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Abstract: To address the issues of redundant nodes, abrupt path turns, and the difficulty of meeting berthing
orientation requirements in traditional A~ algorithms for unmanned surface vehicle automatic berthing, this paper
proposes an improved A" path planning method. At the global planning stage, the jump point search mechanism
and an optimized heuristic function are introduced to reduce redundant node expansion and enhance search effi-
ciency. At the path optimization stage, Bézier curve smoothing is combined with adaptive terminal control point
adjustment to achieve precise constraints on the final berthing heading. Simulation results demonstrate that, while
maintaining a safe obstacle avoidance distance, the proposed method reduces the number of expanded nodes by at
least 35% and search time by approximately 18.5% compared to the traditional heuristic. Furthermore, path
smoothness is improved by 59. 1%, and the final berthing heading angle deviation is significantly reduced from

53.9° to within 5°, effectively meeting the attitude requirements for precise USV berthing. Experimental results
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verify the applicability and robustness of the proposed method in complex port environments.
Keywords: unmanned vessel; automatic berthing; improved A * algorithm; attitude constraints; path smoot-
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1) Fikl

Input: path, astar_ start, astar_ target, grid_ map

Output; local_ targets (jump points)

1. local_ targets «— [ ]
path <— remove_ first_ and_ last (path)
directions «— calculate_ directions ( path)
angle_ changes <— calculate_ angle_ changes ( directions)
i1

for each (point, angle_ change) in zip (path, angle_ changes) do

A i

if angle_ change = 0 then
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8. continue

9. else if point aligned with astar_ start then
10. add_ to_ local_ targets (point)
11. else if point aligned with astar_ target then

12. continue

13. else

14. # JPS

15. if has_ forced_ neighbor (point, grid_ map) then
16. add_ to_ local_ targets (point)

17. else if is_ diagonal_ turn (point, directions) then
18. add_ to_ local_ targets (point)

19. else if i is even then

20. add_ to_ local_ targets (point)
21. i—1+ 1

22. else

23. i—i+1

24. end if

25. end if

26. end for

27. local_ targets <— [astar_ start] + local_ targets + [astar_ target]
28. return local_ targets
2) A2
Input; path_ points (from JPS — A * ), step_ size
Output: smoothed_ path (bx, by)
. control_ points «— path_ points
. n < length (control_ points) - 1
. smoothed_ path «— [ ]

. binomial_ coeffs «<— calculate_ binomial_ coefficients (n)

x_ sum, y_ sum <0, 0
for i from O to n do
B «— binomial_ coeffs [i] * (1) * ( (1 -t) ~ (n=-1))

X_ sum <«— x_ sum + control_ points [i]. x * B

1
2
3
4
5. for t from O to 1 step step_ size do
6
7
8
9

10. y_ sum <—y_ sum + control_ points [i]. y * B

11. end for

12. smoothed_ path. append ( (x_ sum, y_ sum))

13. end for

14. if (1, 1) not in smoothed_ path then

15. smoothed_ path. append (control_ points [ —=17)  # ¥INZ N
16. end if

17. return smoothed_ path
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http : 7/ xuebaobangong. jmu. edu. ¢n/zkb



555 1 PR, 45, T AT FIEBTC M A Sl AR IR A AL - 561 -

2.4 HENEHSHEER

Wl A B P A SR R A B DL ZE R i R R T AL, A5 3 )
BUE 8 Fis, SR, ML AIAR S & S0 A TAT, FE—Em2E, 8T
ffpeX — )8, SR A SRS S ik, TR A% DL SE R il 4 R o i S ol A, ATk —
AR EEAR, (A AR REAE T IS B M 5 5 Sk A 1) AT, B XA Sk, g Tk e Sk
1, VHEREFRERNO0.5, WKL AENES SRS (125, 352), WAMMEIEE
AR AE 9 FioR, ESAR MRS LU 10 s, 5 B WL 2,

Path Planning with Heading Angles
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Fig.10 Curvature comparison of berthing path using improved algorithm
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Tab. 3 Distribution of start and goal points in simulation maps

miH oI 1 Ho & 2
- » (24°25.38'N,118°17.05'W ) — (24°25.44'N,118°15.44'W ) —
SIPREG L
(24°24.55'N,118°18.00'W) (24°25.28'N,118°16.08'W)
5 E b R A 0, (104 ,33) (422,609)
5 b A 5 2% 1 (459,350) (328,247)

AL FE AR AR B X 1 T R0 % i 3 B AR ALt 20 L (&1 11 R AL 12
7N, PR R AR OSBRI A R 13 B, BURRDE EEE WK 4 ~ 5,

R4 ~5 BEE AT WL, APt A SR A R RS Sk i S Ta 2 50 1) Y RE I SEA
ML AMELR, 456 0UbE M DT8R, IR K B — D4k, Bl S 2 Wi
Ft, EHE 1, A R D SE R B AR K T 1%, P ERTE T 85% , 4T
AT AR ZEI/INE 5.9°; FEHBIRI 2, etk e i DL 28R iR AR K B> 1 2. 9%, F

http : /xuebaobangong. jmu. edu. cn/zkb



555 1 B, S TR AT BIEAM A SR AR ML) - 563 -

WEEIRTL T 76% , LM AIREIR/NE 2. 40, IXEegE B A SCHR 1 A LN )
i3k BR8P HLAG A ) e e

a) ML 1 SRR A b) HLPE 2 FEIE A
11 AEEEAREE
Fig.11 Berthing paths in different map scenarios
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Fig.12 Curvature comparison of different berthing paths using improved algorithm
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Path Planning with Heading Angles
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Fig.13 Key heading-angle trajectory diagram
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