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Abstract. This paper deals with the adaptive tracking problem for MIMO
nonlinear systems in discrete-time in presence of bounded disturbances. In this
paper, a high order neural network structure is used to emulate the control law

designed by the backstepping method. The paper includes the respective stabil-
ity analysis on the basis of the Lyapunov approach for the extended Kalman fil-
ter (EKF)-based NN training algorithm.
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1 Introduction

Neural networks (NN) have become a well-established methodology as exemplified

by their applications to identification and control of general nonlinear and complex

systems. In particular, the use of high order neural networks for modeling and learn-
ing has increased recently [7]. There are some publications about the trajectory track-

ing using neural networks ([7], [5], [6]); in most of them the methodology is based on
a Lyapunov method. However most of those works were developed for continuous-

time systems. For discrete-time systems, the control problem is more complex due to

the couplings among subsystems, inputs and outputs. Besides the difficulty of cou-

plings, the noncausal problem is another difficulty that has to be solved when con-

structing adaptive controllers for discrete-time systems in strict feedback form [2].

Few results have been published in comparison with those for continuous-time do-

main ([2], [3]). By other hand discrete-time neural networks are more convenient for

real-time applications.

The method presented here has some advantages; the first one is the application to
MIMO nonlinear systems in discrete-time; the second one is to guarantee the bounde-
ness of the error in presence of disturbances, and the third one is the use of a trans-

formation to avoid the causality problem. Finally, this paper also proposes the use of

High Order Neural Networks (HONN) to emulate the control law designed by the

backstepping-method [3]. In this paper, we propose a modification of the method

presented in [3]. This modification basically consist in changing the neural network
learning rule propose there by a learning algorithm based on the (EKF) [1].
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Fig. 1. a) Tracking performance y, (k) (solid line) and y (k) (dashed line); b) Tracking

performance y₂ (k) (solid line) and y, (k) (dashed line); c) Weights performance
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