to develop a robust model 

specifically tailored to detect brain tumors in MRI scan images. 

YOLO's ability to perform detection in a single pass through the image, while maintaining high accuracy, is 

particularly beneficial for medical applications where real-time results and efficiency are crucial. Despite the 

advances in YOLO-based models, challenges such as low accuracy in distinguishing subtle tumor characteristics 

and issues with detecting smaller or irregularly shaped tumors remain. In response, our work introduces novel 

adaptations to YOLO, optimizing it for medical image datasets and improving its performance in detecting brain 

tumors with greater precision. 

To enhance the informational aspect of the Brainormer platform, we integrated an IBM Watson-powered 

chatbot into the Brainormer platform. This chatbot provides users with quick access to detailed information on 

brain tumor types, diagnosis methods, and treatment options. By engaging users through natural language, the 

chatbot offers real-time answers to common questions about Brainormer's functionality, the AI technology 

involved, and general inquiries related to brain health. This AI-powered assistant enhances accessibility to 

medical knowledge, empowering users to make informed decisions and better understand the role of AI in 

brain tumor detection. Additionally, we integrated the Gemini API, which auto-generates detailed information 

about specific tumor types, helping users to better understand their diagnosis. 

Looking ahead, further research should focus on refining YOLO models by exploring hybrid architectures, 

incorporating multi-modal data (such as imaging and genetic information), and enhancing the algorithm's 

robustness to handle more complex and diverse medical datasets. 
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