5549 % 451 ) ‘f’ A Vol. 49 No. 1
2026 42 H NAVIGATION OF CHINA Feb. 2026

X EHS 1000 —4653(2026)01 - 0038 - 08

ETIENBREMEN A" EENAABREAX T E

x40 RFHR, OB oW, R
(1. DT R flizs2epe, e 2 430063 ;
2. T ARAF /K A P il 4 S SR80 %, WAL BRI 430063
3. FH ST, (WA 5 266011)

B B ARG T A TEAR AN B AR MR AR I 22 A B A R CR A i LA BOME LAl A A 32 3 4
FRBREG , 3t —Fh TSNS S 2t A" Sk AR B AS LRI T o MR LE S T T AR B8y ) LA A 42 5 A A 3
ilf 22 xR R AR TS T MR RSB R, SBT3 FH T 7S IR M (19 g i 07 1 5 45 3 A AR B 3 Sl Re Ik 5 5 1)
LYo, AN IATE 7S S TE S T 32 S UM AR AL FERCRERY b XL SE A" ST I8 S s S e i AU ik, 424
T [ A AR B AR LR A /ST A R vk o W BOIRIR 2 SRR 5 IE T M 8 &R0 ik A LL , 75 HibA il e
PRIF2E A BE B I AT T OB AL 5. 51% R RUHRAD 30. 7% 5 5IETT TG 4 4R35 EEAAR HE, B AR K
A 17. 0% 5% ) G RCRE/D 38.6% o HET /NI MPHS 3 181 AR S 5 A2 BT R ) ST AR S
SRR R AREMUAT s ARARBRAS AL s PNILTEMIAR 5 BOHE AT S AR ERLE

hE S ZES U697 SCERPRARAD A DOI:10.3969/j. issn. 1000 —4653.2026. 01. 004

Ship path planning method based on hexagonal grid and A~ algorithm

LIU Zhao'?** , KANG Ziyue'?, YANG Fan’, LUO Chenhan'”
(1. School of Navigation, Wuhan University of Technology, Wuhan 430063, China;
2. State Key Laboratory of Maritime Technology and Safety, Wuhan University of Technology,
Wuhan 430063, China; 3. Qingdao Pilot Station, Qingdao 266011, China)

Abstract: To address the limitations of the conventional square grid in ship path planning—such as insufficient safety
margins, low search efficiency, and poor adaptability to ship maneuvering characteristics—this study proposes a ship path
planning method based on a regular hexagonal grid and an improved A" algorithm. A hexagonal grid neighborhood model is
constructed according to the geometric properties of the regular hexagonal grid and the required ship-obstacle safety
clearance, together with an encoding scheme suitable for hexagonal cells. A ship motion cost model is developed by
incorporating ship inertia and turning constraints. Based on this model, the traditional A" algorithm is improved by
optimizing the heuristic function and introducing a turning-penalty mechanism, thereby forming a hexagonal-grid-based
search algorithm for ship path planning. Comparative experiments show that, compared with the square-grid 8-neighborhood
method, the proposed method shortens the path by 5.51% and reduces the number of search nodes by 30.7% ; compared
with the 4-neighborhood method, the path length is reduced by 17. 0% and the number of turning points decreases by
38.6% . The paths generated on the hexagonal grid are smoother and more consistent with ship maneuvering characteristics.

Key words: intelligent navigation; ship path planning; hexagonal grid; improved A algorithm; ship maneuverability
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Fig.7 Schematic diagram of the path around the obstacle
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Tab.1 Child-node search for ortho-hexagonal

raster A" algorithm

Algorithm 1 Calculation of child nodes
1. Input: Parent node parent_node, grid dimensions m and n,
obstacle positions obs, closed list closeList
2. Output: List of child nodes child_nodes
3. ¥tz 913 child_nodes
4. B XhFE field Hy:field=[1, 1;n, 1;n, m; 1, m]
5. WRHRACH AT S AT A MR E 1] -
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6. XFF directions WA J7 1) d FAAT

a. TR AR
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Tab.2 Comparison of different types of raster maps
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improved A ™ algorithm
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Fig. 13 Charts of experimental waters
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