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Multi-AUYV real-time hunting control based on FMM and improved GBNN
model

CHEN Ming-zhi*, ZHU Da-qi*'

(1. Merchant Marine College, Shanghai Maritime University, Shanghai 201306, China; 2. Logistics Engineering
College, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Multi-AUV real-time hunting is a comprehensive research topic, including team collaboration and pursuit
of targets. In this paper, the hunting time for an evader is first estimated using a fast marching algorithm, and then a
dynamic hunting alliance is formed between AUVs. Then, in the hunting phase, the AUV needs to track the evader
immediately to prevent it from escaping. In order to achieve this goal, an additional attenuation term is added in the
GBNN (Glasius biological inspired neural network) model, the inverse function instead of exponential function is also
applied in calculating the connection weights of neurons, and two improvements to accelerate the propagation of neuronal
activity are proposed, which make the GBNN model suitable for real-time path planning. Simulation studies show that
the hunting alliance formation mechanism and the improved GBNN model both have their advantages. In the underwater
multi-AUV cooperative hunting, the proposed hunting control algorithm improves the hunting efficiency, and reduces the
hunting distance of the AUV and the escaping distance of the evader.

Keywords: multi-AUV cooperation; real-time hunting; fast marching method; GBNN
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WESIRAE K N IREE T Bl 2 A kWL 28 A\ 1A L
. T @470 2R i EALAC & Y Intel(R)Core
TM i7-6700 HQ CPU @ 2.6 GHz A1 16 G W 1%, %A
Windows 10 &4t. N T % & AUV Flk AL 25 A\ 7E 5K
BRI T (ISR N B 255 2, Xof [ 20 TS 8 A A A%
Ko FEA 45 R B b B BRSPS AR e S 2K

31 “HIMETHERHAE

KRATH R AR . 8 N AUV Il
2R AL AR N T B PR B AL 60 x 60 4
A%, B AN M 79 32K A 100 m, 1558 K/ 6000 x
6000 m?. M3 AMLAF N B ENE Bl — AN S A
AR F 52 0 DX 33, 224 306 3t AL s N 00 28] B 1) 4l
AUV J&, KU % SR JT A AUV 1) 38 i 2 18 5% Al
A N £, B9l 1 Sl ot B i o 1 2 T PR el A7
SE P B B AR BORN Sz LU A B GBNIN AR 2R S 4R
Jii, A5 5 T A S L Ik B A ARV R BNIN A
T (1) S 56 25 TR AT X6 b, B UE T BT B Y L9 I B
AE AR i A TR L A 2, B v B O, T B
LU A5 A GBNN #5528 75 SIZ B ) 4 4 il e LA R4
A TERE. LB AU GBNN A A 5 5 2 KT
BNN A fi A5 AUV 2 [B AN 75 L 2[R (AP 42 00
WM. FHee b, SR F GBNN Sk k2 LR, 54> AUV
HRAT DL E RSN AR LR 0 R S AR K.
3.1.1 FriRB R EREER RSN EHE R

17 L PP BEALAE B A 8 & AL 28 A\ Evq A1 Eva,
AT (30, 15) F1(35,45), 3 H eI LABENL T %
3. 8 AUV 1E14 5 |, & Bl b AL % . 752D
WEEH, & T B R M M ERN R E R = V2,1
VIR E N AR T 1A RTA]. Ay A
ResZ BRI 24, B2 BIASE 0 (14) BRI, 6 H{E
A EERN L WRTHTIA v > 5. v/, # & u s A
T8 (1 Y0 e [, Sl . DRy (M T O KT
5,9 /2 % HARRRZ JTiE TN 1 AR & s RN T
1St 2K, 2% bRk, Bust ¥ GBNIN BB (1) 22
BEENS = 1,0 = 200,y = 5.01,R = V2. [
AR S pros. 72 B 5, BB EPOR Xk R ki
M, “47 477 7 AT VO VO VAT YT
727N AUV, AUV, AUV, AUV, AUV;5. AUV
AUV7. AUVg. $E3& L2 N F (5 B . [ 46 0 (]
A AR ER AL N B Bl 5 HOE .

60 AUV, ==Ey EFAUV,

e AUV, ==

50 ¢

40 £

IF
t
: - E
i
i R E i

~ 30¢

e

20 ¢ sst

T = V‘
10 7 : ‘z
AUV, R AV ) :

" 10 20 30 40 50

RN
JINERERD:ANANI n

AR
=

5 RAFREERHIESIEER 2-D MR RIS R



F 1244

%4478 5. FMM 5 7 3t GBNN A 484 409 % AUV S B H 0k 2851

84N AUV # 73 B A™ BB 1 . A H AUV
AUV, AUV, Fl AUV 21 5% 11 FE 478 (41 BA 56 B E v, 1] F
AT 55 T T (1 AUV 4 5 — A Bl X B, 58 B By
(1) R . 75 Bl 2 v, b s ML 2 A B s T 1) 3k
DL T AUV [ . AUV, 76 855 (3, 59) Ab i 3] [
T84, % FH I EE A9 BUAH GBNIN A 7 22 4 3t T [ iS4,
It H A 1 AUV 7] LLERBE B b5 20022 40, Yo SE i
A AT B4 B9 o5 A7 R 5 L 4. Evy AT B 43 3l 75 5
JG(27,31) F1 (34, 32) bWl BRI 3R, 2P 18 4T T 374
BRI ()25, R 1 BISE 2 5051 7 SR A ST H 1
Pl 48 1) B3 56 1 TR 4 A 55 BT AE 2 1) AUV 1) R B8
AR R IR A N (1 306 B BE 250 1) B ).

®1 3HEXTERERHNERTE

PR EE  BNNBR BB
AUV [FIBEE /m 4341 4583 4859
AUV, [#EES /m 3532 4562 3979
AUV [IEFES /m 4581 5822 4018
AUV, HIEEES /m 3962 4806 4262
AUV [FIBEE /m 4548 5601 5013
AUVg IEE ] /m 4310 4357 4644
AUV [IBEES /m 4658 5971 4583
AUVg [ B /m 3822 4199 4353
AUV RS /m 4219 4988 4464
Evy [A¥E % /m 2255 2904 2297
Evo FEEE /m 2454 2638 2456
f7 ELRF 1) /5 7.7 1093.5 9.2

3.1.2 BNNER BRI 7 0 Bl 45 R

TERA R FIRIUR IR EE 1 B R, SR 5 A ST [ fr 5%
TP A7 1 SRk L BBk B A B, 5 R A BNIN A
BT KR BNNB IS HIKENB = D =
LA = 25u = 1,R = 2. B 6E/xR T 588 H
S5O AUV LG T AH [ (1 Bl 4l 06 B, (H R Bl 4l i 72
163 T 56 2 1) R 4 B[R] 25 RO BE 22 (38 AT IS 1], Bvy A

60 sAUV, == : s AUV = ‘ AUV,
50 ¢
40 ¢ ==
~ 30 AUV, :ZU\Q
20 : J%i 2=
v -
10
AUV, = I AUV, AUV,
10 20 30 40 50 60

X

Bl 6 XFBNN#&EEI2-DIMEEHLER

Ev,, 73 BITE (28,36) A1 (43, 27) # 5% 1 FL 4, B2 38 4T
50 /> B I ) 25, p T BNIN B3 (0 3 25 1k RE I At
Ja TR 31 B bR T, FURI I B S AR AE R,
1SRRI I B A2 AR K, I ML 2 AN B L7 iz, K 1
(128 3 F1 51 T {3 F BNIN B 58 i BBl i) AUV 16 9%
F00 BE 8 A b 3 )6 B IR AN 47 LA AT R[]

fd FH 24c it (1) GBNIN 455 B 56 A% [ 47, AUV 1 9%
()7 35 BE 85 2 4 219 m, 1] BNN A5 B [ ~F 35 2R 25
4988 m. LT, BNN #58 CLf fi i 3% A T sh & 3 55
TSI BE AR ALK SR, S LG9 BU(E GBNN 5 Yy
AUV $ 3t [ 55 B 452 1% J7 1) FSE 5 1Y) % 2. GBNN 45
BB SO H 88 7 H A M RE, o] DUER AL IR
(1425 B, B E B, IR LB AUE GBNN A A
UK Z i) 1], A Jd AR R TR B 7.7 s g AT R
(7). BNN 15 B 7E B AN 0] 20 R B I R 4 o0k
R 7 RE, T B 1093.5s. (B P, b T4
PETF2 7 AR Ab, AR FR 77 40 2 AH [F) 1. H kT 0
BNN AL E 5 FEI . 76 = 4K N385 P A2 76V 2 ol
2876 ] LA SR M R PR 85, DR, 4 FH BNINASE 7Y 58 ol %
FEFR, FEAERT A A2 A LAAE G ).
3.1.3 ETMNEMERFEBREEREENERSR

£E SCHR [7,25-28] 1, [ 4 Bk B 1 A= Bl #8  T
AUV FIE IR LS NI B A B, R T EE R
Felg L AUV DA B B 5 5 & L% A BRI
P, R A 00 R U T ol BBl 1k B &1 7 SRR T A I
INEE T T BAE B IR B 7 2 1) el 4 45

60 & 1AUV AUV,
50 2
Ev.
40 ¢ :
> 30: = AUV,
20 ¢ g g
10 : :
AUV : FAUV, AUV,

10 20 30 40 50 60
X

7 RAMEESBEERN2-DINMEEHEER

T 1% SR WS K 7% R B AG P6 AUV AT 3 i A2 1
S, AUV R T ASTE] I L 3 (41 AUV, AUV, .
AUV 1 AUV 2H BB B2 B 4 Evy, AR 1 AUV [ 4
Evo. Evy £ £ 36 [l 5 [8] 22 T (35,29) b A 3Kk, 2
J& AUV IIAXT Evo I EEIH T AUV W 1EIE . Evy
7E (30, 35) Ao R Th BBl il AR 384T 1 40 4™ B 4 B
F] 2. HH T [ A B B R O T AUV Ak i 2 1 o7 B
15 2, 72 Bl A2 b G P B AS T — 28 AUV BRI,



2852 EC o

5 Xk R

%35 %

M 3% — [RI 2R AE 43 B FR il A 25 B AR 5 R, AT 3 35006
WE W T EZ IR, RS 45 7T AL
BT 11 [ 47 1K B A R 2 TR A I, AUV 4B 2
{100 BF 5 AR 30 3 3 4D B B P 8 ANy LI AT I T,

K AR SC T ) 36 T PO ATk SR 1 B R AR
FALH], AUV PAF351 4 219 m o BE 55 52 B L3 ; 1 3 T
KB A5 B I P 75 B4 464 m. FE T PR 47 3k 51
Bk B A LA 7E 0 BC AT 55 B 3R BT 5 R T RS 40 1) 5
M, R 3t B s A, B A T AR AR B RS I 85 T T R
Z A~ AUV [ Rl 2.

32 2 DIMETHFRFREERHHBE

FREE 3.1 T —FE R IR EE DL R, BE AL AR A
WEIRAL S N A B AS BT ), AT 10 R E R R %
SEH, 73 A FH AR SCR 4 A 0 Bl 5 v DA & 3.1 T 4
F) [ BNN LAY | A7 B P B9 (5 2 106 BR 7 V2 o BBl 4l 1)
B 10 Al B 925, TR 3 AR R S0, B A
H AUV FTEE IR AL 2% N T 28 B 55 DL % T 34 15 B
8], 402 2 R,

®2 3MESETRERN TR EL

FrRi YL BNNAEUR (I EEH

AUV (P85 /m 4356 5690 4591
AUV, FPFHIEEE /m 3352 5207 4354
AUV; [P FE R /m 2606 5262 3217
AUV, FPPBIEEE /m 4277 4479 4761
AUV (P88 /m 5431 5083 5336
AUVg FFHIEE B /m 4448 5046 5144
AUV~ (18RS /m 4123 6052 4315
AUVg PP /m 4364 6033 5022
AUV FHIFEE /m 4120 5357 4593
Evy (PP ES /m 2182 3697 2419
Evo (3P /m 2399 2993 2795
SR E T s 8.6 1288.1 103

A PR AS ST 32 1Y 1 7 3%, AE 10 I SE B H, AUV
1 28 B O 4120 m T3 AR S K B UV 7R AL 9
4593 m, W i 1 AR SCHE A0 BRI BE 5 k. AR 10 sk
6 v, A SR A R B VA 9O I TALELAE B
R B, AT VSRS T A I B R B 55 T A LA
SRR T, A TS 2 I B B, IR R
B 47 B B S A0 0 A2 LRI R i e /IS, AR S (1
NS A RP SR VACREPSYER SR AP S8 Nk S Sl ]
HBEAF BRI, B2 IS T AUV B 36 #4777
[F, AR SR H R B A i R B A T L A
ST A 5 . S v, A5 FH BNIN A2 (1 B A2 ) 7 1%

) 34395 F e 33t ) GBNIN 5 ¥, 7 Bl 4 o 72 o, 75 221
IR )95 357 m. 1 Ah, BNN AR {47 B0 SE - F- 1) 58
B VR SESG 7 EE 12881 s, 32t e T H AR BRI BV, Wit
S5 T e L TE VR AT Bl P 5% 1) S AR K.

e Ab, &6 2-D B 5 A7 7R 50 H 8 %2 Ho o 5 B
S, W& T 10 K BEALI 2 AUV [ 3 17 7, DL
EEVELEA [F R B N B & . A S
1 BE RS AUV 75 Z A6 9% 3 BE B 4233 m,
M 3 T 47 B {5 BB 7 vk AUV 18 97 °F 1 BE 55 0N
4368 m, BNN 5% AUV “F I FE B N4 812m. 7]
DL, AR SCEREAE 23 B 2 BERSPEA 58 T A1 R Fe =y Bl 4
R IR 52 R R AT 55
3.3 3-DINMERIEH

KBS & — A = 43R5, AUV FLIE R HL 28 A
BHEZMEB 7M. AT T =45 0 B
SE5G. B AUV AT 7 B85 8 AN M V&, T 183 AL
2N EAWIAE TR (15,28,29). £ S256 w1, AUV 3
J& 2 R IR AL A% N P 1. F = 2 R 5 b S ek
S GBI AE GBNN A5 28, Sy i J2 UAC S5 2% 42 10K 11
S AT, B B AR 28 o0 LA o Ath i 48 0 76 1 3/ T
1. 3-DIRES, i e & ol E N HE R =
V3. 1 B2 FANE R LR

1 1 1
(6-—+12~—+5-—)~,6<1,
2y 3y gl
1 1 1 (16)
6-—+12- —+5-— < 1.
2y 3 v

B = LWy > 12 AT I RAEL 4 T
WEVE, y MR ATRE/N. BRI, SR E NS = 1L,v =
200,v = 12.0001, R = v/3.

K8 o T =4S rh () B L AR BRI AT 45 bt
SECE 1. 24 3.5, 68175 AUV, @i A SCHE H ek
HE 1 GBNN Y HL I S i 642, 78 Bl ff ik A2 5, AUV,
Re g B 1k 5 RIS Y R ARk . IF B, H B R AL 4
N0 5 1, B A A AR BT AT AUV 415 2 BRI 6 %
BLEE N B8 77 1a), DU P56 B B 4. 28 IR AL 28 A\ AE A

8 RAMELMEMEIEN 3-DIMEERHLER



F 1244

%4478 5. FMM 5 7 3t GBNN A 484 409 % AUV S B H 0k

2853

F B0 (32,19, 16) 4% 6 > AUV S, B 1)k i FE 2 A
2961 m. AUV;.AUV,.AUV;. AUV5. AUV, F1 AUV,
3B/ #E 25 20 51N 6 323.4 499, 4 480 6 816+ 6303 Fll
6201 m. [l Evy e AL 75 222 A [l (8] 8. fE A
IS 18] 25 1, 2 SC T 4R Y ) GBININ A5 5 R % Bkt 52 Bl
PR TCIE P R T E B8, SIC N AR % 428 9 52 A T 4, 72 7
MILIZAT577.1s.

FE=4EK TS, B TEE Z R, AUV LA
ARESL ARG B A4, RS o E R
%, Wi 3 PRI RUE I R 4% = IR 07 9K, R, A S Pl i
HH ) I BB 45 GBNIN 5732 b BNIN %42 0 il 5 v o 4 A
PR TCIE PR AR = IR 2. S2 50 b 53— IR
5% (FR 5K/ 6000 x 6000 x 6000 m, #1422 540k
216 000) 7 [ BT A #1128 JCIE 1 75 2240 4 ~ 5 s [P B[],
1 BNN J7 722 P 75 2556 1 30 s (B 18], % F7K R
BLEE N, Foig AT 1 B8 38 W B8 (e PR B2 £ 4 m/s), £
Tt () GBNN S35 Pt e 2 1R o0 220 3 11 1) B I (1) 58 4
AT DL A LRI B A2 1) 7 2, AUV G i 2 R B
i n] LB B 3 FE LRI AR, 1 BNN S L T 5 B oK
1, e DL 2 B A2 R 11 S B R T R AT
SRV R TOUAET N 1 B S A AL ) R e it ) s B A9 BUAE
GBNN LAY 1) 50 3 H T2 AUV I SEBS i 5] il 4%
il
4 & @

% AUV SEI Bl & e b i ML 28 A 7% 2 AUV B
FHPIME, 5 o4 i BBl 250 . AR SCE I 24N AUV S2i
L 47 2 e B TR AL 2 N T R0 P IR FR A s A ST I % A%
RIBEAT 7 IE, R tH T 2k TP AT 3 SR AT I i
A7ty 147 o 1) PR 10 B A AL ) e ) 2 s 2K 1 3 A4S Bl 4
I B o RO AR AL R 85, 5 GBNN R B E 4T T 14
A8 O AT SE B AR R R 43 A A S
R T Z LR S B R SR 5 R GG
BT B B B BA A R EE A BNN AL AT 1 LG
. S5 AR, AR WS SN A%, gk T Bl T R 1)
I 0], 9800 T AUV A8 2% 636 4l FE 25 A 16 it 2 1) ik
HIEEES. ) Ah 2BV RIFEE H T = 48K T
1) el 4.

S 3Rk (References)

(1] fREq, BN, HK & B REKTHLE ABOR R
B[], BHER G, 2006, 1(1): 9-16.
(XuY R,Pang Y J, Gan Y, et al. AUV state-of-the-art and
prospect[J]. CAAI Transactions on Intelligent Systems,
2006, 1(1): 9-16.)

[2] Krieg M, Mohseni K. Dynamic modeling and control of
biologically inspired vortex ring thrusters for underwater

(3]

(4]

(5]

(6]

(7]

(8]

[91

(10]

(11]

[12]

(13]

robot locomotion[J]. IEEE Transactions on Robotics,
2010, 26(3): 542-554.

Blidberg D R. The development of autonomous
underwater vehicles (AUV): A brief summary[C]. IEEE
International Conference on Robotics and Automation.
Seoul, 2001: 1-12.

TR, BRI, . ORI B AERE K T LA AL
I A PERT AT (9], W 2RV TR R 2 24, 2017, 38(1):
133-139.

(Zhang R M, Chen Y, Gao J. Longitudinal handling
stability of vectored thrust underwater vehicle without fin
and rudder([J]. Journal of Harbin Engineering University,
2017, 38(1): 133-139.)

Joung T H, Lee J H, Nho I S, et al. A study on the design
and manufacturing of a deep-sea unmanned underwater
vehicle based on structural reliability analysis[J]. Ships
and Offshore Structures, 2009, 4(1): 19-29.

el BOSEI, . % AUV B R SN T 32 2 1
M S AMASRNE D). 4215 K, 2015, 30(1): 9-16.
(Xu B, Qiu L M, Yang J. Analysis of time delay and error
compensation for multi-AUVs’ cooperative navigation
approach[J]. Control and Decision, 2015, 30(1): 9-16.)

Chen M Z, Zhu D Q. A novel cooperative hunting
algorithm for inhomogeneous multiple autonomous
underwater vehicles[J]. IEEE Access, 2018, 6(99):
7818-7828.

ZRME, 250G, TRIE R, &, —Fh 3t T T A R K S
AUV X825 % [J]. HLas A, 2014, 36(5): 609-618.
(Li Y, Jiang Y Q, Zhang G C, et al. An underactuated
AUV-oriented region search method based on electronic
chart[J]. Robot, 2014, 36(5): 609-618.

Cao X, Zhu D Q, Yang S X. Multi-AUV target
search based on bioinspired neurodynamics model in
3-D underwater environments[J]. IEEE Transactions on
Neural Networks and Learning Systems, 2016, 27(11):
2364-2374.

Xk, ¥, 846, HF PNDSC {1 K B3 AUV 4 B
PR BT 3] 2] 5 R 3R, 2015, 30(12): 2241-2246.
(Liu L, Wang D, Peng Z H. Formation controller design
based on PNDSC for underactuated AUV[J]. Control and
Decision, 2015, 30(12): 2241-2246.)

ZIE A, X, ZEpE b, S R T AT AR A B
W2 AUV P[5 501 2R G0 € A1 R 2 4 (0], B 30
4R, 2011, 37(6): 724-736.

(LiWwB,LiuMY, Li HX, et al. Localization performance
analysis of cooperative navigation system for multiple
AUVs based on relative position measurements with a
single leader[J]. Acta Automatica Sinica, 2011, 37(6):
724-736.)

Paull L, Saeedi S, Seto M, et al. AUV navigation and
localization: A review[J]. IEEE Journal of Oceanic
Engineering, 2014, 39(1): 131-149.

Ni J J, Yang S X. Bioinspired neural network for
real-time cooperative hunting by multirobots in unknown



2854

=

5 Xk R

%35 %

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

environments[J]. IEEE Transactions on Neural Networks,
2011, 22(12): 2062-2077.

Li J, Pan Q S, Hong B R, et al. Multi-robot
cooperative pursuit based on association rule data
mining[C]. International Conference on Fuzzy Systems
and Knowledge Discovery. Tianjin: IEEE, 2009:
303-308.

145, VETEAR. —Fh 2 LA N S0 (7], R hRHER
PR HARFEAAR, 2008, 36(2): 26-29.

(Fu Y, Wang H J. A new capture strategy of
multi-robots[J]. Journal of Huazhong University of
Science & Technology: Nature Science Edition, 2008,
36(2): 26-29.)

Wu M, Huang F, Wang L, et al. A distributed multi-robot
cooperative hunting algorithm based on limit-cycle[C].
International Asia Conference on Informatics in Control,
Automation and Robotics. Bangkok: IEEE, 2010:
156-160.

KorfR E. A simple solution to pursuit games[C]. Working
Papers of the Eleventh International Workshop on DAL
Glenn Arbor, 1992: 195-213.

Li J, Pan Q S, Hong B R. A new approach of
multi-robot cooperative pursuit based on association
rule data mining[J]. International Journal of Advanced
Robotic Systems, 2009, 6(4): 329-336.

W, PVARER. J T A BR 3 1 22 BIL & N\ in A 16 43 5
01 WO ERUE K, 2010, 26(20): 13-15.

(Wu M, Sun J Y. A (distributed multi-robot
cooperative hunting algorithm based on limit-cycle[J].
Microcomputer Information, 2010, 26(20): 13-15.)

Ishiwaka Y, Sato T, Kakazu Y. An approach to the pursuit
problem on a heterogeneous multiagent system using
reinforcement learning[J]. Robotics and Autonomous
Systems, 2003, 43(4): 245-256.

B, RO, T3 3 O H x i A A
(f1 2 BLa% N B B0L 00, T 254, 2011, 39(11):
2480-2485.

(HuJ, Zhu Q B. A multi-robot hunting algorithm based on
dynamic prediction for trajectory of the moving target and
hunting points[J]. Acta Electronica Sinica, 2011, 39(11):
2480-2485.)

Nguyen B, Hopkin D. Modeling autonomous underwater
vehicle (AUV) operations in mine hunting[C]. Oceans
2005-Europe. Brest: IEEE, 2005: 533-538.

Williams D P. On optimal AUV track-spacing for
IEEE International
Conference on Robotics and Automation. Anchorage:
1EEE, 2010: 4755-4762.

T2, R, BRTEN, 2. 2 H EK FHUAT 88 X 803
25 50 B4 7 40 T (0. R LIS AR, 2010, 512):
117-125.

(Wang H J, Xiong W, Chen Z Y, et al. Research on

underwater mine detection[C].

[25]

(26]

[27]

(28]

(29]

(30]

(31]

(32]

(33]

[34]

=5
MREgiA (1987—), B, R, 44, WNF L2 AUV Bl

methods of region searching and cooperative hunting
for autonomous underwater vehicles[J]. Shipbuilding of
China, 2010, 51(2): 117-125.)

Huang Z R, Zhu D Q. A cooperative hunting algorithm
of multi-AUV in 3-D dynamic environment[C]. The
27th Chinese Control and Decision Conference. Qingdao:
IEEE, 2015: 2571-2575.

Cao X, Huang Z, Zhu D. AUV cooperative hunting
algorithm based on bio-inspired neural network for
path conflict state[C]. IEEE International Conference
on Information and Automation. Lijiang: IEEE, 2015:
1821-1826.

Lv R, Gan W, Sun B, A multi-AUV
hunting algorithm with ocean current effect[C]. IEEE

et al.

International Conference on Cyber Technology in
Automation, Control, and Intelligent Systems. Shenyang:
IEEE, 2015: 869-874.

Zhu D Q, Lv R, Cao X, et al. Multi-AUV hunting
algorithm based on bio-inspired neural network in
unknown environments[J]. International Journal of
Advanced Robotic Systems, 2015, 12(1): 1-12.

Ni JJ, Yang L, Wu L Y, et al. An improved spinal
neural system-based approach for heterogeneous AUVs
cooperative hunting[J]. International Journal of Fuzzy
Systems, 2018, 20(2): 672-686.

Ageev D A, Istratov A Y. Neural network implementation
for the optimal path problem[J]. Journal of Computer &
Systems Sciences International, 1998, 37: 118-125.

Xia Y S, Wang J. A discrete-time recurrent neural
network for shortest-path routing[J]. IEEE Transactions
on Automatic Control, 2000, 45(11): 2129-2134.

Ni J J, Wu L, Shi P, et al. A dynamic bioinspired
neural network based real-time path planning method
for autonomous underwater vehicles[J]. Computational
Intelligence and Neuroscience, 2017, 2017: 1-16.
Glasius R, Komoda A, Gielen S. A biologically
inspired neural net for trajectory formation and obstacle
avoidance[J]. Biological Cybernetics, 1996, 74(6):
511-520.

Adalsteinsson D, Sethian J. A fast level set method for
propagating interfaces[M]. Edinburgh: Academic Press
Professional, Inc., 1995: 1-22.

A

18] 71

4L, E-mail: mingzhichen2008 @ 163.com;

RKA (1964—), B, #3%, 4 500, WFK T

N BRI 5 BRERFE ] 2 7K R HLEs N MESERTE 7T, B-mail:
zdq367 @aliyun.com.

TSR £E%)



