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Modeling and simulation of acquisition probability of infrared
imaging missile with human-in—the—loop

Luo Musheng, Shen Peizhi, Chen Deng’an, Zhang Haifeng

(Naval Aviation University, Yantai 264001, China)

Abstract: Aiming at acquisition probability with human in the loop, the terminal searching process of
infrared imaging missile and the features of human-—in—the—loop seeker were analyzed. The calculation
models were built for the horizontal and longitudinal instantaneous field of infrared imaging view. The
condition turning to another side search was investigated, including excessing the maximum search sector
and over boundary of target area. The criterion of target discovery was presented, which integrated
distance constraint and azimuth constraint. According to flow process, the factors which influenced
acquisition probability was simulated, such as missile course, start searching distance and length of target
area side and so on. Results show that acquisition probability excesses the minimum value 21% when
searching along diagonal line of target area; the optimum start searching distance is different as the
length of target area side changes, and if the length is less than 7 kilometer, the acquisition probability
is greater than 0.85; improving the coverage of infrared imaging seeker or speeding up angular velocity
of operator turning ray axis will increase acquisition probability.
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Fig.1 Working process of infrared imaging missile

with human—-in—the-loop
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Fig.2 Searching process of infrared imaging

seeker in target area
2 BHBERTEERNE

i SR I VR S S B i BUR e ok VR
3 1 DXCEAR AR o LS, TF IR 48 R o i), & 51
kMG A a3 o, o EESF/F X300
T 513k 5 1 BT R B X AR AN AL L & H
PRAE XN B BE Bz 3l , S8 43l A 3 X LA AR BT oK A
DRI SR ) 53¢ 45 % 9 B 12 sl S R R 39k 47 T 5 o

Instantaneous E

5 2 Target area
field of view

B 3 551 Sk Wb 4 0k i DX

Fig.3 Searched area of infrared imaging seeker

2.1 4150 B AR B B AL R
TSI 18 19 9 B 005 0 160 B 55300 5 5 % 51 Sk A 1)

08040032



bk TR

% 3

www.irla.cn

% 46 %

Wy 25l keI A T RE R
1 KA RAE BB A OC . X TR — B S i, g
SO\ WL O I E A . AR B B, S RAT
JBE 5 51 Sk o6 il O A Al R OR FE NS IR fBE
£ A0 AR W AL 7 9N 1) BE B L B D g T FE D near
ol REAE o TR T L A0 85 B N A 3 L 1)
T

AP RATAL I O O, £ 5L Si(i>1) IF i 10 F. 0
AR LT A Toeurr, W5 RAT BT S, MBS 20 1,
N

tFZnW. (1)

NS TG ) B8 4 ], Z0 A0 R I I A 3
s, B 513 06 O 0 5 A AR e A
Ween (D)= Omir+ Frvag * @opei * (1—1) (2)
K it e (tint) Fra 1 RORAE T A ML,
N =1 R FE MR AT 5 wopa 9 48 A B3 P2 513K O b
e Y A K
P, £LA0 AR Bk 40 37 i 1) 300 54 64 5 52 £ 43
i
e (D) =een (1) =0.5 * @ing
right (D)= Ween(H)+0.5 * @ing
s @ine T Tk BT 9] 9L 3 4
2.2 HMEAZH
LLAMAR T 5 SR e i — M R,
B — 8 S AP U B Oy — AR 4T, XS R R ED
B 250 o B AR Y B 2 1 92 Bx S
AL P A E bR DX B BEAT AR R . 24 R R 51 4%
2z — S B .
(1) By A 37 30 38 5 5| Sk die A% 28 B 1T
T8 LLAN AR T 51 Sk DT S A 20 Ol 2 A A
AR, HOGH O R T Peen A REHE T T 513K
B RAE R B T Y B9 — 2, B
[Ween—Omitl < 0.5 Prnan (4)
s Oy T RAT LM
(2) 1 i L 37 3136 H bR X3 7
T RYPAEH A BARX, AR H bR X Z 5b
) DXl A7 AR R o DRI, 2 20 A0 B I HE 37 R
B H bR DI, 06 250 3 oy — M AEAE AN L 4 BT R I PR
ot H AR DA DL o

(3)

Target area

Instantaneous
field of view

Instantaneous
field of view

Pl 4 L1818 A5 I I B3 BDRE e H A X
Fig.4 Instantaneous field of infrared imaging view nearly

excessing boundary of target area

M IR R UEA AR X 5 00 4 PF N 40 A
B A I e 400 37 B 2 e B 30 3k H AR Xl B, An & 4(a)
FoR ;s 4 i C Ak A H AR X 500 55y < 2151 Bk
BF AR 1% ) 4037 R 2 i B 3058 H bR X A7, an ] 4(b)
J7R o
2.3 Y BERKFIERE

VWl & BB bR 2 0F 2 H bR VE AL A0 R 1R Dk
B R 37 P, B 250 () B 3 2 DA PR A o

(1) PRS2 38

Hiz 5 T IEE diOR -

A=\ (x,y (D%, (1) +(ry D=y, () (5)

L6 A 45T B30 T 23 S 18019 9% 600 323 4 1 B 5 3
B9, 10225 ()= Dy e L () <Dy B, A K 15 2
B AN o JEHT, Dy e D e 43 91 32785 21 51 1019 9 1 50
0 1 B 2 R

(2) 7 fir 25

HRAE S0 | L BR B0 £ AL b AR 5 B9
FAR O D7 R £ (), FE M /R A bR R 8
e (D=7 ()
Xy (D=, () |

L 435 06 200 (0 T 25 S 1A% % B0 50 A 1 300 5L 9
BRI 2 () = () H @() < Yrign () I, I 3l 2 B
P

S0 [ i i A B 7 8 A 24 O ) % R
B o IBAE N, YRR AE T 6 £ 20 90 IR 5 345 H
{0 20 0R L 35 R B0 E AR n v, B Rl p=nyN,.

(6)

¢(t)=arctan

0804003-3



bk TR

% 8 i www.irla.cn % 46 B
24 SHEBEHEE Xy (D=X,, o +V,, “1-cos(0,,)
(12)

A AT Vo, LA 6, 5 S) AR bR R
(xmil,l 5Y mil1 ), FE A S1(i>1) bR Y B0 B 4 55 22 B [A)
H Ty » Tt 15 20 52 551 AR AR A

X (D=X,, +V

mil

+t-cos(0,,)
Vit D=V i1 Vo 28100, 1) ®

Sy TGSk IFHLAL A, O T AT LB AL,
B TOFHLHL R o JFHLET RS R 5 51 K I AL 5 H AR
O B o i T F AR AL B RN, BUT LA E 5 H AR X
O F R ORRAE, WA 2 h A S i C Z B
B

PR, AR A 5 3 RAT A1) L H AR X0 s Clxe,
YOI AR , A R A AR AR A

X, (O=x.+D_,  -cos(f , —m)

Vo D=y +D_ . -sin(0_,—m) ®
KA D B FHIRIFILI RS o T REAE X H AR X
S R L TF AL Sy WAL T R A H AR X
M, HS5 BAR K A T S8 kg
ROE B
2.5 HiriEghER
A RUGE I BB E R, W R £ s
FHIRTE H AR XA R B AR KB T E HAR,
Xt iz gl F s i 48 40 0 5 O &2 % o MR B s T RE AL T
F A5 DX AT B &, 00 46 o 8
Xirg 0 =A,,, -rand(1)

=A

(9)
-rand(1)

ylrg 0 wid

A, A 73 RS XY 58

i T i 5] Sk A Al AR B, W] LI
TEIX BEIS [E] Y, H A5 R A B s 8l o H briz 3 i
Jr 1) 0, KA BE M 0°~360° Py (1 3 5 43 A5, i

0, =360-rand(l) (10)

H b5z 28 V,,, 5 bR 10 26 5 % 0140 6,
AR M T A A 4R, DU SE R T B Dy 20~80 km/h;
AR B s Ay, WA REE 10~30 1. R H
FRIEE I Vi i ~Vieg moe 2 153 53 1, 0]

V=V, +(V, )-rand(1) (11)

trg min trg max trg min

EW%ME£%%:

T

yng(t)=y“g0+V t§1n(0"g)
A irand(1) 77 A — A~ 0~1 Z 8] 35 43 A7 Bl L%k
B PREK o

3HHEMERBEHESHW

3.1 FERRE
e N AE 8] e 19 £ 50 AR 5 34 A ) 52 B o A
PEAT 07 AL, O AR A A 5 R o

Initialize parameter,
such as N,and so on
N,=1 N,=N+1
I
' ¥
Initial position,velocity
and course of target

[ |
1=0 | t=t+step

Start search position

Coordinates of missile and target

I
) )

Distance and azimuth Instantaneous field of
between missile and target infrared imaging view

Meet distance and
azimuth constraint

Turn to
another side

& 5 iy ¥ e

Fig.5 Simulation process

Horpr, D BLES ]2 G step B9 R 2 R B R4
G 5 3k O Bl A% 2 i R oo, 2 LT R
Wopii * SLEP = Pingio
32 FESH

B H AR KB B CFE R Oy 15 km, H AR R

T 3~15 m/s, AT BE 300 m/s, £14h AR T
Sk A RBE A BE B 10 km 5 5] 3k e K R B TE
Pmax N 60°  £1 50 BUAR B (B0 1] 35 ) @inse 9 6°, 1
VE B4 I 180 AR 5 5| 3K 6T 5% 2 1 A1 33 wops A
3 (O)so MY KL AN RARBE IS 5 AR w4 A 0 5%
I OB A EAR N S D (S = 2/ ]
FLI, BB N=10" 1%,
33 HELERESW

AR 22 2 S0 CATALA . 5] Sk IFHLEE

0804003-4



bk TR

% 3

www.irla.cn

% 46 %

B H R XK 8 AF R R
(1) 3 3R AL 1) 68 452 4 HEE 250 A9 522 i)
W51 3K IFHLHLE 15 km, {7 HAG 5] T 5 A A
HEAL I A S AR I 6 TR

0.5

0.46f

0.42+ ¢

Acquisition probability

o

%)

0
T

0 60 120 180 240 300 355

Missile course/(°)
Pl 6 % AT A < 5 S gE N AR DX 1] A AR Al e R
Fig.6 Acquisition probability changing with missile course

of flying to target area

M AT LB, Sa Ll 45°,.135°,225° 315°
(9 77 5 F i#E B bR DB 8 R R R s, A LB L 0°
90° .180°.270° 1 J5 (i f1 itk A$E 5 T 24 21% .t 5k J2
W, T N H AR DO A 2 07 1) 0 A L DA Al 7 g 3k
P48 0 E S0 5 A DA AR T H AR X R 1 B,
4 4 B 5 B K o

(2) T3 51 3k FEHLIE 25 0] 5 45 HE 3 1) 52 i)

B SR AL 1) S 45°, P ELAS 2 5 5 3k B B
78 Al B ) 48 4 ME R A BT 7 R

0.5

0.4r

0.3F

Acquisition probability

02 L 1 L L 1 1
5 10 15 20 25 30 35 40
Start searching distance/km
P78 AR S 5 5] Sk T LB B A R A G R
Fig.7 Acquisition probability changing with start

searching distance

HT P 7 R, B A T BILBE B 4 K 44 AR R R
I E 0.497 5 2 i i SE 18 km N 38 4 4 R
T AR X 2 R IE LR B i i R X
i DX A0 DX 3 s H B XA — A /s XS g A7 i 4 18
T X F8 A7 ABE 25 A B R R RS O, ST T R A A

(R AE AN S TAR R, 5 TR 97 o I, T LI
e Hle SE

(3) FAR DX 3008 15 4 ME 5 19 22 i)

i b7 FLAE R AT, X 24 E H AR XY e KA
LA E] 0.5, BT HgE AALm 45°, %42 5 A [
WA HAR X AT 05 5, S5 RNk 1 R .

1 BREROKEUNNHESR
Tab.1 Simulation result of target

area side length change

Length of target area  Optimum start searching Acquisition
side/km distance/km probability

3 8 1.000

4 9 0.997

5 10 0.947

6 11 0.889

7 12 0.851

8 12 0.757

9 13 0.707

10 13 0.663

Hi % 1 ], 5 SR Al A R IK T 0.85, %) F
S8 A4 SE AR 10 km (LSRG S8, &k
HEHH 7km (5B HbRIX . 456 3K 1, Al H
B DX R /N 6 B dne A TF MILEE B, i 48 il A 5 T Dy £
SRR A PR AR SRR

PiE R, KL LAG Bk 37 %o 48 il A 4 1
b N NI (S AP (SIS D R R o 8- NI
i 10 km 338 15 km, WXF 15 km 518 HARIX
R h A2 0.5 125 5] 088,485 T 76%,

AN B AR N S 2L AR
WU E A 9 BE 7 % 18 400 M R A A B R A R
SURERE DL 5 (O)/s(53: 51 Sk AE TR &5 4752 10 km) %% 3l
SHISe MR A HAR X, WX 15 km #5  H x
DX 35 4 A SOK R 2 0.5 $R @ E) 0.72, 4R
44%

R, 76 32 = 2040 U8 T 51 Sk PR RE 1 2Rl |, 42
o B B3Il 55 BB 2 EE S I .

4% i

30 B R0 S ATE [l % 2050 AR T AR s

0804003-5



bk TR

www.irla.cn

% 3

% 46 %

FH B G ) B 2 — o AT A5 5 B AT AR

(1) M\ H bR DX #2607 1] E A, 5 500 00 980 4 A
T, R AR X A AR 21%;

(2) H AR X R/ LL 50 AR S 51 3k B B TF HLER
B AR R I K, S B AN B AR TR LR
B30 18 km , 75 48 5 % K F 0.85, 0 H AR X i K
ZNF T km;

(3) $4 5 21 4h B8 5 51 3k 1 T BE B e A K 4R v
RS Y007 F A N 10 km 35 5% 3 15 km,
A R4 = 76%

(4) FEAR T T 5] Sk A FH B B i w42 8, 46 o B
VE BR% 3l S 51 3k Ol il iy 5 A BB 4R s A AE R, Y
R B2 T 35 (O)/s #2721 5 (°)/s, 48 4l 1 0
P 44%

H O AT DL, e s ST A A TR A AT b i e T
T TR (% 1 S5 550 80 Al AE 23R 1) T R 1) R, AT AR 4 5
P e K A S A0 R 1 TR B R A% LLAE T ok
ST, O N AE ] [ 21 A0 AR T B0 4R SR e 1 1
AE 5T B Y TSR AR R —E R A 2%

S 30k

[1]  Xu Zhenya, Qi Ming, Li Lijuan. Application of man—in—the—
loop in ATR criteria optimization[J]. Infrared, 2013, 34(6): 25—
28. (in Chinese)

[2] Li Cheng, Li Jianxun, Tong Zhongxiang, et al. Research on
partial image recognition and tracking in infrared imaging
terminal guidance[J]. Acta Armamentarii, 2015, 36(7): 1213—
1221. (in Chinese)

[3]  Wang Yuxi, Qi Hongxing, Ma Yanpeng, et al. Bundle

adjustment in real —time mosaicking of frame —sweep infrared

imaging [J]. Infrared and Laser Engineering, 2016, 45 (1):
0104002. (in Chinese)

[4]  Zhang Xiaoyang, Xu Yanke, Fu Kuisheng. Field of view

selection and search strategy design for infrared imaging seeker

[6]

[7]

[8]

[91]

[10]

[11]

[12]

[13]

0804003-6

[J]. Infrared and Laser Engineering, 2014, 43(12): 3866—3871.
(in Chinese)

Jiang Yanlin, Ma Qidong, Sun Weidong, et al. Research on
target searching model of IR imaging guidance anti —ship
missile to near—shore and mobile warship[J]. Journal of Dalian
Naval Academy, 2011, 34(6): 19-22. (in Chinese)

Yan Xiaoke, Zheng Junjie. Surface—type decoy recognition for
long wave infrared imaging seeker based on anti—ship missile
[J]. Infrared and Laser Engineering, 2014, 43(12): 3583-2587.
(in Chinese)

Zhou Jianzhong. Research on jamming arrangement against IR
image guided anti—ship missile [J]. Laser & Infrared, 2012, 42
(9): 1086—-1090. (in Chinese)

Zhang Jian, Li Hua, Li Bin, et al. Soldier—in—the—loop target
acquisition performance model of IR imaging system [J].
Infrared and Laser Engineering, 2009, 38 (2): 217-220. (in
Chinese)

Liu Kun, He Zhiming. Simulation of guidance link with man in
the loop [J]. Communication Technology, 2010, 43 (9): 127—-
129. (in Chinese)

Chen Zhongqi, Luo Huan, Zhang Bin, et al. Determination of
optimum weapon launching area for man —in —the —loop TV —
guided missile [J]. Electronics Optics & Control, 2009, 16(9):
17-19. (in Chinese)

Ding Dali, Ren Bo, Huang Changgiang, et al. Modeling and
simulation of the optimal attacking area for a TV guided
weapon with man in the loop [J]. Acta Aeronautica Et
Astronautica Sinica, 2010, 31(5): 1054—1059. (in Chinese)
Zhao Junmin, Hu Guohuai, Duan Chenlu, et al. The research on
shooter modeling in the imaged—guided missile of "People—
in —the —loop" [J]. Journal of Projectiles, Rockets, Missiles
and Guidance, 2012, 32(4): 74-76. (in Chinese)

Chen Dali, Zhou Faqgiang, Wu Yanbin. Analysis on the
mathematic models of TV guidance [J]. Journal of

Projectiles, Rockets, Missiles and Guidance, 2005, 25 (1):
329-331. (in Chinese)



