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3D path planning for low-speed underdriven AUV under
ocean current disturbance

CHEN Shitong, LU Ziyu
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Ocean currents, which have a substantial impact on the navigation of low-speed, underdriven AUVs, can in-
crease navigation time, raise energy consumption, and change the navigation trajectory. Therefore, planning an optimal
navigation route that accounts for the disturbance of ocean currents is of considerable importance. This study mainly
analyzes the mechanism by which ocean currents influence AUVs and proposes an improved DQN path planning al-
gorithm based on the prioritized experience replay method. This modification addresses the problem of overestimation,
which is a common issue when using a traditional DQN path planning algorithm. Additionally, the action design and re-
ward functions are optimized. Path planning simulations are conducted in a 3D ocean environment, which is established
based on S57 chart data and ocean current data provided by Earth & Space Research. Experimental results show that the
improved DQN algorithm generates a more effective global path planning, offering a navigation route that minimizes
time and energy consumption. This work provides a valuable reference for underwater AUV navigation, fully consider-

ing the impact of ocean current disturbances.
Keywords: automatic underwater vehicle; reinforcement learning; ocean current disturbance; path planning; 3D marine
environment; deep Q-network; S57 charts; reward function

fR# K IR S 7K T 32 #dy (automatic underwater  f& ., JHALHE A E SALSEH . A EPE . A FE
vehicle, AUV) 2 — 2 PATK TAEF B AALE Ay &5 sem R, o L[ 0T 4 RS Bk AT 45110
Yo B H#3:2023-11-02. (W 4& HH RR B A : 2024-12-24. AUV BATRBUN  HLENRE T o R RS
3 5 452 « Bt 7. E-mail: chenshitong@hrbeu.edu.cn. P KU AT L IR AE L R S S5 e i, )iz s H

O (HBERGL 7 ) SR IR A



https://doi.org/10.11992/tis.202311004
mailto:chenshitong@hrbeu.edu.cn

.« 426 ¢ O R

NN
N

S 520 %

TR PR AR | I A PRIE S O U,
BRIE ] B EROK AT SRR Z —,
S AUV PUTAE 55 2 e | a] Sk 0y 2 S 4P

SR, VR IREE Y B 28 MR 28 X AUV 1Y
WEAT A ER AR IR 1 T B R APk . AR T
PR FE T Z —, X AUV AT
A E R . VR TSR AUV AL T R
RO AE PRAR W RS . BEFEIG N LA KAT: 55 HATRCRE T
R 45, 3ok 2L [n] AR BR 1] 1 AUV 7E 52 bR il v 25 58
HR LB, ) AR B TR AUV ZEAT IR
it A8 v g 1 AT S S T A D7 YA IR N TR IR
Wi o Liu S0 4@ 1 — M T 0 A A5 (es-
timation of distribution algorithm, EDA) ) [ 2 v
BT 2ok AL PR S EET AUV i B A2 HL A
[R) R

o T HET AUV B 42 B0 BB 45
QPR 0 O R A M AE B 22 1Y RE RN T
U T IR 1) 35 R, AR SO A SCHRR S AR Y
Fefili 2z b, AR S ATE 8 AUV B S 45 6
X VE U 8 7 12, T A PG S 28 56 Il i O s el sk
ik Q 4% (deep Q-network, DQN) 4472 5 fiff £k i
PR TP 00T By 42 Jm) B AR R R g R) R, AT
FERI M — 4% I ) B A REAE S AR B9 AUV AT
k.

1 PR AR R B3 AUV A0AT i % v

1.1 {REXIKEN AUV BIHF =

R R BR 5 AUV &0 H &)™ 19— 2K T AL
A N, HURR A R R A X 12 L ST 4 o A A1)
/N FRGEAIEZS B0 H b D, (S A
AT — BE T EORE A ) L AN SO FLATA T R b 4
K TS5,

A SR K BR Bh AUV BYRTHE S 3% H T AUV
JE S ) SR THE A, AR T R RVIREAN 07 4 ) o VR T
AUV B H ) 57 1) g AR 7 e, 78 £ 5
KIKZ) AUV H, 5 Fh e & 5 o H UL
1.2 FREHIHERERIES AUV K200 4112

T A HR M R K 2 By, I AE A BRVE
WL T E 2R R G . K BH AR S 2 P i
() FE 225 7 ok U, M BRI 1 525 5 e o T T Y
TE R, A0 IEC ) Hb R 25 TR 221 5% W 3 U 1Y
i)

— B BLT , 7K F 7 1] BV U A 4 BRI
oA B VAN G e o NN (1461 (R sl I O RE S
ToEHEKEEES REERSERE R
9K S, 3 H DL AR /NIE L K B 4 /N TL 43K 1

FEHEATUO, MOR T R R iE 3, T KR
AT 1) 7 [01) 0 2 o 22 M AN TR {BTAE T O 1) 26 )
HJE (zonal velocity) w125 [n] # & (meridional velo-
city) VI IR BE ¥ 51 504, HZRGFEVET7 B0 1
AELR MW 1o B TR XS AUV WIAE H 153 M
i E AUV h (x il T m Rl (2 S Fiae H T
AUV iz Z)-F- T (v 4lt) 751, a1 R . IR AE
e T /KPR 5 1) B U w 2 AN T, B 220
AUV 1Y y 55 ) PR AR 0, 8O 2 B e ik
Xt AUV AT P A9 52 10 28N AUV (1 x Fl 77 1)
F z Bl 1) AT 2% JE A,

B 1 (REXIRE AUV B LIRS R
Fig.1 Coordinate decomposition of low-speed underdriv-
en AUV

K2 W AUV LR AUV, 3847 AL bR 5
fi# o T EETAE HAEAGE R IK 3 AUV B ik
B, AT AR AUV 1 x SR z 5k 1 20 ) &
TPE A B . Horp 2 Bl 1) b AR 0 A o s
W 5520 AUV LT HLIE, i1 AUV BIEIE &
WE 22 LR BT T o

X
Vi

0. z

2 EFRZWMTHE AUV 2R
Fig. 2 Decomposition of AUV coordinates under the influ-
ence of ocean currents

wE 2 frs, AR K IR S AUV 100
vo, L] A WY 2 Al AE 7 [a] ELER AT, v R PR Y
B, v e B 2 ThbR A ) AR R T
vi 5 x WS M o, AUV BIRTAT 80305 (0 fi 8 7
]k, WAFEELL T K&

TE UL B o T 1) 1 RS Ay

V, = V0+VI'COS§0



MRt R, &5 PR T3 TR R R 3l AUV /Y = 4k 142 JL R <427 -

552
T z A R
v, =v;-sing
AUV i By SE R 5 1)
n= arctanE
Vx
AUV By SR N

A AT, SR T v, >0 B
2%t AUV IRAT =452 W 3 fiis, vRR
A 2 1 (knot, kn) TR, 7 ] R W (667 3k O
] R 3 K IK S AUV BRI Jy 5 kn, JEHY
F v IR I7 AT o F VR A R, I K K
3 AUV L LA E R 3 s, 0907 mALAT, st
XS AUV R 0] 52 0 ff o oh 21.80°, FB2%7
AR AUV TR AT B AR FLI0 I 258 25 JE R it
e FEOTAS RS LR AR KN 2E . UK
W IK ) AUV LEJE 1T 1 AR A0 B 575 225 R I
(145 ]

Vi

B3 HFiR AUV BT
Fig.3 Impact of ocean currents on AUV navigation

BT LA, PRI B Zl AUV 852 0 2253
N3 EETTH: — R TR AUV I AL fi
¥, AUV TEMUAT 0 A b 2 52 BP0 4k 30 137
M 171 i 725 51 7 ALK, ol HL DI vk i A I E A R R
AU AT AT s R IR T2 AUV 1Y
AT e 25 ARG E P, JE R X KBRSl Y AUV 52
My B Sy WY S, ol G DA PR 45 35 E B AT RS s =
ST TR 2 N AUV RURERE, IR
XF AUV BT ™ A B 7, 75 280 5h B E B oK b
i Foft BEL 7 04T

2 FRTIT AUV B2 X H %

TR REN > AUV TESRATAE 55 I 2 3 Y
PRV T AR ST Se i Sr % AT 55 T8k XA T IS 3

TR 336 6 M TR ARAY - 3G e It A5 780 O
T VE B A MR R s B e R I S 8 56 1m0 mg
548 DOQN Bk 5, X AUV B4R AT RLRI
21 ZEHBFRNERFRENNE

TE AUV $UATAE 55 Z 0, 5 2560 E AUV i
AT 55 IR, o e 3R BUE 55 1 1Y S-57 Wi 7
RN, 5] 4 2y S-57 Bt s {4t o S-57 Kl
— DB EIC AN, A2 D S kAR
X HR KB XM R 8 4500 5 o0 ol i ik
1€ 5% (data descriptive record, DDR), HJ5 14112
SN BUEIC 5% (data record, DR), 3% I AP 222
ALLT 5 Hdlsdedig | H s Bl i | RRE
Az [ B o

PRicfE
s
b LR
v (B
| ave

o DDR
pai e

L - <R>Jff FRICL

DR-1 EES
. R T
" R
DR-2 Ha
BT

L —
T~

brichi
DR-n H
FEIX

L - <R>FE

\—— <R>

TTB

B4 S-57HiRZIEN
Fig. 4 Structure of S-57 transfer file

TE S-57 H, 1~ iff A Bl A2 e 4 M v, KR
B4l 77k 7E DEPARE F B . 7E DEPARE F B¢
4 & DRVALL F 5 B, HoE Ok I 1 il i
/ME.,

AR SCGH 1 $EH DEPARE 7B & fie/ VKR
51 DRVALL 77 Bt #4§ DRVAL1 &A=
TR AT 55 T B 4 R = Vg i R A K] 5
iz

40.0
39.8 10
396 0
394 10
2 392 I
39.0 10
38.8 50

123.0 1235 1240 1245 1250 1255
ZE5/(°)

(a) ZZEHFIKHIE 5]



« 428 - O R

S S ¢ 5520 &

(b) =4k 1E

5 REEERG TR
Fig. 5 Topographic model of the seabed in a sea area

F, 8 = AR AR R Bl 25 AR A 0,
JE2% & AUV PUATAT 55 19 I 18] FLEL 45 24 1l 50
TEVLMLAE . 22 J5 PR 5 I 200 B D 8000 22 1) 1l
DA U7 8] 6 D TRT 5 T3 P T Bl (R
5 S8RV J7 ) AL ), P HR (R Sk 1 T 1) R
PRI B9 7 1], W 5 Sk B R R 7R P T A 95 55
RV ke BB 2 s 02 DX P O R R R, AT
O 3k A DX ) Sy i 4 75 2

40.5
Vb

1395 2R ..

N - [ T P

i o

S R IR R R

s iy R ‘
118.0 119.0 120.0 121.0 122.0

ZE5/(°)

6 IR AR
Fig. 6 Currents in the designated sea area

e AR P 6 1R it P rh SR B 5 9 SR ) i U
B, 2 0 AL R AL A = A T PR B IR U, A
K7 Bz o PRI AR Z0 i Sk (805 1) 328 21 A Sk i)
PRI AZ B 7 ), #i Sk B9 3R 7R P I B9 AR X R
/N, i Sk b O B RCE D 25 RO R KD, B
M

—40
40.0
39.5
\%
\“7 124.5
2 123.5 1240
1230 2/0)

7 EERMZ4EFNE
Fig. 7 3D marine environment with ocean currents
HRAIE (& 7 Hh e It 1 3 Bl SO I 1) T I b 1%
IR T TRl A RE T 5N 2 NI S E B N

P9Iz 3l , HoE R AL B9V R /NP1 0.05 kn Z2
A1, MTEAR L 38.55° ~ ZR 4 39.00°F1L 45 123.5° ~
AU &6 12450 IS i T i BE AR T 0.01 kno BT
DITEIZ 54T AUV B84 BRI Y I mT DLBE X ik
T S U R AT T AR U D R O e TR AR T R
Uit R A R R AT AR AR, T 3K B> AUV
FIRLAT B ] FTREAIC AUV BERERY H 919,
22 EFERTHTHZH#BRENGE

DQN B3k 2 E i k2= > (deep reinforce-
ment learning, DRL) i —Ff 75 1520 FLELA Jt #l 2
B T UREE S > R Ak 2z >, HAZ O 02 ol FH R B
2 W 254 R SR R A2, Q 2% 2] (Q-learning) -
B T — A T 2 B H AR ek
DQN F3 3k /] U FH A (8 s AR 8L Q Y, 4
P 8 {r7, DQN B33 vl & 2 T4l 1 A R H 2 %K
AN TE) 08 R 2, 4 o0l 1 B8 8 Q Al T A Q B 5%
{20, AR GEsim Al 7 2] B AR R AE AR SR
PRIER, 7E TN A2 22 A B ) N /A 45 B4R 1 IR
MERT, T DQN B3 i T2k A HA 5 KU G RE
TR IR BE p 22 W 2%, AT DU ARAR Ge i ol AR A
I B PR AL, 11 DQN BiEfE R 2 b B A
e Gesm A~ 2 B TC AT AUl AR 408200 fr DAAE
T % 2 25 T T 2 05 AT B A R R T SR, il
DQN 553 A LUAR 4 Hh fiff R 52 2% BA 55 A ] 00

[ DQN %25 pREL

[ ]

FREE
y max QO(s',a’; ")

S N T - e
I —— éIHIJWJ%‘ perP ETMEWJ%

J~—

O(s, a’; 0)

argmax Q(s, a’; 0) ”

(Sv a) s’

s,a,r,s")
¢ 22503t D

]_/

B8 DQNE&E:%
Fig. 8 DQN algorithm
DQN 532 i FH 44 J7 22 537 1o 2 A ok i X
HAr e &, A0
L(w) = E[r+ymax Q(s",d’, ') — O(s,a,w)]
AT A IR S 48 50 [l ik 5 Bk AE 4% 48 DQN
2GRk 1) AR BT B0, I R RE
K (%33 R BK Bl AUV) 14 2057 25 18] R 3l e 5, A8
A8 BE AR AT AR 5 $AUE TV 358 10 1 TR B 3 It A
S HE LA T I LA T I [R] AR AN R A T 2020
B&1 L5 DON Rk
WA BRI YETIRAS s
e | B4 SRR S A i B
1) B H L IZ DR 2 1 R/ DRI A6 A N



o552

MRt IR, &5 PR T3 TR R R s AUV B = 4k 542 JL R <429 -

2) HFEHUAE oW i AL sl 1 pRi 4 O
3) JHALE 6~ = o9) i ik H A ek %k O~
4) for episode=1, 2, -*-, M do:
WAL P31 s, = {x,}
AL EEF 5 ¢, = ¢(s))
Syfort=1,2,---, T do:
6) LI e 45— R HLZ AR
5 N3 4 a, = argmax Q(¢(s,),a,6)
7) TE I P AT a, T WSS il PR AR r Al
8) WL 501 = Sy X NTAL 0, = @(5,,1)
9) 1E DR AFHEREAR (01, 1T 011)
10) T’fDEP?FHB;IﬁZIK(%,aj»’%%H)
y;=r;if sisend
yi= rj"')’rnfo,(‘Pjﬂ,a;gi) (1)
y;=r;+yQ(s;,max Q'(s;,a’;6);67)
11) BE M S E0PFATREE T B0 3R
;= O(g;,a;:0)°
12) BCHLEEQ =0

13) end for
14) TR REAR Y S RS s,
15) end for

bR RS N W AT kA, BB GA B R Kk
AL M 5 2 1BV GRRT S
2.2.1 %3t DQN Hi%

&4 DQN H ik, 721 5 B [H] 22 43 B i
(temporal difference target, TD target) i F 2| T H K
b, B (1), @ Tt E SRR T HSEE. B
DIAE ) 28 32 AR A9 2k 72 v, X die KAk 2 B 3 Al
T Bl A 2 AR U B B 3 nm AS i 2R, T2k
& 45 DQN B3k 78 Ab B4 4 PR BT T 19 % 728 10 S
Ko A AT, A& FEOCE S A& N
i";j'[;ia]‘_‘,[3l_32]o

AT R LR A B Te) R B R R BB AR Y
25 ORI S A S 4 56 BT (prioritized ex-
perience reply, PER) 3 W& ol i 1% 48 DQN 5.9 .
PER ML B9 02 3t T 2 56 1Y i) 7] 2212 2% (tempor-
al difference error, TD-error), FH DA 2 /n % REARTE T
1T HASNE IS B 15 09 22 il 5 10490 2 Jal 2 8] /9 2%
5t TD-error it K 2% B3 A~ 28 560 X4 e A4 1 2% )
R ENEMAEH . R R B, 59 m 45
SRR BB S AT, LAAE B P 2 ) B O ) 22
35, M At SR, 4 2 AR B

HAZE#E G, PER A & 88 {1
TD-error, 4757 L fifpph— L4 e [y [A) i, 0 HOZEAC
SCHY YRR PR R W B AR BRI B, T W R
TD-error A 2 W (1) 28 56 L BE 05 4 Y RE AR FE 2% 2]

), SRR iR, ARy

NP
() =
" P
k

K p RSB I LRI, o PeE ff
LSRR H RN pAH
pi=lol+e

i 6,8 TD-error, e LLP; 1 & 56 FE A TD-er-
ror IY{E M 0,

R TR R R A 225, ] A MR
o HHEBZEN T HE f()7Ep() 734 T #Y
B R THREARR G po) s A, i35 BRI A
q(x) o340, BB R E N

E[f(x)] = ) f(0p(xdx =

2
D 00f(gx)dx = ) g(0g(x)dx

A ()RR H B JERAEFLE . A px) = 1/N A
q(x) = p(NICA X (2) J5 15 2 H 2B R AE AL pR

B, At ﬁ
1
“ :(N-Pm)

KRR MR G w2 . e, H—fkE
B R A A
_W-PGY?
" max(x) - w;

TE =Y RT3 A (i P AR S 4 58 Bl
J5 ¥ B A5 5 DQN Bk I 458 BE A (I3 X 3K
3 AUV) BER AR A E 9 B,
222 #HE&F

SIE BT B AR R AR 4 SR T — 25 3
ER R, iRk I OB R — B heiE
1 R — 8 B SR MG BT — 2 s . BRI
1) Bl 1 SR 3 U [] 1) 2 S L, 78 AN TR) (0 R B R 2
T8 [ 4 6 w3 1% Sl A LA B s A (L, o el
1580 BE AR AE T — W UI 25 b B 1] F 36 R i 8h
PEB, FEASCH, BRI RENS R 27 5 [l 1 3
P, W& 10 B . S PEEE S 51 001, 2, =,
25,26, XF W 7R 7 [ A E 10 H e v i
i, BN shVEE M 16 F27R X R /Y 5 1] R v v il
W) IE 7 138 3 . T ZEAMNE R, SR B
13 R I 1R A (E 78 SEBR Y B A2 0 K] o
o, IR IR RS, BT LS ESE 13 ZEAR L5
HOEANAEE R EUE, o T 3k 5t BLh1E 13, &7
5 Il R B X I S A 13 B A O R AT A
FF LAAEAS SCH, 3 R AR BE % SR T 09 8h 18 O 1)
26 1, BISIfEEE 0~ 12, 14 ~ 26,




<430 - O R ¢

5520 &

TR

|EHH%W$ = winiems

ST IR

MG PTG
BERREYLEIE

| gms | HARR e | ]
u FAIE

PERERELEE
PATRHIE SR

F RS2 56 ik
X R AT
[}

AR AT
RREIE

Y
ARBCE — R

RIS | N
Hif B A2 Rl ARl
Y
-

B 9 i DQN B R ERRIE
Fig. 9 Improved DQN algorithm model flow

z
A

i =z
’6 12

B 10 sE=EET
Fig. 10 Motion space design

WAk, A SO A S K R 3K Bl AUV,
7110 &5 /Y 8 BE 1A 19 3l 4R 5 1) i 2 4
AUV YR B RORAL BRAY o X Fh 7 2 2 m 1 ik
KEKE AUV A 575 ], Al BE2 B2 il 9 %
AR SR AUV JCIE TRAT B B0 o 91 4 2 i
AUV AT B 7 1 L 10 H iy 13 4 14 /977 10 H.
W I AL B AR ARTE 13, Q2R T — 2 E AT 1 3
VEEUE N 0, MR AT RE & A2 Y, AN SR AT 1Y B4
2 R IEH B B LA 1k A B S PR Ol
AFFERSIAVEEME, 27 T S0 LU il R EAE 3 Y
J5 ATl AR
223 EEhFHIK

2Dl BRI SR R W R RE S B A L R T ) G
HR, Ry I WO ERZ — Wik

3 A Dl oA BT LA R 4R v R RE MRS AR
MIIE 2 o 2Dl s AL R FE RS S F 1 ¢ i) %] 3]
e+ 1 B 200 00 4R 25 B 8 2R A5 00 30 R 2 ) & R, =
E[R.IS,=s], R K EG,, d w2 &

RAE.
Z yerJrkH
k=0

oy YT R B, BTN AR B 21 Rl )
WA,y — VI S e R /)N, 3R B A L
PNIB RN PN TR 52
ALVl eR B K AT 1, AL FE AUV i
R H AR A2 3 AR K SR 3 AUV 47 4
SR B AT 55 U S T R S T 1 1 2
A
1) AUV BN BAR R . AUV 12
FA B B H bR B AT 55 W 1 2, HOR TR
B R RTINS VR R A ) B AR AR, RS
B[ AUV AT HLRI H 00 i 5 22 A B T J
B, R AUV 75 BRE B & 250K T B ik &
v, W2 R IE R E . R AUV REETE
%ﬁﬁmﬂk%ﬁiﬁﬂhh%lw GT R
il

o

Gt:Rr+l+7Rt+2+"' =

i
1
FEU, BT Ak AUV e AR RO #BM1 T
BN B AL S 1R, 05 BE0E AUV 4] 1
L 45,32 30 19 B 45 T TE 22030, 1 2 T4 T A
BORESH L U AUV 80 1s) R 2401 52 i R EOh

R = Q . [\/x2+y2+22_ \/x/2+y/2+z/2]
r

K: R AUV AT SR B2 5l pREL, ro H 0] IR
RETF AUV R B3k Hbr S EE B, r Y
ARSI B LS HLEE, e+ +28 R 1
JEHT—AIRES AUV BEZCS IR RS, a2 +y2+22
TR R PAT YT S Z 5 M BE & R
ro/r T B AUV B H bR 5 8 3 B2, AUV
FEH bR, W AUV K45 09 % 5 (5 8
VY +22 = X2+ y? + 22 OB AR AUV 2
ACRZS S0 — RS HE R B H Ar, W55
i, B FAEST; 24 AUV SRDIRES S EASIRESH
F R H bR, WSS e, BIRAS IE ] 22 Jil .

5, B AUV ST 825 s 1R T e 221
BFE . BT AUV AT RS PE T 104 26 4>, AHN
A 3 AR B R, B 1. V21 V3,
A8 AUV Y1 3 5 5 7 0 0 & 3 2 T8 Y A
AUV W SEPrE, BIAT 345 520 AUV JIr 5 i A
FTHSIE], FF25 7 AH W A 2 LA 5

2) K K IR B AUV BiAT 4 . BARAS SCHE




o552

MRt R, &5 PR T3 TR R R 3l AUV /Y = 4k 142 JL R <431 -

fdi 0 DQN B53E % AUV 3E4T 642 10 ) i 2
AUV 245 5 Ak BEAY, (0 R SRS R 2R
ALY . A6 GG 3 R B 3 AUV #E 47 B% 42 R
IF, 5 SRR R AUV A 2 3 g 17 4 I B K A
JE W e AR it o il an, Wi 11 iR, s S Rl
AUV AT T 108 v, WIAE T — 25 0 g VR £ 1E
Perp, BEPE2.5.8. 11,14, 17,20, 23,26 3%
9 A~ BhAEE A B 25 7 2 Dl e BRI A 3l 1 U 45 T
FES . AT B AUV AT A A BRI Sh1E

B 11 REXKIESN AUV ITAR
Fig. 11 Schematic of low-speed underdriven AUV naviga-
tion constraints
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Fig. 13 Path planning without current disturbance
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Fig. 14 Path planning with current disturbance
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Fig. 15 Straight-line distance from AUV over time to the
end point and real-time velocity
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perimental sea area

4 #HHKiE

AL EBF A RAET T TG BT an
TR K BK B AUV (19 B 42 B0 5 oy 4 21, {15
R R BR 5l AUV 0] LA REAR AT T 58 AE I 0 i AT
Fsf Ta] o

IE o0l BU 1 RE 8 W B ) B M I R A P R  VG 2
Wiz S E R UK 5 AUV B 52 0 HLFE, 7 i 5
Bl 2 1 ST 48 RE AT 55 3 = A b AR T L v s
SRR, 2 5 O e 2 56 Tml ik Oy ik 1% 4
DQN ByE A7 etk M E 5 f4 58 DQN B kA7
FEATAG T IR A8, 00 A0 AR B %) 2 Dl R B, de 2
AUV 1] LA FE 0 TV 2R 58 T 58 B A2 JL Rl
AT 55 o 38 2k A8 8 i 4000 B0 VE PR, JF S A%
SRS AUV R AL, 24 5 A 5 A0 B0 R 83 1o
M B AUV I, [RE AT DL 58 B 42 A0 55 -
SO S5 BB B G S 2 00 R vk 0 Y
DQN B LT L4y AUV #2400 — 2% B iR T3 1
BT 4 R R AR, ELAUA TR ) B | REAE A .

AR TAE & i — 20 BN S S A %
FR A2 2 FE B, {91 LN 84 132 B A 400 1 5 s i 40 0
T 7 Wiz B U, B e I B R IK B AUV
FE S 5= 2278 () U 3 1) 5 A ) A ket e B ) o

S % k-

[1] LI Xiaohong, YU Shuanghe. Three-dimensional path

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

planning for AUVs in ocean currents environment based
on an improved compression factor particle swarm optim-
ization algorithm[J]. Ocean engineering, 2023, 280: 114610.
208, KF), BRTE. Bk RRT S0 R = 4i 3R b5 T
AUV HAr 8RN HI[T]. 8 BE RS, 2022,
17(2): 368-375.

LI Juan, ZHANG Yun, CHEN Tao. Application of the
improved RRT algorithm to AUV target search in an un-
known 3D environment[J]. CAAI transactions on intelli-
gent systems, 2022, 17(2): 368—375.

BI Anyuan, ZHAO Fengye, ZHANG Xiantao, et al. Com-
bined depth control strategy for low-speed and long-range
autonomous underwater vehicles[J]. Journal of marine
science and engineering, 2020, 8(3): 181.

XU, JEARYVL, S, AR AUV ML b Fe i Ve it
SEMARYITIE]. IATRRAHOR, 2020, 42(3): 88-92,97.
LIU Jia, ZHOU Weijiang, MA Weijian. Adaptive de-
cision methods to reduce effect on ocean current to low-
speed AUV sailing[J]. Ship science and technology, 2020,
42(3): 88-92,97.

LIU Rundong, CHEN Zonggan, WANG Zijia, et al. Intel-
ligent path planning for AUVs in dynamic environments:
an EDA-based learning fixed height histogram approach
[J]. IEEE access, 2019, 7: 185433—185446.

7, (TR, TRl iE AL 0 0 A ME B K 3k
BRI LA, 2022, 45(5): 33-35.

YING Zeguang, HE Qi. Complex water path planning for
unmanned boats based on improved A* algorithm[J].
Mechanical & electrical technology, 2022, 45(5): 33-35.
WANG Yanlong, LIANG Xu, LI Baoan, et al. Research
and implementation of global path planning for un-
manned surface vehicle based on electronic chart[C]//In-
ternational Conference on Mechatronics and Intelligent
Robotics. Kunming: Springer, 2017: 534—-539.

LI Ye, JIANG Yanqing, MA Shan, et al. Inverse speed
analysis and low speed control of underwater vehicle[J].
Journal of central south university, 2014, 21(7): 2652—2659.
DOHAN K. Ocean surface currents from satellite data[J].
Journal of geophysical research (oceans), 2017, 122(4):
2647-2651.

HU Siyuan, XIAO Shuai, YANG lJiachen, et al. AUV
path planning considering ocean current disturbance
based on cloud desktop technology[J]. Sensors, 2023,
23(17): 7510.

ZRE RO, B AT E S A RIS s b
[J]. MR TR RA244R, 2017, 38(1): 94-100.

LI Hui, ZHAO Lin, MAO Ying. Analysis of six-degree-
of-freedom motion in submarines under sea disturbance
[J]. Journal of Harbin engineering university, 2017, 38(1):
94-100.

XING Yuan, YOUNG R, NGUYEN G, et al. Optimal
path planning for wireless power transfer robot using area

division deep reinforcement learning[J]. Wireless power


https://doi.org/10.1016/j.oceaneng.2023.114610
https://doi.org/10.3390/jmse8030181
https://doi.org/10.3390/jmse8030181
https://doi.org/10.1109/ACCESS.2019.2960859
https://doi.org/10.1007/s11771-014-2226-7
https://doi.org/10.1002/2017JC012961
https://doi.org/10.3390/s23177510
https://doi.org/10.11990/jheu.201511027
https://doi.org/10.11990/jheu.201511027
https://doi.org/10.1155/2022/9921885

<434 ¢ BOBE R & o M 5520 &
transfer, 2022, 9(1): 9921885. 17(1): 192-200.
[13] SR, TFEHEE, 9k A, 55 AR SR A KR ZHAO Yuxin, DU Denghui, CHENG Xiaohui, et al. Path
ALAT 45 ShAS B AR G QPSO Bk [J]. ARG LR planning for mobile ocean observation network based on
5L, 2021, 41(8): 21122124, reinforcement learning[J]. CAAI transactions on intelli-
GUO Xinghai, JI Mingjun, ZHANG Weidan, et al. Im- gent systems, 2022, 17(1): 192-200.
proved QPSO algorithm for dynamic path planning of [26] WU Keyu, WANG Han, ESFAHANI M A, et al. Achiev-
autonomous underwater vehicles in variable ocean cur- ing real-time path planning in unknown environments
rent environment[J]. Systems engineering-theory & prac- through deep neural networks[J]. IEEE transactions on in-
tice, 2021, 41(8): 2112-2124. telligent transportation systems, 2022, 23(3): 2093-2102.
[14] KIANIF, SEYYEDABBASI A, ALIYEV R, et al. Adap- [27] YANG Jian, XU Xin, YIN Dong, et al. A space mapping
ted-RRT: novel hybrid method to solve three-dimension- based 01 linear model for onboard conflict resolution of
al path planning problem using sampling and metaheurist- heterogeneous unmanned aerial vehicles[J]. IEEE transac-
ic-based algorithms[J]. Neural computing and applica- tions on vehicular technology, 2019, 68(8): 7455—7465.
tions, 2021, 33(22): 15569-15599. [28] PHUNG M D, HA Q P. Safety-enhanced UAV path plan-
(15] XU, 5K™, R 53, 5. S-57 Ho 71 [T A4 PRt S Sl ning with spherical vector-based particle swarm optimiza-
PACFEAHT]. IARFLEHOR, 2014, 36(7): 108-112. tion[J]. Applied soft computing, 2021, 107: 107376.
LIU Feng, ZHANG Yan, CHEN Yanyong, et al. Rapid [29] ZHANG Jiaxin, LIU Meiqin, ZHANG Senlin, et al. Ro-
reading and visual storage of the S-57 electronic chart[J]. bust global route planning for an autonomous underwater
Ship science and technology, 2014, 36(7): 108—-112. vehicle in a stochastic environment[J]. Frontiers of in-
[16] JERE, B2, Bk, HT S-57 briflft) i 1] =2 formation technology & electronic engineering, 2022,
AL HERER, 2010, 35(3): 471-474. 23(11): 1658—1672.
HU Zhen, YANG Zhijiang, MA Zhenqiang. Electronic [30] WANG Jiankun, JIA Xiao, ZHANG Tianyi, et al. Deep
navigation chart 3D visualization based on S-57[J]. Earth neural network enhanced sampling-based path planning in
science, 2010, 35(3): 471-474. 3D space[J]. IEEE transactions on automation science and
[17] HU Hao, ZHOU Yongjian, WANG Tonghao, et al. A engineering, 2022, 19(4): 3434-3443.
multi-task algorithm for autonomous underwater vehicles [31] MELO A G, PINTO M F, MARCATO A L M, et al. Dy-
3D path planning[C]//2020 3rd International Conference namic optimization and heuristics based online coverage
on Unmanned Systems. Harbin: IEEE, 2020: 972-977. path planning in 3D environment for UAVs[J]. Sensors,
[18] KRIEG M, MOHSENI K. Dynamic modeling and con- 2021, 21(4): 1108.
trol of biologically inspired vortex ring thrusters for un- [32] TAN Li, ZHANG Hongtao, SHI Jiaqi, et al. A robust
derwater robot locomotion[J]. IEEE transactions on robot- multiple unmanned aerial vehicles 3D path planning
ics, 2010, 26(3): 542-554. strategy via improved particle swarm optimization[J].
[19] BIJLSMA S J. Optimal ship routing with ocean current Computers and electrical engineering, 2023, 111: 108947.
included[J]. Journal of navigation, 2010, 63(3): 565-568. [33] QI Yonggiang, LI Shuai, KE Yi. Three-dimensional path
[20]° YANG Yang, LI Juntao, PENG Lingling. Multi-robot planning of constant thrust unmanned aerial vehicle based
path planning based on a deep reinforcement learning on artificial fluid method[J]. Discrete dynamics in nature
DQN algorithm[J]. CAAI transactions on intelligence and society, 2020: 4269193.
technology, 2020, 5(3): 177—183. .
[21] HAN J. An efficient approach to 3D path planning[J]. In- fEE T
formation sciences, 2019, 478: 318-330. Wit [), D, =BT ) A i
[22] LI Jianxin, CHEN Yiting, ZHAO Xiuniao, et al. An im- FENLRI B A R RES AL, BT
proved DQN path planning algorithm[J]. The journal of TTAPARKIR 551 W\ N & L
supercomputing, 2022, 78(1): 616-639. VU, ARB ML S I, KA #A
[23] QIAO Lei, ZHANG Weidong. Trajectory tracking con- B3 10 ARG . E-mail: chenshltong@
trol of AUVs via adaptive fast nonsingular integral ter- hrbeu.edu.cno
minal sliding mode control[J]. IEEE transactions on in-
dustrial informatics, 2020, 16(2): 1248—1258. T TS, RS
[24] GU Yuwan, ZHU Zhitao, LYU Jidong, et al. DM-DQN: ] Ay oAk R S | AR R s
Dueling Munchausen deep Q network for robot path plan- E-mail; lycxxlzy@hrbeu.edu.cn,
ning[J]. Complex & intelligent systems, 2023, 9(4):
4287-4300.
(25] AT, FEEHE, B/hv2s, 45 ﬁ?’&’iﬂs% ] E’J@#%Kﬁ

UL P 265 UL A KR i [, R RE R B 2E 4R, 2022,

\/L.



https://doi.org/10.1155/2022/9921885
https://doi.org/10.1007/s00521-021-06179-0
https://doi.org/10.1007/s00521-021-06179-0
https://doi.org/10.1007/s00521-021-06179-0
https://doi.org/10.1109/TRO.2010.2046069
https://doi.org/10.1109/TRO.2010.2046069
https://doi.org/10.1109/TRO.2010.2046069
https://doi.org/10.1017/S0373463310000159
https://doi.org/10.1049/trit.2020.0024
https://doi.org/10.1049/trit.2020.0024
https://doi.org/10.1016/j.ins.2018.11.045
https://doi.org/10.1016/j.ins.2018.11.045
https://doi.org/10.1007/s11227-021-03878-2
https://doi.org/10.1007/s11227-021-03878-2
https://doi.org/10.1109/TII.2019.2949007
https://doi.org/10.1109/TII.2019.2949007
https://doi.org/10.1109/TII.2019.2949007
https://doi.org/10.1109/TITS.2020.3031962
https://doi.org/10.1109/TITS.2020.3031962
https://doi.org/10.1109/TITS.2020.3031962
https://doi.org/10.1109/TVT.2019.2919737
https://doi.org/10.1109/TVT.2019.2919737
https://doi.org/10.1109/TVT.2019.2919737
https://doi.org/10.1016/j.asoc.2021.107376
https://doi.org/10.1109/TASE.2021.3121408
https://doi.org/10.1109/TASE.2021.3121408
https://doi.org/10.3390/s21041108
https://doi.org/10.1016/j.compeleceng.2023.108947
mailto:chenshitong@hrbeu.edu.cn
mailto:chenshitong@hrbeu.edu.cn
mailto:lycxxlzy@hrbeu.edu.cn

