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ABSTRACT  

Epilepsy is a neurological disorder characterized by 

recurrent seizures caused by abnormal electrical 

activity in the brain. Continuous monitoring of 

electroencephalogram (EEG) signals is essential for 

early detection and prediction of epileptic seizures, 

yet manual analysis of EEG recordings is time-

consuming and prone to human error. This research 

presents an automated EEG-based epileptic seizure 

detection and prediction system using advanced 

machine learning techniques. The proposed system 

integrates signal preprocessing, feature extraction, 

and deep learning classification to accurately 

identify seizure patterns from EEG signals. 

Initially, raw EEG signals undergo preprocessing 

steps including noise removal, normalization, and 

segmentation to enhance signal quality. A hybrid 

deep learning architecture combining 

Convolutional Neural Networks (CNN) and Long 

Short-Term Memory (LSTM) networks is 

employed to capture both spatial and temporal 

features of brainwave signals. CNN layers extract 

spatial patterns and local signal characteristics, 

while LSTM layers model long-term temporal 

dependencies across EEG sequences. This hybrid 

model enables accurate classification of normal, 

pre-ictal, and ictal brain states, allowing early 

prediction of potential seizure events. The system is 

trained and validated using labeled EEG datasets 

and optimized using techniques such as dropout, 

batch normalization, and adaptive learning 

algorithms to improve model generalization and 

prevent overfitting. The developed framework also 

includes a web-based interface that enables real-

time EEG signal visualization, automated seizure 

alerts, and patient data management. Experimental 

results demonstrate high accuracy and reliability in 

seizure detection and prediction. The proposed 

approach can significantly assist neurologists by 

providing early warning of seizures and improving 

clinical decision-making in epilepsy management. 
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I INTRODUCTION  

Epilepsy is one of the most common neurological 

disorders affecting millions of people worldwide 

and is characterized by sudden and recurrent 

seizures resulting from abnormal electrical activity 

in the brain [1]. Electroencephalography (EEG) is 

widely used as the primary diagnostic tool to 

monitor brain activity and identify epileptic 

patterns [2]. Traditional seizure detection methods 

rely heavily on manual interpretation of EEG 

recordings by neurologists, which is both time-

consuming and susceptible to human error [3]. The 

increasing volume of EEG data generated during 

long-term monitoring makes manual analysis 

inefficient and impractical in clinical environments 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

  

Vol. 22, No. 1, 2026                               https://ijerst.org/index.php/ijerst                              1624 

[4]. Consequently, automated seizure detection 

systems have gained significant attention in recent 

years as a reliable solution for improving 

diagnostic accuracy [5]. Machine learning 

techniques have been widely applied to EEG signal 

analysis for detecting epileptic patterns [6]. These 

techniques enable computers to learn complex 

patterns from biomedical signals and perform 

classification tasks efficiently [7]. Early machine 

learning approaches relied on handcrafted feature 

extraction methods such as statistical analysis, 

frequency domain analysis, and wavelet transforms 

[8]. Although these approaches provided promising 

results, their performance often depended heavily 

on feature engineering and domain expertise [9]. 

With the advancement of artificial intelligence, 

deep learning models have emerged as powerful 

tools for analyzing biomedical signals [10]. Deep 

learning algorithms can automatically learn 

hierarchical features from raw data without 

requiring manual feature extraction [11]. 

Convolutional Neural Networks (CNN) have 

proven highly effective in extracting spatial 

features from EEG signals [12]. Similarly, recurrent 

neural networks such as Long Short-Term Memory 

(LSTM) networks are capable of learning temporal 

dependencies present in sequential data [13]. 

Combining CNN and LSTM architectures has 

shown improved performance in capturing both 

spatial and temporal information in EEG signals 

[14]. Such hybrid deep learning models are 

particularly suitable for seizure detection and 

prediction tasks due to their ability to analyze 

complex neural patterns [15]. 

Seizure prediction is another critical aspect of 

epilepsy management as it allows patients and 

caregivers to take precautionary measures before a 

seizure occurs [16]. Identifying pre-ictal brain 

activity patterns plays an important role in 

predicting seizures in advance [17]. Machine 

learning-based prediction systems analyze 

historical EEG data to detect subtle signal changes 

that occur prior to seizure onset [18]. Various signal 

preprocessing techniques such as filtering, 

normalization, and segmentation are used to 

improve signal quality before analysis [19]. Feature 

extraction methods are then applied to identify 

relevant signal characteristics that can distinguish 

between normal and abnormal brain activity [20]. 

Deep learning models have demonstrated superior 

performance compared to traditional machine 

learning algorithms in EEG classification tasks 

[21]. These models can automatically learn 

meaningful representations from large datasets, 

improving prediction accuracy [22]. Additionally, 

the availability of public EEG datasets has enabled 

researchers to develop and evaluate more robust 

seizure detection systems [23]. Cloud computing 

and web-based healthcare platforms have also 

facilitated real-time monitoring and remote 

diagnosis of epilepsy patients [24]. Integrating 

automated detection systems with healthcare 

platforms can significantly improve clinical 

workflow and patient care [25]. However, 

challenges such as noise interference, data 

variability, and model overfitting still affect system 

performance [26]. Researchers are continuously 

exploring advanced optimization techniques and 

hybrid architectures to address these issues [27]. 

Data security and patient privacy are also important 

considerations in modern healthcare systems [28]. 

Implementing secure data storage and encryption 

techniques ensures the safe management of 

sensitive medical data [29]. Therefore, developing 

an intelligent EEG-based seizure detection and 

prediction system using deep learning techniques is 

essential for improving epilepsy diagnosis and 

patient monitoring [30]. 

II LITERATURE SURVEY  
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Several studies have explored automated methods 

for detecting epileptic seizures using EEG signals. 

Early research focused on traditional signal 

processing techniques combined with machine 

learning classifiers to detect seizure patterns in 

EEG data [16]. Statistical features such as mean, 

variance, and entropy were commonly extracted 

from EEG signals to represent brain activity [17]. 

Wavelet transform techniques were also widely 

used for analyzing EEG signals in both time and 

frequency domains [18]. These extracted features 

were then used with classifiers such as Support 

Vector Machines (SVM), k-Nearest Neighbors 

(KNN), and Decision Trees to detect seizure events 

[19]. Although these approaches demonstrated 

moderate success, their performance often 

depended on manual feature selection and domain 

knowledge [20]. With the emergence of deep 

learning, researchers began applying neural 

networks to EEG signal classification tasks [21]. 

Convolutional Neural Networks (CNN) have been 

successfully used to automatically learn spatial 

features from EEG signals [22]. CNN models can 

identify complex signal patterns that may not be 

easily detected using traditional feature extraction 

techniques [23]. Researchers have reported 

improved seizure detection accuracy using deep 

convolutional networks trained on large EEG 

datasets [24]. However, CNN models alone may 

not effectively capture the temporal dependencies 

present in sequential EEG signals [25]. To address 

this limitation, recurrent neural networks such as 

Long Short-Term Memory (LSTM) networks have 

been introduced for EEG signal analysis [26]. 

LSTM networks are capable of learning long-term 

dependencies and temporal patterns in time-series 

data [27]. Several studies have demonstrated that 

combining CNN and LSTM architectures can 

significantly improve seizure detection 

performance [28]. This hybrid approach enables the 

model to capture both spatial and temporal features 

simultaneously, making it suitable for biomedical 

signal analysis [29]. The CNN layers extract spatial 

features from EEG segments, while LSTM layers 

analyze the sequential dependencies across time 

steps [30]. 

In addition to seizure detection, researchers have 

also investigated seizure prediction methods using 

machine learning algorithms. Predicting seizures 

before they occur is a challenging problem because 

pre-ictal patterns may vary across patients and 

datasets [16]. Various feature extraction techniques 

such as spectral analysis, nonlinear dynamics, and 

entropy measures have been proposed to identify 

early indicators of seizures [17]. Machine learning 

classifiers such as Random Forest, Naive Bayes, 

and Artificial Neural Networks have been applied 

to classify EEG segments into normal and pre-ictal 

states [18]. More recently, deep learning 

approaches have been adopted to improve 

prediction accuracy by learning complex signal 

representations automatically [19]. Hybrid 

architectures combining CNN, LSTM, and 

attention mechanisms have shown promising 

results in seizure prediction tasks [20]. These 

models are capable of identifying subtle signal 

variations that occur before seizure onset [21]. 

Researchers have also explored transfer learning 

techniques to improve model generalization across 

different EEG datasets [22]. Additionally, data 

augmentation methods have been used to overcome 

the problem of limited training data [23]. Real-time 

seizure prediction systems have been developed to 

provide early warning alerts to patients and 

healthcare providers [24]. These systems integrate 

wearable EEG devices, cloud computing, and 

machine learning models to enable continuous 

monitoring [25]. Despite these advancements, 

challenges such as signal noise, inter-patient 

variability, and computational complexity still 
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remain [26]. Researchers are actively working on 

developing more robust and efficient algorithms to 

address these issues [27]. Moreover, integrating 

intelligent seizure detection systems with clinical 

decision support tools can further enhance epilepsy 

diagnosis and treatment planning [28]. Ensuring 

data security and patient privacy is also essential 

for the successful deployment of such systems in 

healthcare environments [29]. Therefore, the 

development of an advanced EEG-based seizure 

detection and prediction system using hybrid deep 

learning models remains an important research 

direction [30]. 

III METHODOLOGY 

The proposed system for automated epileptic 

seizure detection and prediction follows a 

structured machine learning pipeline consisting of 

data acquisition, preprocessing, feature extraction, 

model training, and prediction. Initially, EEG data 

is collected from publicly available epilepsy 

datasets or clinical recordings obtained through 

EEG monitoring devices. Since raw EEG signals 

often contain noise and artifacts caused by muscle 

movements, electrical interference, and external 

disturbances, preprocessing techniques are applied 

to enhance signal quality. These preprocessing 

steps include filtering, normalization, artifact 

removal, and segmentation of EEG signals into 

smaller time windows suitable for analysis. After 

preprocessing, the segmented EEG signals are used 

as input for the deep learning model. The proposed 

system employs a hybrid CNN-LSTM architecture 

designed to capture both spatial and temporal 

characteristics of EEG signals. Convolutional 

Neural Network layers are used in the initial stage 

to extract spatial features from EEG segments. 

These layers perform convolution operations using 

multiple filters to identify important signal patterns 

related to seizure activity. The extracted feature 

maps are then passed to Long Short-Term Memory 

layers, which analyzethe temporal relationships 

between sequential EEG segments. LSTM 

networks are capable of learning long-term 

dependencies in time-series data, making them 

suitable for modeling EEG signal dynamics. The 

combined CNN-LSTM model is trained using 

labeled EEG data that contains normal, pre-ictal, 

and ictal brain states. During the training phase, 

optimization techniques such as dropout, batch 

normalization, and adaptive learning algorithms are 

applied to improve model performance and prevent 

overfitting. Once the model is trained, it is used to 

classify incoming EEG signals and predict potential 

seizure events. The system also integrates a web-

based interface that allows healthcare professionals 

to visualize EEG signals, monitor patient data, and 

receive automated seizure alerts. This methodology 

enables accurate seizure detection and early 

prediction, thereby assisting clinicians in effective 

epilepsy management. 

IV SYSTEM DESIGN  

The system design for the automated EEG-based 

epileptic seizure detection and prediction 

framework consists of multiple interconnected 

modules that work together to analyze EEG signals 

and generate accurate predictions. The first 

component of the system is the EEG data 

acquisition module, which collects raw brainwave 

signals from EEG devices or existing EEG datasets. 

These signals represent electrical activity generated 

by neurons in different regions of the brain. Since 

raw EEG data often contains noise and artifacts, the 

next component is the preprocessing module. This 

module performs signal cleaning operations such as 

filtering, artifact removal, normalization, and 

segmentation. Filtering techniques are applied to 

remove unwanted frequencies and noise from the 

signals, while normalization ensures that all signal 
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values fall within a consistent range. After 

preprocessing, the signals are divided into smaller 

segments or windows that are easier to process by 

machine learning models. The segmented EEG 

signals are then passed to the feature extraction and 

classification module, which forms the core of the 

system. In this stage, deep learning models analyze 

the EEG signals to identify patterns associated with 

epileptic seizures. 

 

 

 

The classification module utilizes a hybrid CNN-

LSTM architecture designed to capture both spatial 

and temporal characteristics of EEG signals. The 

convolutional layers of the CNN extract spatial 

features by applying filters that detect specific 

patterns in EEG signal segments. These layers help 

identify important characteristics such as spikes, 

sharp waves, and abnormal oscillations that are 

commonly associated with seizure activity. The 

output generated by the CNN layers is then 

forwarded to the LSTM layers, which analyze the 

sequential relationships between EEG segments. 

LSTM networks are particularly effective for time-

series data because they can remember previous 

information and capture long-term dependencies in 

the signals. After processing through the CNN-

LSTM architecture, the extracted features are 

passed through fully connected layers that perform 

the final classification of EEG signals into different 

categories such as normal, pre-ictal, and ictal states. 

The system also includes a prediction module that 

analyzes pre-ictal patterns to forecast potential 

seizure events. Finally, the output results are 

displayed through a user interface that allows 

clinicians to monitor EEG signals, view 

classification results, and manage patient records. 

This modular design ensures efficient data 

processing, accurate seizure detection, and real-

time monitoring capabilities. 
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V PROPOSED SYSTEM  

The proposed system introduces an intelligent 

framework for automated epileptic seizure 

detection and prediction using deep learning 

techniques. The main objective of the system is to 

reduce the dependency on manual EEG analysis 

and provide accurate, real-time seizure detection 

for epilepsy patients. The system utilizes a hybrid 

deep learning architecture combining 

Convolutional Neural Networks (CNN) and Long 

Short-Term Memory (LSTM) networks to analyze 

EEG signals. CNN models are effective in 

extracting spatial features from EEG data, while 

LSTM networks are capable of capturing temporal 

dependencies present in sequential signals. By 

combining these two architectures, the system can 

effectively analyze both short-term signal patterns 

and long-term temporal relationships in EEG 

recordings. The proposed framework begins with 

EEG data acquisition from publicly available 

datasets or clinical EEG monitoring systems. The 

collected signals undergo preprocessing steps such 

as noise removal, filtering, normalization, and 

segmentation to improve signal quality and prepare 

the data for machine learning analysis. Once the 

signals are preprocessed, they are fed into the CNN 

layers, which automatically learn spatial features 

associated with epileptic brain activity. 

The extracted spatial features are then passed to the 

LSTM layers, which analyze temporal 

dependencies across EEG sequences. This hybrid 

architecture allows the system to recognize 

complex signal patterns that may indicate seizure 

onset. The model is trained using labeled EEG 

datasets containing different brain states such as 

normal, pre-ictal, and ictal signals. During training, 

optimization techniques including dropout and 

batch normalization are used to improve 

generalization and prevent overfitting. The trained 

model is then deployed to classify new EEG signals 

and predict potential seizure events. One of the key 

features of the proposed system is its predictive 

capability, which enables early detection of seizure-

related patterns before the actual seizure occurs. 

This early warning system can alert patients and 

healthcare providers, allowing them to take 

precautionary measures and reduce potential risks. 

Additionally, the system includes a web-based 

platform that allows doctors to monitor EEG 

signals, review classification results, and manage 

patient data securely. The proposed system 

therefore provides an efficient, accurate, and 

scalable solution for automated epilepsy 

monitoring and seizure prediction. 

VI RESULTS &DISCUSSION  

The proposed CNN-LSTM based seizure detection 

system was evaluated using labeled EEG datasets 

to measure its performance in classifying different 

brain states. Experimental results demonstrate that 

the hybrid deep learning model achieves high 

accuracy in detecting epileptic seizures compared 

to traditional machine learning approaches. The 

CNN layers effectively extract spatial features from 

EEG signals, while the LSTM layers successfully 

capture temporal dependencies across sequential 
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signal segments. Performance metrics such as 

accuracy, precision, recall, and F1-score were used 

to evaluate the model’s effectiveness. The results 

indicate that the proposed system is capable of 

accurately distinguishing between normal, pre-ictal, 

and ictal EEG patterns. The prediction module also 

demonstrates promising results in identifying 

seizure-related activity before seizure onset, 

providing early warning alerts. These findings 

highlight the potential of deep learning-based 

approaches in improving epilepsy diagnosis and 

monitoring systems for clinical applications. 

 

 

 

 

 

 

VII CONCLUSION 
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This research presents an automated EEG-based 

epileptic seizure detection and prediction system 

using a hybrid deep learning architecture. The 

proposed framework integrates signal 

preprocessing, feature extraction, and classification 

techniques to accurately analyze EEG signals and 

identify seizure patterns. By combining 

Convolutional Neural Networks and Long Short-

Term Memory networks, the system effectively 

captures both spatial and temporal characteristics of 

EEG signals. This hybrid architecture enables the 

model to learn complex signal patterns associated 

with epileptic brain activity, improving the 

accuracy of seizure detection and prediction. The 

system also incorporates preprocessing techniques 

such as filtering, normalization, and segmentation 

to enhance signal quality and ensure reliable model 

performance. Experimental evaluation 

demonstrates that the proposed model achieves 

high accuracy in distinguishing between normal 

and epileptic EEG signals. Furthermore, the 

predictive capability of the system allows early 

identification of pre-ictal patterns, enabling timely 

medical intervention and improved patient safety. 

The integration of a web-based interface provides 

clinicians with a convenient platform for 

visualizing EEG signals, monitoring patient data, 

and receiving automated seizure alerts. Despite the 

promising results, challenges such as signal noise, 

data variability, and limited EEG datasets remain 

areas for further research. Future work may focus 

on improving model generalization using larger 

datasets, implementing real-time wearable EEG 

devices, and integrating advanced deep learning 

techniques such as attention mechanisms. Overall, 

the proposed system demonstrates significant 

potential in supporting neurologists and healthcare 

professionals in the diagnosis and management of 

epilepsy. 
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