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Fish-school-behavior-inspired Self-organizing Formation Reconfiguration Control for
Underactuated USVs
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Abstract Inspired by the self-organizing behaviors of fish schools, this paper proposes a self-organizing formation
architecture for underactuated unmanned surface vehicles (USVs) to address the formation reconfiguration control
problem in complex marine environments. The architecture adopts a distributed strategy, allowing any USV to act
as a temporary leader when needed and reconstructing a tree topology, thereby enabling adaptive formation adjust-
ment in response to environmental changes. Based on the evacuation behavior mechanism of fish schools navigating
narrow passages, a formation reconfiguration algorithm is first proposed, which combines sorting of passage advant-
ages with finite-state machine switching to achieve efficient and smooth reconfiguration in constrained environ-
ments. Then, based on the escape behavior mechanism of fish schools, a self-organizing dynamic split-merge forma-
tion reconfiguration algorithm is designed, where the reconfiguration problem is formulated as a multi-agent path
finding problem, and then the Dubins paths and an improved genetic algorithm are combined to optimize reconfig-
uration trajectories under USV kinematics and safety distance constraints. Finally, a formation control law is de-
signed by using the transverse function method, and closed-loop stability is proved by using the Lyapunov theory.
Simulation results show that the proposed method achieves good adaptability and reconfiguration performance in
narrow-passage and large obstacle scenarios.
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Fig.1 Block diagram of the formation control system for
underactuated USVs
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H .
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2. & LR n, (Q, t): &t > Ty, Wy, 4(Q,
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det(G;) = ﬁ >0 (12)
H AR X (3). g4 (10) ~ (12), AT
G, [ R

_ A(cosxo)® A(sin x0)*
Gfl _ ma3 m22 13
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Zigp, i = T3 — zb:‘
12X (9) AR (14), FIBTHn T () R F
i = (—ki1, 212, i + &) cos; +
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Tr, 7

T’U,i_

22u, i = —k2, i22u, i
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< + =
|¢2(O'Z)le | 9 le i 2ia
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Fig.3  Position trajectory of the USVs in the horizontal
z-y plane
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Fig.5 Poses of the USVs at selected time instants during dynamic reconfiguration driven by a bio-inspired algorithm
emulating fish-school evacuation behavior
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Table 2  Performance metrics of the standard genetic

W algorithm during the optimization iteration process
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