[ Downloaded from mmr.khu.ac.ir on 2025-12-13 ]

Mathematical Researches Print ISSN: 2588-3546
Online ISSN: 2588-2554

Kharazmi University

Homepage: https://jemr.khu.ac.ir/

A Bayesian Tri-Level Optimization Framework for Optimal EEG
Channel Selection in Seizure Prediction
A. M. Khansari', B. M. Afsharirad*

1. Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad, Iran. E-mail: m.khansari@mail.um.ac.ir
2.Corresponding Author, Faculty of Mathematics, Mazandaran University of Science and Technology, Behshahr, Iran. D<

E-mail: m.afsharirad@mazust.ac.ir

Article Info ABSTRACT
Article type: ]
Research Article Introduction

In this study, a three-stage optimization framework is proposed for selecting
the optimal EEG channel with the aim of improving seizure prediction

Article history: performance. The proposed approach is grounded in Bayesian theory and
Received: 1 August 2025 developed using a tri-level optimization methodology. In the first stage, the
Received in revised form: conditional probability derived from the correlation between temporal
11 August 2025 segments of preictal and ictal signals is computed. By incorporating the prior
Accepted: 14 June 2021 probability, the posterior probability is modeled and optimized as the objective
Published online: 3 function of the first level. In the second level, the optimized posterior
November 2025 probability is employed to determine the optimal seizure prediction time for
each channel, representing the earliest moment when seizure-related
Keywords: information emerges in that channel. The third-level optimization problem
Bayesian model, multilevel aims to identify the optimal channel based on the optimal prediction times
optimization, obtained from all channels. This multilevel optimization process ensures the
channel selection, selection of a channel that not only minimizes the prediction delay but also
correlation . . . .
. provides the most informative features to the system. Experimental
analysis, EEG . . . .
. evaluations on real EEG data from 14 epileptic patients demonstrate that the
signal, . . ..
probabilistic proposed method ac}neves an effective trade-off between prediction accuracy
modeling and model complexity.

Material and Methods

EEG signals were recorded using multiple electrodes placed on the scalp
following the international 10-20 system. Data from the Siena Scalp EEG
database, including recordings from 14 epilepsy patients, were analyzed. Each
EEG signal was segmented into short time windows to examine temporal
changes and preictal patterns. Correlation analysis, including Pearson
correlation and normalized cross-correlation, was applied to quantify the
similarity between preictal segments and seizure segments. A Bayesian
framework was employed to estimate the posterior probability of seizure-
related information in each segment, combining prior probabilities based on
temporal proximity to seizure onset and conditional probabilities derived from
correlation measures. The optimal EEG channel for seizure prediction was
then identified as the one exhibiting the earliest maximum posterior
probability. The process was performed individually for each patient to allow
subject-specific channel selection.
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Results and discussion

The results obtained from the Siena Scalp EEG database indicate that channels
Fpl, F3, Cz, and Fcl consistently exhibit lower optimal prediction times,
detecting seizure-related information earlier than other channels. This
suggests that these channels are more sensitive to preictal changes and can
serve as key indicators in seizure prediction algorithms. In contrast, channels
such as TS and O2 show higher optimal times and play a less significant role
in early detection. The variability of optimal times across subjects highlights
the importance of subject-specific channel selection, indicating that the most
informative channels may differ between individuals. Overall, these findings
demonstrate the capability of the proposed method to identify channels
containing valuable information for seizure prediction, providing a foundation
for improving prediction accuracy and timing.

Conclusion

In this study, a Bayesian-based method was proposed to identify the optimal
EEG channel for seizure prediction. Using correlation analysis and posterior
probability estimation, the channel that exhibited the earliest seizure-related
information was selected as the optimal one. Experimental results on the Siena
Scalp EEG database showed that channels F3, Fpl, Cz, and Fcl were most
frequently identified as optimal and can play a key role in seizure prediction
algorithms. The findings also highlight the importance of selecting subject-
specific optimal channels to enhance prediction performance.
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A Bayesian Tri-Level Optimization Framework for Optimal
EEG Channel Selection in Seizure Prediction

Abstract

In this study, a tri-level optimization framework is proposed for optimal EEG channel selection with
the aim of improving seizure prediction accuracy. This approach is grounded in Bayesian theory and
developed based on principles of tri-level optimization methods. In the first level, the conditional
probability derived from the correlation between temporal segments of preictal and ictal EEG signals
is calculated. By incorporating the prior probability, the posterior probability is modeled and
optimized as the objective function of the first level, which is applied, at the second level, to determine
the optimal seizure prediction time for each channel, representing the earliest moment when seizure-
related information becomes evident in that channel. The third-level optimization problem seeks to
identify the optimal EEG channel using the optimal timing of each channel. This tri-level process
ensures the selection of a channel that not only minimizes prediction delay but also provides the most
informative signal for the system. The implementation of this method on real data from 14 patients
with epilepsy demonstrates that the proposed approach can achieve an efficient trade-off between
prediction accuracy and model complexity.

Keywords: Bayesian model, Tri-level optimization, variable selection, correlation analysis, EEG
signal, probabilistic modeling
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