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Abstract: To address the issue of weak temporal synchronization between the loop of intention
perception and motor feedback activation in brain-machine interfaces during motor evoked proces-
ses, this research investigates the timing sequence effects of motor evoked responses. Drawing in-
spiration from spike-timing dependent plasticity theory, methods are explored to enhance closed-
loop brain-machine temporal synchronization. A detection strategy is designed using multi-source

information, such as force, displacement, and electroencephalogram (EEG) data, based on neu-
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ral responses characteristics under stress stimulation. Temporal parameters are then used for
brain functional network analysis to quantify the temporal patterns of motor perception feedback
activation. Online experimental verification and statistical analysis confirm that the stress re-
sponse motor evoked paradigm retains the characteristics of the traditional model, which could ef-
fectively activate the cortical motor region without actual movement. Moreover, it significantly
enhances the timeliness of motor perception activation response of subjects in the brain-controlled
closed-loop process. The perceptual and feedback response time delay ranges from 0. 15 to 0. 90 s,
with the maximum activation response duration being approximately 400—600 ms. The proposed
method exhibits improved synchronization of the activation response compared to the traditional
paradigm. This approach not only reveals the temporal action rules of brain-computer regulation

induced by stress-response, but also offers strong theoretical support for designing brain-machine

857 %

interfaces with enhanced motor perception synchronization.

Keywords: brain-computer interface; stress-response activation; motor perception and motor

feedback; time sequence rules; synchronization
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Fig. 1 The diagram of perception and feedback activation
of traditional brain-computer interface based on

motor activation
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Fig. 2 The diagram of correlation between stress state and
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Fig. 3 The acquisition system for multi-source physiological

information
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Fig. 4 The multi-source information acquisition and

motion induction platform software system
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Fig. 5 The diagram of stress response induction and

motor execution feedback
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Fig. 6 The diagram of stress response induction and

motor activation feedback
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Fig. 7 The time sequence change of brain functional network

for bilateral brain cortex
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Fig. 8 Time sequence rules of parameters for brain functional

network
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Table 1 Parameters of cortex response for stress-response

stimulation
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activation in different evoked pattern
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