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Control of lower extremity exoskeleton robot based on backstepping method

SU Donghai, WANG Haixiao, LIANG Quan, GUO Xinbo, WANG Zhongwei
(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Aiming at the study of the predetermined trajectory control problem of the lower extremity exoskeleton, the kinematics and
dynamics model of the two-degree-of-freedom mechanical leg was constructed. A transformation relationship between the load force and the
expansion of the asymmetric hydraulic cylinder, and the rotation torque and motion angle of the exoskeleton was proposed, and the precise
trajectory control of the exoskeleton was further realized by using the backstepping method. Firstly, the kinematics model of the two-degree-
of-freedom lower extremity exoskeleton system was established by using the Denavit-Hartenberg ( D-H) method. The relationship between the
joint velocity of the exoskeleton end-effector was studied, and the mathematical model of the exoskeleton dynamics was derived by using the
Lagrange dynamic equation. Then, by controlling the load force of the hydraulic cylinder, the corresponding torque was provided for the
movement of the mechanical leg, and the motion posture of the lower limb exoskeleton was controlled. Secondly, aiming at the high precision
requirement of the lower exiremity exoskeleton movement, the state space equation of the valve-controlled asymmetric cylinder system
combined with the whole lower extremity exoskeleton dynamics system was established by using the backstepping control theory. The
hydraulic servo system of the lower extremity exoskeleton was controlled, so as to control the lower extremity exoskeleton to carry out the
predetermined trajectory movement. Finally, through the joint simulation of AMESim software and Visual Studio software, the accuracy of
PID control and backstepping control was compared and analyzed. The research results show that the maximum error of the backstepping
control was 2 ° for the predetermined trajectory control of the lower extremity exoskeleton. Comparing with the traditional PID control, the
error is reduced by 67 % . The designed backstepping controller had good control accuracy for lower limb exoskeleton.
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Fig.5 Model of AMESim’s lower limb exoskeleton system
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Table 2 Simulation parameters — BEEER
SR g1 or a
WAL 1 3% 9E E AR D, /mm 32
WAL 1 % FEFT B4 d,/mm 20 ~
WOPRSE 1 AR KE o,/m 0.2 ?
WFR AT 2 1 ZE EAR D,/mm 32 2
WS 2 16 ZEAF B AR d,/mm 20 @
WAL 2 AR ay/m 0.2
FF1REE L /m 0.48
FF 1 Bidt m,/kg 40 -
BERTTRIR AL 6,/ (°) 0
2 KB L/m 0.46 7 SNERBEEIHITE
FF 2 il m,/kg 40 Fig.7 Expected trajectory of exoskeleton movement
BOCHRAIE 6,/(°) 0 o
REMIME S P/ MPa 15 . .
WL p/ (kg/m’) 850
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Fig.6 2D animation effect of two degrees

of freedom exoskeleton
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Fig.8 Motion trajectory under backstepping control
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Fig.9 Expected and actual trajectory error values
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Fig. 10 Hip joint trajectory tracking diagram using
backstepping method and PID control
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Fig. 11  Knee joint trajectory tracking diagram using
backstepping method and PID control
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Fig. 12 Partial enlarged view of hip joint trajectory tracking
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Fig. 13 Error diagram of hip joint trajectory tracking
using backstepping method and PID control
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Fig. 14 Error diagram of knee joint trajectory tracking
using backstepping method and PID control
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