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A Deep Learning Method for Target Recognition in Steady-State

Visual Evoked Potential-Based Brain-Computer Interface

DU Guangjing, XIE Jun, ZHANG Yubin, CAO Guozhi, XUE Tao, XU Guanghua

(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A deep learning method for target recognition in the steady-state visual evoked
potential (SSVEP) -based brain-computer interface (BCI) is proposed to solve the problems that
the strong inter-subject variability and low signal-to-noise ratio existing in SSVEP signal make
target difficult to be identified. The proposed method utilizes the original multi-channel SSVEP
signal as an input and makes full use of the spatial-temporal characteristics of the SSVEP signal.
Then a one-dimensional time convolution kernel is used to convolve the input signal in time, and
the spatial convolution is performed by using a one-dimensional spatial convolution kernel to fuse
the multi-channel information. Finally, the classification of the SSVEP signal is accomplished by
operations such as downsampling, multi-scale convolution, full connection, etc. Experimental
results show that the proposed method effectively identifies the SSVEP signal in short response
time for each subject. When a one-second time window is applied the average offline information
transfer rate (ITR) and the average recognition accuracy of the proposed method are 94. 17 b/min

and 93.3%, respectively. Comparisons with the unsupervised canonical correlation analysis
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(CCA) method and the supervised combination method of CCA with support vector machine

(SVM) show that the recognition accuracy of the proposed method improves by 48.73% and

41.21%, respectively. It is concluded that the proposed method has superior target recognition

efficiency and robustness, and could effectively improve the performance of the SSVEP-based

BCIL

Keywords: steady-state visual evoked potential; brain-computer interface; target recognition;

deep learning
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