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Abstract: To address the problems of insufficient decoupling of joint motions, lack of dynamic
compensation and low driving efficiency of existing rehabilitation devices,an innovative design of a
two-degree-of-freedom rigid finger exoskeleton based on shape memory alloy ( SMA ) drive is pro-
posed. By creating a bionic kinematic chain that includes the metacarpophalangeal joint( MCP ) and
proximal interphalangeal joint( PIP) ,and employing a differential drive mechanism for decoupling
the index finger joint motion,combined with a kinetic feedforward algorithm,the system$ dynamic
performance is enhanced to improve rehabilitation outcomes. The topology-optimized frame struc-
ture ensures that the single-finger module weighs just 65 g while providing sufficient output force.
Experimental results indicate that the MCP joint achieves a flexion and extension range of —7° to
72° ,and the PIP joint ranges from 0° to 76°. Additionally , the root-mean-square (RMS ) output force
increases by 83. 1% ,flexion and extension speed improves by 29. 4% ,and the motor function score

in clinical evaluations rises by 42% compared to traditional therapy. Overall, the findings confirm
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that this exoskeleton significantly outperforms existing systems in movement accuracy , force output,

and wearing comfort, offering a promising new solution for hand function rehabilitation.

Key words: rehabilitation of index finger ; four-bar mechanism ; decoupling two-degree-of-freedom
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Fig.1 Simplified diagram of finger physiology
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Table 1 Range of motion of each joint during flexion

and extension of the index finger
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Fig.2 Hand exoskeleton overall structure
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Fig.3 Finger exoskeleton four-bar mechanism diagram
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Fig.4 [Exoskeleton core actuator structure diagram
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Fig.5 Mathematical model of hand exoskeleton
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Fig.6 Shape memory alloys test bench
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Fig.8 Range of motion of the index finger exoskeleton
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Fig.11 EMG signals acquisition system
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