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UAY infrared radiation modeling and image simulation

Liu Lianwei, Yang Miaomiao, Zou Qianjin, Yao Mei, Wang Min, Xu Zhenling
(Luoyang Electronic Equipment Test Center of China, Luoyang 471003, China)

Abstract: It’ s significant to research the infrared radiation model and simulate infrared image of
unmanned aerial vehicle (UAV). The interpolation calculation of skin temperature was realized, based on
the database of steady—state temperature distribution of the UAV which was calculated in use of CFD.
Due to the new method of grid number projection, the orthogonal projection of depth buffer was
improved and a two—dimensional projection algorithm for infrared image was implemented. The IR model
of UAV was finally built to calculate spectral and band of infrared image, in which atmospheric
transmission and detector response were both considered. The UAV infrared characteristics of the whole
trajectory and calculation speed of this model were analyzed. The simulation value was compared with
the measured flight experiment data, the results show that the relative error is less than 20% and can be
used for experiment test and analysis.
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Fig.1 Geometric model of UAV
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Fig.4 Temperature interpolation of UAV skin in typical condition
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Fig.5 Schematic diagram of projection in grid numbering
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Fig.7 UAV IR apparent radiance of medium—long wave
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Fig.8 UAV apparent IR radiation intensity of medium-long wave

\

1t —LWIR
----MWIR

0.1

IR radiance difference/W-m™-sr”

6 é 1I0 1I2 1I4 II() 1I8 2I0 22
Range/km
o P ANLG K= B RELIMR ST L%
Fig.9 IR radiance difference between UAV

and the sky of medium-long wave

I 7 Fa] LUE . To AHLER WL M 5 0 5

75 Ak, 38 L R I B B 11.82~9.47 W/ (m2-sr), Wik
P BE0.57~0.47 W/(m?-sr), BE TG AMLEE B i T %
L 5 5 B /N, A3 T HL i RLFE T TS A HILA /=
AL A, BB IS B AR, ROWLER S e R B AR R
SR A AR KR L A5 B T, ORI AR A S R
N, G TE AL W LT 4 558 57 2 i B 5 9l /)
N
K 8 R G A HL 2 WAL A 58 B 5 3 AR Ak 7
KU B B 129.45~222.74 W/se, T Bk BE 6.24~
10.98 W/sr, Fifi Jo A HLIE 2 38 37 , 38 UL 21 F1 i 559 58 i

0628002-5



9Nk TAE

% 04

www.irla.cn

% 46 %

A, i DR R TR A B PR B /N TE A LR WAL Ah
G B/ R B TR RS R 3 R UL 2T
I G e i B /N T R

B 9 R JE ML K258 5o hm 5 5 B 25 8 4k
6 N K D BE 1.94~3.06 W/(m?-sr), FP % I B
0.06~0.09 W/(m?-sr), &4k a3y e TC A HLIE 2 8
M R 2 K D DR TR TR A B R B 0/, TS AL
FENL LT A1 8 558 5 B vl /0N | AFL IR R 3, G A HLAE X
PR A A1 88 K, R 25 8 5o 59 52 Bl /)N | (f 450
LG R 2575 5o 4 B 22 B R B /N T 4 K

4.3 HEEGHEEESN

D BB e R T R K S T
AR FEMERS B R 2 DI T2 | R  F5E oM VG 45 B
ST BB BB B ST HETC ANLZLS MR
TR R FERE b | X520 38 ) PR 2% (A 8 R
ot R EGFED HEA T 125 I 4347, S 205y
B S R EARHR L T S5%

MRRFHN LA 401, CPU i Corei7, 4 36GHz,
INFE 8G, IER S 64 1 Windows 7, HiFEiE o MistT
V-5 Matlab2013b, T3 BEMHAZE SR AN5R 2 PR

2 RERZERITERR

Tab.2 Computing time of each module for model

Nodes Elements Imagesize Temperature interpolation time/s Projection time/s Radiance compute time/s  Other time/s Total time/s

17981 35958  500x500 5.6 114.3 6.9 0.3 127.1
1351 2698 500x500 0.4 9.9 6.9 0.3 17.5
1351 2698 200x200 0.4 1.7 6.7 0.3 9.1

H1 LA 5500 43 17 AT 6 (1) AR TR - B i 5 A R
90 s A (A SOOI A% TG0 S UG G MBS 5 45 iR

A, 2 A i S BRI R KR T SRR 3
TR BRI | 2 58 e I & HIORD [R5 A
BN TR R B R G R R R
RSB 322 58 Modtran 4.0 P87, FHHFERTN 6.6 s;
(2) W BEAH (B TR o B B AR A G, IR
BT 03 FE 5 I TED T ER R AR RS A 5G| I A%
SUEC, IS T TG EIORI UG RIS 46 U5 1L 38 5 5 R X g
VIR BE ) FE T FER B LB 249 2 101, W] LAz &R 43
THAA R 5 5 B AR T A R R R O ¢

R R U S MO FE T RORS B AT AT AR AR
KSR R o3 A0, A DR 0 I KR e AR
A AR R, — T AT SR FH A A A Y O %
RIZETH 53000 3 RN I B 37 6 SR FH 4 %% XA B 78 114
SE T AT AR AL, DA % TN A 45 1A 22 R 1k
&, FTAEPRAIE IR BE TSR0 B2 0% ] o) 4 v AR GH 2 5 O
— 5 1], Modtran &8 AFERT K, AR A WGB3
0t S A B0 7 VA B i R S T R R Ak IR
POV BB AT, A B B R T 25 1] [
f, RHZZE T AT ARG & Bt S e n
TR U Wl — o 1Y R SEHE O HEEK

SCHR AT CFD i, w1 e AL LA e
5y T A 5 TRASSMT T ANLSE KR
2RO e | N7 T A AR SE I TE A HILSE B T 4y
MiHaE ;DL E BRI i 5 o B8 (8 ok % 550
GRS TS T LLANANR B A SR T G
NHLEL AN 3 0 — 4 $e5% 3158 WA Modtran 4.0
PR R AR FHE R, OB A Oy X 8 A
ML AN S, @S T TR ML SN R S A o
B T TC ANHLEL SN 5 S R 1 S B+ B i 45 R 3R
E»q H

(1) & 550 AT B Ba X Lo, e b e B
MR BAR 22 /N F 18% , 164 I i B, A A48 3R
Z/NF 20%;

(2) MRV To AL K 8 R A5 1, B T
TN A BRSSPSR R e 1
SR N2l s 8 S VIR AR i o] S WA N TR WA N (1
FH T3 TR A (R M R, TE AL AR
SRR LA S TC ML R 2515 S 058 P 22 B B0/
T I, R & BRI H b

(3) AU B R B o B 45 SR SR WS RE R, 32

0628002—-6



9Nk TAE

% 6 4 www.irla.cn

% 46 %

By AR B T AR S A e Y H AR
oA 50 S GRS A R, 85 115 o 2 BB
a2 A% B RT3 H Modtran
A Shy = AR A AR | st AR Ry P B R R B o P {5

‘ [6]
N E /N T 108,

SE .

[1]  Xu Dingguo, Sang Jianhua, Luo Mingdong. Study on the
infrared radiation characteristics of UAVS' skin [J]. Infrared (7]
and Laser Engineering, 2013, 42(4): 880—884. (in Chinese)
TR, R, P UK. JBANLE KL AMm G R 5T
[J]. L0456 TR, 2013, 42(4): 880-884.

[2] Xu Dingguo, Sang Jianhua, Luo Mingdong. Research on
application of UAVS’ infrared stealth technology [J].
Infrared and Laser Engineering, 2012, 41 (12): 3155- [8]
3159. (in Chinese)

WU, fEdE, DR 258 S ARE T AN EIY R
FWFFELI]. 4045 HOE TR, 2012, 41(12): 3155-3159.

[3] Li lJinling, Wang Weihua. Review of infrared radiation
characteristics numerical simulation study on Unmanned [9]
Aerial Vehicle [J]. Ship Electronic Engineering, 2010, 30
(8): 21-24. (in Chinese)

T, TETAE. T AHLEL S AR I e P B (B UL T 50 4 ik
[7]. MRAHL T TR, 2010, 30(8): 21-24.

[4] Wang Weihua, Li Jinling, Wang Chong, et al. Three
dimension flow field numerical simulation for airscrew
unmanned aircraft vehicle[J]. Infrared Technology, 2012, 34 [10]
(5): 292-296. (in Chinese)

TEIAE, 25508, £ 58, . BHER TC AL =2 i 7 B E A
AT]. LDAME R, 2012, 34(5): 292-296.

[5] Sun Zhanjiu, Nie Hong, Huang Wei. Calculation and

0628003-7

analysis on infrared radiation [J]. Infrared and Laser
Engineering, 2014, 43(4): 1037-1046. (in Chinese)
IV, R, B R ANLLLSME SR PR 5 40 BT[]
AN SO TR, 2014, 43(4): 1037-1046.

Jia Qinglian. Numerical calculation of IR radiation for
Unmanned Aerial Vehicle [J]. Laser & Optoelectronics
Progress, 2014, 51: 071201. (in Chinese)

PP, T AMLLLAME S B3 0], BOE 5t 72
HEJE, 2014, 51: 071201.

Liu Lianwei, Yang Miaomiao, Fan Hongjie, et al. Numerical
computation and analysis on the temperature field of antitank
missile skin[J]. Infrared Technology, 2013, 35(7): 430—435.
(in Chinese)

XA, kAR, BRA, . SR RRE BT
530, LLAMER, 2013, 35(7): 430-435.

Wang Lu. Study on infrared simulation based on OpenFlight
model [D]. Qinhuangdao: Yanshan University, 2014. (in
Chinese)

F§. £ T OpenFlight # I (2L 45 B ARBFSE (D). B
5 ML, 2014,

Kang Changqging, Guo Lihong, Chen Lingjuan, et al.
Simulation of infrared image using vega sensors[J]. Journal
of Changchun University of Science and Technology
(Natural Science Edition), 2009, 32(2): 242-244. (in Chinese)
RERAT, S 2r, BRRIE, 5. ] Vega f& & As B it 47
LLAMEMR G5 B (], KB B TR A2 4 (A AR R, 2009,
32(2): 242-244.

Wang Bo. Research on IR imaging real —time simulation
method based on OGER [D]. Xi’ an: Xidian University,
2010. (in Chinese)

FE . 5T OGER RYLLAM AR S BT ¥EHESE [D]. P
e V4R T RHE R, 2010.



