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Fixed-time and Prescribed Performance Distributed Formation Control of
Aircraft Based on Leader-follower Method

Zhang Hengmao'?, Ding Yibo"?, Yue Xiaokui'?
1. Northwestern Polytechnical University, Xi’an 710072, China

2. Research & Development Institute of Northwestern Polytechnical University in Shenzhen, Shenzhen 518063, China

Abstract: Aircraft formation flight can make full use of the advantages of scale to complete more complex tasks, and
has stronger robustness, scalability and fault tolerance. A fixed-time non-singular terminal sliding mode controller and
a prescribed performance controller are proposed for the formation maintenance and reconfiguration stages of aircraft
formation system separately. In the process of control command response, the autopilot of the aircraft is regarded as
a first-order inertial element with delay. Firstly, the leader-follower method is combined with distributed communication
strategy to define the formation tracking error based on the state information of adjacent aircrafts. Secondly, a fixed-
time non-singular terminal sliding mode formation controller is designed. Compared with traditional non-singular
terminal sliding mode surface, the value range of power terms of the sliding mode surface is wider. Furthermore, the
designed variable power reaching law can not only adapt to different states of the system, but also converge globally
and rapidly in a fixed time. Finally, the overshoot, transient and steady-state performance of the formation position
tracking error can be limited by the prescribed performance of the formation reconfiguration controller, to ensure that
the tracking error can satisfy the constraint requirements during the formation reconstruction stage. In this paper, by
the design of the fixed-time non-singular terminal sliding mode formation controller and the pre-set performance
configuration reconstruction controller, the fixed-time global fast convergence, the dynamic and steady-state
performance constraints of the aircraft formation system are realized.

Key Words: fixed-time control; muti-aircraft formation; non-singular terminal sliding mode; prescribed performance
control; leader-follower; distributed control
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