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Abstract; Aiming at the problems of time window concentration, limited USV bait capacity, frequent
replenishment and return, and strong obstacle avoidance constraints in the automatic feeding of large-
scale cages in marine ranching, a USV cluster feeding task allocation and path planning method
combining Gaussian mixture model ( GMM ), bounty hunter optimization algorithm ( BHO) and Hybrid
A" was proposed. Firstly, the task — obstacle integration model was constructed, and the cage was
characterized as feeding service object and path planning expansion obstacle at the same time. Secondly,
GMM was used to generate a spatially continuous initial responsibility area, which was injected into BHO
as a structured elite individual, and the task attribution, replenishment times and time window violation
cost were optimized through boundary task adjustment. Finally, the capacity-aware TSP, replenishment
node insertion and Hybrid A" were combined to generate an executable path that satisfied the cage
obstacle avoidance, heading continuity and surrounding feeding constraints. The simulation results
showed that the proposed method achieved 100% task completion rate and zero obstacle violation in a
180 min time window under the conditions of 60 equivalent diameter 80 m cages, 6 USVs and 5 m/s ferry
speed. Under the 120 min tight time window, compared with the K-means and GMM methods, the total
voyage was reduced by 6.4% , the total delay time was reduced by 19.8% , and the number of
replenishments was reduced from 11 to 9. The results showed that this method can improve the

timeliness, safety and supply organization efficiency of USV cluster automatic feeding in complex marine

Wk H 1 : 2026 05 -30 &[] H#1: 2026 —06 —27
ESTE: 7 AEHHTE A S L T(2023Z2DZX3004) AT A AR i L2 4 00 5 (JCYJ20250604174201002)
EEE M "V (1979—) 5 20 W 4, BRI IE ARG G2 6 HORBF 5, E-mail: yjp_103@ 163. com



104 P A1 M S 4

2026 4

ranching scenarios.
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Fig.4 Simulation scenario for automatic feeding
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Tab.1 Performance comparison of different methods

under tight feeding time window

BT EORSE dERT BER A /I

VRS i/ T 2/ Ry - i 4

km [&] /min % min B /m
Random 52.38 158.25 86.67 117.48 11 8. 052
Nearest 53.27 159.43 83.33 122.16 11 8. 063
K-means 47.11 157.66 85.00 91.83 11 8. 034

GMM 47.11 157.66 85.00 91.83 11 8.034
BHO 49.80 156.64 86.67 105.33 10 8.037
GMM - BHO 44.08 155.15 88.33 73.61 9 8.016
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Fig.6 Complete circular feeding trajectories
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Tab.2 Experimental results under different configurations
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60 F/12 fi fifs 50. 63 79.76 75. 81 6
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Tab.3 Results under different payload capacities
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Fig.7 Complete circular feeding trajectories under

irregular cage layout
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Tab.4 Computational efficiency under different task scales

fic AT /s A 1 vk B I bR R A6 156717 5. KL PR
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100 #6/12 fE 43.25£1.72 124. 00 0. 00 111.00 = 1. 63 12 403.33 +47.59 3459.67 £128. 54
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