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Abstract: Aiming at the problems of low recognition accuracy of multi-target SSVEP signals and
suppression of the characteristics of signal while the linear recognition method suppresses noise,
this paper proposes a nonlinear multi-objective SSVEP signal recognition algorithm based on the
noise reduction characteristics of empirical mode decomposition, Duffing chaotic system’ s
sensitivity to weak periodic signals and the immune characteristics of noise. First, multi-channel
SSVEP signals are integrated into single-channel signals by using the co-average reference
algorithm. Then, the phase spectrum of SSVEP signal is obtained by Fourier transform, and the
phase is added to the periodic dynamics of Duffing chaotic system. After empirical mode decomposition

noise reduction, the first eigenmode function obtained is input into Duffing chaotic system, and
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the amplitude of each target stimulus frequency is solved by using the chaotic system state

discrimination method based on spectral difference. Finally, the stimulus target was determined

according to the amplitude of the maximum stimulus frequency and multi-target SSVEP signals

are recognized. The results show that the average recognition accuracy of the proposed nonlinear

signal processing method is 7. 3% higher than that of typical correlation analysis. The

information transmission rate increases by 3. 84 bit/min. The method provides a new direction for

exploring nonlinear SSVEP signal decoding algorithms.

Keywords: steady-state visual evoked potential signals; Duffing chaos system; nonlinear signal

processing; empirical mode decomposition
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Fig. 1 Overall flowchart of multi-objective SSVEP signal

recognition algorithm
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Fig. 2 Bifurcation diagram of the state of a chaotic system
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