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Optimal design of lower extremity rehabilitation mechanism
based on differential evolution algorithm

ZHU Lihong, ZHANG Jinlong, ZHONG Jiajun, CAO Yu
(School of Mechanical Engineering. Hefei University of Technology. Hefei 230009, China)

Abstract : This paper proposes an optimization method for dimension synthesis of planer linkage mecha-
nism, aiming at the problem of sudden speed alteration of foot pedals of lower extremity rehabilitation
robot which is based on single degree of freedom of motion trajectory. Firstly, kinematic analysis was
conducted on the mechanism of lower extremity rehabilitation, mathematical models for both forward
and inverse solutions were constructed, and kinematic relationship between cam curve and foot trajec-
tory of the mechanism was formulated. Then, analysis of dimension synthesis on lower extremity re-
habilitation mechanism was performed through differential evolution algorithm. Parameters in the
model were optimized by constructing optimized objective function, so as to obtain optimal solutions of
a set of parameters of mechanism. The optimization results indicated that after optimization though
differential evolution algorithm, sudden speed alteration of the foot pedals of lower extremity rehabili-
tation mechanism was reduced, stability of the equipment was improved, and alignment between the
gait trajectory of feet and the normal gait trajectory was mainly coincided. The research results reveal
that scientific rehabilitation training trajectory can be provided for patients with lower extremity paral-
ysis, contributing to their rehabilitative training. Finally, an index system for lower extremity func-
tional rehabilitation evaluation based on the analytic hierarchy process(AHP) was proposed, and an e-

valuation approach based on comprehensive index was established. This index is capable to authenti-
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cally reflect the training efficiency of patients during rehabilitation process, making the selection of

approaches of rehabilitative training more scientific and efficient, so as to better meet the rehabilitative

needs of patients,

Key words: lower extremity rehabilitation robot; kinematic analysis; differential evolution algorithm;

parameter optimization
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