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Punishment Pheromone Based Ant Colony Optimization for Ship Path Planning
YANG Yu, JIANG Xiao-wei, CHEN Ruo-tong, XU Zi-rui, DAI Hong-wei"

(School of Computer Engineering, Jiangsu Ocean University, Liangyungang 222005, China)

[ Abstract |

consideration of marine environmental factors such as eddies, a ship path planning method based on punishment pheromone ant colony

Aiming at the poor performance of existing algorithms in solving large-scale ship path planning problems and the lack of

optimization was proposed. Firstly, three evaluation functions were designed for the planned path: length, risk and heading. Secondly,
ACO (ant colony optimization ) algorithm inspired by reinforcement learning was designed to search the optimal path, which adds
punishment pheromone to the traditional guidance pheromone, which can prevent ants from conducting ineffective searches. Finally,
the simulation experiments of the improved algorithm under static environments demonstrate that the proposed algorithm is superior to
traditional ACO, jump point search algorithm, and bi-directional search improved ACO in terms of path length, risk value and turn
accumulation angle. Compared to the best metrics among these three algorithms, proposed algorithm still achieves a significant
improvement in path length reduction of 6. 1% , risk value reduction of 5. 6% , heading accumulation angle reduction of 78. 6% , and
iteration number reduction of 53. 3% . Especially when the mesoscale eddies and water flow are introduced, the proposed algorithm can
still plan a more suitable path for ship navigation, which has positive application significance.
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Table 1 Sensitivity analysis of PPACO directional weight
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Table 2 Sensitivity analysis of PPACO risk weight

w, 0 0.5 1 1.5 2 3
Fip 40.70  40.11  40.11 40.70  41.28 40.70
Frg 33 24 20 17 16 13
Fiim 540 450 360 495 540 630
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Fig. 5 Path planning in static environment
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Table 3 Optimization results of different algorithms in

static environment

xS Fyp Frp Fir AR REL
5488 ACO 47.63 37 900 68
JpS 45.38 25 630 —
WA SR HE ACO 42,70 18 675 15
ARICE 40.11 17 135 7

BEEEIEIATE TP D B HER 0, 8 10, IRHEIAR
PEAERIN ] 7 FirR  H 2L Y Sk R R i
AU BB BRI, IR IR EE T 3 Fh ALk SL 504
Xt b angk 4 pros

o OHE —ER -k
(o) K HE

AR Hb Pl v A — 4 EAAL R 100 m
B 7 IRTERR S AR R R A
Fig. 7 Path planning comparison considering oceanic eddies
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Table 4 Optimization results of different algorithms

considering oceanic eddies
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S8 Bl
p,/ (kg +m™) 1.225
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Table 6 Optimization results of different algorithms
considering water flow effect
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Fig. 8 Path planning comparison considering water flow effect
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