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Table 1 Simulation parameters
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Fig. 4 Two-dimensional optimal paths for six algorithms
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Fig. 5 Three-dimensional optimal paths for six algorithms
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Fig. 6 Comparison chart of fitness convergence speed for six al-
gorithms
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Table2 AUV minimum/maximum voyage time in various en-

vironments

) IR RLAAT I /s B KA I /s

i PSO SSA  ISSA PSO SSA ISSA
1 532.0 5043 4149  1401.1 849.6 637.5
2 4949 3441 345.8 1165.2 599.9 546.6
3 577.1 3100 2864  1927.1 560.0 636.4
4 506.5 3189 3039 15223 743.1 645.5
5 5049 393.8 2939 21197 632.4 628.4
6 7482 5244 4613 39158 10188 967.5
7 5224 3505  353.8 1324.6 661.5 609.5
8 4099 2522 1731 1946.5 776.7 715.0
9 524.0 280.8  320.2 2833.1 725.8 675.8

10 3294 2851 2719 763.7 609.0 537.2
11 7274 5212 4512 2509.7 10822 10152
12 4825 3324 3226 1469.2 607.9 560.8
13 586.0 297.6 2354 3566.5 752.7 705.1
14 686.8  386.0 3515 3496.2 676.5 970.5
15 5345 4359 2952 27152 785.9 604.5
16 327.7 3229  203.0 19775 798.6 603.4
17 505.8  330.7 3473 1120.2 665.3 602.2
18 3959 3056  294.6 1224.6 615.8 631.6
19 788.3  566.8 474.1 37757 12383 771.8

20 3869 3205 3284 12241 648.0 643.1

Y 5285 369.1 3264  2099.8 752.4 685.4




284 tOE M

My BF 5%

2025 4F

®3 TEFET AUV BEMKFHIBERMER
Table3 AUV path planning average fitness table in various

environments
PSO SSA ISSA
1 0.718 0.681 0.673
2 0.611 0.571 0.564
3 0.675 0.578 0.524
4 0.655 0.578 0.533
5 0.666 0.567 0.528
6 0.920 0.760 0.684
7 0.686 0.571 0.568
8 0.623 0.490 0.479
9 0.748 0.539 0.531
10 0.615 0.515 0.475
11 0.946 0.751 0.655
12 0.689 0.548 0.544
13 0.623 0.554 0.547
14 0.756 0.541 0.533
15 0.660 0.569 0.528
16 0.555 0.484 0.471
17 0.667 0.550 0.538
18 0.632 0.525 0.521
19 0.942 0.734 0.694
20 0.670 0.563 0.527
¥IE 0.703 0.583 0.556

ORI . O3 28 B R K AT
10 5 R 40 0042 4 e 5 PR

R4 AUV REMITHE
Table 4 AUV minimum voyage time

e S35 P AT I ]/

Tal(®) om/(m-s7h) PSO SSA ISSA
20 0.20 354.6 269.3 264.1
20 0.15 3513 248.6 246.8
20 0.10 351.1 257.1 246.6
20 0.05 309.9 252.1 247.8
15 0.20 386.8 272.1 271.1
15 0.15 3287 2702 265.4
15 0.10 367.2 263.7 264.8
15 0.05 359.4 273.6 261.9
10 0.20 3722 2833 281.8
10 0.15 371.0 276.8 274.7
10 0.10 3453 285.2 272.6
10 0.05 363.1 2828 2775
5 0.20 363.2 290.9 288.8
5 0.15 349.7 292.9 290.5
5 0.10 4379 294.8 286.4
5 0.05 403.8 300.7 295.4
¥IE 363.4 275.88 271.01

ELRT R, R ISSA Bkt BT 5 i) 5 J6 i
FrEF R A T PSO 1 SSA B340 /b T 38.2%
I 11.6%, 5 & AT AT B 8] 0] 43 59 98 20 1 67.3% Fil
8.9%. [Fl i, H3E I B o AH X BE A T 20.9% Al
4.7%. XLegE RN, ISSA Bk M AR MLRIMT 55
i JR I R A A R A R AR T, R 8 T A U R
FAY R 25 (8] 4% B s 0T 4 ) Fe A1 1 fik e
GES

R VA P T AN B A2 R X AUV B AR BRI Y
SR, X 22 ORI E SRR, SRR AR
R B BRAR AT R GEATAL . BRI, R
SRS 7 TR AT A SR, A TS A 1) X [
P, 3 IR 50 YRS [R5 8 387 9 I A2 B R 45
HEATIFSE . RS, VR T 1) IR A N (a, 00,
T W B IR AN (i, 071n) > BEAILAE S 50 VRIS
B o, X% 083 A ) B AR AT VRAL A Y TR
—ANFIE A WU B AR AR — R E SO AT
T 2500 RAFAR o HH, p B g, 43 5 R TN
()5 [ AV, oy R o 53 500 A 0 30 3 5 i) R

£S5 AUV RKMITHE
Table 5 AUV maximum voyage time table

A E S PR R K AT I /s
ad/®)  om/@m-s7h PSO SSA ISSA
20 0.20 26 404.7 37608.5 43 655.0
20 0.15 51232.0 479936.0  28419.0
20 0.10 44 505.3 208 605.0 136 031.0
20 0.05 69697 672.0 2017940 107 685.0
15 0.20 114863733.0 72853  157295.0
15 0.15 46573 64119.8 295872
15 0.10 278 149.1 77738.7 75404
15 0.05 62 896.2 45888.7  9420.6
10 0.20 7311.7 21913 1853.7
10 0.15 3000.2 27443 2120.7
10 0.10 2685.4 22177.6 20418
10 0.05 19543 8198.5 1757.9
5 0.20 4282.7 3808.9 2904.8
5 0.15 2572.5 3250.6 2544.1
5 0.10 33203 38377 2328.6
5 0.05 2875.8 3159.8 4450.7
BIE 115660784 732716  33727.0




534 A T U R RAIEN AUV BRI 7 1% 285

Y T RPDI A9 Lb 55 45 L 02 % X [] A 3% 1 3
Al , AR T X T) I S CRI e A 7 B ) ) %o 374k 245
SR RZ MR, X [a] b A CRI S K A AT e 8] ) 7 52 i B
. RIL, 7E B IE N R RRB, AR S
W DX 1] i 17 445 SR 5 G /)N B ) 6 A7 i A A B, ik
T f5 0 B R R K AR, Sy 0.6, W) 5 5 AR Y i
o LA 2% B AT I o) BE A0 A A . SR, e
FUTAT BT TR %A% 26 8 04 5% el MK SR A7 A, B3 o0 fi
] T8 LA T (R e L fe KA A T B TRl .3 /N i
Az

Hi 7€ 4 f13% 5 0T LLAE H, ISSA BT i i 4% 1) °F
Y B S i 1R e SSA 7 4.87 s, H PSO /) 92.44 s, SF
IR i A A 4 T SSA AL T 53.9%. H1 Bt AT
WL, 5 HA B A FL, ISSA B 24 5% 4 i [a) 1S
WA I A 4 e/ IMEL, BA B0

HE—2 00 B 6 FI K 7, ISSA (1 5F- 24138 1 FF
It SSA ik 2.1%, [t PSO ik 23.5%. It4h, ISSA 7
e s P 55 T By 28 I Ik Bk L SSAIK 10.6%, [
PSO ik 69.2%. 4 AN 2 1 S £ 4 /NAT, ISSA (1)
FA s AR 2 R M 1B L . X AEIL S &
R EL SR R S, TR R R i % AR VR TR A B LT
ANAFAE o SR, ISSA 15 I (Al 75 2 71.28 s, 4
F. T SSA 11 55.3 s #1 PSO [ 53.65 s, 1135 iif [f] B
LT 5

F6 AUV BEMKEHENLE
Table 6 Average fitness of AUV path planning

R7T AUV BEMAXKBURBIFTER
Table 7 Count analysis result of AUV path planning failure

AW E S V3538 L
oa/(®) om/(m-s71) PSO SSA ISSA

20 0.20 0.9173 0.7248 0.7008
20 0.15 0.9079 0.6897 0.6838
20 0.10 0.9085 0.7087 0.6971
20 0.05 0.8151 0.6988 0.694 1
15 0.20 0.9247 0.6805 0.6660
15 0.15 0.8100 0.6655 0.6540
15 0.10 0.8706 0.6537 0.6420
15 0.05 0.8163 0.6482 0.6296
10 0.20 0.901 1 0.6697 0.6543
10 0.15 0.8585 0.6619 0.6481
10 0.10 0.7996 0.6519 0.6404
10 0.05 0.7890 0.6349 0.6207
5 0.20 0.8353 0.6751 0.6593
5 0.15 0.8002 0.6778 0.662 4
5 0.10 0.9553 0.6528 0.6380
5 0.05 0.8384 0.646 1 0.6275

¥ME 0.8592 0.6713 0.6574

IS4 RIGREL

aa/(°) om/(m-s71) PSO SSA ISSA
20 0.20 1786 1165 1168
20 0.15 1674 1032 982
20 0.10 1703 616 595
20 0.05 1300 243 146
15 0.20 1633 1049 1090
15 0.15 1726 958 870
15 0.10 1377 431 391
15 0.05 1499 176 96
10 0.20 1614 1119 1002
10 0.15 1742 524 514
10 0.10 1397 224 220

10 0.05 1 400 250 0

5 0.20 1675 530 447

5 0.15 1532 241 177

5 0.10 1473 13 12

5 0.05 1516 50 0
¥iE 1566 539 482

5 & i

BEXPAN B E RS T B AUV B AR R ) 2
ASSCHR T — b e T I [ i Y B A R R R0
5 1% 18 5 DX R R T SR s AN E TR, )
FH IR 73 Ak 3 X R Wi 3, - £ By RPDI A IX
(R o 7 4% A 1 S P S, TR = 1 R A AR
R WA, ARSCTIA T R - L | o By
IR e HLE L B O D B AL, O i
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AUYV path planning method based on improved sparrow
search algorithm

TANG Lijun', FAN Yunxia’, ZHOU Xingyu’, SUN Qian”
1 China Ship Development and Design Center, Wuhan 430064, China

2 College of Information and Communication Engineering, Harbin Engineering University,
Harbin 150001, China

Abstract: [ Objective ] To address the challenges of complex underwater environments, particularly the un-
certainties in ocean currents, this study proposes an improved sparrow search algorithm (ISSA) for autonom-
ous underwater vehicles (AUVs) path planning. The goal is to enhance the efficiency and robustness of path
planning by minimizing navigation time and improving path stability in uncertain conditions. [ Method ] The
proposed ISSA incorporates several key enhancements to the classic sparrow search algorithm (SSA). First, a
vector analysis method is developed to evaluate interval responses, allowing the algorithm to effectively
handle uncertainties in ocean currents. By modeling the uncertain ocean currents as intervals, the algorithm
can accurately calculate the energy consumption and navigation times for different paths. Second, the ISSA in-
troduces segmented learning and quantum mechanisms to improve global search capabilities. These mechan-
isms enable the algorithm to dynamically adjust its search strategy by learning from both elite and marginal in-
dividuals within the population, thereby enhancing diversity and preventing premature convergence. Third, a
Cauchy-Gaussian mechanism is integrated into the update formula to balance global exploration and local ex-
ploitation during the search process. Finally, the population size is dynamically updated using Thompson
sampling, allowing the algorithm to adaptively allocate computational resources based on the complexity of
the environment. [ Results | Simulation results demonstrate that the ISSA significantly outperforms the ori-
ginal SSA and other state-of-the-art algorithms, such as particle swarm optimization (PSO), differential evolu-
tion (DE), artificial bee colony (ABC), and whale optimization algorithm (WOA). Specifically, the ISSA re-
duces the average maximum navigation time by 49.88% compared to the original SSA and decreases the fail-
ure rate in extreme ocean current conditions by 10.6%. The ISSA also exhibits superior convergence speed,
achieving near-optimal paths in approximately 20 iterations, while other algorithms require around 40 itera-
tions to approach the global optimum. Moreover, the ISSA shows a lower average fitness value, indicating bet-
ter optimization performance and path planning efficiency. [ Conclusion ] The ISSA demonstrates strong
global search capabilities and robustness in dynamic and uncertain underwater environments, making it a
promising solution for AUV path planning. The improvements in convergence characteristics and the ability to
handle complex ocean currents highlight the algorithm's potential for practical applications. Future work will
focus on further optimizing the computational efficiency of ISSA and exploring its application in more diverse
and challenging underwater scenarios.

Key words: autonomous underwater vehicles; three-dimensional path planning; sparrow search algorithmj;
interval optimization; vector analysis method; motion planning



	0 引　言
	1 环境建模
	1.1 水下地形环境
	1.2 洋流环境
	1.3 约束条件
	1.3.1 地形环境约束
	1.3.2 回转半径约束及俯仰角约束


	2 区间优化
	2.1 区间洋流建模
	2.2 能量损失函数
	2.3 区间响应
	2.4 矢量分析法
	2.5 区间数比较
	2.6 适应度函数

	3 麻雀搜索算法优化
	3.1 经典麻雀搜索算法
	3.1.1 数学模型
	3.1.2 生产者的更新
	3.1.3 加入者的更新
	3.1.4 警戒者的更新

	3.2 麻雀搜索算法改进
	3.2.1 分段学习机制
	3.2.2 量子机制
	3.2.3 柯西−高斯更新机制
	3.2.4 自适应算子选择


	4 仿真分析
	4.1 环境参数配置
	4.2 仿真结果分析

	5 结　语
	参考文献

