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Abstract: To address the individual variability of ankle injuries, a flexible-driven parallel ankle
rehabilitation robot was designed, and a dynamic model was established. The control system
adopted adaptive admittance control to dynamically adjust the target trajectory based on human-
robot interaction torque, improving the safety and comfort of training. Meanwhile, a
backstepping-based super-twisting sliding mode controller (BS-STSMC) was designed. By
utilizing the backstepping method and super-twisting algorithm to optimize the sliding mode
surface, the chattering problem of traditional sliding mode control was effectively suppressed.
Simulation results demonstrate that the system exhibits better compliance than fixed-parameter
admittance control; compared with PID and traditional sliding mode control, the BS-STSMC
maintains excellent tracking performance, outputs smooth and continuously varying control
torque, and significantly reduces the performance requirements for actuating elements.

Key words: rehabilitation robot; dynamic modeling; admittance control; backstepping method;
super-twisting sliding mode control
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