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Abstract:

This research focuses on extracting suitable features for detecting voluntary movements from EEG
signals. To achieve this, a method with three main stages was proposed: noise removal, feature
extraction, and classification. In the first step, brain signals were cleaned of recording device noise using
four methods. These included two classic techniques (Independent Component Analysis - ICA and
Wavelet Transform) and two newer approaches (Walsh Transform and a combination of Walsh
Transform with ICA). The performance of these methods was evaluated using three criteria: Signal-to-
Noise Ratio (SNR), Mean Squared Error (MSE), and Percentage Root Mean Square Difference (PRD).
The results showed that the combined Walsh and ICA method, as well as the Walsh Transform alone,
performed better than other methods by yielding the highest SNR values and the lowest MSE and PRD
values. In the feature extraction stage, vectors consisting of 22 components were calculated for various
channels and the entire signal. These components included entropy and power from Walsh Transform.
For comparison, similar features were also extracted using the Wavelet and Fourier Transforms. Finally,
data classification was performed using two methods: Support Vector Machine (SVM) and K-Nearest
Neighbors (KNN). The results indicate that Walsh Transform-based features provided the best detection
rates. The classification accuracy was 42.5% with SVM and 39.0% with KNN. Furthermore, evaluation
with BCI Competition IV data showed that the proposed method, except in one instance, outperformed
other approaches and demonstrated excellent performance in terms of training and testing time. Its
average processing time was 52 seconds, which is considerably less than the comparative methods (403
and 640 seconds).
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