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Abstract

In the clinical management of epilepsy, a strategic shift from reactive seizure detection to
proactive pre-ictal prediction is essential to mitigate the premature death and enhance the
quality of life for the millions affected globally. This research presents a robust framework
for seizure prediction by optimizing feature-channel pairs from EEG datasets. Epileptic
seizure prediction represents a critical frontier in neuro-informatics, offering the potential to
transform clinical diagnostics into proactive therapeutic interventions. This work
synthesizes the current state of the art, tracing the evolution from traditional machine
learning (ML) paradigms to reduced feature-channel pair computation. Central to this

progression is the precise detection of the “pre-ictal” phase—the stochastic transitional state
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preceding seizure onset. Various time domain, frequency domain and time-frequency

domain features are extracted from 30 and 60 minutes of preictal phase and inter ictal
phases to train the various classifier. This research evaluates the advancements across gold-
standard datasets, specifically the CHB-MIT Scalp EEG Database, the University of Bonn
Database, and the Database from Neurology & Sleep Centre, providing a comprehensive
assessment of diagnostic accuracy and computational efficiency. Support Vector Machine
with linear kernel gives better results with duration of preictal phase of 60 minutes over the
test datasets with average accuracy of 97.61%, sensitivity of 97.6 % and misclassification
rate of 0.02. To reduce the feature matrix individual band analysis is done which improves
the results using features from 30 minutes of pre-ictal phase of beta band with average
sensitivity of 92% and false positive rate of 0.14 per hour. In order to overcome difficulties
in managing high-dimensional data feature selection is achieved with rank-based selection
methods like: F-test, ANOVA test, nRMR (Minimum-Redundancy—Maximum-Relevance),
and Chi-square for epilepsy prediction. Results show sensitivity of 97.34 % and accuracy of
93.60% with mRMR method which outperforms compare to ANOVA and chi square
approaches. These methods effectively reduce feature dimensionality, enhancing efficiency
and model interpretability, while multi-domain feature fusion further improves detection
performance. However, variability in EEG data and limited generalizability across
heterogeneous datasets remain challenges. This synthesis of signal processing and machine
learning addresses the clinical necessity for early warning systems, establishing a new state

of the art in automated neuro-engineering.

This PhD thesis is anticipated to assist scholars and researchers working in the field of
epilepsy detection. Additionally, by facilitating early identification and fast intervention for
people with epilepsy, it may enhance clinical practice by lowering the risk of serious

consequences, including death, through proper and timely treatment.
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