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Fig. 1 Nonlinear model of actuator
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Fig. 2 Control augmentation system structure for aircraft
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Fig. 3 Equivalent fitting fitness curve of longitudinal open-loop model
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Equivalent fitting technique for aircraft via mixed
adaptive mutation pigeon-inspired optimization

ZHANG Zhaoyu' .\DUAN Haibin"** ,LUO Delin’

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China;2. Peng Cheng
Laboratory, Shenzhen 518000, Chinaj; 3. School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract ; Difficulties arise when the flight quality of modern high-ordered aircrafts with control augmentation systems (CAS) is
analyzed due to the increase of the model order. The military standard of the United States proposes the concept of low-order
equivalent system (LOES) and series of criterion, which requires engineers to perform LOES identification and evaluate the flight
qualities. The drawback caused by strongly coupled flight models is avoided. Therefore,in this paper,a pigeon-inspired optimization
method based on mixed adaptive mutation mechanism (MAMPIQO) is proposed. This approach can handle equivalent fitting of LOES
on frequency domains. Double-fitting simulations are carried out in the longitudinal channel of aircraft’s open-loop model and closed-
loop CAS model. The basic PIO and chaotic differential evolution algorithms are compared. The accuracy of the proposed method is
demonstrated by analyzing evolutionary curves of mismatch function,frequency response curves and frequency response mismatching
curves. In the lateral directional channel, fitting accuracy of MAMPIO exceeds mismatch envelope due to more unknown parameters.
Therefore, a method is proposed,in which a reliable group of parameters is roughly searched by MAMPIO, then serves as the initial
value of the least square method to obtain final parameters of LOES. Simulation results on five state points indicate that, the approach
discussed above can overcome the sensitivity of initial value of the least square method. Moreover, the equivalent-fitting accuracy is
elevated notably.

Keywords: equivalent fitting; pigeon-inspired optimization;self-adaptive; mutation;flying qualities
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