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Abstract

A major hurdle in brain-computer interface (BCI) development is the low information transfer rate (ITR). Using a short stimulation time is a solution
that offers the advantages of increasing the ITR value and reducing the mental fatigue of users. When using short stimulation time, algorithms based on
linearly constrained minimum variance beamforming (LCMV) provide better performance over other classifiers. However, their performance in
aforementioned condition is still low due to the ill-conditioned estimation of the data covariance matrix. To address this problem, this study proposes
the use of four Shrinkage-based regularized covariance matrices, including convex combination (CC), generalized linear combination (GLC), modified
CC (MCC), and modified GLC (MGLC). The proposed covariance matrices are applied in the spatial-temporal beamformer LCM Vst to construct a
better weight vector, thereby improving the classification performance. The results showed that when using the shortest stimulation time (0.25s), the
proposed beamformers LCMVst-CC, LCMVst-GLC, LCMVst-MCC, and LCMVst-MGLC provided a significant improvement of about 27% in
average classification accuracy over conventional LCMVst. Also, the LCMVst-MCC and LCMVst-MGLC methods compared to LCMVst-CC and
LCMVst-GLC methods provided approximately 9% improvement in classification accuracy. The results of this study show that the proposed
beamformers have high potential in the development of SSVEP-based BCI systems.
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Introduction

For efficient communication and improving user experience, brain computer interface (BCI) should offer high information transfer rate (ITR). On one
hand, shorter stimulation times can lead to higher ITRs. On the other hand, shorter stimulation times can also reduce the accuracy of classification.
Although the spatial-temporal Linearly Constrained Minimum Variance beamformers (LCMVst) classifier performance is better than BCI well-known
classifiers such as canonical correlation analysis (CCA) and its variants under conditions of short stimulation times, its performance is far from richness.
This is because of using ill-conditioned data covariance matrix. To address this limitation, this study proposes leverageing shrinkage-based regularized
data covariance matrices to improve the classification performance of LCM Vst in short time scenarios.

Proposed Work and Methodology

In the present study, four beamformers, namely, LCMVst-CC, LCMVst-GLC, LCMVst-MGLC, and LCM Vst-MCC, were developed to classify SSVEP
responses with frequency and phase coding. The proposed covariance estimators (i.e., the CC, GLC, MCC, and MGLC methods) can provide a better
estimate of the covariance matrix when the number of available samples is limited, which leads to the improvement of the weight vector used in the
beamformer. By using a better weight vector, the classification performance of the proposed beamformers is improved compared to conventional
methods. Experimental results showed that all four introduced methods provide higher average classification accuracy and average ITR than
conventional LCMVst when using short excitation time. The two approaches MGLC and MCC provided even better results than GLC and CC. The
feature of high average accuracy as well as high average ITR respectively in practical applications leads to providing results with high reliability as well
as increasing the speed of the BCI system. In practical systems, these two features help disabled people to communicate their mental goal correctly and
in the shortest possible time. Compared with the existing methods, the beamformer-based classifier has good performance, high interpretability, and
low computational complexity. These results show the possibility of successfully using beamformer-based methods to develop a high-speed BCI system.
The methods proposed and reviewed in this article can be considered for the implementation of SSVEP-based BCI systems for use in various applications
with communication and control purposes.

Conclusion

This research introduced four new LCM Vst -based methods for SSVEP classification, leading to higher average classification accuracy and information
transfer rate compared to the conventional LCM Vst method, particularly when using short stimulation time. The MGLC and MCC based LCM Vst
approaches outperformed GLC and CC based LCMVst. This high accuracy and ITR rates translate to reliable and faster BCI systems, enabling
individuals with disabilities to communicate their intentions more accurately and quickly.
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