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Classification of Hybrid EEG-fNIRS Signals
using Reduced Deep Features for BCI Applications
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AJA Command and Staff University, Tehran, Iran
(Received: 2023/07/26, Accepted: 2023/10/27 )

Abstract

The Motor Imagery (Ml)-based Brain-Computer Interface (BCI) has been proposed as an effective method for
direct communication between the brain and external electronic devices. In BCI systems, the main challenge is
converting brain signals into reliable commands to control electronic devices. Electroencephalogram (EEG) is the
most widely used signal in BCl-related research. Recently, it has been considered with some other biological
signals, such as Near-Infrared Spectroscopy (NIRS), to increase the efficiency of BCI systems. The most important
challenge in multi-modal BCI systems is combining the extracted features from different signals. For this purpose,
in this paper, EEG and NIRS components, including HbO and HbR, were first decomposed into different frequency
bands. Next, deep features are extracted from each band using a One-Dimensional (1D) Convolutional Neural
Network (CNN). Since the final feature vector has a high dimension, Kernel Principal Component Analysis
(KPCA) is employed to remove the irrelevant features, and the remaining ones are classified using the Support
Vector Machine (SVM). The results show that the proposed method has high accuracy and improves the recently
presented methods.

Keywords: EEG, Convolutional Neural Network, NIRS, Feature Reduction, BCI.
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