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Experimental Setup & Paradigm:

• Participants observed and grasped two objects requiring distinct grips (Precision for Object A, Power for Object B) in a randomized order.

• Setup involved participants positioned 30cm from objects, with a threesecond observation followed by an audio-cued grasping action.

Preprocessing:

• High-pass filter at 1Hz applied.

• Bandpass filter (1Hz-60Hz) with a notch filter for 50Hz line noise.

• Implemented wavelet denoising using the 'db8' Daubechies wavelet.

• Z-score normalization for data standardization.

• Data segmentation: 1 second before to 1 second after movement onset.

• Independent Component Analysis (ICA) to ensure high data fidelity.

Feature Extraction and Classification:

• Time Region of Interest (tROI): [-1, 1] s (0 s = movement onset)

• Decomposed signals using Complex Morlet wavelet (cmor) into frequency bands: Delta, Theta, Alpha, Beta, and Gamma.

• Extracted statistical features from the wavelet coefficients of each band and channel: Mean, Variance, Skewness, Kurtosis (Total Features: 80)

• Machine Learning Models Employed: SVM, XGBoost, KNN, LDA, Logistic Regression

Results (Cont.) Classification Accuracies:

Translational Neurorobotics Lab

• Both EEG and tEEG demonstrate pronounced neural responses to grasping actions, but the patterns are more complex in tEEG

• tEEG recordings appear to show greater channel-to-channel variability than EEG, suggesting that tEEG may be more sensitive to different neural or artifact sources • The Tripolar (tEEG) method, through this research, establishes itself as a potentially more sensitive and accurate tool compared to traditional EEG, particularly in applications requiring higher SNR and nuanced ERP analysis.

• The enhanced classification accuracies of tEEG further solidify its prominence, making it a valuable choice for neuroscientific studies and applications seeking detailed neural insights and superior data classification.

• Plans are underway to expand the research by increasing the number of human subjects, amplifying the number of channels used, and incorporating a variety of grasp types to provide a more comprehensive analysis and further validate the findings.

ERP Comparison:

• Both EEG and tEEG demonstrate pronounced neural responses to grasping actions, but the patterns are more complex in tEEG

• tEEG recordings appear to show greater channel-to-channel variability than EEG, suggesting that tEEG may be more sensitive to different neural or artifact sources 
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 123 Figure 1: The complete experimental setup with its components
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  • Decoding Challenge: Grasping, a complex integration of sensory perceptions, motor planning, and cognitive intentions, remains a significant decoding challenge in BCIs [2]. • EEG Limitations: Traditional EEG offers a means to decode grasping but suffers from low spatial resolution and is prone to disturbances [3]. Introducing tEEG: Exploring Tripolar EEG (tEEG) as a solution, offering enhanced spatial resolution and signal clarity. • In-Depth Comparison: Comparing tEEG with conventional EEG, focusing on SNR, ERPs, and classification accuracies. • Advanced Decoding: Leveraging wavelets and advanced machine learning to enhance the decoding accuracy of grasping intentions.
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 1 Classification accuracies of various models for different subjects, comparing EEG and tEEG
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