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Abstract

This paper introduces a new data-driven control method for handling faults in multi-input multi-output linear systems. In this fault-tolerant control
approach, a virtual actuator based on model predictive control is designed, utilizing an adaptive model extracted from the system's dynamic modes.
This extracted model is recursively updated and utilized to predict the states of the faulty system. The method considers the effect of faults in predictive
controller predictions and minimizes this effect. The proposed method does not require knowledge of system equations and it is fully data-driven.
Moreover, since it utilizes predictive controller for improving system performance in the presence of faults, it can impose constraints on control inputs.
Furthermore, the method presented in this paper is designed based on a virtual actuator and can easily be augmented to closed-loop systems to enhance
their performance in dealing with faults. Finally, the performance of the proposed control method is examined through a simulation example.
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Introduction

The necessity of fault-tolerant control (FTC) arises from the fact that faults, failures, and anomalies are inevitable in complex engineering systems.
These systems can range from critical infrastructure like power grids, aerospace vehicles, and industrial processes to everyday technologies such as
automobiles and consumer electronics. The primary goal of fault-tolerant control is to prevent or mitigate the adverse effects of faults, which can lead
to reduced efficiency, safety hazards, or even catastrophic failures.

Proposed Work and Methodology

This paper works toward designing a data-driven virtual actuator that is placed between the plant and the already designed and implemented controller
such that the actuator faults are hidden from the system's controller and the system's performance under normal and faulty conditions remains almost
identical. To this end, a reconfiguration block, which employs a MPC controller, is added to the nominal closed-loop system to make it fault-tolerant
with respect to the actuator faults. The approximation of the fault-free trajectory of the system is generated using the estimated dynamic mode
decomposition (DMD) based predictor, which is employed as the reference model inside the virtual actuator. It is noteworthy that the DMD model is
estimated from directly from the system data and the method assume no knowledge the underlying dynamics. Then the predictive controller try to
minimize the error between the faulty plant and the DMD reference model leveraging the estimated input matrix. It should be noted that the MPC allows
for imposing constraint so the obtained control law satisfy those conditions. Finally, the simulation results are provided to assess the effectiveness of
the proposed method.

Conclusion

In this study, a novel data-driven fault-hiding strategy for fault-tolerant control of linear dynamical systems is proposed. The approach combines
dynamic mode decomposition with a model predictive control framework to achieve effective fault tolerance. The central idea is to use a time-varying
predictor to obtain an interpretable linear representation of the faulty dynamics. The proposed method integrates the fault effect by iteratively updating
the predictor model. The efficacy of the presented fault-tolerant approach is demonstrated through case study results. Additionally, the framework could
be extended to consider scenarios where only system outputs are accessible, rather than the system states.
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