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Abstract: [ Objective ] As one of the key technologies for the safe navigation of ships, intelligent collision
avoidance decision-making is of great significance for the development of intelligent ships. Aiming at the in-
telligent collision avoidance decision-making problem under multi-vessel encounters, an improved chaos spar-
row search optimization algorithm (CSSOA) based on Gaussian variation and Tent chaos is proposed.
[ Methods ] The algorithm uses Tent chaotic mapping to initialize the original sparrow population and im-
prove its diversity, chaotic mapping is applied to sparrows with poor adaptability and stagnant search ability,
and Gaussian mutation is used to improve the local search ability and robustness. The improved scheme optim-
izes the problems of heuristic algorithms such as slow convergence speed and tendency to fall into the local
optimum. A collision risk model is established using the fuzzy membership function with the comprehensive
consideration of the ship-to-ship speed ratio, minimum encounter distance, relative distance, minimum en-
counter time and relative orientation. [ Results ] In a typical encounter scenario involving multiple ships, the
experimental results demonstrate that the average number of iterations for the improved algorithm is reduced
by 77.97% and 53.57% compared to particle swarm optimization and the original sparrow algorithm respect-
ively. [ Conclusion ] The improved CSSOA can achieve a safer and more efficient collision avoidance path
at a superior convergence speed, providing valuable guidance for ship navigators in making collision avoid-
ance decisions.
Key words: multi-vessel intelligent collision avoidance decision-making; collision hazard model; improved
sparrow algorithm; collision avoidance objective function
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Fig. 1 Schematic diagram of ship encounter situation

f 1RO, AR (OS) 1Y B, 3 F H
i CTS) B AR T J5 57 28 1) B 23 38 1 O o AR 48 k1
TAT, AL T E DI R, B 2 5 A R AR X
JRE, BSR4 A A5 B A2, A, B, D IX
BN R A 5 A IR 38 A B AR #: A, B X
B RN, AR A L B AR R DT, A K (N
2E SUAH ) K M, A I A LA AE REORT 22 0 O
S B X KA 3 28 SURH IS A, A AR T LA B ¢
U3 B ) s s D IR, H AR R ik
B, T ECOR WU LR AT B, AR AR Y
C X H br s A A BB B A, AR s A Bt



90 OE )

My BF 5%

518 4

W5, BRSO B R, TR 98 SE R &0 HARAS A
i ) i A 2 B o A 1) T A, A T O
R B B . (R BE, AR AR R T AR A
HAET BT IERS KT 22.5°09 77 1) L, AHE N
BB, 47375 2 E

1.2 ARAAAEIE & fe E T 4G

A PPl FE A 185 (o) 00 A o 2 38 50 7
H I A G R 4 T B, R IR R i o Al 2R SR
MR Y Cry 35 B — SUE, AR < A7 75 Al
TEAG R, Lh A e S AT S Rl PR AR A0 AR S Al e

B A I E BB D0 BE R 4 A ) K 3 5 n i H
b 23 08, W) AR AL E (X, Yo) , A Vo, T Coo
55 i HAR M IO B (X, Y, g v, it C, A&
5 E AR i A G R AL s S 80 AT an
2 PR o

K2 fifnizshzdos gl

Fig. 2 Schematic diagram of ship motion parameters
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Fig. 3 Schematic diagram of the sparrow search algorithm
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