HA3EHE 1M
2021 4£ 2 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 43 No. 1
Feb. 2021

doi;10. 11887/j. ¢n. 202101006

http://journal. nudt. edu. cn

SEEHRIZNET AUVEEREMRAE"

o AR REELE O KEA

(1. AEIEXRP EBEIRELR, #Hk XX 430033; 2. KFEIRKRSF FRILPR, kG G2 710025)

W OE AP IEAE FEK T AT (Autonomous Underwater Vehicle, AUV) TE& 241 37 #1845 vh B8 A5 HLR)
I PRSI 5T I (LR AR Z SO0, S T AUHG R TY BT B B 04 A9 2 A A 9 R B 3 Y
MRS IEERR  LL AUV A7 B 1) L gl e e 1) d5 2 o A4 F B, 45 T — Pl e TR 1R B R AL Ak
(Invasive Weeds Optimization, IWO) 5359 AUV 42 Ry A= LRI 74, 3120 0] SR HE TWO S89% 24k 24 IWO
SRR VA BORL T RS A5 = R AR LRI SR LA o DT LA SRR, I 05 1 B ik i SO RE D g ek, vl
TER FMG PR Jy AUV St ALt il e BRI AR A T B4R

KR TN B FIK T 7 5 2R R AR LR IR B R B R A T v

FESKETP301.6  XERFRERG:A

LEHS 1001 —2486(2021)01 —041 —08

AUYV global path planning method in complex

sea battle field environment
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2. College of Missile Engineering, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract; In view of the path planning of the unmanned AUV (‘autonomous underwater vehicle) in the complex sea battlefield environment, the

environment model is complex and there are many constraints. A relatively perfect sea battlefield environment model including battlefield shape,

enemy threats, obstacles, and sea current field was established. The AUV navigation time and threat time were the shortest as the optimization goal ,

and an oscillation-based type was given. The AUV global path planning method of the oscillation IWO ( invasive weeds optimization) algorithm was

compared with other three path planning algorithms, such as the standard IWO algorithm, the full-oscillation IWO algorithm and the PSO ( particle

swarm optimization ) algorithm respectively. Simulation results show that the proposed method which has strong searching ability and excellent

robustness, can effectively plan the navigation path which meets the performance requirements for the AUV in the complex sea battlefield environment.

Keywords: unmanned autonomous underwater vehicle; sea battlefield; global path planning; oscillation invasive weed optimization algorithm

B FE K T W47 %% ( Autonomous Underwater
Vehicle, AUV) B4z LA 2 PR UE HAE K T 2 42 5
LA 0T RE w5 % 58 AR AT 55 B G BREROR
AUV FEPATK T AERRAE 55 1 B8 AR LRI v T 2 78
5375 KT BREE AN 1 AN Sh AR L R S 2
M T O HIE | B SRR AT 55 20K SRR
B KA RS R LY R R AR BRI | e 4 2
T AR BT R . Li Y Wang
SR T R T AL LA B B9 AUV K
AR RS G S D AL (Y KT b B = 4
SRS | W S 7 EK T = 4E V3
B AT K AR . Gal ™ 4R T — ik
G AN K T i 47 % ( Unmanned Underwater

« YRS EHA:2019 - 07 -26
BEEWE : FRHEHEE T H (3020605010201 )

Vehicle, UUV ) 0P 28 (048 2 E% , © 80
/AR A e AR R B M B RO O
A P BRI i, RS S UK R RS . Arinaga
40 Dijkstra 8235 57 Tk F #8585 p UUV Y
LRI R BRI IR T LUk S — R 5
RE RS IIFA A3 B 1, (8% 56 AT T RS
LR RPN B AR R . AT
TR A R B R R AR I R A ) B R k)7
W, Li 455 25 18 T R R R A, 9T A
SRS T R AR I R R R R R
5 1, ] 5 4 S SR AR £6 1 Eikonal J5 R 1L
5 BRI AR AR P20 T L , LA A 4 AT 4 A e
Ph, TR ST UUV B2, B b A

{EER A B (1990—) , B By aE2z A, {1984 , E-mail : zhaomiao0911@ 163. com;
FKLGEAEEER) 5, BIEEZ, 1, B+ A: S0, E-mail ; Gaoyq298 @ sina. cn



$42- [ B R K

5543 &

RN T UUV fE R A4 R 85 v i
e UUV PR 2 4 FIREFE ) R 25 2K 48 R
BEARI G, ST R T A R T
AU BRI 5 2, OF 2 ks i 0 ks T
UUV W06 BRI, A R b fif e T 2 29 ) &2 2% it
TERRGE T A B KR [R) S e R B %
T L REE DL b S A AT A IR AT AT A . b
IR J7 15 ) 3R] ol 02, o ST AR 2% Y PR B
RUFNR T P8 it S8 1 00, S E DA T 42 7% =
AESH A BE T W 1R L 58 I B AR FL R, 48 R AR
BAK.

BT A )R RS A R AN b ST
S R PSR A TEA e WSy [l isF, AT RATE B i
23 A] HE AT B AL 2. Jung 2650 B0k BEAL 1L
(Particle Swarm Optimization, PSO )% k[ ) FH #E
R =R AR LR b, Wi iRas st M AT E S H
P s B AR, 38 2k Fe/ METOT BB AR
FESAG IR AR A, S JE A B AR St 2t 3] —
S 42 . Moreno il Castro'” 42 ) — il
RO R S b 22 R 2%, TS BR AR LA .
ik AL MG B Mg ou e G FRon ki,
25 4b BT ] Kohonen [ 45 /£ 47 Ja) &R R AL 5 77
>3, SR FHTRT SR R A KU Al SRR A%, B 2845 2]
—ARERMERAE . AT ARV RERE R I E ] LA
fifp R i 2 2R AR AR AR A 24 SROFN 2% v L R Ak
B3 F) 2 2 AR AR X TRV L R R BB
T AUV BRAR AL R] i, A= 088 RE SR AT A fide o
AE#h & P £ T 2 ( Non-deterministic Polynomial,
NP) A KR Im] & i A 250078

1 AUV BE#MIRFIEBIZE T

1.1 AUV BRZH BB A
KT BRI X 4558 AUV YT 5
RIS B, i A R 5K T AT 4
B RE AR A DG H AR ek B, S AUV 15T
—4Fk HARfr B AR . RAAR B R
1k, ( Invasive Weeds Optimization, IWO ) & %
AUV 47K T VR BRATE 55 B DL 26 ) — 2% B 45 e
AIBRAS So s NI 515 AUV MR 5 po » BRIEEZK T
HIEBERT Oy FIFOT EAR B R, $5J5 A 2]
IR R Prosmina 0 FHAARTT LU IR Ry -
S, =minJ
P1 = Pstan (1)
S. L. <Py = Pieminal
Pi & Oy € Ry, Vie[1,n]

Kfp K9S =(pispasooup,) AR R T 3R
IR AR B BB O TR BEAG W 20 R, 3R
RIKT BT B AU
1.2 AUV BREMRKEE

AUV BRAZ R By 5638 3 37 25 7] IR BE 42
BERDRFIRPRAR I R 2 (1], IF 45 A 38 A
EAG SR, SR 5 AL B A B ok TR X AN T
P AEIEAR o DB/ INE 2R 2 (R PRt S A )
2 AUV MLBI MR LA AR B BRI AR I E T
B, A2 SOk i A A I R A T A B AR
R, K K 1w AT AR R
XAEARME N T AUV $AT I3 165 IS 22 By | 1P BR
Bt LA K o IR0 38R AT 55 o DRI, 1 S SCmik [ 12 ]
PEH Y TC AL 58 B 2 B2 o d /0 g W i T 1) AR
& B e U il TE AR AUV AT R s
7l .

s K T HOE BT LA R AL f(x, ) KRR,
AUV G i i S A B IS = BT H, SR R0R, =
A T ATl AT RN R

F(x,y) =f(x,y) +H, (2)

TS BrR R AR B K R s B s e B,
PAL b 00 20388 5T 405 B AR A ) 5 A8 B e AR T
BT . BLAh, B IR IE 4%, 76 AUV KR
WA, % IS 2] AUV () 3 5Ll R R, %
38— R AR A8 K Vi A k) B B, F T IS
FUCAT 2 1 g B 1) I o), A 1 X LA ok T T & A il
T R, W 8 0 = 2 A A AT il T 28R —
A6 0 il T, Kriging 4 {8 5 2% & — FOG I 1Y
I, R TG ok i = 4 S (A AT
LN

25 SN NS J AR AT il - AT
MM R T LAE 1R A2 — S0 LR B AR, T
— SR AR AE AT T B — Ak 2, R
PR B K T P ) AR 45 R il 2R, BP AT 7 A A
FUCAT b AR B AR R AR AR . SCER[ 13 ] R
FH B RS M S A (8 7 16, 76 BE AR ALK Hh A5 45
H LA 45 6 S0k v LA ) — 2 &2 44 1 ok i il
25, SR 38 1 045 20 1) B RE A%l 2R T A ) = Y
AR WS HE L K B 5 R0 4, 5E AT DA 3] —
FRAN I FE AR A, X PP A A R (i) R A
A A8 2R LA 1) i (%) 15 BRL [R) 0, W] DL OR K B
IR IR R AR AL . ASCRAER B FE SR £k
T R B AR L i E N A B AR R
FORRLI — 2% B% A2, D0 A B A2 428 1) 50T |l AR
AR ) R FRR



551 30 A 5 S Ze R IR AEREE R AUV 2 B2 Bk 7 1 -43 -
o i yeoss i (2N 1] HE TS, B RE O£ 04 65
CON-1 ; ’ Mo Bk AUV SEBRALATR R T, AUV 52 Ak
Ve g e 2N 1] AL TR R TR 7, .., AUV HERURHY
"N-1 v ’ P AU TH A T, LA 2000 A2
X, =x,., (3) T<T,
{ (5)
Xy =% emminal T<T,,
Y =y A) RS B K B 4
. PR R ISR AUV ALFTROI, A

o L, 3RO fRT 4 TR 7K P T 1 R
BXLY R RN § A R A R A
P30, 7R 7KV T PN 4 ) A 380 ke A i 2 5 A 3
KL Z B, 6, e [0,2m) . Y
FN -2 N, R8N AN AR S T
it B A2 S R0 4015 3 — R AT AR 4%
HA RS (plps S OGS EGE R ——
XV ZR , BIA] A6 S AR AL AT il ie b R 2 AH I 1 =
AepAe 1 RS (pyapys ooup,) , XS E] T
AUV I AT BR AR

1.3 BEMNAREGEMRMNEE

1.3.1 RZNHYREH
BEXE AUV RYE BRFERAEL F R =,
BE LT ILIT R 2R

D) i Ie 490 5 M P 240K T 24 X
e 5y ERE L B IEF5 OKR SR A Sl A
BRI SRERE o AR SCRIT RLI B4 B AR 7R 7K R 3B KL
PR AUV =i ity il L, 7 A T
i A CL RS T AUV 36 6o Rl 13 114 S £ 5
3R L DRI 7 3 240 SRR 5 I T 1 e
fill o R BRI A DA MU i [ R e i 9 1) 7K
TR L AR AR (g, v ) 5 TREE b R BRARAR 7050
2y e s PRI S WA 2420 O, AT — A=Y
Py 2 ) WLZTH A2 -

{«/(xt —x0)2 +(y, —}’0)2 >0,

zmin < zi < zmax

Vie(l,n)

(4)
2) BHTEREL A O T4 e B LRI AR Y
AT, TR B AUV [ TR I A4 BN e
BAARETTHIA A S PERELY IR NI, BT R
TR R PEAR A R 8 LUK T AUV B iR/NE 2
At o SRIAASCIT R J7 1k LR A AR AR 7738
— AT LA 2 AUV X2 IR
3VMES ZORAR, AR LI 5 255 18 58 I
VERUAE 55 2R AR . A 55 LR ERALATATA T 1]
FARHIF #E. B3 AUV 25 Z) R 21 s i 17, JU)
AUV B a] (1 BEFE R W40, st RE R TH FEIE

SCEEE IR AUV B30, 7RI E
AN i i 25 ELAEREAR AUV AT 3 B2, 3% hn
AUV 58 AT 55 B0 T B[] A RE IR B AR , L 2 il i
AUV AT ] 42 45 A8 5, AR B 1 3 AT D4R
AUV AT 1] 32 B2, S IR st 15 e P b, YA 3 X
AUV AT 29 AT LU AR S R B8 AR A A ok 4k
H A ALA T IS ], LA IHG SR 0 JE T It Y 24T

5) AR E 20, B UM 2 R A
AT 75 M T EC /K T 88 18 40l JoM R T 7K B B
B AUV S5 K7 g8 o 8Os B M6 45 9l 8O
TR B 2% 058 U R 7 K T AR U
BT RN A TEE I s (] FIARE 3 B B e
AUV A T2 4, DR MR S0 7 PRI 28 s T2 1
A R TR A R B AR A R B — 8y . "y
KIJ A : — Tl S T A OK 7 55 A e
A XTI AR AL X, A S BROK T B A4
R HEA TSRO R AL 29 5 o) — R Oy
T BSOS 0 R, [ AL AR
BRI — TRV E N DAL BARFEAT 5
1.3.2 32K I

FEXF AUV AT R AR R Z Hi, 052001 2 %A%
MR PERETE bR . 75 AUV SATVE AT S5
A3 AUV fiA7 09 A2 A LU PR R B AR
AT IaS s, W AR AT 55 K IEA B AR Bk
T A RS s ] /0 5 R B AR B SO A R
Pt RS a0 3 2 AUV B ST 1% 2

D) AT A« th b —57E AUV (9 424
R AR T RARAR p, R B AR Z Ty
Pt — RN AR R o BIFFR AT Y = 4k
2% ()R e A FH — 41 2 T 22 T i Jiil A1 Navier-Stokes
JrREAAEIG S B AT AUV Y
LR WY R R R Ve, AUV AT 3R
JE V., 388h75 16 G py FE T R poy, =AS
R RS A OC R AT i B 1 BAAHA

HI I 1 RT RN PR R Ve B = AT ) R
(ue,ve,we) ATLIFIR R

u. = ‘ Ve ‘COSBCCOSIPC
ve =1V, ‘cos@csinwc (6)

we = | V. |sing,.



44 e AN o 4

5543 &

K1 AUV BSOS ER
Fig.1 Schematic diagram of AUV speed synthesis
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planning path of different algorithms
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