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Fig.1 Sketch map of human-machine coupling model
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Table 1 ~ Geometric and inertial parameters of human body

limb length(m) mass(kg) rotational inertia(kg* m?)
trunk 0.862 58.070 3.596

thigh 0.515 12.898 0.285
shank 0.443 3.386 0.055

foot 0.290 1.361 0.010
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Table 2 Geometric and inertial parameters of exoskeleton

limb length(m) mass(kg) rotational inertia(kg+m?)
trunk 0.172 2.904 0.00716

thigh 0.515 7.345 0.162

shank 0.443 1.918 0.0314

foot 0.290 0.775 0.00543
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Fig.5 Time-history diagram of the interaction forces in the passive

stage
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HUMAN-MACHINE COUPLED DYNAMIC MODELLING AND
CONTROL OF LOWER LIMB EXOSKELETON FOR
REHABILITATION *

Zhang Jiajun  Zhang Shu’  Xu Jian
(School of Aerospace Engineering and Applied Mechanics, Tongji University , Shanghai 200092, China)

Abstract During walking, interaction between patient and exoskeleton determines safety, comfort and performance of
patients using the exoskeleton, which thus has attracted extensive attentions in related research of rehabilitation exoskel-
eton. In this paper, the wearable lower limb rehabilitation exoskeleton is investigated with the coupling effect between
patient and exoskeleton being considered. The human-machine interaction force model is given with influences of foot-
ground contact force being taken into account and thus the human-machine coupled dynamic model is established based
on Lagrange equation of the first kind. Furthermore, considering the characteristics and actual needs of patients in differ-
ent stages of rehabilitation training, corresponding control strategies are given. In particular, in active stage of rehabilita-
tion, the actual physical interpretation of the reference trajectory correction in the exoskeleton position impedance con-
trol based on human-machine interaction force is given from the perspective of human-machine interaction dynamic mod-
el, and the impedance control PID controller is designed. The simulation results show that the human-machine interac-
tion forces can be analyzed effectively by using the human-machine coupled dynamic model. Furthermore, the control
strategy designed in active stage of rehabilitation training can effectively reduce the level of human-machine interaction

force on the basis of ensuring a certain trajectory tracking accuracy.

Key words rehabilitation, lower limb exoskeleton, human-machine interaction, dynamic model, control
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