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Abstract: To address the need for infrared polarization detection in high-speed aerial targets, this paper presents a prac-
tical method for calculating and simulating the infrared polarization characteristics of these targets. Based on a hybrid ra-
diative polarization model, an infrared degree of linear polarization (DoLP) calculation framework for aerial targets and
an instantiation method for typical materials are developed. This model framework considers thermal emission, solar
and environmental radiation reflections, and atmospheric transport effects. The deviation between the calculated and
measured DoLP values for the material samples is less than 10%. Taking the high-speed SR-72 reconnaissance aircraft
as an example, the simulation process is based on the reflection/radiance vector data generated by the polarization calcu-
lation model of the target material. The real-time simulation of the SR-72 target's infrared polarization characteristics is
conducted with the Unity3D engine, and the image frame rate reaches 35 frames per second. The DoLP images of the
SR-72 are simulated under varying conditions, including flight speed, detection band (MWIR/LWIR ), and solar illumi-

nation. The variations in its polarization characteristics are subsequently analyzed. This study provides a data founda-
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tion and simulation support for infrared polarization detection and related assessment applications of aerial targets.
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Fig. 1 The composition and transmission of radiation from the surface of an aerial target

D&/

_ 5(09)
Lbb (Ta)\)

2o, O F1 P 43 5k S Gty ) % S TR R T
i f . S0, 0) B Kk B BT FE 7 B 4 B

Lo (T A) g [R50 SRR 2 7, L oy 3 2 o
INHE -

£(0)

(1)

c, A7

1
L, (TA)=— QAT ] (2)

T e

s, Co s B B,y 3.7418%x107%°

W-m?> | C 24 — dE s W . k
1.4388x107% m-K .

R R HE S, LT HAR R0 R

R on F (6, 60.,0) f L. %R
BRI T (4 17 16 LA G 2 R 2 %

Microplane

2 ASTT IS R TT T A LA e AR

Fig. 2 The geometric relationship between the incident direc-

tion and the reflection direction

TEFE 2 TR AR Fr 2 5 2 IR T 7 2
i, ok 11 (G @) 5 1 9 A SR 5 25288 n 1O BT
1A A R L 36 4 5N (G @) D i g o
o, @ 0 O Ps Z L2 0 5 7 109 ff3
a5 As et B

ST TR O i, % s i 8(6)) 7 2
RN
1 -p5(6,)
| -pi(6,)
o0 -p5(6,) )
-p3(6,)
stip, P (0)) Feoi A gt masa Jri (G @) A

S B s 2 T S PR AR R ) S e 2 BR AR
HAKXWT .

21 /2

p7(0,)= ij"’f(Gl,ﬂs,go) - cos O, sin6.db.dp (4)
0 0

H b7 i SR i F ™ (60,,6,,0) s 45
wi gt FP6,.6.0) 58 5 5 4 &

FY6,) 27, 1.
F9(0,.,0.0)=Fr(0,.0.0)+ F7,)=
S S e fa f
e R e
R e p
e
S, @ 3R L 7 16 R S R 6 97 ir £

(5)



4 EANP/ RS AP ST =K 4

XX &

fir 2,
I 5 s i F (6 O, 0) 2%
L FIEL

P (0.0.0) = P(a)G(6,.0,.0)M(B:7)

4cosacos 0, cos 6,

(6)

sp, P@) s i oo ik 4k 40 1 i, G (6,06, 90)
Shy B30 e o . R s M(Bm) = i A
N SRR 5 T ST S S 2 1 305 T 07 2 B G
W

2 S5 A A R I, S S A A £ 188 % S
it FU(0) 570

FA6,) == (1= pi (6) - My (B )

F'(0,)=0 j#0o0rk=0

AR (D) RIS (3) , 227 SMATI S8 1 T4 B B
S AL, B AR SR R ST R T T 0

S0, T, A2) w3
$7(6,.,T.AN) = L, (T,AM) - £(6,) = L, (T.AM) -
1 -pg(6,)
-p'(6,)
-p3(6,)
-p5(0,)

()

(8)

s, Loo (T AL) g m stz e Loo (T2 A) 7 B

AL IR
IR BHAR S D AR A%, H s 2 10 S 4 K BH

ref

15 Squn (G0 @ ALYty 15 551 M 41 55 780 1k BF A T
PoiEl
S (6,.0.,A1) = F7(6,,.0,.0) - E,.(6..,

Forf, Gsun Sk ok B A D7 i) 45 00 T 0 2 S £

Ean (G, AA) S B 75 H bR 22 1 L K AL 10 4
R 258 BE B2 ] 38 3 Modtran 2R 1145 3.
D B S | G T N S < W /T s T N
wSw=[lL 0 0 0]

H br &l ATEE, AR A T iR 3, 3R im
L5 K PR S R S R R A e A . LT,
RS54 S (0 R e R /N v b R R A R ORATE
T4 5 S S 0 SR R 3 . bR R IR (R IR B A
R N S | R T I N S N S V-
S, (0,5 ¢, AL) >R :

S:,(0,.0,,A1) = F7(0,; A) - L, (AX) - S,, (10)
KL, (AXN) EIREE A S50 52 B 1% A8 7T i Mod-
tran BT EAS .

e RN T, 2T AN I g FE AT ) e e o
KAE S0, s 0,, 0, Ty AN 5 Ty n, by B) MR N

AA) - S,,(9)

S = (S + ST+ Sy,) T+ L, - S,
= (Lbb (T’AA')S(GI) + Emn (GLSMVL?AA) * Fr&f(ai,sumamgo) : Sup + (1 1)
F‘lif/(ai; )\) : Lmnb(A)\) ' Snp )*T + LP ' S"P

A, KRRl SRR 5, Je s e Lo
FoR. T BRI Z R K AaE R, it
RN W/

7 =ecxp(—y - d) (12)
Horb, 7 o R RS, d o F ARSI 48 00 B

B ERA s Lo As it T 20 i o
Modtran #{F 3473155

55 1 AR T 2T /M AR AR JEE DoLP (U FiL A
F o= 1 ZEDIBTTREAL N,
(S0 + (S5

Sg

P L BT 2T A (R AR B PR L 0 4
(R4 38 T 0 1 A SR R BB L 8 5 R B AR 5

10,2557, W12 fd e i i DOLRG & qv s ok

DoLP =

(13)

FEGVH:

cy = DoLP. = DoLP,,

" DoLP,, - DoLP,,

stepr, DOLR o 1 DOLB 45 5 3 5 26 fh 4 i W
JEFE DR R

2 ZFHERDIMRIRTERE RS

2.1 =41 miEE

A5 LA e M 7 A5 ML SR=72 BSR4,
TFRELL MR B3 Ao il RATH, KT e
SBINAAN 7 Az e L SO A S R FH T 7
MORE S S SR-72 1 /5 il DX 38 AT R SR FH Bl 5 2k
A PR, AHIF 5 5 B R Bl A R AL A E S —
A JUAT AT A e AR T, 56 T L SO A TR B e A
55 U HE H R FH S0 i 50 40 o A 1R 4 7 S50 Ak, D
T 2 57 il A Ak 52 A 8 IO 1 O i 8 S o B AR

x 255 (14)



XX FHEBPIOIS A5« B TR A O RS TR ) 25 o PR L S e P SR £ 5

PIEZSINIE 3 PR o BERISEIR A e — 9 = ff THi
TCPFHE T, A4 A obj SCIF. IS E L
3 TR U] R AR AT 18 LA R = Y
PRANAHAME B, R St T 5B E T e 8y )L
fr Bt

&3 25 HbR 3D JLAA A5 A

Fig. 3 3D geometric model of an aerial target
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Fig. 10 Simulation results of the SR-72: (a) Infrared intensity image; (b) Infrared DoLP image.
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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.
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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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