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Backstepping Finite-Time Control with Dead-Zone Compensation for

Omnidirectional Rehabilitative Training Walker

SUN Ping., DING Yushan

(School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: To solve the problem of the dead zone characteristics affecting the tracking accuracy of
the system for rehabilitation training walker, a backstepping finite-time control method with dead
zone compensation is correspondingly proposed. Taking the unknown dead zone of the system
into account, the width of the dead zone is estimated with the adaptive method to obtain
information in the dead zone and compensate the dead zone, thus effectively suppressing the
influence of the dead zone on the tracking performance of the system and avoiding the limit cycle
oscillation of the system. In addition, to prevent the large tracking error during the initial motion
of the walker endangering the safety of the rehabilitee, a backstepping finite-time control method
is proposed to ensure that the tracking error remains stable within a limited period. Following
Lyapunov finite-time stability theory, the stability conditions and stability time of the error
system are obtained. For the control method of simultaneous constraint of speed and acceleration,

simulation and experiment were comparatively performed. The results show that the tracking
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error of the system with the proposed controller tends to zero after about 8 s, and the walker

completes stable tracking for the specified trajectory within a limited time. However, in the

control method where speed and acceleration are constrained simultaneously, the walker cannot

stably track the training trajectory, and the dead zone difficulty of the system remains unsolved.

With this proposed finite-time control method, the system error converges quickly, the effect of

the dead zone characteristics on the system performance is effectively eliminated, and the tracking

performance and safety of the rehabilitation training walker are improved.

Keywords: omnidirectional rehabilitative training walker; dead-zone compensation; backstepping

finite-time control; tracking accuracy
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