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Modeling and simulation of the interference of marine

environmental targets by infrared decoys radiation

Chai Guobei, Zhang Jianqgi, Liu Delian, Huang Xi, Zhang Dongyang
(School of Physics and Optoelectronic Engineering, Xidian Univ., Xi’an 710071, China)

Abstract: The interference of marine environment and vessel by decoys cannot be neglected in the
complicated marine background. The characteristics of infrared decoys were indicated based on its spatial
and temporal distribution characteristics and infrared radiation model. According to the mechanism of
radiation energy from decoys and the marine environment, the marine surface scattering model was built
based on bidirectional reflectance distribution function (BRDF). A GPU —based parallel computing
framework of marine interference scens with infrared decoys was designed, and a 3D real-time simulation
of interference of compliected marine scene was performed before and after marine-/aerial-decoys launch.
The influence on the imaging by marine-/aerial-decoys established, and the vessel contrast variation with
decoys launch angle and observing height were analyzed. The research provides the basis for the study of
marine objectives detection algorithms and decoy development.
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Fig.1 Angles and vectors of marine surface
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Fig.3 Imaging simulation results at different moments after decoys

launched

Bl 3 7 i R ST, S X R R G A an
TR EE R (D) PSR — A i s B ERTE K
1, MR e KRR B 25 5L IAR L, 5 BE AR
(ID) W45 A& S, BRBE K M fe B2 fff UR T
JUIE AR, H T OGRS BRDF Rk, 2 A
S RO TG R RURE A 1 v T A s B A Ak
YRR SPIE W — R 5 BE B OT S B A (D) B &
5T IR e 25 B, T T R BE S 18 AR N, T
PR BB PR A R h S BEMLER B

(2) HWHE TME L SFEETRZER 0 T
JESFTRT T A B AR AR G5 R A8 A DU G
BRSO ARG T I UL, RS T P, H S R0
Jrial U Jefahy y, LLANUGALNI E R y=330°T7 1] ,
WK 4 FR

North
%
,/ (I
A7
g Pt
£ 7y I,’
y
Infrared imager 7 /
,/l ll
U’

s
r 4
P/
14

Pl 4 fR 375 (R B8 R S 7 1) B 5 20 AN AR AN 1 o2 6 3R
Fig.4 Relationships of angles of decoys launched on vessel

and position of infrared imager

BB IAAIE (0,0, 0) ZTAMRARAXA B (200, 500,

300), H-AE(0, 50, 0)4b AN [F] 77 1) & 58 7 MO 1 7518
B A BT R R S R LD AN R G AR 4 R i 5
FEs , Bl 5(a) R R A 5 I AR S5 5L, B 5(b) R A5 T
]k y=30° By 45 51, I 5(c) N & 55 1 R y=150° 1
g5 5(d) RS T R y=270° 1 45

P 5 ANTR] T 1) B4 A0 28075 56 0 AL 45
Fig.5 Imaging simulation results of vessel decoys launched

at different angles

HPE 5 AL, M A T A S RO &
T 9 (R T T, LA IR % 567 1 e 5 i
S BRI £ (1) 24 y=30°HF , LA 4 P 6 i 25 55
R R S 98 X B 1 LT MR, () 4 y=150°
1 y=270° B, AL AR e IR i A 28 L S 1, Sk R
S IK BRI A5

Iy T HE— TG K ST A X R 45 S
U, 2230 T R X L B B S 5 A A A 2 SR
6 B, [ 6, TG £ =00 T I , 4 5031
B YA L AL

2.4

2.0F

0 50 160 15IO 260 2l50 300 35IO 400
Angle/(°)
6 FIL 75 18 5 S5 A B 5 A A 0T L JBE O R
Fig.6 Vessel contrasts with the variation of the infrared decoys

launching angles

0304009-5



gk A2

% 3

www.irla.cn

% 45 %

L 6 AT, 7 EH 5 S A G AL 1 o L
ALK . 2 ye [0°,50°]1 N[ 330°,360° 10, B % 5t
7 1) SRy 1) B AR AT, 5 AH 5 20 T BB AR, A
AR B B AL X B R A Ay SRR A3 (G 75 T i s
XPLCEE R 1), 7E[1.8,2. 115 [l 5 24 y e [120°,220°]
i, B & Gt ) S e AR AT A B T
T VH 9 R O O A A, A 5 2R v 1 A A
SEAFAHSR L WA U AT LEBEAE (1, 1. 2135 ]

(3) THE Z R HEI AL E T AL 5 3R & S 2
ARG S5, | 38 2 T BRDF R0 4007 1 1, 76 R [
BRI A 175 VR AR B AGAS R AR X o 8 B, A 25 SR AN
A, B0 Y5 5 % 3 ), AS TR AR SO 25 A
A, X i Al o, 15 B AAR A # (0,0, 0) B R &
S E (=2000,500,0) K ELAMAZRALA B (3000, /1,
0) , X7 B R A& 7 FoR

-»1

i
Imager height|
h i

P 7 LA U 5 5 R U R A | £ AR SR X o7
ES
Fig.7 Positions of decoys, vessel and IR imager during the infrared

decoys launched in the air

VAL RAZAL B b, R G AR as
B 7 MO m e, R LA RGN R 45 R
K8 Frn

(a) =500 -(b) ~=1000

$

Tc) h=1500

E

=
=
=
e

= s

< (e)h=3000 () i=5000
=

£ (d)4=2000

Pl 8 AR LT A0 AR A5G B b L A A B
Fig.8 Imaging simulation results of imager at different altitudes
PP 8 T, > AR AR B T s N 375 A A
TET b TE2 80018 2 B DX 3 A AR/, %o AR A ) ol )

TP REAR  3X S i T S0A R B 7 B N AR R B
BAGASASE B ) T, VR THI TH JT SRR A 1 e £ AR
N RETE 1T 25 BE 1) T T X s/ | RIS 45 5 vh H A
Z TP R )N

T RE A M A T PR 2 I s R 1) 5
M), 4353 T 100~5 000 m 36 B 00 5 5 A A
Xt R, 22 R & 9 s,
3.5
2.5k
2.0t
1.5¢
1.0p
0.5+ :
[1] vansEa.
-0.5

Contrast

1000 2000 3000 4000 5000
h/m

9 RNIRZLAMRARARIBE b BRI OF LE BE ith 2k

Fig.9 Vessel contrasts with the variation of the imager altitudes

H1 P9 il el 0, s A R BE £E (100, 3 00015
PRI , i 5 1 32 T R0, 0 A 178 X B 488 8 T 24 55
BESE IR (3 000, 5 0001, Bifi % i B2 35 0, ARLA T Eb
JEEVRR /N 3R P 20 AR AN i R AT YA T 2 BRE DL
AU ORI 3] P SR A 2 S A B, i AR A 1 4k
SE¥f i, I 5 BE LTS P52 M A A 0 X6 B, A7 51
KA FE | %t R 25 B2 12 R IR 4 2R

FAN, BB RS K S E R H S H AR
BRI, £ S A —Fh T AR B R K I O
BRI E(0,0,0) ZLAMEARAA B (-5 000, 500, 0),
FEAE(3 000,300, 0040 & 5F 10 Feas thigiH e, AT e
B A R AHARRLIN R G AR AR & 10 s

==
=

P10 A2 $ P75 1 3 R ol AR 25

Fig.10 Imaging simulation results of decoys launching at low altitude

nsees (b)

K10 P 10(a) R & S %0, B 10(b) R
SroIanmtZ i 10 AlAL, S SR B AR, ik
2SR R T R T S B R A 1 S

0304009-6



gk A2

www.irla.cn

% 3

% 45 %

WV, T 2LA 2R GE LI A 2 AL 1 375 T 5
(LIPS N 7p = SV R AN T TR 4R i R 7S DI D EAN
SN, e BUEE SR A T 1T 5 B DX I A R R Y
FR A4S B, R RO KN P 10(b) A B AR

AR LR AT wl R, P B A S AN B A THT
A R2 i H 22 X8 AL B TR 7= A B 0 75 TR K
53¥ o> G B0 T B X2 E A R s 2 ) 1) iR
S5 AR TS T I JU T L B I Y 0 v S 1
TSR R ST, A X L B AR A/ DN 5 L5 1 B A A3
I, CAGASCA BB g, L X G RE O , ph e ml A, 2
bl o b F RS I B0 AR 475 (R 55, T DA Bl AR
U X5 R 14 S S B s U 5 B XL ARG T e
AT LA R £ A UG AS A A3 B 3R AT 35 T s ks AR A H
R,

4 & it

=A

SRS T B AR/ A IR R A A T
T AR 1 5 ) SE 5, O e SR Al T A /P
VEU SO A 09 T PERCR , Z55REENT . (1) M2 4
VIS A 5k S T AR I _E SR IR S BB, T Al
T YRR ST ; (2) AT T 5 A B E s AR
SERFEMAARIC, AT A B LA A Xk B S8 A A s 3
—A 5 (3) WL I L RCR 32 A v BE R i AR
K, WeumfE ol T, MUAS H AR 2 58 4 W BoAre i if 5 5
o SCHRIRFE R D9 B R PR BRER S0 5 I S A4
AL

HT T U5 1 5 T PERSCR R R 2 32 S Bk Uk
AR B BOES L IR TR] 375 0 33 510 8% [R] B 45 45
PERS B RENE, EE Ik — 20 8 4 TR 40 3t A 5
ST PERCR , 75 ZAE SO T UCR L IR LA
EIH S R0 S5 51k B AR LA 5 & IR GE 50K
SRR = H MR SR, %N A s R
X LUGIIERE A,

SE

[1]  Hu Y F, Song B. Evaluation the effectiveness of the infrared
flare with a tactic of dispensing in burst [C]//Systems and
Control in Aeronautics and Astronautics (ISSCAA), 2010 3rd
International Symposium on, IEEE, 2010: 131-136.

[2] Butters B, Nicholls E, Walmsley R, et al. Infrared decoy

and obscurant modelling and simulation for ship protection

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

0304009-7

[C]//SPIE Security +Defence. International Society for Optics
and Photonics, 2011: 81870Q—-81870Q-16.

Aytac T, Bekmen O. Development of a target tracking
algorithm for imaging infrared seekers[C]//Signal Processing,
Communication and Applications Conference, SIU 2008,
IEEE 16th, 2008: 1-4.

Oliveros C S, Aragén L M, Jareno R M. Comparison of the
emission of IR decoy flare under controlled laboratory and
on —field conditions [C]//SPIE Europe Security + Defence.
International Society for Optics and Photonics, 2009:
74830L—-74830L-9.

Gray G J, Aouf N, Richardson M, et al. Countermeasure
effectiveness against an intelligent imaging infrared anti-ship
missile[J]. Optical Engineering, 2013, 52(2): 026401-026401.
Yang Dongsheng, Mu Dejun, Dai Guanzhong. Kinetic
simulation of the characteristics of airborne infrared flares[J].
Journal of Northwestern Polytechnical University, 2009, 6:
781-785. (in Chinese)

WARF, SR, B, HLEL AN Z SR 05 L
ARBEFEI]. VAL T AL K224, 2009, 6: 781-785.

Yang Dongsheng, Dai Guanzhong. Radiation simulation of
the characteristics of infrared flares [J]. Science Technology
and Engineering, 2011, 21: 5104—5110. (in Chinese)
BRI, WOE . LLAMF AR Rk O BB ARR S (9], #F
SRS T, 2011, 21: 5104-5110.
Tian Xiaofei, Ma Lihua, Hong Hua. Study on jamming
characteristic and simulation of surface-type infrared decoy
[J]. Laser & Infrared, 2012, 42(2): 165-169. (in Chinese)
HIWE &, THAR A, A i 8 2T S 8 T A T Bk 4 AT A
BRAUBIIEIT]. WOt S405h, 2012, 42(2): 165-169.

Wang Chaozhe, Tong Zhongiang, Li Lin, et al. Simulation
of towed infrared decoy interfering and its operational
method [J]. Infrared and Laser Engineering, 2012, 41(2):
446-451. (in Chinese)

FRAT, B, Bk, F R LAME I TR O S
1] AN SHOE TR, 2012, 41(2): 446-451.

Hu H, Wen D. Simulation investigation of counterwork
between anti-radiation missile and active decoy system[M]//
Computer Engineering and Networking. New Your: Springer
International Publishing, 2014: 437-444.

Mastin G A, Watterberg P A, Mareda J F. Fourier synthesis
of ocean scenes [J]. Computer Graphics and Applications,
1987, 7(3): 16-23.

Karine Caillault, Sandrine Fauqueux, Christophe Bourlier, et

al. Multiresolution optical characteristics of rough sea surface



% 3

gk A2

www.irla.cn

% 45 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

in the infrared[J]. Appled Optics, 2007, 22(46): 5471-5481.

Wolfe W L, Zissis G J. The Infrared Handbook [M].
Arlington: Office of Naval Research, Department of the
Navy, 1978.

Cox C S, Munk W H. Statistics of the sea surface derived
from sun glitter[J]. J Mar Res, 1954, 13: 198-227.

Masuda K, Takashima T, Takayama Y. Emissivity of pure
and sea waters for the model sea surface in the infrared
window regions [J]. Remote Sensing Environment, 1988, 24:
313-329.

Ross V, Dion D, Potvin G. Detailed analytical approach to
the gaussian surface bidirectional reflectance distribution
function specular component applied to the sea surface [J].
Journal of Optical Society of America, 2005, A22: 2442 —
2453.

Pu Weihua, Du Zhiming. A new method of testing for the
radiation spectrum performance of infrared bait medicaments
[J1. Acta Armamentarii, 2003, 24(3): 399-402. (in Chinese)
e, KRN L0 E R AR 5 Ol i BE I 1 i — B
J5 ], ST AER, 2003, 24(3): 399-402.

Li Shixiang. Optoelectronic Countermeasures Technology [M].
Changsha: National University of Defense Technology Press,
2000. (in Chinese)

A L X HER M1 Kb
2000.

] 7 Bk R 2 s R

Zhang Jianqi, Fang Xiaoping. Infrared Physics [M]. 2nd ed.
Xi'an: Xidian University Press, 2004. (in Chinese)

sdtar, 5/ LA EL (M. 88 2 WL PR PHEHL T
BHE R 2 ik, 2013.

Guo Bingtao, Wang Xiaorui, Huang Xi, et al. Modeling and
simulation of the scattering of targets surface by infrared
decoys radiation [J]. Infrared and Laser Engineering, 2013,
42(2): 300-304. (in Chinese)

FRUK T, G B, T, 55 Hh ) B X 21 415 U 9 RO e 1
HB R AR L)AL AN S HOE T AR, 2013, 42(2): 300-304.
Spulber C, Borcan O V. An analytical approach regarding

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

0304009-8

some radiometric problems during the detection on the sea
surface with a thermal camera [J]. Applied Mechanics and
Materials, 2014, 436: 318-325.

Belcour L, Barla P, Pacanowski R. ALTA: a BRDF analysis
library [C]//EGSR Workshop on Material Appearance
Modeling. Eurographics, 2014.

Cook R L, Torrance K E. A reflectance model for computer
graphics[J]. ACM Transactions on Graphics(TOG), 1982, 1
(1): 7-24.

Jason T Ward. Realistic texture in simulated thermal infrared
imagery [D]. New York: Rochester Institute of Technology,
2008.

Xiao Liping, Cao Ju, Gao Xiaoying. Detection for ship
targets in complicated background of sea and land[J]. Opto-
Electronic Engineering, 2007, 34(6): 6-10. (in Chinese)
MRS, EE, ST AR T T A AR AR B AR A
[J]. JGH T2, 2007, 34(6): 6-10.

Li Hong, Zheng Chengyong, Gao Jingli. Weak and small
object detection based on wavelet multi-scale analysis and
fisher algorithm [J]. Journal of Infrared and Millimeter
Waves, 2003, 22(5): 353-356. (in Chinese)

UL, FRRH, w5 TN 2 RE S & Fisher 73
A LLoh g5/ BERKE AR [J]. 2050 5 Z R4k, 2008,
22(5): 353-356.

Zou Ruibin, Shi Caicheng, Mao Erke. Shearlet-based infrared
Chinese

sea [J].
Journal of Scientific Instrument, 2011, 32(5): 1103—1108. (in

target detection algorithm on complex

Chinese)

AREREE, LR, B AT T O U0 AR i S 2 v T 21 b
FIARAEIN 2 (], AR GR2 I, 2011, 32(5): 1103-1108.
Tessendorf J. Simulating ocean water[J]. Simulating Nature:
Realistic and Interactive Techniques. SIGGRAPH, 2001, 1
(2): 5-24.

Schlick C. A customizable reflectance model for everyday
rendering [C]//Fourth Eurographics Workshop on Rendering.
1993: 73-83.





