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Figure 1 3D model of upper limb rehabilitation robot
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Figure 2 Schematic diagram of the upper

limb rehabilitation robot
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Figure 3 Admittance control block diagram
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Figure 4 Fuzzy admittance control block diagram
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Figure 5 Input/output relation surface of fuzzy inference
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Figure 6 Variable admittance control simulation

model based on fuzzy control
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Figure 10 Experimental results of patients with rehabilitative exercise capacity
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Figure 11 Comparison diagram of force abrupt experiment results
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Variable Admittance Control of Upper Limb Rehabilitation Robot Based on Fuzzy Control

GAO Jianshe', LIU Luqi', WANG Jie', LI Xuexiao’, DING Shunliang', GAO Yiyang', WANG Xuan'

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China;2. Anyang Xinsheng Machine Tool
Co. , Ltd. , Anyang 455000, China)

Abstract . Traditional fixed-parameter admittance models could not adjust the compliance of upper limb rehabilita-
tion robots in real-time, existing variable-parameter admittance models required improvement based on actual reha-
bilitation needs. To address this issue, a novel variable-admittance control strategy was proposed for upper limb re-
habilitation robots with a self-developed series-parallel hybrid end-effector traction structure, combining fuzzy and
admittance control and tailored to actual rehabilitation needs. Four fuzzy rules that could benefit rehabilitation effi-
ciency and safety were developed. This strategy proposed the use of interaction force error and its rate of change as
inputs to fuzzy control, to adjust admittance model parameters and achieve autonomous compliance control in real
time. Simulation and experimental results validated the feasibility of the proposed variable-admittance control strate-
gy and the effectiveness of the developed four fuzzy rules. In scenarios where patients could adapt to training inten-
sity, the variable-admittance model could reduce the redundant path generated during path tracking by up to
56.13% thus improving rehabilitation training efficiency. When rehabilitation movements exceeded the patients’
tolerance limit, the variable-admittance model could change the tracking path half a second earlier, improving reha-
bilitation safety.

Keywords: admittance control; fuzzy control; human-computer interaction force; upper limb rehabilitation robot;

rehabilitation training
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