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Nonlinear adaptive control for a flexible wing with time-varying output
constraints
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(1. School of Intelligence Science and Technology, University of Science and Technology Beijing, Beijing 100083,
China; 2. Institute of Artificial Intelligence, University of Science and Technology Beijing, Beijing 100083, China;
3. Key Laboratory of Intelligent Bionic Unmanned Systems of Ministry of Education, University of Science and
Technology Beijing, Beijing 100083, China)

Abstract: A flexible wing system of bending and twisting deformations is described by a fourth-order partial
differential equation (PDE) and a second-order partial differential equation (ODE), where the disturbances in all
channels and references are supposed to be from an unknown exosystem. In this sense, all the disturbances and
references are composed of uncertain coefficients and time-varying states due to unknown initial values. Firstly, the
robust output regulation is firstly transformed into a stabilization problem of the tracking error system, where the
unknown time-varying terms from disturbances and references are rewritten into unknown coefficients but known
time-varying terms. Then, adaptive nonlinear controls are proposed where adaption laws are used to estimate the
unknown coefficients and nonlinear terms are used to guarantee the output constraint. Based on a Barrier Lyapunov
function, the tracking errors of the closed-loop system are proved to converge toward zero, and are further restrained by
time-varying constraints. Two numerical simulations are provided to show the effectiveness of the adaptive controls.

Keywords: time-varying constraints; robust output regulation; nonlinear adaptive control; Barrier Lyapunov

function; flexible wing system; asymptotic stability
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