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Fixed-time Bipartite Formation Tracking Control for Multi-USV Systems With

Uncertain Model Parameters

WEN Guang-Hui' YU Xing-Huo®* HUANG Ting-Wen* ZHOU Yan'

Abstract By integrating command filtering and composite learning techniques with a backstepping control meth-
od, this paper proposes a new class of distributed fixed-time bipartite formation tracking control protocols to ad-
dress the fixed-time bipartite formation tracking control problem for multiple unmanned surface vehicle (Multi-
USV) systems with uncertain model parameters. Firstly, the command filtering technique is introduced into the
backstepping control method where the virtual and real control protocols are designed, respectively. On this basis,
composite learning laws are designed to estimate unknown model parameters. Specifically, prediction errors are gen-
erated by using both online recorded data and real-time data, and parameter estimates are updated by utilizing
both tracking errors and prediction errors. The results demonstrate that under interval excitation (IE) conditions,
which are less stringent than persistent excitation (PE) conditions, the proposed control protocols ensure fixed-time
convergence of both formation errors and parameter estimation errors, effectively solving the fixed-time bipartite
formation tracking control problem for multi-USV systems. Finally, the effectiveness of the proposed control proto-
cols is demonstrated by performing simulation experiments.
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