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Fig. 1 The composition and transmission of radiation from the surface of an aerial target
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Fig. 2 The geometric relationship between the incident direc-

tion and the reflection direction

10 PR 2 TR AR B v 2 5 2 R T
i, 5% 1 (G @) Gy i g ASHR ST S8 n BOP
IR T A PR, 26 S A (G @) i g 9
Holr, @ g PR Ps Z B2, n 5 2 9T 1N

a5 A5t I B .
L 5 T s O i, g o et €(0,)
RN
pO()(a )
_pm(g )
0)= s 3
8( 1) _pzo(a) ( )
_pzo(a )

s, P (0)) e Agttmatismm iy i (6 @) A
s ) LB T, 2 S R O A 280 a2 1 2 BB
HAKIT .

21 /2

p7(6,)= ”

00

F(0,.,0.,0) - cos, sinf.do.dp , (4)

H br s i s e B (6,,6,,0) s 545
w5t FP(60,.6.,0) 58 % 4 4 &

dlff

Q) = 0,1,
F7(0,,0,0) = F*(0,.0..¢) + F7(0,) =
Fab b ol fowe fore foe

f l“é"«“«' f 1311"‘?"5 f l‘;‘m f l‘\‘ém'

fae e fae fael”

fae e fae fa
L P SR WL F i S T 1 9 95 B A A
2%,

(5)

I SRR R s T - F (0L 6 0) =g
HILL I

FSPH'(B’ ,059€0) — P(a)c(omowgD)M(:B’ 77) ,

4cosa cos 0, cos 6,
strr, P(@) g i e i 2k 4 A i g, G606, 0)

Sy B % 3 e o . R g M(B5m) = gt A
N S A T S 2 1 AT i 40 R Rk g

(6)

jﬁﬁ*ﬁzo
18 SR R AR IR ARG , OSSR O AR A1 1) 18 S S
st B0 mon
wrgy= L (1< pr(g)) - .
Fi'(6,)= p (1-pi(6,) My (B:n) ’ (7)
Fjﬁ”'(ﬁl,)=0 J#=0ork =0

AR (DA (3) , Y LLAMRI & Y TAEJ B
Ky AL RS, H bR F B R G T T T R

S0, T AL) w2y

S"’""(Gl,,T,A/\) =L, (T, AN) - £(60,)= L, (T,A\) -
1 -pi(6,)
-p(6,)
i 8
-p5(6,) ®
-p=(0,)
o, Lo (T2 AA) s m gz i Lo (Th A) 23 B
AL IRV

R PHAR S AR I IR, F AR 2 1 S A R B AR

f
855 Squn (6, @A)ty 57 51 45 25 760 i A 1 o
{ﬁr'—»{zﬂ
S (0,0,.00) = F7(0,,,.0,0) - E,,(0,,.A)) - S, ,
9)

e, Ohsun g ok B A7 170 5 0901 T 1k 2% 1 £

Ean (G, A4) Sy kB H b 32 18 L 0 K AL P9 1045
BRS04 R T 38 it Modran 28075 51
DN | (T - R R O T
2Sy=[1 0 0 0]

b i ol AT, Hre Ak T bk 4 , i
PR B 5 R R I R B R e . M HLZ R
PRHE 4 0 S AR R/, b M SRR B KRR
7R B S TR O L bR I PR B 4

VT T B | SO B I R S A 3 TNV
S%h (01 s Py A)\)[%]ﬂ‘j:



4 AN/ RS9 S g o

XX &

S, (0,.0,,A0) = F"(6,;A) - L, (AX) - S, , (10)
K, L, (AX) 2 FREE A S 52 B2 % H 7T i Mod-
tran ?ﬁﬁﬁ‘k%ﬁ%ﬂj o

5 R IE T, LL MG S8 22U A s S
KA S (0, s 0,0, Ty AN 5 0y ky B) ] RN

S = (874 S5+ S+ - S,
= (L (T.AN)E(0,) + E,, (0,,.80) - F7(0,,.0.0) - S, + (1
FU(0,3 0) - Ly (BA) - S, e + 1, - S,

Ao, KA BRI A R R R 5T, Hosm s Lo
Fok. T BAR SIS kB R, HA T

r=exp(-y-d), (12)
o, 7 R AL, d O H RS IS B

8. FRaRdiEssE Lo Mid it R T T i
Modtran BAFHEA AL
25 Wi B bR R 2L AR A AR FE Do LP (HUE i A
T 0 &1 ZED)ITEAL N
DoLP = (51 );Jr,(SZI y , (13)
FE L H bR LT AR A IR B G 3 T R 2k
P 4% B2 T H A E AL R K ™ o 588 K BU(E YT

10,2557, 28 g e -5 i DOLRG b i ok
GV R

_ DoLP,, — DoLP,,,
- DOLPmu:( - DOLPmin

GV x 255 , (14)

e, DOLP, n DOLR G 25 5 2 75 2 fi i 1 0 7
W DR 1 1 F R

2 Z=HERLIMRERTERERS

2.1 =4EJL{EE

AHIFSE LA vl SR T ML SR-72 AT,
FEELLAMm AR5 B3 AT . il RATHT, RATas
BN IR 7= A v ek, G A AR 3 R R FH T i
PAORESY ST SR-72 14 57 i DX 5 AT Rl R P 2 i
BAMORL A5 5k LR Bl B A R A VR =
Y JLAT TR (Y S AR T, 36T b SCHR S TR A e A
SR 2 SR FH S 000 i 41 250 40 Xof A8 780 1 4 7 S 45 4k, I
T 57 e £ ik 8 A B S50 1) s i B 0 o S AR A

ML INIE 3 P o BEBRISEIR A e — 9 = ff Ifi
TCPFHE T I, A 4 2 obj SR, IZ U E B0
TR KA A AR FEZTT 1) LA L = i T Y
TRANAHAME B, IR et 5 I BEE T 58 89 JL
frf Btk

B3 25 Hap 3D JLfa Ay

Fig. 3 3D geometric model of an aerial target
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Fig. 11

Simulation results of SR-72 in the mid-wave infrared band: the first row shows the results with solar illumination, and the

second row shows the results without solar illumination. Each column corresponds to the same flight speed, from left to right: 0.9

Ma, 2 Ma, and 3 Ma.



XX 18] FHEIRAR A6  BE TR A5 R A AR A 28 )

 HARZEA M PR A5 AR A 17 5 9

0. 9Ma

Solar

Nosolar

(d) (e)

B 12 SR-T2 AR KPR HY 05 BLA5 IR 38— AT = 1A K B 9 0y FL 2

T E AR, NAE B AR 0. 9Ma ,2Ma 1 3Ma

0. 25

0.2

~0.15

(rH
SR T ATIRAETCR PRI B 07 A5 IR 5 Rl — 5 R 1)

Fig. 12 Simulation results of SR-72 in the long-wave infrared band: the first row shows the results with solar illumination, and

the second row shows the results without solar illumination. Each column corresponds to the same flight speed, from left to right:

0.9 Ma, 2 Ma, and 3 Ma.
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Abstract: To address the need for infrared polarization detection in high-speed aerial targets, this paper presents a prag-

matic method for calculating and simulating the infrared polarization characteristics of these targets. Based on a hybrid

radiation polarization model, an infrared degree of linear polarization (DoLP) calculation framework for aerial targets

and an instantiating method for typical materials are developed. This model framework considers thermal emission, so-

lar and environmental radiation reflections, and atmospheric transport effects. The deviations between the calculated
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and measured DoLP values for the material samples are less than 10%. Using the high-speed SR-72 reconnaissance air-
craft as an example, the simulation process is based on the reflection/radiance vector data generated by the polarization
calculation model of the target material. The real-time simulation of the SR-72 target's infrared polarization characteris-
tics is implemented with the Unity3D engine, and the image frame rate reaches 35 frames per second. The DoLP images
of the SR-72 were simulated under varying conditions, including flight speed, detection band (MWIR/LWIR), and so-
lar illumination. The variations in its polarization characteristics were subsequently analyzed. This study provides a data
foundation and simulation support for infrared polarization detection and related assessment applications of aerial tar-
gets.

Key words: aecrial target, polarization simulation, DoLP, atmospheric effect



