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ABSTRACT

Epilepsy diagnosis remains challenging due to the complex, noisy, and patient-specific
characteristics of EEG signals, which necessitate accurate differentiation of ictal, pre-ictal, and
inter-ictal states. This study proposes SeizureWaveNet, an integrated framework that combines
advanced signal processing, feature fusion, and deep learning techniques for automated seizure
detection and classification. The framework employs Adaptive Inverse Fast Fourier Transform with
Non-Uniform Sampling (AIFFT-NS) to enhance transient dynamics resolution and minimize edge
distortions, combined with Uniform Manifold Approximation and Projection (UMAP) to preserve
spatial electrode relationships during dimensionality reduction. A dual-classifier architecture
comprising a Sequential Boosting Network (SeqBoostNet) and an Improved Deep Belief Network
(IDBN) is utilized to achieve robust performance across diverse datasets, including BONN,
CHB-MIT, and the real-time Bangalore EEG Epilepsy Dataset (BEED). SeqBoostNet demonstrates
high accuracy, achieving up to 98% sensitivity and 99% specificity in binary classification, and 96%
sensitivity with 98% specificity in multi-class scenarios. Spectral analysis reveals distinct
frequency-band signatures supporting seizure type classification and onset localization. A real-time
GUI further enables clinical deployment. SeizureWaveNet provides a scalable, interpretable, and
high-performance solution for automated epilepsy diagnosis and personalized management.
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