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Abstract—Stroke, a common cerebrovascular 

disease, is one of the leading causes of death and 

long-term disability worldwide, yet it can often 

be managed effectively if detected early. Timely 

diagnosis plays a crucial role in enabling rapid 

medical intervention and improving patient 

outcomes. In this study, an intelligent diagnostic 

system is proposed for early stroke detection 

using brain CT images, leveraging the 

capabilities of machine learning techniques. The 

model integrates a genetic algorithm with a 

Bidirectional Long Short-Term Memory 

(BiLSTM) network to enhance prediction 

accuracy. The genetic algorithm is employed to 

select the most relevant features from the 

imaging data, reducing unnecessary information 

and improving the efficiency of the classification 

process. These optimized features are then fed 

into the BiLSTM model, which captures 

complex patterns and dependencies to identify 

stroke conditions at an early stage. The system’s 
performance was evaluated using cross-

validation along with key metrics such as 

accuracy, precision, recall, and F1-score. The 

proposed model achieved an accuracy of 96.6%, 

outperforming traditional algorithms such as K-

Nearest Neighbors, Naive Bayes, and Support 

Vector Machines. Overall, the system 

demonstrates strong potential in supporting 

healthcare professionals with accurate and 

timely stroke diagnosis. 
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I. INTRODUCTION 

 

Stroke is a serious medical condition that occurs 

when the blood supply to the brain is disrupted due 

to blockage or rupture of blood vessels. It remains 

one of the leading causes of death and long-term 

disability worldwide, affecting millions of 

individuals every year, as highlighted by Centers 

for Disease Control and Prevention [2]. Survivors 

often face significant physical and cognitive 

challenges that reduce their quality of life. 

However, early diagnosis and preventive care can 

greatly reduce its severity and long-term impact. 

Research has shown that understanding biological 

mechanisms such as ferroptosis can further 

improve stroke management strategies [3]. In 

recent years, integrating data-driven approaches 

like machine learning has gained attention for 

improving early prediction and prevention of 

stroke-related risks [1]. 

 

Stroke is generally classified into two major types: 

ischemic and hemorrhagic. Ischemic stroke is the 

most common, accounting for nearly 87% of all 

cases, and occurs when blood flow to the brain is 

obstructed due to clots or fatty deposits [2]. In 

contrast, hemorrhagic stroke occurs when a blood 

vessel ruptures, leading to internal bleeding within 

the brain. Although less frequent, hemorrhagic 

strokes are often more severe and associated with 

higher mortality rates. Recent studies have 

explored the complex interactions between the 

central nervous system and immune responses in 

hemorrhagic stroke, providing deeper insights into 

its severity and outcomes [4]. Understanding these 

distinctions is essential for accurate diagnosis and 

effective treatment planning, as well as for 

developing advanced predictive models that can 

differentiate between stroke types and support 

clinical decision-making [7]. 

 

In recent years, the increasing availability of 

healthcare data has encouraged the use of machine 

learning techniques in disease prediction and 

diagnosis. Several studies have demonstrated that 
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machine learning models can effectively analyze 

large-scale patient data to predict the likelihood of 

stroke occurrence [5], [6]. These models utilize 

information such as electronic health records, 

genetic profiles, and lifestyle factors to identify 

individuals at higher risk. Feature selection 

techniques are particularly important in this 

context, as they help extract the most relevant 

attributes from complex datasets, improving both 

accuracy and computational efficiency. 

Additionally, deep learning approaches have shown 

promising results in analyzing neuroimaging data, 

enabling more precise detection of stroke-related 

abnormalities and enhancing the overall reliability 

of diagnostic systems [12]. 

 

Medical imaging, especially CT and MRI scans, 

plays a vital role in stroke diagnosis and 

assessment. Recent advancements in image 

processing and deep learning have significantly 

improved the ability to detect stroke-related 

conditions at an early stage. Techniques such as 

automated feature extraction and image 

classification have been applied to identify 

intracranial hemorrhages and other abnormalities 

with high accuracy [17], [18]. Furthermore, deep 

learning-based systems have been developed to 

enhance the detection of hemorrhagic lesions in CT 

images, providing more reliable support for clinical 

evaluation [16]. These innovations not only 

improve diagnostic accuracy but also reduce the 

time required for analysis, which is crucial in 

emergency situations where rapid intervention can 

save lives and minimize brain damage. 

 

The primary goal of this study is to develop an 

efficient and scalable machine learning-based 

system for early stroke detection and prediction. 

The proposed model focuses on improving 

accuracy while maintaining interpretability, making 

it suitable for real-world clinical applications. 

Various machine learning techniques are evaluated 

and compared using real-world datasets to assess 

their effectiveness in predicting stroke risk [14]. In 

addition, recent research has shown that enhancing 

deep learning algorithms can significantly improve 

the detection of intracranial hemorrhages from CT 

images [19]. By combining advanced machine 

learning methods with medical imaging analysis, 

this study aims to support healthcare professionals 

in making timely and informed decisions, 

ultimately contributing to better patient outcomes 

and more effective stroke prevention strategies. 

 

 

II. LITERATURE SURVEY 

 

Khosla et al., [2010] [1] proposed an integrated 

machine learning framework for predicting stroke 

risk using clinical and demographic data. Their 

study focused on combining multiple algorithms to 

improve prediction accuracy and reliability in 

healthcare applications. The authors utilized data 

mining techniques to analyze patient information 

and identify key risk factors associated with stroke. 

They emphasized the importance of preprocessing 

and feature engineering in enhancing model 

performance. Various classification models were 

evaluated, and the results showed that combining 

different approaches could significantly improve 

prediction outcomes compared to individual 

models. The study highlighted how machine 

learning can support early diagnosis by identifying 

high-risk patients before the onset of stroke. This 

work laid an important foundation for future 

research in stroke prediction using data-driven 

methods. It also demonstrated the potential of 

integrating multiple machine learning techniques to 

develop more robust and accurate clinical decision 

support systems. 

 

Yang et al., [2021] [5] conducted a retrospective 

study to predict stroke risk among hypertensive 

patients using machine learning techniques and 

large-scale medical data. Their research focused on 

analyzing clinical records to identify patterns that 

contribute to stroke occurrence. The authors 

applied various machine learning algorithms to 

improve prediction accuracy and compared their 

performance using different evaluation metrics. 

They found that models trained on comprehensive 

datasets performed better in identifying high-risk 

individuals. The study also emphasized the role of 

big data in healthcare, highlighting how large 

datasets can enhance the reliability of predictive 

models. Feature selection played a key role in 

improving model efficiency by removing irrelevant 

data. The results demonstrated that machine 

learning-based approaches can significantly aid in 

early stroke detection and prevention. This work 

provides valuable insights into the use of data-

driven methods for personalized healthcare and 

supports the integration of AI systems in clinical 

practice. 

 

Chun et al., [2021] [6] presented a large-scale study 

on stroke risk prediction using machine learning, 

based on data collected from over 500,000 

individuals. Their research aimed to develop a 

reliable predictive model by analyzing a wide range 

of health-related factors. The study utilized 

advanced machine learning techniques to identify 

patterns and correlations within the dataset. The 

authors highlighted that large population-based 

data improves the generalizability and robustness 

of predictive models. They evaluated multiple 

algorithms and found that machine learning 

approaches outperformed traditional statistical 

methods in predicting stroke risk. The study also 

emphasized the importance of incorporating 
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demographic, lifestyle, and medical variables for 

accurate prediction. Their findings suggest that 

machine learning can be effectively used for large-

scale public health analysis and early risk 

assessment. This research contributes to the 

development of scalable and data-driven solutions 

for stroke prevention and healthcare planning. 

 

Bacchi et al., [2020] [12] explored the application 

of deep learning techniques in predicting functional 

outcomes for patients undergoing treatment for 

ischemic stroke. Their study focused on using 

medical imaging data to train deep neural networks 

capable of analyzing complex patterns in brain 

scans. The authors demonstrated that deep learning 

models could provide accurate predictions 

regarding patient recovery and treatment 

effectiveness. They highlighted the advantage of 

automated feature extraction, which eliminates the 

need for manual intervention and improves 

efficiency. The study also compared deep learning 

methods with traditional approaches, showing 

superior performance in terms of accuracy and 

reliability. Their work emphasized the growing 

importance of AI in medical imaging and clinical 

decision-making. It also illustrated how deep 

learning can assist healthcare professionals in 

evaluating treatment options and predicting patient 

outcomes more effectively, thereby improving the 

overall quality of stroke care. 

 

Yeo et al., [2023] [19] investigated techniques to 

enhance the performance of deep learning 

algorithms for detecting intracranial hemorrhage 

using CT brain images. Their study focused on 

improving the accuracy and robustness of 

automated diagnostic systems through model 

optimization and data enhancement strategies. The 

authors evaluated different deep learning 

architectures and preprocessing methods to 

determine their impact on detection performance. 

They found that refining model parameters and 

improving data quality significantly enhanced the 

system’s ability to identify hemorrhagic regions in 

brain scans. The study also highlighted the 

importance of early detection in reducing mortality 

and improving treatment outcomes for stroke 

patients. Their findings demonstrate that advanced 

deep learning techniques can play a crucial role in 

medical image analysis. This work contributes to 

the development of more reliable and efficient AI-

based diagnostic tools, supporting faster and more 

accurate clinical decision-making in stroke 

management. 

 

 

III. DATASET DETAILS 

 

The dataset used in this project consists of brain CT 

scan images collected for the purpose of detecting 

stroke conditions at an early stage. These images 

are organized into two main categories: normal and 

stroke, allowing the model to learn and differentiate 

between healthy brain structures and abnormal 

patterns caused by stroke. The dataset is structured 

in a well-organized format, making it suitable for 

machine learning and deep learning applications. 

Each image represents important visual features 

such as tissue density, bleeding regions, or blocked 

blood flow areas, which are critical indicators for 

stroke diagnosis. The dataset serves as the 

foundation for training and evaluating multiple 

models including KNN, Naive Bayes, SVM, and 

advanced architectures like GA-BiLSTM and 

CNN-BiLSTM-Attention. Proper understanding of 

these medical images is essential, as even minor 

variations in patterns can significantly impact 

classification results and overall model 

performance . 

 

Before applying machine learning algorithms, 

several preprocessing steps are performed to 

enhance the dataset quality and ensure better model 

performance. The images are resized and 

normalized to maintain consistency and improve 

computational efficiency. Feature extraction 

techniques are applied to capture important patterns 

from the CT scans, and a genetic algorithm is used 

to select the most relevant features for 

classification. The dataset is then divided into 

training and testing sets, typically using an 80:20 

ratio, to evaluate the model’s ability on unseen 

data. This helps in reducing overfitting and ensures 

reliable predictions. Additionally, data is shuffled 

to maintain a balanced distribution between normal 

and stroke classes. These preprocessing steps play a 

crucial role in improving accuracy and stability. 

The prepared dataset enables the system to 

effectively train models and achieve high 

performance in stroke detection tasks. 

 

 

IV. PROPOSED METHODOLOGY 

 

The proposed system is designed in a step-by-step 

manner to detect stroke at an early stage using 

brain CT scan images. Initially, the dataset 

consisting of categorized images (normal and 

stroke) is collected and carefully examined. To 

prepare the data for model training, preprocessing 

steps such as image resizing, normalization, and 

feature extraction are carried out to ensure 

consistency and improve data quality. A genetic 

algorithm is then used to identify the most 

important features from the dataset, helping to 

reduce unnecessary information and enhance model 

performance. The dataset is shuffled to maintain a 

balanced distribution of classes and is split into 

training and testing sets, typically using an 80:20 

ratio. This division allows the system to learn from 
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the training data and later evaluate its performance 

on new, unseen data. 

 

Once the data preparation is complete, different 

classification algorithms including KNN, Naive 

Bayes, SVM, and advanced models like GA-

BiLSTM and CNN-BiLSTM-Attention are applied. 

Each model is trained using the prepared dataset 

and tested to measure its effectiveness. The GA-

BiLSTM model uses optimized features to capture 

deeper patterns within the data, resulting in better 

prediction accuracy. The performance of all models 

is evaluated using metrics such as accuracy, 

precision, recall, and F1-score. Confusion matrices 

and graphical outputs are also used to understand 

the prediction results clearly. Among all the 

methods, GA-BiLSTM and CNN-BiLSTM-

Attention provide the best results with higher 

accuracy. Finally, the trained system is used to 

classify new CT scan images as either normal or 

stroke, supporting faster and more reliable 

diagnosis. 

 

 

 

Figure [1]: Stroke Detection System Using 

Machine Learning and Deep Learning 

 

Figure [1] shows the workflow of the proposed 

stroke detection system using brain CT images. The 

dataset is first preprocessed through resizing, 

normalization, feature extraction, and shuffling, 

followed by splitting into training and testing sets. 

Various models such as KNN, SVM, Naive Bayes, 

GA-BiLSTM, and CNN-BiLSTM-Attention are 

then trained and evaluated using accuracy, 

precision, recall, and F1-score. Finally, the system 

predicts whether a new CT scan image is normal or 

indicates a stroke. 

 

 

   V. RESULT AND DISCUSSION 

 

The experimental results of this project 

demonstrate the effectiveness of machine learning 

and deep learning models in detecting stroke using 

brain CT images. After preprocessing the dataset 

and splitting it into training and testing sets, 

multiple models including KNN, Naive Bayes, 

SVM, GA-BiLSTM, and CNN-BiLSTM-Attention 

were trained and evaluated. Among all models, the 

GA-BiLSTM and CNN-BiLSTM-Attention 

achieved the highest accuracy of 96%, indicating 

strong performance in classifying stroke and 

normal cases. Traditional models such as KNN and 

SVM showed moderate performance, while Naive 

Bayes produced comparatively lower accuracy. 

Evaluation metrics like precision, recall, and F1-

score further confirmed the reliability of the 

proposed models. Confusion matrices showed that 

most predictions were correctly classified with very 

few misclassifications. Graphical comparisons 

clearly highlighted the superior performance of 

deep learning-based approaches over conventional 

methods. 

 

 
 

Figure [2]: Proposed CNN-BiLSTM-Attention 

Model 

Figure [2] presents the performance of the 

proposed CNN-BiLSTM-Attention model for 

stroke detection. It includes evaluation metrics such 

as accuracy, precision, recall, and F1-score along 

with the confusion matrix. The results show that 

the model achieves high accuracy with most 

predictions correctly classified, as indicated by the 

diagonal values in the matrix. Overall, the model 

demonstrates strong performance in identifying 

both normal and stroke cases. 

 

 
 

Figure [3]: Stroke Prediction Output Using 

CNN-BiLSTM-Attention Model 

 

Figure [3] shows the prediction output of the 

proposed system for a given brain CT image. The 

model processes the input image and classifies it as 

“Stroke,” as displayed above the image. This 

demonstrates the system’s ability to accurately 

analyze CT scans and provide clear prediction 
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results, helping in early stroke detection and 

diagnosis. 

 
 

Figure [4]: Performance Comparison of Models 

 

Figure [4] shows the comparison of different 

models including CNN-BiLSTM-Attention, GA-

BiLSTM, KNN, Naive Bayes, and SVM based on 

evaluation metrics such as accuracy, precision, 

recall, and F1-score. The graph clearly indicates 

that CNN-BiLSTM-Attention and GA-BiLSTM 

achieve the highest performance among all models, 

while Naive Bayes shows comparatively lower 

results. This comparison highlights the 

effectiveness of deep learning-based approaches for 

stroke detection. 

 

 

DISCUSSION 

 

The results of this study highlight the importance of 

advanced machine learning and deep learning 

techniques in medical image analysis. The GA-

BiLSTM and CNN-BiLSTM-Attention models 

performed better due to their ability to capture 

complex spatial and temporal features from CT 

images. Feature selection using a genetic algorithm 

further improved performance by removing 

irrelevant data and focusing on important patterns. 

Traditional models like KNN and SVM showed 

decent performance but were limited in handling 

complex image features. Proper preprocessing steps 

such as normalization and feature extraction played 

a crucial role in achieving higher accuracy. 

Visualization tools like confusion matrices and 

comparison graphs helped in understanding model 

performance clearly. Overall, the system 

demonstrates that combining machine learning with 

deep learning can provide accurate and efficient 

solutions for early stroke detection, supporting 

better clinical decisions and improving patient 

outcomes. 

 

 

          VI. CONCLUSION 

 

This project successfully demonstrates the 

application of machine learning and deep learning 

techniques for early stroke detection using brain 

CT images. Through effective preprocessing steps 

such as image normalization, resizing, feature 

extraction, and data shuffling, the dataset was 

prepared to ensure reliable model training. Multiple 

algorithms including KNN, Naive Bayes, SVM, 

GA-BiLSTM, and CNN-BiLSTM-Attention were 

implemented and evaluated. Among them, the GA-

BiLSTM and CNN-BiLSTM-Attention models 

achieved the best performance with high accuracy 

and minimal misclassification. The results confirm 

that advanced hybrid models are more effective in 

capturing complex patterns in medical imaging data 

compared to traditional methods. Evaluation 

metrics such as accuracy, precision, recall, and F1-

score, along with confusion matrices and 

comparison graphs, provided clear insights into 

model performance. The system is capable of 

accurately classifying CT images as normal or 

stroke, supporting faster and more reliable 

diagnosis. Overall, this work highlights the 

potential of intelligent systems in healthcare and 

provides a strong foundation for developing real-

time, high-accuracy stroke detection solutions to 

assist medical professionals in clinical decision-

making. 
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