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Short Abstract

A flight control system (FCS) as an example of nonlinear systems should be stabilizing the airplane in healthy and faulty modes with the desired
performance. In this paper, first, the nonlinear model of the flight system (FS) is linearized in predefined operating points, and the airplane’s healthy
and faulty modes convert to a multi-model system. To eliminate the undesired effect of multi-modeling and the controller robustness that usually causes
to mask the faults in FSs, the problem of integrated design of FCS based on active fault detection (AFD) is formulated. The proposed problem concluded
to design the optimal auxiliary signal of AFD and a static, fixed, and full-order controller with the capability in reduced-order design. The FCS
guarantees to stabilize all of the healthy and faulty models and to satisfy the performance constraints. In the following, to solve the formulated problem,
a numerical solution based on the genetic algorithm is proposed. To evaluate the proposed method, two full-order and reduced-ordered controllers are
designed for an aircraft in the case of actuator degradation conditions. The simulation results show the ability of the proposed method to meet the control
objectives and design the auxiliary signal for AFD.
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1-  Short Introduction

Flight system (FS) as Nonlinear system can be modelled as a multi-model system. Using a static controller that can stabilize all models and satisfy
performance constraints can address the safety during flight as the main concern in the FCS. However, the robustness of the controller can mask faults
of FS. One of the best idea is to use Active Faut Detection (AFD). Therefore, controller design based on AFD will be concluded to increase safety in
the FCS.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

The problem of designing an integrated static controller and fault detection unit in an aircraft, as a multi-model system, must be formulated in such a
way that all models should be stabilized, performance constrained are satisfied, and fault detection to be guaranteed. These goals are formulated in the
form of multi-objective constrained optimization. The cost function is indirectly dependent on the auxiliary signal, uncertainty statements, and
controlling parameters. Given the multiplicity of variables and their interdependencies, it is not possible to provide a fully analytical solution to the
problem of nonlinear constrained optimization. Therefore, a sub-optimal algorithm based on evolutionary methods is proposed to solve it.

The proposed method is tested on the example of an aircraft longitudinal motion model in which four three-dimensional systems must be stabilized. In
this system, if an actuator fault occurs that results in reduced performance, the number of possible models of the aircraft longitudinal system will reach
five. Using the proposed method algorithm, an optimal static controller with a fixed order is designed to stabilize all five models by satisfying the
performance index and designing the appropriate auxiliary signal. In addition, the use of the proposed design algorithm will lead to the design of a full-
order controller and a possible reduced-order.

The simulation results show that the auxiliary signal energy is more than the reduced-order mode when the full-order controller is in full condition, but
it is easier to ensure stability and satisfy the performance index in the full-order controller mode than the reduced-order condition.

3-  Conclusion

In this paper, the formulation of the problem has led to the integrated design of an optimal auxiliary signal which is appropriate for active fault
detection and an optimal static controller with constant order and with the ability to reduce order.

To achieve the design goals, a proposed solution algorithm based on the constrained optimization problem is presented. In order to evaluate the
proposed method, an integrated auxiliary signal detection design of the active and controlling plane of a real aircraft is considered as a defective
condition in case of loss of actuator performance. In future research, the proposed method for a drone will be used, as well as artificial intelligence
algorithms and neural networks to provide a better solution to the proposed problem.
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