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Abstract

The problem of enabling nonlinear uncertain dynamic systems to track a moving target with uncertain trajectory is of theoretical
and practical importance. The underlying problem becomes further complicated if there involve unexpected actuation failures. In
this paper, a robust adaptive fault-tolerant tracking control approach is proposed for unknown multi-input multi-output (MIMO)
nonlinear systems without a priori precise knowledge of the desired target trajectory. To account for the impact of the uncertain de-
sired trajectory, a mathematical model based on the extended Kalman filter (EKF) for reconstructing desired trajectory is proposed,
which is then integrated into the development of tracking control algorithms to cope with modeling uncertainties and actuation
faults. The matrix decomposition technique and the concept of deep-rooted information are used to facilitate the control design
and stability analysis. The effectiveness of the proposed method is verified via computer simulation.
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1. Introduction

The problem of tacking control (TC) for dynamic systems has attracted considerable attention among the control
community during the past decades, mainly because an enormous amount of engineering control problems can be
treated or formulated as tracking. For instance, aerospace vehicle flight control, auto-driving, missile interception and
formation of unmanned (aero, ground) vehicles, etc [3, 7, 12–14, 30]. As one of the most extensively studied topics
in linear and nonlinear control systems, TC has archived fruitful results [3, 4, 17, 21, 23, 25, 29, 31, 32, 41, 44, 45]
(just to name a few). The early works on TC can be found in [29, 31, 32, 41] and the references therein. In [17, 25],
efficient TC-based methods are proposed for linear systems. State-feedback TC for MIMO nonlinear systems in strict-
feedback form is developed via backstepping technology [3, 4, 21]. Based on adaptive TC, some feasible controllers
are designed for uncertain nonlinear discrete-time systems [23] and switched nonlinear systems [44, 45]. Note that the
common practice of these studies is the assumption that the desired trajectory is precisely known/available a priori.

However, the reference trajectory to be tracked might be difficult to obtain precisely in practice, for example,
in missile interception, the trajectory of the enemy missile might be disguised intentionally (i.e., hidden or stealthy
attacker), making the desired trajectory unavailable for interceptor guide. Also in adversary’s target destruction at
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