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A Backstepping Dynamic Surface Control Strategy for Nonlinear Systems in Non-strict
Feedback Form

H. Mohammadian KhalafAnsar
J. Keighobadi”

Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Abstract

A method for designing tracking controllers for a certain category of nonlinear systems in non-strict feedback form is proposed,
integrating backstepping and dynamic surface control techniques. During the design process, either a virtual or actual control law is
established at each step to ensure the stability of the corresponding subsystem. To address the issue of circular dependencies in the
control structure, a first-order low-pass filter is applied to the virtual control signal during each recursive design step. The stability
analysis of the closed-loop system indicates that all system signals are ultimately uniformly bounded. Furthermore, with appropriate
parameter selection, the tracking error in the steady state can be reduced to a small predefined range near zero. The effectiveness of
this approach is demonstrated through a simulation example.

Keywords: Backstepping, Dynamic surface control, Non-linear systems, non-strict (pure) feedback form, Tracking control design,

Circular control structure.
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