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Predictor-based Leader-Follower Formation Control of
Unmanned Surface Vehicles with Communication Delays

1 2 3 4
Chia-Chun Lin  Ming-Han Tsai  Hung-Ping Su  Jen-Hwa Guo

Abstract

This study investigates the leader-follower formation control problem of unmanned
surface vehicles (USVs) under communication delay. Communication delays prevent the
follower from accessing real-time leader state information, which degrades tracking
performance and may lead to system instability. To address this issue, a predictor-based
formation control method is proposed, which reconstructs the current leader state using
delayed measurements and integrates a nonlinear trajectory tracking controller for delay
compensation. In the delay-free case, Lyapunov methods are employed to establish that the
formation tracking error system is globally asymptotically stable. When communication delay
is considered, the predictor is shown to reconstruct the leader state effectively, rendering the
delayed system equivalent to the delay-free system. The overall system is then shown to be
globally asymptotically stable based on cascade stability theory. Finally, simulations under
various delay conditions are conducted to validate the effectiveness of the proposed method.
The results demonstrate that the proposed approach can effectively mitigate the adverse
effects of communication delay and maintain stable formation tracking performance.

Keywords: Unmanned surface vehicle, Leader-follower formation, Tracking control,
Communication delay, Predictor
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