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Adaptive attack occupancy maneuver decision of UUV attack-defense
game

WANG Zhao, WANG Hong-jian', ZHANG Hong-han, YU Dan, REN Jing-fei
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: The existing methods for the decision-making of unmanned underwater vehicle (UUV) occupancy in
attack-defense games are found to be insufficient and incomplete in addressing practical occupancy attack problems.
This study analyzes and establishes a mathematical model for attack occupancy maneuvers, proposes the use of vector
analysis to determine the UUV’s maximum range circle and the attackable area, develops the concept of occupancy
determination rules, and comprehensively analyzes the methods for solving the shortest time attack occupancy
maneuvers under different speed conditions with or without obstacles. Additionally, a parameter-adaptive occupancy
maneuver decision-making method is proposed to address the issue of target motion state changes. This
decision-making method can adapt to the changes in the target’s position, heading, and speed parameters, autonomously
select the nearest reachable occupancy point, and solve for the maneuver parameters to reach that point. Simulation
results validate the effectiveness and efficiency of the occupancy attack determination rules and the maneuver
decision-making methods, as well as the parameter adaptability of the proposed approach in dynamic attack-defense
games.
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Pz, UUV K RIS S U0 T fios:

T = |4 cos,

) = psiny,

J e (32)
b=,

—10°/s<r<10°/s.

Hoy y AR, p NEIESE, o NRE A, r AR
.
4.1 IR BRI KK % 75 VA B B U S IE

YR8 AR 2 W B B AR ¥ 46 A2 B 4 (10 nmile,
10 nmile), L E V,,, = 8kn ik (y) i 4 (x) 80° it
7. WE 9 FioR, Bt 2 AN UUV BLA 70t B bridt
A7 S AL AL, AT 55 B AT B AR BR A A2 S, 5 4 10 n mile, 3%

=1

FE Vi N 40kn; UUV 1) 5 K38 FE V! N 6 kn, W46 S5
KA B A RWE 1 s, B KN s.

uuv ﬂIﬁ{ﬁ I,

9 FEMBMETUUV SEIHENEER

AEVHEAE T UUV SN EHERE

EIAIE  BIEALE o LA )

FEAL A AAAR /(n mile) 5 A7 I 1)

5

(nmile) (rad)

THEAE /rad /i EAH /rad B2 /%

it 5E i FAE HRAE /s PiFUE /s IRE /%

Up (22.000,24.000) 70/18  —1.95144 —1.95192 0.025 (206.073,204.995) (206.196,204.979) 22493 2254 0210
Uy  (5.000,24.000)  7t/18 — - - o AT IR BEAL A TG A IEBEAL 25 - - —
Us  (8.000,15.000)  7/18 - - - B BRI T2 A A R PR AR T2 P - - -
Us (—3.000, 10.000)  7t/18 - - — TEAT Ik B A TC ATk B - - -
Us (18.220,—-5.000) 7/18 136906 136908  0.001 (197.064,22.676) (197.120,22.6978) 4450.8 4454  0.071
Us (18.220, —5.000) 1.36906 1.36906 136906  0.000 (197.064,22.676) (197.064,22.6789) 4450.8 4451  0.004

EH 2 10 bl 4l SR T i, BT B8 HE B0 S B 1) o 2 AL
BNk T T 5 BRAR B A I (8] SIS T AR L
15 B &5 B 5 H AR 45 AR Z /8T 0.210 %. b 4
Uy ~ Us [R5 22 77 25 T DR 2 S22 i A R R R 1, &6
1 Ug 52 A7 B )25 PR ). 17 345 SR 50 TE T B d
T T A IS Bl H b e R ) 5 AL B PSR 1A
RO AN IE AR
42 HUNFNRERNSHEIEREIE

TS o5 AL LB PSR 1D 3 S A TE A 1 24T 5
E. HFRRIWIEE A B N (10 nmile, 10n mile), {48 iz
B, FIS BN MG T

1) 0 ~ 60 min, DA 4 kn 33 £ 5L 7] 45 80° & A

2) 60 ~ 120 min, 13 £ 6 kn #1L 1] 4R 70° £ 50

3) 120 min LA, J13E 25 8 kn 3%k 1) 45 70° #E 55.

BT AT IR SIS an B 10 B . & B0 UUVAR AL
JEAN TR Fodt: My AR SCH7 1, Mo 5 A H bRt
(1) & A 77 2, M 9 EA 1) B bw 5582 B/ O 1 & A7
3, My N B M 0 8 0° 1 5 AL 7 2, My ~ My
o N N R R MR R A s W< o s s B OAVA )
W1 46 A1 B 34 4 (30 nmile, 48.9 n mile), % K i JF Ny
6 kn, WIHAF 6] 4 —1.745 02, 4T 55 20107 FO A B 56 7%

10 nmile.

Pl T IR
/ \

AHXSL AL 5] O

10 REBE SR
KRR 38 My ~ My 1 5 4277 200 B AR AT
Tk o o, 75 2 7 A5 R W3R 2 o, (R 2 W &0, T
e (10 i LIS [) ks o5 67 75 92 BT ORI bk, £
I o5 27535 T R I R, T e e e g B
S ALAT 2 S BRI 5 L AT R A AL o A
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M5 6 = 30° 239

Mg 0 = 60° P RZS =L DA

M, 0 = 90° P RZ =LA

My BIEBEAL s i (3 B an B 11 B, Bods
UUV BIWIUEAL B34 T nf BOa . B a] %, 2
M,y BE B GBI FEAL S, Mo My B8 AT BX
W, My ~ My ¥ AR B)E % B RO A

T

B 11 M BLART, My ~ M7 BIHLEZER

XS g 7 v B S 40 8 & N BT 4T
% UUV 20 R SRR B0 0 BE B . 31 8% B BEAL 25 1 2E
B R AR e 12 ~ B 14 BT
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114}
201 51
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KXRREREEER
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W UUV BIAR PRSI FZ L O R BE B T L R 2%

B[O FE B /(n mile

23]
-

60 120
i M- M,
EOA0L el : - M,
= T~ h"'.\ : M,
< 30t RN \T'l.‘, "\-1-.\ : == M,
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=20t 3 Sy M,
s ~Jrn, ]
= SO
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t/min

E 13 EHUUVRI& BN = iR Skt R T thik

filal /rad

& 14 UUVEEIRERTE) 1Rk

B 12 7] DA Bk HE UUV I8 5 LWL Sl B, w0, B
P HH 79 My A R S R [ B0 P )R B R
T H AL UUV BT Bl 2, I 5 0 2008 W SR 5 72
[ - Fig 2 P AT A5

B 13 7 LU o 67 7 VAN A S A 2 1
BURK, DL UUV B FEAT m i8R 25 0% &L B 13 1] A,
AN A2 77 R UUV B RREAL AE AR, 2 53
5% B B s 1) BE B AH 22 K, TR A7 i A R
FRAECH A 5 07 77 2K, AR ST 1 BE AL SN S (1
AR FEAL A, T EL R S5 1R U 13 B H ARig 2R A 1 28
1k

Kl 14 77 LU i tH UUV X B F5 A [\ 18 3k 4548
P BUBR . 76 5 Az FE R, E bR 4 51 7E 60 min 14T
T R A ) A8 4k, £ 120 min BEAT TR AR, X EE
P 13 FTE 14 AT, Mo M BETCIEIE B H AR R K3k
FE AR, A REAR B B A5 (167 B A5 BT AL HLBh, X
T ik 58 B 5 AT 555 My ~ My 55 B b 1R ) A8
ARG, 98 35 28 A AU M K B o R
RSB RIURR, RS 11 3E B H Al 5 R A 1) 6 TS B R
AL, 5E O B bR &5 S LB 5

S A 0 B8 R0, BT H ) o A7 LBl ko
TR H & B H AR AR AL, B E T H AR
7 LB PR, 1 T 3h A B T AR ok
43 HFHEERYIER TSR EREIE

SR B UF A7 B A 400 B P 5 B[] o5 S AL BT R,
W N B T R, S HNR 3 iR, 4 B AT
TE RGP I ASAELE BB A 17 A T 47 B, 45 SR P
15 /1R 4 FTR.

®3 MESHE

WAL B/ (nmile)  BIEMLFA /rad S /kn
H#z [0,20] /18 8
i uuv [50,50] /18 6

B 15 A AERE RSP I UUV 58 B 6 I T] o £z
I 2 1, & o 2 G DU A T N RS 4, R L2 O T
TSI UUV I 5 i I 8] 5 AL LB 3R, 2Lt BN 77
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FE SRSV UUV [ 85 J I 18] o5 LML 2h R 3. 05
SEIRGAE T A7 A8 PR R ) I d5 R I 8] o5 A B3t 3K
TR A R

P

/
T

) /
i

/] BRI\

7
Q H b ) 5 )

[ BT 6] 5 i s

\ Ehgm
NS I £

15 HFEERMIER TSN ENRERHE
*4 HEER

o o7 B ) /s

TokErG ) 12946
HBERG) 14577

4.4 RFKREEFERMEEIIE

R IR UIE AR ST R 3R 7 1R I R, XA R R UUV
HEAT o5 7t SR MR B0 UE T R R R B AR ELAE
— > 20 nmile x 20 nmile 1) 38 55 o, B ML A= fi B
UUV, G it B UUV (1) 3 A7 3 5% SR A T, 25 SR an 5k
5P

A AL FEAL A/ (nmile)  TH 5/ (n mile)

[36.5,33.1]

[42.9,30.2] [50.0,33.6]

®5 BIRMEEWIE

R HRA 1 UUV it .
B  SERERT /s
SERJRTIE LA H) % TG
100 1 32(32.00) 67 0.0030
1000 6 322(32.20) 672 0.0220
10000 69 3216(32.16) 6715 0.2432
100000 776 32651 (32.65) 66573 2.6040

FH 2 5 AT, B A OB UUY B0 (389, 4
A 2132 % I UUV & ok R AT i, DR B BERLAE A
UUV i 8 B — Pk, B35 UUV S0 1080, it
HH S 7 1SR AR RE I 52 2 M08,y 2 P IR 5 2
S O(1), B T A% 30532 0 8 B, 7 v 7T LAY i 31
JHUBS R UUV 25 4.

5 4 #

AR FEHF I UUV B 125 e Bl o R LS v
5% i 581, 388 3o 2 57 UUV (Bt o B LB LR, S Fi T
BAHHEIR B UUV 5 H AR AR S ) 6 &, 3011 5k
A8 T ok o AL 20 4 B B IR e 5 BB S —

SR T N B 5 LBl TR STV, IR AT AR AE R
15 42 INF (1 o R I 1) o A2 L 3h e 38 77 3. B s JE A
FLIGIE 1 B 8 25 v fa S e o5 AL LBl PSR LA R A
R e B R SR BANA BEVE, B UE T B VAT E
SRARSE A 5 AL T B A TCRERF 1R L 1) B AN ()
ob A7 RS I L ) A AR R AR, DA R B S LB
R TTIEE ) H &R, A SCFEE X UUV S ALLE)
FAUUV LB AR b B 47 vt #4717 e
WHFT, N UUV BRI AR S ik SR it 7 5%
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