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Abstract

To address the limitation that most existing finger rehabilitation robots are designed based on idealized fixed-axis joint models
and therefore fail to accurately match the real kinematic characteristics of human grasping motions, this study investigates finger
kinematics and rehabilitation robot mechanism design from the perspective of functional grasping. A vision-based measurement
method is employed to obtain the motion trajectories of the metacarpophalangeal and proximal interphalangeal joints during
grasping, revealing pronounced non-fixed-axis kinematic characteristics caused by continuous migration of instantaneous centers
of rotation. Based on these characteristics, an arc-shaped sliding-track-driven finger rehabilitation robot mechanism is proposed to
achieve kinematic compatibility between exoskeleton joint motions and human finger physiological movements, and a passive self-
adaptive tensioning mechanism is designed to improve transmission stability. Prototype experiments are conducted to evaluate the
motion performance of the proposed mechanism. The results demonstrate good motion consistency and structural compactness,
providing an engineering reference for the mechanism configuration design of finger rehabilitation robots.
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