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Adaptive Backstepping Control of Strict-Feedback Nonlinear Systems in the presence of
Dynamic Uncertainty and Actuator Hysteresis

Electrical Engineering Department, Faculty of Engineering, Shahrekord University,

M. Shahriari-kahkeshi Shahrekord, Tran

Abstract

In this paper an adaptive-neural controller based on the backstepping approach and command filter is proposed for uncertain
nonlinear systems in presence of bouc-wen hysteresis. For eliminating complexity explosion problem of the conventional
backstepping approach, eliminating filtering error and challenge in selection of appropriate time constant of the low pass filters in
the dynamic surface control approach, backstepping approach integrated with command filter is used. Uncertain dynamics of the
system are modeled by using the neural networks and adjustable parameters are updated based on the adaptive laws. Nussbaum
function is suggested for dealing with the uncertain control direction problem arisen from the bouc-wen hysteresis. In the proposed
method, no prior knowledge of nonlinear system dynamics and sign and magnitude of control gains are needed and all computations
are done online. Because of using minimal learning parameter algorithm, the number of adjustable parameters and consequently,
amount of online computation have been reduced, considerably. The proposed approach guarantees that all signals of the closed-loop
system are bounded and by choosing proper design parameters, tracking error converges to the vicinity of the origin. Simulation
results verify acceptable performance of the proposed approach.

Keywords: Actuator hysteresis; Command filter-based backstepping control; Minimal learning parameter algorithm; Adaptive-
neural control; Bouc-wen hysteresis; Nussbaum function.
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