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The target acquisition probability modeling method of
long-range anti-ship missile based on search theory

ZHANG Jiangiang' , LIU Zhong' , YANG Hongmei®
(1. Electronics Engineering College, Naval University of Engineering, Wuhan 430033, China;
2. Air Force Early Warning Academy, Wuhan 430019, China)

Abstract; Since the traditional capture probability model can not solve the problem of long-range anti-ship missile’ s target capture calculation,
a model was put forward to work out its maneuver acquisition probability by using search theory. The target distribution probability density function
was established according to the target maneuvering rules. According to " inverted four times square law" of the terminal guidance radar target
detection probability and missile target relative motion trajectory, the anti-ship missile’ s detection function was constructed. The target acquisition
probability could be calculated by the integral operation of their multiplication. The calculation results show that, if long-range anti-ship missiles do
not take maneuver search strategy, acquisition probability decreases by 0.47 when target indication error increases 1km, acquisition probability
decreases by 0. 3 when target velocity increases 10 knot, and acquisition probability decreases by 0. 3 when terminal guidance radar search radius
reduced by 50% . If the anti-ship missile takes parallel search strategy, the impact of above factors on its acquisition probability has fallen
dramatically. This method takes the following factors into account, such as target maneuver rules, sensor detection rules and missile acquisition
strategy, and the maneuver acquisition probability of long-range anti-ship missile can be figured out accordingly.
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Fig.2 Principle diagram of anti-ship missile search target

3.1 BRSO HMEZERE

iz BFrpI s A &AL T LA O o B, Dhr
MR AN, AR N0, 07) I IERS 5
Aii s HPRALEE V,, £ 0 ~ V., IR II 5353415, it 10
C, 70 ~2m NIRMIE) 50410 0 2 B AR HLEENL 2l
Al HT R=r+V,t, RSV, MHEM, iR
fﬁmﬁﬁmﬂ* i, HP A% f Ly, (R) J& r F1 V¢t
AR

= 27 - =
f+l z(R> f Vo, e 2 Vmaxtdr v

(7)

Al UL, BARRLGEEAL SRS ] ¢ f5, SRS E R
WARM IS0 A , B R 0 ~ V0, CE LA )
0 ~2m WIRM IS 340, I, B s AL 3

IFTR] ¢ JE BT fE M 1 PR EZRIR O .
3.2 EfEmRH RN R #

A G A S DL T R SR UL AT AL 0 4 4 5 e
17T SR H0C 0 A - 5F R ) ) A Al A AL
AR R 2 T Z08 1 B 5 A Al A 0
BETT 5 , Sl S A R T PR R

B : DM T BA T T 3 B TTHLE 3k H AR
1_~I§ B, TS 8 S v 3 KT K T AR AE 1Y

IV, TP RIAY V,, =0 ki, H AR
WURERIL 2l A A 1 T ST AL i 2 e A 8500 s @ h
T35 L A T 5 IR P B oz K T g ik
BRI R o, LI A, B A, (19 5 352 55
S A D, A IR 1 AR B AR 23 RO XA
B s O H BRI IR0 BN (2,%0) o



4

TR, 45 AT RIS A e S - S A R A 1 - 191 -

TEARAR AR (AL, X, Z) w, AR AR T B
IR B R B R LI C RIJE N AL, 3 A, B R,
PRI, T 267R D If (8] ¢ ) R
x(t) =x, —vt
C:lz(t) =z, (8)
tel0,2a/v]
TR PR B A 1) 5 B AR 0 E AR A PRI A %R
LN e AN P
y(1) =frexpt =Yy I RR (1) " =k - R (1) ™"
(9)
Horbr Y Sy TR Ak I ARSI T BR 5 f, Dby B IS K
PEE S AR R MR LG 1 B B AR R
A2 SRS BRI T (20,20 ) ILAE HOIE R &
IS RE B F[C]a] LIRS NI ] ¢ ) pR

G i
I = |t T e (0
Sx = g — ot W FLE) ASHN « BB
P = [ e =y - 20) /)
k X X
f(x) :_%[xz +z(2) +arctan(g)]

(11)
MRPE(S) I Al 45 E T 28 G S0
PRECA -
b(z,x9,%) =1 —exp(f(x, =2a) -f(x,))
(12)
3.3 PN RRYER & £
FAT, fEANRESRAT H RG22 5 Sl i T4
TSRS 8 — R R A o (S eE " e i
T S AT RS AR HLEhIE B ECR,
PECH BRI FE O, S LS 5 R AR R T e
2, e R R SO 5B Y K T PLEh RE
TIHEIAEA F AR, AR R H AR — R
AT R, WK 3 R  FE—A S A BRI
TE KSR, A S F S 592 P-4 R TE AR U 1) 4
R, AT LB R IR S W, Z BB K

A X ” X > X

| | 1 | 1

! | ! \ 1

| | 1 | 1

| | 1 | 1

| ! : i

| | 1 | 1

- | ! G 2 ! :

| | ! | ]

| | i .

! i ! i

i ! | .

v R v . v o
MW eeeeee W 0 T/ eeeeee mWw

K3 AT REL
Fig.3 Parallel search strategy

11l 3 AT, SPATHR R AR IO S A W
(n=0, =1, £2,-, =m)PATHE EX (x,2)
A BRI TH R, AT S0 T R 5% (wp —n W,
z0) AL B B AR AT A . RS R R IR e AT
FURT I, TR T AR R AT SO B 6 T
(%0 ,20) FOZK THTAR S A48 2R R BV fig FL ] AT AR
NA LS A PIE W B EATIE R
1, B

F(C) = izwx-nW) (13)

Sowo=xy - ot - W, A (S) K1) R
(13) A5 PA T BT AR R 5 -
<b(zo,xo,x) =1 -exp(p(x, —2a) — @(x,))

e(x) S Z [%

7t arctan( i) ]

20z, S 0”2 2
(14)
3.4 ETHRBHRANSELHTRED
A%
{x =x, +rcosC,, (15)
z=z, +rsinC,,

A i A &, Wk s (5) (X (6) 3K
(12) sl (14) , 73 SO 3% P 1 s 8] O
P25 A i B BRI SR AR R -

Vot 27

_ 1 ’ _-FlC)
P(1) = —oa jo jol e drdC, (16)

4 TERG

AR SRR [ 6 ] B2 HE i) RIS 3 2 28 250, (R
PO AR SO T 5 R XA 3 R 4% a = Tkm £
MR AR b = 2km, S 500km, 5 T &
dx =20km, % RATHE R 50km J5 R il 5 8k I
PR H bR, H AR K 4 30 47, AR RS
FE ST TR SRS A AR SR A Y SR T B
KA RS FA T R R, AW i i
BIARMEFR M R4 b BARHLSHEE L K& H
B 6 R R 22 06 I8 AR S 5 E b A R AR Y
A1
4.1 HEEEEERE b NHRERIZISH

WE 4 (a) IR, 2 1048 22242k 2km |,
S5fa BE B R 3 150km J5 2 A 55048 4l ABE 2R K R
TR, HZ A, MBS R R K1 A5
4km Bif, 5o B B 2230 350km B S AR 5548 9 g
RA TR K, I S 5 1) 18 2R
ok 2km B} R [ 0.47, 0T RLA HO T2t FE SO0
S B RIS SRR AN B O A e 4



<192+ (FE TR SR S AN S

537 &

FRAARN 128 T SIS 94T A ABE 256 ) 52 )RR
Ko PRI, 7 RA ] 3 T 1 48 2% B T DX 0 4 g
FARAIRER S s A S RE I A g iR 2z — o
(Rl 27 e A S AL 3R AL S R SRt
HHLEHHE ) AT R ARTRANA ] 5 75 IR 1% 2R B 1T KD
RSN S5 HARSBETT o WAL 4(b) Bz A 1]
AR 2km | H AR E Sy 30 45, HFRECA
AR A o B S A 3 RN 2. Sk B0 £ 25km
I A ST 55 3 SR O AT AL S i R A
PRI B 18 2% A o 20, JELA 08 L 4 B s L
SRR AL AE S, AT LU 2 e SO 5K
FPFAT LB R S FLAR A A R Bt S R A
BERALGN , 5 Z A AR R AP B 25k
FLARH e R B 5 59 S o I 2 A R G/ o

1

0.95}
0.9}
0.85F
¥ 08}
%
& 075¢

0.7+

a2 ABEFE: 2k
o A : 4

0.55 1 L L I 1 1 1 L
50 100 150 200 250 300 350 400 450 500

FLAL S S o B / km

(a) b2h 2km Akm I A LR AL LA L

(a) Acquisition probability change comparison when

bis2 km, 4 km

.y —— MR
o6 N, [ R

AR

031

~—
~—
~.o
~~
S~
~~
~——

0.2t

0.1 . . . . . . . |
50 100 150 200 250 300 350 400 450 500

RS o B /km
(b) LR 5 AR SHE RIFIRMER AR L

(b) Acquisition probability change comparison when

taking maneuver search strategy or not
K4 BEEHEERPAR b Xl R A R0
Fig.4 Impact of lateral search radius b

on acquisition probability

4.2 BEARUENEE X R 0 4T

WE S (a) Prs, GEE AR RFEA20 2km  H
PRELZ I S 30 5 I, S ol B B e 60km )
UL SRR M R R R R AH BTN, 25 H AR AL
SR 10 15 I 5 7 BB A 160km 1 2 I
SR EL SR I TN I G iR SR E R Tl e
R 30 IR R R 0.29, W LU i
Xt am A S L BT, B O U R A
Wik, HARBILEh S 1 i SO 3 34 412 ME 3R 1)
SO, SR S 5823 (R H s MLREHIL 3y
HERHAR. NI, O T 5w H bR B3l 17 Ol
RS TR A R R 2 RS A O R
2 FARHILBh I 1) — R 207 5

1

—— EEA: 0%
----- EARaE: 304

AR

50 100 150 200 250 300 350 400 450 500
S SR o/ km

(a) KRR HLBIHE R M

(a) Not taking maneuver search strategy

ol —— FARESE: 107
R B ARERE: 304

50 100 150 200 250 300 350 400 450 500
S SR o B/ km

(b) RHIPLBhE R

(b) Taking maneuver search strategy

KIS HARLBEE X AR AR 1 5
Fig.5 Impact of target maneuver velocity

on acquisition probability

B IE B T U BE e e O BOR AR TE AN B



4

TR, 45 AT RIS A e S - S A R A 1 - 193

ARG R TR T, o s A A S R AL SN
o LB RE T m] R R I8D H bR MBI 3
X HAR LR A0 . A& S (b) PR, 24 1] 48
P40 2km  HBRHLSIE B D 30 45, Sl
B 300km Ji5 ML 5 A AL SR A 0T B S 18
TR, B E SR A B S00km i 4 4 HE R AL F [
70.06,

4.3 BERREXNHREEZ WS

nE 6 (a) s, Absda R iR 22 x Bl e i
RIS EUEEE RS AL N ALk e )
2km  HESHLBIEZ O 20 I, HAR RS R iR 25
T ke AR A A a1 3 0. 43 [, FE AT ik
T R v, B R R JBE 3t R AR L s o R 25
IR AE I DR 22 , 32 R A SO 5 58 H ARl 3R BE

1
----- EAMERR%: 1000m

HRRG IR : Om |

~~
..
.
s Ty

. 1 1 1 1 L
200 250 300 350 400 450 500

SRS S T B / km

L 1
50 100 150

(a) AR AIHL SIS 2R 5

(a) Not taking maneuver search strategy

|

HmiR%E: lkm
osst | Ebpi A% 10km

..................

1 1 1 1 1 L
200 250 300 350 400 450 500

RS o B /km
(b) RFAMLIHE R A

(b) Taking maneuver search strategy

1 1
50 100 150

Bl 6 HARE R R ZER AR 3 R
Fig.6  Impact of target indication error

on acquisition probability

{EUR AR AR5 7 B BRI F- 5 000 kS B2

ANREH A L 5 SRS 8 03 o 25 A, TS 4
FUbR LIS (37 B 05 SN, s e SO S 5o R T ML 3
LR, FHLBRE 1 ] KR8 HARE 78 2R 22
X HAR A AR B R R, KA o Jze 7 B AR
WS ROR . AP 6 (b) B/, e S L R
FPFATLEh R R, HARSE /2R 522208 Tkm i H
PRI AR R B S ol B 0 PR 45 0. 95 AR
AN RIS T #) 10km , HARR AT A AL AU
0.935 k%5 0.918,

5 #ig

1) BT 19 218 1 s e S A 5 59 AL 3l 42 4l A
R INEACE B T AW iR A8 % H AR
BLBIALHE BB AR 20 A BE 3 5 5 (] I o )
T TR R R ) S TR S AR H bR AL SR D e
B, 55 T AR A AR IR LU, 32050 O
BEEPR HRR I R TIZITE R G AR

2) He T I8 10 A SO 5 FBIL Sl 4 A AR
AR RTTR AR T3 H A 12 s B 4 &
JETERE PRSI DR T 15 50 5 S5 PR A A R e LA 52
SOWBEVIRIEL Kb RO E K e s et 0 g A LT

3) T I8 1 A S 5 S BIL Sl 4 A AR
RIPRLR R  AERRIBL 1 2 s 1 155
QR SLYISE 90 pun iy FE I ST RE L AL £l R iup Al
BR s 5 Z M, A RBCFATH 5K, BRI R
X HE R MR [ 5 1t ] it L 5 3 0 R 1 A
WK, e A S A 3 AT I [ R
FARIE /AR L FHARAL S B RO ) 5 Fh kR
712 B 55 PR R A A AR ) S M R B R BE A S
PO LA R Tk 1% 4 4 T A 2 49 K >R AL 3l
R ZT7 3 R RS T SR A R I R
AR HARBE ) A R4

2 % 3k ( References)

(1] UM, Beveu, phapide, 5. —Fh b i SO 5 ML 3 18
FRIER K FCARMEADIFE [T ] R T 3R, 2009,5(3)
65 -67.
WANG Guanghui, TENG Kenan, SUN Xuefeng, et al. Study
of maneuverable search model and acquisition probability of
medium and long range anti-ship missil [ J]. Tactical Missile
Technology, 2009, 5(3) :65 =67 . (in Chinese)

(2] WA, AR UG S U0 59 0 0 BE B R HOAE H AR 10 18 R 07
A [I]. BARSHHR 2005, (4) 12 - 15.
HU Hai, XIONG Feng. Long distance and wide spread targets
searching mode of anti-ship missile [ J]. Tactical Missile
Technology, 2005, (4) :12 - 15. (in Chinese)

(3] B Ao, XA B SO s 4l o Uy B s 5 %
JE[T]. il Sl &, 2002, (9) .48 -51.
YAN Zhongxin, YANG Zukuai, LIU Dingchen. The development

and reform of anti-ship missile’s search method [ J]. Winged



- 194 -

e PN

537 &

[10]

(11]

Missiles Journal, 2002, (9) :48 —51. (in Chinese)

FESe e, Wi, B A A, A JR T LS i SO i H AR
WEINEN]. f®55015,2012,33(1) .12 - 15,
SUI Xianhui, HU Hai, DONG Shouquan, et al.
acquisition method of atiship missle based on the maneuver of
missile[ J]. Guidance and Fuze, 2012,33(1):12 - 15. (in
Chinese)

e, FOOHE, ARG — D Y SO 5 A
BT AR ML R S [ T]. s LR B 2 IR,
2012, 27(2) ;228 -230.

GAO Xiaodong, WANG Guanghui, LI Chuanshun. An

improved acquire algorithm of anti-ship missile based on lead-

The target

point shoot [ J].
Institute, 2012, 27(2) :228 —230. (in Chinese)
TRE R, 208, =% MR s REUBE AT [ M. JLaT:
I B Lall HH R AL, 2007 :248 - 252,
XING Changfeng, WU Ling.
analysis of shipborne weapon system [ M]. Beijing: National
Defence Industry Press, 2007 ; 248 —252. (iin Chinese)
XM, AR, Wl EEZEmRaR)]. e 7L
£, 2010,30(5) :10 — 14.
LIU Junwei, SHA Jichang, CHEN Chao.
research on search theory [ J]. Ship Electronic Engineering,
2010,30(5) :10 - 14. (in Chinese)
oA, X%, ZRIE 5. PRI 28 48 K IR 1
B[)]. RETESHEFHA, 2011, 33(10) 2244 -2248.
QIAO Yongjie, LIU Jinrong, LI Chengyan, et al. Detection
probability modeling for missile detection systems[J]. Systems
Engineering and Electronics, 2011, 33(10) :2244 -2248. (in
Chinese)
XU, d B, AR X % R ST 58— 18 R B (155 b
L] RG05 EH2A47,2007,19(23) :5487 —5490.
LIU Wei, MENG Xin.
problem — new application of search theory [ J]. Journal of
System Simulation, 2007 ,19(23) :5487 —5490. (in Chinese)
TEBTR, B 0e 7, 2255 6 T R B0 S I B A S AR
WEEL ], FRAEEH S, 2011,33(1) .34 -38.
WANG Xingang, XIE Xiaofang, LI Xue. Research on acquiring
probability of anti-ship missilebased on search theory [ J ].
Command Control & Simulation, 2011,33 (1) :34 —38. (in
Chinese)
ARV, IRIE T, TR, . ST EE RS H AR Y

Journal of Naval Aeronautical Engineering

LI Minyong, Effectiveness

An overview of

Research on satellite searching

[12]

[13]

[14]

[15]

[16]

[17]

(18]

TR SRR (1], BB R4,
2013,35(1) ;180 — 184.

WANG Jianjiang, XU Peide, WANG Huilin, et al. Impact
analysis of satellite reconnaissance information precision on
missile hitting maritime floating target[ J]. Journal of National
University of Defense Technology, 2013,35(1): 180 - 184.
(in Chinese)

SR BRI 223 o] i BRI AR B [ M) st #
2 A 2005 :4 - 11.

ZHU Qingxin. The theory of optimal search in discrete and
continuous space[ M ]. Beijing: Science Press, 2005:4 —11.
(in Chinese)

Stone L D. Theory of optimal search[ M]. USA: Academic
Press, 1975. 7 -23.

Wagner D H, Mylander W C, Sanders T J. i % iz %
aHTIM]. 2255 1, AR, . JEat: [ By kRt
2008 :146 - 156.

Wagner D H, Mylander W C, Sanders T J. Naval operations
research [ M ]. Translated by JIANG Qingshan, ZHEN
Baohua. Beijing: National Defence Industry Press, 2008 :
146 —156. (iin Chinese)

Koopman B O. Search and screening[ R]. USA: Center for
Naval Analysis, 1956 18 —46.

MR ESC. WML SN B AR B AL RS T A 2R X R
30T TR ,1999,(7) 5 - 10.

CHEN Yuwen. The surface maneuver target spread rule and
anti-ship missile search area division [ J]. Winged Missiles
Journal, 1999 ,(7) :5 - 10. (in Chinese)

SRIKOI. , A% 22, Bl 8. A 2 B0 S A I I 48 5% 07 e
Prmely]. ot S#ER, 2007,14(2) 1 -4.
ZHANG Ouya, TONG Ming' an, ZHONG Lin.

allocation of cooperative search capability in aircraft formation

Optimal

under uncertain environment [ J ].
Control, 2007 ,14(2) :1 —=4. (in Chinese)
FARDG, B HEARSC. AT BR MR Y S S B
VOB K MR proE [J]. B+ 224k, 2009, 37 (9):
1956 - 1960.

LU Faxing, WU Ling, DONG Yinwen.

attacking mode for blind launch of anti-ship missiles with

Electronics Optics &

Research on the

route-planning capability[ J ]. Acta Electronica Sinica, 2009,
37(9) :1956 — 1960. (in Chinese)



