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Abstract: Coverage path planning for unmanned undersea vehicles(UUVs) in unknown aquatic environments is a critical
task. However, due to environmental uncertainties, motion constraints, and energy limitations, traditional path planning
methods struggle to adapt to complex scenarios. This paper proposed an adaptive multi-objective optimization-based coverage
path planning method for UUVs, integrating proximal policy optimization(PPO) with a dynamic weight adjustment
mechanism. By analyzing the correlation between reward objectives and employing linear regression estimation, the proposed
approach adaptively adjusted the weights of different optimization objectives, enabling UUVs to autonomously plan efficient
coverage paths in environments with unknown obstacles and ocean currents. To validate the effectiveness of the proposed
method, a UUV motion and sonar detection model based on a two-dimensional simulation environment was constructed.
Among them, the UUV motion model was simplified to a planar motion model on the basis of the six-degree-of-freedom rigid-
body motion. Comparative experiments were conducted under various obstacle distributions and random ocean currents.
Experimental results demonstrate that compared with traditional methods, the proposed approach improves coverage while

optimizing mission completion rate, trajectory length, energy consumption, and information latency. Specifically, it increases
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coverage by 4.03%, enhances mission completion rate by 10%, improves utility by 10.96%, reduces mission completion time

by 14.13%, shortens trajectory length by 26.85%, lowers energy consumption by 10.3%, and decreases information latency by

19.34%. These results indicate that the proposed method significantly enhances the adaptability and robustness of UUVs in

complex environments, providing a novel optimization strategy for autonomous underwater exploration tasks.

Keywords: unmanned undersea vehicle; coverage path planning; reinforcement learning; multi-objective optimization;

adaptive weight adjustment
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Fig. 8 Examples of irregular obstacle scenarios
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Table 2 Test results in rectangular obstacle scenarios
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AdaptiveW-MO-PPO 2 96.66 0 65.11 70.23 1.73 0.71 100 420
% 97.15 0 62.42 67.4 1.69 0.72 100 4.02

AveragedW-MO-PPO 2 94.30 10 67.12 71.45 172 0.62 85 432
7 94.74 10 67.37 71.89 175 0.61 85 438

& 55.18 45 — — — 0.15 0 —

EqualW-MO-PPO % 40.86 65 _ _ _ 0.09 0 —
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op0 ) 82.30 0 69.61 80.01 2.00 0.50 40 5.11
% 85.42 5 73.11 84.10 2.05 0.51 45 5.20
A* 2 93.20 90.61 79.99 2.12 0.65 95 5.00
£3 THUMRMHE TNRER
Table 3 Test results in irregular obstacle scenarios
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AveragedW-SO-FPO 7 74.17 5 73.33 86.84 247 0.42 20 5.86
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A* 2 92.09 0 88.55 78.18 2.07 0.63 85 4.89

IKTFENRGHM  sxwrxtxb.xml-journal.net 469


http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net
http://sxwrxtxb.xml-journal.net

2025 6 H

KN ENRG 4]

533 %

REVPAN o SR E O F DHL AR . @ EIE R 2,
EqualW-MO-PPO 7E it 47 Ml ik 7 35 2K fE ik 21| 90%
()78 o5 2, IR G RN, FEAE BB L L REFE R
5 S N A 5% 58 I () S FR br b )45 R e AE .

S 45 AR B, A% VA AE TG AN K R S 4)
Yy iy, AR T/ e g 37 5, O a3~
Vi 3%, HAEME 5 % AE 55 58 R S5 R Fa br 13y
Bk 2T, X I AdaptiveW-MO-
PPO 7£ W 2547 5 DL X B g 45 B O R AR S0 i AF:
FwET, SHE B Ak RS 58 R
Sfabr LR E, R M B4 7k A
T GRR 3E N R B R 1 . 5 R4 T PPO AH L,
AdaptiveW-MO-PPO 7E fiT A f bx L3R I . 3%
.

HE—25 %} L AveragedW-MO-PPO. AveragedW-
SO-PPO 1 PPO [{ISEH 45 3, il 1 % H AR EARAE
B8 5 A RIAE 5 R AR o JE gl
SLERAEAN [F] H bR 2L JEh [ 4rA, UUV Re % B i
i b ik T £E AN [F) R0 IU 5% 11 F 1 2 B b IRl R, AT
S UL RS B 1 SRS AR AL

BEXSANE 2 H AR HLHIR0 L S5, Adaptive
W-MO-PPO. AveragedW-MO-PPO il EqualW-MO-
PPO I8 A 2 UK T o 35, i — B IAE T
SCH R R B A BCE G TS5 R R B A R .
ZAL I BE RS AE Y ZRad 78 b 5 & B -4 AN [F] AR 4k
bR 8 AR N B 2% S A 9% &R, AT B 2 4R T
UUV HEARERE

A BT LRI HLEE R, AdaptiveW-MO-PPO
TR % MR PUBKE, BRRER . (5 B R
SR  AF 55 58 B3 AT 55 58 RGN ] 55 22 A DG B
TN 4R br B3 TR 07, BRI BENLGE
PR .

3.4 KIERAI

9 &7 T A\ 20 AN T B 45 47 47 55 v e L
01 40 UUV B A2 30 R I 78 s 46 2R . Horp, 4%
8 X 8 R TR SR 5 Xk, 6 AR BRI H
7S (0], B RREGY), 2825 UUV B, 41
ML X 53 3 R K24 15 .- AdaptiveW-MO-
PPO £ % W L2 452 7 15, B B B /b ; AveragedW-
MO-PPO 5 H AR, (HAE h i A7 2 8 2 8 5 58475
EqualW-MO-PPO & ARl J8, & GE A 20k ; Avera-

470 Journal of Unmanned Undersea Systems

gedW-SO-PPO “Iif /& Mk i | 5 35 i 15 47 % 4 [X 4k
PEMAS I, HEAE A7 b A D0 5 8847 PPO 5%
B, DR [ B T B in AN 22 i, A% BV A B B
IREHEE, H T8 R WA 7 5, 5 B S
6] R 4% 7 55, IF ELAKH UUV RS 4 1, 76 B ng
WIBRHIT DA R B 4543 25 A A7 TE 5 22 A BRI DX 35

(a) AdaptiveW-MO-PPO

(b) AveragedW-MO-PPO

(c) EqualW-MO-PPO

(d) AveragedW-SO-PPO

(e) PPO (f) A*

9 BREHMXIERRH
Fig. 9 Examples of path planning results
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Table 4 Performance indicators of the example
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