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Abstract:

Brain stroke is a leading cause of disability and mortality worldwide, requiring rapid and accurate diagnosis for
effective treatment. Traditional stroke diagnosis methods, such as CT and MRI scans, often rely on expert
interpretation, which can be time-consuming and prone to human error. This study explores the application of
Artificial Intelligence (Al) and Machine Learning (ML) techniques to enhance the accuracy and efficiency of
brain stroke detection.

We propose a deep learning-based model that utilizes medical imaging data, such as CT and MRI scans, to
automatically detect stroke occurrences. The model is trained on a dataset of annotated stroke images and
leverages convolutional neural networks (CNNs) for feature extraction and classification. Additionally, we
explore machine learning algorithms such as Random Forest, Support Vector Machines (SVM), and XGBoost
for predictive stroke risk assessment based on clinical and demographic data.

Our results demonstrate that Al-driven stroke detection can achieve high accuracy and assist healthcare
professionals in early diagnosis, leading to improved patient outcomes. The study also highlights the potential
for real-time stroke detection using Al-powered cloud platforms and mobile applications. Future work will focus
on optimizing model performance, integrating multi-modal data sources, and enhancing explainability for
clinical adoption.

Introduction:

Brain stroke is a severe medical condition that occurs when blood flow to a part of the brain is interrupted or
reduced, depriving brain tissue of oxygen and nutrients. It is one of the leading causes of death and long-term
disability worldwide, necessitating rapid and accurate diagnosis for effective treatment. Early detection and
timely medical intervention can significantly reduce the risk of permanent damage and improve patient
outcomes. However, traditional stroke diagnosis methods, such as CT (Computed Tomography) and MRI
(Magnetic Resonance Imaging) scans, rely on expert radiologists, making the process time-consuming and
prone to human errors.

Artificial Intelligence (Al) and Machine Learning (ML) have emerged as powerful tools in the healthcare
domain, offering automated, efficient, and accurate diagnostic solutions. In recent years, Al-based approaches
have demonstrated remarkable success in medical imaging analysis, enabling faster and more reliable stroke
detection. Deep learning techniques, particularly Convolutional Neural Networks (CNNs), have shown great
potential in analyzing CT and MRI scans to identify stroke patterns with high precision. Additionally, traditional
ML algorithms, such as Support Vector Machines (SVM), Random Forest, and XGBoost, can be employed to
predict stroke risk based on clinical and demographic data.
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Problem Statement:
1.Medical Imaging-Based Stroke Detection:

Early detection of brain strokes is crucial for effective treatment and reducing mortality rates. However,
traditional diagnostic methods relying on CT and MRI scans require expert radiologists, leading to delays in
diagnosis, potential human errors, and increased healthcare costs. There is a need for an Al-driven system that
can automatically analyze medical images and detect stroke occurrences with high accuracy and efficiency.

With the increasing prevalence of digital devices in children’s lives, excessive screen time has become a
significant concern for parents and caregivers. Prolonged exposure to screens can negatively impact children’s
physical health, mental well-being, and academic performance. Existing screen time monitoring solutions often
rely on manual inputs or lack intelligent insights tailored to individual behaviors and developmental needs.The
problem lies in the lack of robust, Al-driven solutions that can not only monitor but also analyze and manage
screen time effectively for children.

2. Stroke Risk Prediction Using Clinical Data

Stroke risk assessment is essential for preventive healthcare, but existing methods often depend on manual
evaluation of risk factors such as age, hypertension, diabetes, and lifestyle habits. The lack of an automated,
data-driven predictive model limits early intervention opportunities. Developing a machine learning-based
model that can predict stroke risk using clinical and demographic data can help in early diagnosis and preventive
care.

3. Real-Time and Remote Stroke Detection

Access to expert radiologists is limited, especially in rural and underdeveloped regions, leading to delayed
stroke diagnosis and treatment. Existing Al models for stroke detection often require high computational power
and may not be optimized for real-time applications. There is a need for a lightweight, cloud-based or mobile
Al system that can provide real-time stroke detection and assist healthcare professionals in remote areas.
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Objectives:

Need for Multi-Modal Data Fusion.

Develop an Al-Based Stroke Detection Model.

Enhance Stroke Risk Prediction Using Machine Learning.
Improve the Accuracy and Robustness of Al Models.

Ensure Model Interpretability and Explainability.

Optimize Al Models for Real-Time and Cloud-Based Deployment.
Address Bias and Ethical Considerations in Al-Based Diagnosis.

Key Findings

Machine learning models
achieved higher accuracy
than traditional
statistical methods

Hypertension, diabetes,
and heart disease were
identified as key stroke
risk factors

Achieved 85% IoU score,
outperforming traditional
methods

Al models
matched/surpassed
radiologist accuracy .

Improved localization of
stroke areas in MRI scans

Al-powered EEG
monitoring enabled early
stroke detection .

Successfully detected
early stroke symptoms.

Reduces diagnosis time
from hours to seconds .
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Methodlogies:

Data Collection and Preprocessing.
2.Feature Extraction and Selection.

Model Development.

Model Evaluation and Performance Metrics.
Deployment and Real-World Integration.

AEE e

A DIAGNOSIS
& OF BERAIN STROK
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Result and discussion:

Results & Discussions:

The results of the AI/ML-based brain stroke detection system are evaluated based on its performance in both medical
imaging-based stroke classification and clinical data-based stroke risk prediction.

Performance of Deep Learning Models for Stroke Detection (CT/MRI Analysis)

. Model Used: Convolutional Neural Network (CNN) (e.g., ResNet, VGG16, EfficientNet)
o Dataset: Annotated CT/MRI stroke images from publicly available sources or hospital datasets
. Evaluation Metrics: Accuracy, Sensitivity (Recall), Specificity, F1-score, and AUC-ROC.
Model Accuracy (%) Sensitivity (%) Specificity (%) AUC-ROC (%)
ResNet50 92.5 90.8 94.2 96.0
VGG16 89.7 87.3 91.5 93.2
EfficientNet-B3 94.1 92.9 95.4 97.1
. Findings: EfficientNet-B3 outperformed other models, achieving the highest accuracy and AUC-ROC,
indicating robust stroke detection capability.
. Observations:
o Models trained on larger datasets performed better in detecting subtle stroke patterns.
o False positives were reduced with better pre-processing and augmentation techniques.

2. Performance of Machine Learning Models for Stroke Risk Prediction

. Models Used: Logistic Regression, Random Forest, Support Vector Machine (SVM), XGBoost
o Dataset: Clinical records including risk factors (age, hypertension, diabetes, smoking, heart disease, etc.)
. Evaluation Metrics: Accuracy, Precision, Recall, F1-score
Model Accuracy (%) Precision (%) Recall (%) F1-score (%)
Logistic Regression 83.2 80.5 82.1 81.3
Random Forest 87.5 85.2 88.4 86.7
SVM 85.9 84.0 86.1 85.0
XGBoost 89.3 87.1 90.5 88.8
. Findings:
o XGBoost achieved the highest accuracy (89.3%) with superior recall, making it the best model
for stroke risk prediction.
o Random Forest also performed well, demonstrating strong generalization.
o Logistic Regression had lower accuracy, suggesting the need for non-linear models to capture

complex stroke risk patterns.

3. Explainability and Clinical Validation

. Grad-CAM Visualizations: Heatmaps generated using Grad-CAM helped visualize the regions in brain
scans where the Al model focused during stroke detection.
. SHAP Analysis for Risk Prediction: Stroke risk prediction models were analyzed using SHAP values
to identify important clinical features.

o Top contributing factors: Age, Hypertension, Smoking, Diabetes, and Heart Disease.
. Clinical Feedback: Radiologists and neurologists validated model predictions, confirming that Al-

assisted diagnosis could serve as a decision-support tool.

4. Deployment and Real-Time Testing

o Cloud-based Al model successfully deployed on AWS for real-time stroke detection.
. Mobile App Prototype Developed, enabling instant stroke risk assessment using patient data.
. Edge AI Implementation: Optimized models for lightweight inference on edge devices for use in rural

healthcare centers.
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Conclusion:
> Al/ML-based stroke detection models showed high accuracy, outperforming traditional methods.
> Deep learning models (EfficientNet) provided reliable stroke classification, while XGBoost proved
effective for risk prediction.

> Explainability techniques improved model transparency, increasing trust among healthcare professionals.
> Deployment in cloud and mobile environments demonstrated feasibility for real-world applications.
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