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Optimal calculation method of aircraft infrared

physical imaging simulation

Yu Kun, Duan Yuhan, Cong Mingyu, Dai Wencong
(Research Center for Space Optical Engineering, School of Astronautics, Harbin Institute of Technology, Harbin 150006, China)

Abstract: In order to meet the needs of high-precision simulation images in the development process of infrared
imaging detection system, the infrared physical imaging radiation transmission model for aircraft was established,
and the ray tracing method was used to realize the simulation calculation of radiance image. Aiming at the
difference between the reflection characteristics of the aircraft skin and the distribution characteristics of the
radiation source, an optimization method for skin radiance calculation using direct lighting multi-importance
sampling was proposed. Aiming at the characteristics of strong emission ability and weak extinction ability of
aircraft exhaust plume, an optimization method for exhaust plume radiance calculation using combining
integration was proposed. The correctness and effectiveness of the physical imaging model and calculation
optimization method were verified through simulation experiments. The relative error of the skin radiation
calculation is better than 0.05%, and the relative error of the tail flame radiation calculation is better than 0.1%.
Compared with the traditional ray tracing method, the calculation optimization method has a faster convergence
speed and stronger adaptability. Infrared imaging simulation and radiation characteristics analysis of stealth
aircraft were carried out. The simulation results show that infrared stealth technology can reduce the radiation
intensity in the mid-waveband and long-waveband, and increase the reflected radiation intensity in the short-
waveband.
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SCHVT I R S R A X 1R 2 B KA
k1 0.043 W/sr, FHXT R 22 B K AH Sk 0.048%; [ 5 5 45
5ER JBE TR 48 0 3R 22 B KA R 0.005 W/sr, AH X 15 25
KAEH 0.023%. 1EJ7 T8 VA b 5k otk B 45 Lo+ 465
UEIA T S 52 Rt S A 2 B TR I R I AR

BB B 5P AT R SRR 22 T m
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Fig.7 Calculation relative errors of reflective radiation intensity experiments of skin
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Fig.8 Reflective radiance simulation images of skin
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Tab.1 RRMSE of reflective radiance simulation imag-

es of skin

Number of sampling RRMSE by BRDF ~ RRMSE by direct
rays/pixel sampling lighting sampling

1 114.289% 49.394%

10 93.754% 16.324%

100 31.998% 5.222%

1000 10.353% 1.785%

10000 3.640% 0.852%

152 5% 5 905X P AR AN ) 2 P9 A SRS 4 55 1) D
AR, T REGREB N A A LR Z
W AR AW AR SO, K 8 WS HIEUR TR . R SHiR

S5 B 7 BRI R R BT AR 32 B b SRR 4 A eR B
&, 1 BRDF lEUER 22 AR, & 1 UL LT A
FE6 R AL J7 15 L BRDF SR RE T v HoA B H 7 2%
W SIGHE , TE] 8 rh B HE G IR AE D I 5 MR R
KA, Bk 1 3Crh AT w52 B B e B UG 0 B
A R
22 BBt E R ERIE

FERCT 05 B 55 v 43 iR  XYZ =l gy ) K
12 2 m W JEA TR XY Bl J5 Ky 2 m, Z Bl 1)
KRR 0.5 m (I BT HEA T RN S 6T 5 B 5 BT
SESEES o A B IE T RS BT K Ry 5 mm, A T
PN B R SRR S O 50 40 A BN RO A . TR
I JOT A R AL R O R S R B4R 0.1 em™' L SRARER 5
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Fig.9 Calculation relative errors of emissive radiation intensity

experiments of thick medium
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Fig.10 Calculation relative errors of emissive radiation intensity

experiments of thin medium
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50 JEE T 20 0 DR 22 (19 B RAB D 0.004 Wisr, AT 1R 22

RRAA N 0.007 %o LA LT T 225 A
BT, e R A T SR 22 B, R AT R S
B 1 25 1 B KB 0.022 Wsr, HXF 5 22 fe K AE
4 0.050 %, 1RGN TR RESAE — BRI Lok
B R, I RIREN T B MER 2
(i), 8 S e 0 e 5 22 1 B R(ELA 0.013 W, AH
XF iR 22 RAB A 0.027 %.

VAT BT A I T 2R /DN, i S R 4 A A R
JIN, T B A1 B A AL fof 378 o SRR A A K B B A
P B R A R R S B . SR SRR ik S
KERZRKIIEAEAGTTEE 5, 58 550 B 1105 246 X 15
LRI RAE N 1.264 W/sr, FIRHRZE R KAE N 0.634 %.
LR35 1 RE S 75 R A AR Y 1R N 1 I A o i o
ik, 7 20 R AV R AR 5 720 B 0 A U s 5
DR 2E, R B TR A R 25 ) B R (B R 0.220 Wsr,
HAXHR 22 e KAE N 0.110 %o IRA U 7k B3R
2 58BN A Y, (R 22 REARI A B AR i R
TN, R S o R T 0 5 2 B i KB 0.135 Wsr,
AHXF R 22 e KAEL N 0.068 %.

T B Soh M Xy m K N 4 m,
YT KRN 1 m, Z 305 A 0.2 m Y #iAE
I BHEAT R AR O s B R BB e s . A R
ETTRMAR R ITH K g 5 mm, A5 50 B A o
5143 A5 A 100 W/(sr-m?), WU 5 BOR & 5t 22 5 A
0~0.004 cm™ ¥ [l PN 15 +X il 5 ) 3 T 44 K, AE YZ B
T35 53 A o LT +Z 75 1) X AR A T AT K
G5 B, =FhBUr ik 7 B R BE AR 3 R E AT
ARG AN 11 BT 4 UG AR X 38 O AR 1R 25
m 2 fim.

Bt A1 T3 W AT 2R RN R S 2 B 2 T B G, ) B
BRI R GT 52 B A 22 A7 Bl 1 9 h &6 F 0 O
TEFIR A B3 T i 7 B PG 5 TN, LR 2D i
R SR DI 2R 5 B AT S A R A (B AOR,
S RURHA T HMZE S . 3 2 UL SCh$2 1 iR
BRI BA B Z SR B, AR FE R
A Ry 1000 I 47 2L R B9 AR X T AR 22 40K
0.020 %, Bk 17 3CH AT g R A 4R e B R B
TR A R
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Point integration
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Tab.2 RRMSE of emissive radiance simulation images

of exhaust plume

Line integration

B R AR AR R LR R

Fig.11 Emissive radiance simulation images of exhaust plume

Combining integration

®3 REWRBHETESH

Tab.3 Parameters for simulation calculation of stealth

aircraft flow field

Numberof ~ RRMSE by point RRMSE by line RMSE by
sampling rays/pixel  integration integration icr?t?gbrlarggi
1 191.570% 6.715% 5.580%
10 113.819% 1.687% 1.620%
100 58.461% 0.652% 0.638%
1000 19.159% 0.299% 0.020%

3 BEXHLMESHFERES

SR SCH QAT #E LT AN B AR AT BT A X F3S
BB RBLIEAT L0 AR S AR FLTHEE, DR X HL4T MR
PR PEFEAT A3 M7 o SR Fluent %0 {2 % 5 3% A € AT
RSB CHLI A 47 05 22, 07 BB 0 SR 5 S 80
F 3 PR

RHLSE R R Y R R MG TR 5 B R A
WE 12 s CHLSE R E N 15.67 m, & K
2.19 m, 3 JE N 10.72 m, 5% 7 1 A9 KR E 40
360 Ko KA X S 5 e i 3 29 8 2000 K, 3 FL
W% 555 75 1) e R AR 2400 1.2 m, W IEET ) 1] f KK
29k 30 m, T EL W7 W 0 i R GSE R Yk 32 m?,

I3 SN R LT AN B B B AR R R 40 Ah B B 2
AR PR B LR SRR S RO A T B AR 4T
MR B HAR R, SRR SN 0.8, RAHR
0.2, RAAIH BT 2R B f5 1 e i A 1 SR
LA B HAR SR, SR LA R 53 0.2, 2
SFERN 0.8, 78 A& ShHLIBE 1 DY JE 78 I [ Ak: 7 15 5 2%

Parameter Value
Atmospheric pressure/Pa 3x10*
Atmospheric temperature/K 255

. -, Fluent ideal atmosphere
Atmospheric composition P

model
Shor‘t-wavebanfi so[ar 100
radiance/W-sr '-m
Short-waveband solar direction -Z axis f)f target body
coordinate system
Flight height/km 10
Flight speed/Ma 1.0
Skin BRDF Lambert
Skin material Aluminum alloy
Engine inlet diameter/m 1.4
Engine inlet temperature/K 650
Engine inlet pressure/Pa 2x10°
Engine outlet diameter/m 0.5
Fuel type CsHy,
Fuel temperature/K 300
Fuel mass flow/kg's ™ 0.15

B, R RIE LI B AR R AA L1 51 4 55 A 741
i, BT H AR 10 pm, R FTE AR E R 2.0 ke/s, HE
FHRHE ISR Hy 245%107 1, RBAGTH SRS T4
SR E 2 8L T HITEMP B0 5 1 20 i 2 Bt ot
Pt T, AR (9 R S R S B0 TR T Mie HE
SRR, IR HE R 5 A T 1 B AR

BT bR RALLL oM S e R s 5 0 BT 2
R, VERERTIE (1~3 pm), i (3~5 pm)., K (8~12 pm)
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Fig.12 Simulation calculation results of stealth aircraft flow field
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Fig.13 Geometric relationship of stealth aircraft simulation imaging.

(a) Ground-based detection scene; (b) Air-based detection scene;

(c) Line of detection sight
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Fig.14 Simulation calculation results of infrared radiation intensity of stealth aircraft
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Fig.15 Infrared radiance simulation images of stealth aircraft
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