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Abstract Driven by the continuous progress in lunar exploration, teleoperated robotic arms require
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highly safe, accurate, and transparent control strategies to handle uncertain and unstructured environ-
ments during lunar base construction. Humanoid variable impedance control ensures both safe environ-
mental interaction and high-precision tracking, providing a robust solution for human-robot collabora-
tion. This study investigates a teleoperation strategy that maps human impedance parameters onto a re-
mote robotic arm to meet the interactive demands of lunar tasks. By integrating four-channel surface
ElectroMyoGraphy (SEMG) signals with an upper limb mechanics model (built upon Hill’s model and
kinematics), a real-time identification system for human end-effector stiffness is established. Unlike con-
ventional methods, this strategy incorporates personalized physical parameters to enhance the generaliza-
tion of humanoid impedance control. Furthermore, force and visual feedback are utilized to improve in-
formation transparency and leverage natural neural reflexes for adaptive impedance adjustment. Finally,

experimental results on a lunar truss assembly platform demonstrate that the proposed humanoid vari-

2026, 46(3)

able impedance control significantly outperforms traditional teleoperation schemes.

Key words

surface ElectroMyoGraphy (SEMG), Human upper-limb stiffness identification,
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Table 1 Identification results of muscle model fitting parameters
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