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Abstract: A novel method combining multivariate autoregressive (mvAR) model and maximizing
coherence principle is proposed to analyze electroencephalogram (EEG)-electromyogram (EMG)
coherence and enhance EEG-EMG information synchronization for driving human lower limb
movements, and to solve the problem of performance degeneration of pattern recognition of lower
limb movement based on EEG-EMG fusion. Firstly, according to the conduction mechanism of
human nerve impulse and principle of movement control in lower limb movement, the generation
principles of biological signals and phenomenon of information desynchronization of EEG and
EMG are analyzed. Then a high dimension mvAR model is introduced with inputs of multi-
channel, multi-trail EEG and EMG signals to obtain time-frequency coherence iteratively. Next
the frequency and time when significant coherence occursi are determined based on time-frequency

coherence analysis. Time delay between EEG and EMG is quantified by using the maximizing
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coherence principle to realize synchrony of EEG and EMG. Finally, experimental platforms for

EEG and EMG acquisition under condition of steady state force output and lowen limb motion

intention recognition are established to verify the method. Experimental results show that in the

process of steady-state force output of lower limbs, significant coherence between EEG and EMG

occurs in beta band, and time delay of each subject’s left and right legs is distributed between 10

—40 ms, in which the average time delay of left leg is (23.3+£11.4) ms and the average time

delay of right leg is (19. 844. 8) ms. The classification accuracy of pattern recognition of lower

limb movement intention by using fusion of EEG and EMG with compensation of time delay is

partially improved, which can effectively synchronize the information of driving lower libm

movement in EEG and EMG and raise the classification stability of EGG fusion

Keywords: electroencephalogram-electromyogram synchronization; coherence analysis;

time delay quantization; electroencephalogram-electromyogram fusion;

multivariate autoregressive model
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Fig. 1 Generation mechanism of EEG driving lower limb

movement
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Fig. 4 Scenario diagram and flow chart of lower limb

steady-state force output experiment
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Table 4 Recognition of subjects’ lower limb movement

intention based on EEG-EMG fusion of in 50 ms

window
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