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Fig.1 Schematic diagram of heat radiation transfer model

H—BERHAS =(S,,S,,S5,S:)", AR A i iz
TG S, 43 i AR /N BT 2 AT TR Stokes K
BAEH =B R S =(S,,S1,S,)"

AR B 1 R IR T AR A A B L T A4S
PN H AR 1 2RI 25 09 PRI Stokes Ko ALY
Jeo HARER A

Smn. 0
Sout -

Sou!, 2

S(,m,l] =e(A, ¢;)eI: + J ﬁjm F(¢i, ¢is ¢rr ) sing, cos ¢, dg,dg. S, =

o~ 0vo

I+ (I — )IP)Jsz exp{ftan{sbw/(Zaz)}}

cos’ ¢ cos ¢;

sin ¢,( Rs + Ryp)d¢.d¢,
’ (3)

Cos<277r) sin gﬁ,( Rq— Rp)dgﬁ,dqﬁr

8ro’ 0 cos* ¢y cos ¢

(I.—1I) J7an exp{ftanz[gb\/( 202)}}

(I.—1I) yr exp{ftanz[gb\/( 202)}}

sin(277,> sin gﬁ,( Ry — Rs)dgﬁrdgzﬁr

Sro’ 070 cos*¢ycos ¢

1.5, A Stokes 26 B s S Sk HE T 2R HE 0 Stokes 26 Bt s Re 1 Ry 40311 JE 0 FE R 5 60 3% 1 4 Bt 745

S
R T ARG IR B I S i R A AT AR 21 A0 O B RV 8 5 e PR B AR ST R S AR B R R IR L E
S B PR A L, BD
aZIEo (4)
R, 20 (3) FT LAAEIE Sy
1 pzeopnz expl —tan? ¢y/(267)
i+ })j | [unfay }}sin¢r(Rs+R[,)d¢rd¢r
o’ 0vo COoS ¢,
Sw=| (a—1) (= K/zexp{*tanz[%/(%z)}} ‘ . (5)
I - JO JO — cos(29,)sin ¢.( Rs — Ry) d¢.dg,
(a—1) (= n/zexp{*tanz[gbx/(Zaz)}} . .
IE 87‘1‘0‘2 Jo Jo COS</11 511'1(27%)511’19/%(1?1’*Rs)d¢rd¢r_

ﬁ?ﬁ?ﬁﬁﬁﬁfﬁﬁéﬁﬁ,Ef?%ﬂ%%%fﬁ? FUbR B 21 MR A AR

2204001-2



43 3% 5 22 #1/2023 £ 11 B /¥ ¥R

" a1
8o

{ tan® ¢/2(; }

(e 1)H 1

8no”
exp{ — tanz[ng/( 202)}}

: 0 COS4¢'
J‘ZWJ‘K/Z 1
00 cos'gy

cosy;

cos( 277r) sing.( Rs —

exp { — tan2[¢y/< 202)}}

oz ]
J J ‘4 ’
070 COS ¢y

coSs ¢;

sin ( 27%) sin g/lr( R;

sing/z,( Rs + RI’) d¢'rd¢f

cos ¢

2

Ry)dg.dp, | +

1/2

Ry)dg,.de, . (6)

P2 (6) AT T, 1 A1 i 41 148 I 35 & 322 A0 7 £ 91 i 4

BEEE HAMR S SRR B bR 2 R RS

ﬁ\%%ﬁmﬁf/\ﬁfﬁ RIS B AE R A G, Y

A5 B bk W2 T ) e M 8 HALE JE R —F i
PSSRSO 2 BF 28 A I J3E 455 784 AT 7 Ak hy
(a—1)+|Rs — Ry|

Dporpr = o (7)

8c°cos ¢, F(a—1)«(Rs+ Ry)

K (D IEAAF S (£) B T IR AR 5 b . 2
T AR ST H R T LA BUOE S 5 X IR 58 R 5T Lt/
TR UGS o I RS AU H P55 T 0 A B8 A L H A b
BHRHE | H b 2R TDHLRS J32 R0 20 58 B 5 L o o
2.2 SHEBHRIMRIRIEE

J T AT AR SR LB N 2 2 U2 IR Y6 B AR
o1 &, X B AR G ik

1) U B /N T 403 T BT Y B RS, G Y
7 IR DR (D) =2l B

)R IZ IR RN,
1K

3)HEEE HUG A I Gt ek B G, OO K Ol
588 JIE 6 2 ST G 1) A H IR SO 2R 00

4) B by 2 mB RO AE A BT R A AR R A
4, 22 s 3 L B R

TERCTH TR U 2R B JL AT R & 2 B s
FH 1L 2RI, A 56 RN S S 25 7 B A R AR 2
Z B R SR . AR ASCRILLA A & R TR TR
JZ gl S AT S RO SETT LU pBRDF #5578 B 20K
fif o ASTOGRT LA 5 2 B AR LK L, I & 2B SO R T
S AR S B G R (R R AT 2 B O R 2
AT A 8 B T PR 1) 2 S5 O i 5 2 BT AT RS '
PRYILRISE R, HEAEENRE OCEERZS Hir i
IV 2Z 8] 9 B2 568 A% i vk B0 A R Y, Sl 3 3 % 23 1Y
e PEBEE RE s 4k o 78 S e, O U A% 7 52 B R 58
FUE B b4 RE B 52 me |, i R 28 055 L B 3 B o8 4 R
Weo AT BT NS AR ) AR AL AT R A R
Ik B FE AR T 1 1 B, AT A Sk U R R, B

228 W ' 0 A% i e R ) T

s emergent ray

layer3 S,

P2 22020 SR A A e S A
Fig. 2 Reflection and spontaneous emission models of multi-

coating

WRGE A EF.

N T ARARAE R I A 0 R JE bR R A e R B S o
A {5 8L, 75 2 SCAGBHEH 7 10 A IR 2 TR E i
SF AR R Z BORCR DL R R E S SRR LR E .

OGP SR SRR B HS,, S,
oo Ml AR A A B Y SO AT o W R A,
U R EAG R A > s Ot B R A
i <jo MWHAGOLT , BOINM I IROCIEAE 2R 2 % A b
FrpE SCH)

B o, BBk AR SRR 0)Z . B
ki&*h'ﬁﬁlfﬂﬁﬁﬁ& ABHGUE S, ARid b
Soe SRIA K C AT I ml S S B A B I, AR SR AR
0 6 BB T AT

1) AR A8 >4 i D' 9 19 A ot 2 K AN AL % 7 1) A T
T — I A B T S ERA RA BUE B 5

2) 5 5 j V= K AT G BOS WAR A 5
SRR BRI TT 5 1) 4

3) 5 T AR IR B A AT RO ST BT 18 A g
JETT I 5

IR mIROL S, f’%%géﬁ%tljﬂﬁﬁ;z%ﬁl 0,
(LT P S - O T N R S R

2 B

2204001-3



S =M, (0,)S,;

5) ARG JE TR B S 5 T SE AT SR O A O R R
SRR RS, = M.S, S, =MS,;

6) 0 T KT S AR G — B A — 2% AL bR R
rh R AR AT S 04 B B AR R 0, FN RIS Y e i A
. BE AT e B, B S, , =M, (0,)S.,, fl S =
M., (05)S. ;s

7) W AT 5O R0 ST O U R A B T B Ah R R
AT, G0 2R 0 Uk B F i, s B % S kU (H 2R
WA BT R, ks Bk SR, BT I
M.

Vo NRGE: LK% i A DR NS e oy O e
t,r;4,j=0,1,2,3,4; n=1,2,---), H o xR FH7 4
s, 1o SRR 28, n Rom X FMORAS T 1% #5
WAL, BN, S o BRI — M IRZS 2 )29 4
FNRIZE 1ZE

(@) 45
540}
B35

@ 30
o) 951 —&— real part
v —+— imaginary part

210t

g i co00e0e00¢
<) R SEEEEE0EE00000080

&)

7 8 9 10 11 12 13 14 15
Wavelength /ym

F3 BRAEE AL PR 523 B o

Fig. 3 Analysis of properties of iron and target.

&5 43 % % 22 H1/2023 £ 11 B /%3340
2.3 MRIRERFESIR
i EZ B E T AEBASOCA H AR A & 15

H6 B 1 B iR R A o8 S=[1,0,0,0]" W A 2806, K
WER 7. 4~14 pm IR 2B RS HF R 1. 47+0. 471
(L2 M B3R AT ) 1) 6 (0 0 Rk 5 T 3R AT JFC B B 52 9 59 %y
5+ 28. 941 FY R AR 5 2 Ge RE 2 U fe /N oy 590 5 B il
FEREA B B RLRE B 0=1. 0 pum ; YL (19 A £A g 457,
2.3.1 kk¥raeMiprSsras i

VL 3 JT 7 4 ) Shy kA 52 41T 55 6 i g K 1 A8 1 1
IR A i 41 A5 1 Bt O B AR AR B . AT U L B
1) 78 £k 6 H BRI 56 558 14 SIE T 52 Wi AS K T R S Bl A D
ANORIIBE St b b N E Y R P N VSR B R ER A N )
ituﬁﬁ%'raijt AT B 1 2 A iR B R AR DR R A

o — MR, AT H AR R R S N . Sy
@ﬁ%wﬁ%,fééﬂ;ﬁﬁﬁh&ﬁﬁ 10 pm By ERH (2
PRl 5-+28. 941) .

() 0.40/
% 035/
§°o.30»
o 0.25
020 °
g 0.15/
?i 0.10}
5 0.05"

%8 9 10 11 12 13 14 15

Wavelength /ym

—+—reflected radiation
—~4— spontaneous radiation

polarizati

e -

(a) Bt B I 5 AR B A9 A2 16 5 (b) B4R pBRDF B3¢ K 942 1L

(a) Change of complex index of refraction with wavelength for iron; (b) change of

pBRDF of the target with wavelength

2.3.2 % BEERIMKIEH G RIFSEAG L

E 4 (a) Birzs S B br BT A [ 5500 0 2 B s 5 36
BE PR O 2 I B B 0 AR AL R o B4 (b) BT o fE R
M FE I W AN R A IR 2 45 0 L IR 3R A7 4 2 0

(@ 0.35
0.30 —o— layer 0
—+— layer 1
0.25 layer 2

—4— layer 3

Linear polarization degree
f=J
—
o

0 10 20 30 40 50 60 70 80 90
Observation angle /(°)

4 ZJZIRZ0M PR AR IR AR E . (a)if )2 B0 X B AR B O 9 45 PR B 52 5 (b)

Fig. 4 Polarization characteristics of reflected thermal radiation of multilayer coating target.

e B3 B AR UL ff B AR AL ORI AE SR .l 5] 4
JIt 75 B4 47 il £ RT AL 2 A 4 R i k2 = R 1 i i

Rl /N Wﬁﬂﬁ?ﬁfi%%ﬂ@?ﬂi%‘ﬁﬁ&ﬁ%%ﬁ%iJJDiZ‘IiJT
HIRS 31X 5 42 1 i 41 0 107 5 i 8 1) s 34— 3
® 10 — s, RS,
09f + RP, - RP,
& 08} —— RS, —=—Rs;
;§0.7_ + RP o RP,
T 06
g 05}
] 04f
E 0.3
£ 02L,
0.1

0 10 20 30 40 50 60 70 80 90
Observation angle /(°)

URJRBCEERS AR B A A0 28 A LR

(a) Effect of amount of coating on the

reflection polarization characteristics of target; (b) variation of target reflectance with amount of coating

2204001-4



%43 % £ 22 #1/2023 £ 11 B/RFZFR

2.3.3 % B ERITRE G RIFAR KB

h T RS RRE B BERm IR B SRR E (K 5) R
FHE B A A0 B AR A R m) AR 7 4K D 21 A A
2% . Z AR OE R 10000: 1, 38 I K R 7. 4~

14 pum 18 2 53 BE3 640 pixel X 512 pixel, 454 il B #%
FJE BAT A show g2 A it R D ae o k45 i s
B e W% , VEFE W 6 2% B0 4R 57 B R 0°, LA 45° M [i]
B, 3845 0°,45°.90° 13575k 4 /4™ J7 [ Al 2 Ji % 11 152 .

5 SR MR . () RZLAMI IR R R 5t s (b) Sl Bk i

Fig.5 Experimental setup and sample. (a) Long wave infrared polarization imaging system; (b) iron plate sample

S AR L 5 A MRS BE 290 1.0 pm 19 400 8K
dfr o ARSI R AR B AR 0 B TR b 1~ 3 SR AR Y
W ORBHERIRIZ o O T I R IO X S Y 52
Wi , < P L0 AN IARAE 5 H bR 9 TARRLES O 0.5 m, >R H]
Tk JBE i B Al Xk B b A 2k A7 AR, = Yl R R 1 AR

@

25°C. K 6(a)~(c) iy Hbs i 20 A 1)
2JZMZ W AUR)R . AR Z 2 BT 5 4 A
U b — RO R R T R S A BRI S R R
WORL, S SRR O ik 5 AR R TR TR R 7 i
AT .

PG AN [ Bkt 23 J= ) TT UL AR R 2T A 28 i 4R 2 16145 () 1)2 (D) 22 () 3JZIRIZHITT UGG (d) 1)2 ((e) 2)2 (1) 323K
Y ISEARIRE R EIEREEES

Fig. 6 Images of visible light and infrared linear polarization degree of coating targets with different layers. Images of visible light of

coating targets with (a) 1 layer, (b) 2 layers, and (c) 3 layers; images of infrared linear polarization degree of coated targets with

(d) 1 layer, (e) 2 layers, and () 3 layers

2.3.4 AL EBERIH

7 BT 7% SR B MR U AT I 1 A R S i I
5 L5 S MK A SRR o NI 7T DU L BE
WL iy 58K A TR = MG TR 2 B9 HAR 7R B8 A 20 b 2k
i P £ # 48 O, AEL2 AT R V2 B0 T R 3 R B T TR TR
JE R M o TR B, JE iR JE Ry S5 4
507 B & m 3 77 32 22 2 0. 002734, 47 Ik J2 1 52 )
Bt 505 ECh 29 2 05 15 25 0 0. 000199, AHEL T o ik
J2 9 S I RS A U TR ) S D Rl 5 5 AR S

P 8 i 7 o FAER S PR T Z2 TR TR )R H bR 2150 2
I B2 5 L5 S 25 R L, PR AR AT O 0.8 A
SCH A5 R AT LA - 20 A BN S8 R S 4
B A 22 B 5 2 WL A e 40T, AN TR JE B S B

B S0 BER R A . WIZEECh 1.2 M 38, X}
JNF P S0 21 A0 28 i B 55 0 FLERCME 9 38 1R 25 43 i R
1.022X10 *.9.83X10 "H12.48X10 *, MfAi% 2% A Mot
16% ,LmiR 2 FEEDHE/NAE . ENAEFRET,
AT B TT LU, B A5 i IR 521 0 26 O ik B
T 0, R AE SEPRSEEG SR T, I e A R
DYSa e PN N=E-SAR R AP ONE R NIIE- A IR CHE R
B 21 A0 A I B2 AE /N A FE A 3 /N B . 2251
S5 50 B s 5 05 B B I, RE 5 A AR AR VR
STEREE T H Aw i 20 S0 3% 4 v, B 7R B 2L 0 S
SR 5 BAE RAFAE— 8 25 o 3K 2 PR Ry 15 2% I 75 T
TR A R R ERER B TR T R g i, S B
/N B UL 7 P RN B 2 i A B2 ot e A O — o R B 1Y

2204001-5



&5 43 % % 22 H1/2023 £ 11 B /%3340

Q ——theoretical, without layer
& 035 theoretical, 1 layer

O L « experimental, without layer
< 0.30 :

g « experimental, 1 layer

K

g

°

2

8

2

0 10 20 30 40 50 60
Observation angle /(°)

F7 bR B A AR S 2 Al IR 52 7 05 52 6 I 145 510 L

Fig.7 Comparison of linear polarization degree of target

spontaneous heat radiation between simulation and

experimental test

i 22 o VAT, SEI B 5 07 EORCIE B A L IER] T
ZLAN AR S A5 IE T 22 U2 D IR R PR A R A TR A

0.16 -
@ theoretical, 1 layer
© 0.14F1 theoretical, 2 layers
Eb - theoretical, 3 layers
© 012 | experimental, 1 layer
g 010l - experimental, 2 layers
=R - experimental, 3 layers
N
E 0.08
2 0.06f
g 0.04

0.02

0

0 10 20 30 40 50 60 70 80 90
Observation angle /(°)

P8 FAHR SF B AETT £L Al IR BE 7 5 ) ik 4
Fig. 8 Simulation and measurement results of infrared linear

polarization degree in thermal radiation environment

3 4% 1

O, M B ARSI 5 2 R TR JE LAY DO LA K
2 JZ VR 2 AR SE PR N T (Y b B 23 00 o B A5 22
JZ VR JZ B0 B AR A R S LA R R S R R G
A EAE TR C A G A o AR PR S R0 R H bR £ 5h
B P 54 0 BT B9 T Z2 IR TR )2 H AR 9 21 51 i Ik
R o A5 R R W, U R O B AR A A KRR ST R
(CEIEREREER A TINER A LREY) ¥ ik s Ve R N EINIT]
ARl HU G BESE T IR IR T 22 TR R HARIY AL
HMiw IR R DT T VR TR Bk PR B B Lo 21 S g
PRAFFVERYRE 0 o SR I5 , B E 2 0 BRI X 7 B0 45 SR R AT
UL, 45 5 3% W] S I R0HE 55 05 10 BoAT B il
Peo deda, B 1 AR o S Bt 55 0y 58 D 25 A 2R
WG S . SRR AR R, Bk H AR L5 i
R P 23 BT R ) DL R R (7 OB LA 4
FRA L

(3]

(4]

(5]

(6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

2204001-6

£ % x u

B, AP, SEARAN, SF TR S0 4% 08 1R 75 S N B AT 5T Bk
(R £osh AR, 2014, 36(3): 190-195.

Duan J, Fu Q, Mo C H, et al. Review of polarization imaging
technology for international military application (1) [J]. Infrared
Technology, 2014, 36(3): 190-195.

ORI, BOdn, AP, A5 TR A0 4 00 AR 4 S R Y AF 9 3k e
(FOLIL £rsh A, 2014, 36(4): 265-270.

Mo C H, Duan J, Fu Q, et al. Review of polarization imaging
technology for international military application ( IT)[J]. Infrared
Technology, 2014, 36(4): 265-270.

HRIBTE, M, TR, S 57 R0 A AR R AT AR R AR
& ar BURE fiE S50 WF 52 [T]. WOt 506l 7oA kR 2022, 59(4):
0424001.

ZhuD R, Yang S J, Wang F B, et al. Texture characteristics of
polarized thermal images on metal surfaces in fatigue damage
process[J]. Laser & Optoelectronics Progress, 2022, 59(4):
0424001.

8 B R T i i BRI 9 57 40 SR AR (D). B IE: 2
ok, 2021,

Yang S J. Experimental study on metal fatigue damage based on
polarized thermal image[D]. Hefei: Anhui Jianzhu University,
2021.

KR, AR, B L AME IR AR R T] R SR,
2019, 2(3): 77-84.

Zhao Y Q, Ma W M, Li L L. Progress of infrared polarimetric
imaging detection[J]. Flight Control & Detection, 2019, 2(3):
77-84.

Priest R G, Germer T A. Polarimetic BRDF in the microfacet
model: theory and measurements[C]//Proceeding of the 2000
Meeting of the Military Sensing Symposia Specialty Group on
Passive Sensors, 2000, 1:169-181.

Forssell G. Model calculations of polarization scattering from 3-
dimensional objects with rough surfaces in the IR wavelength
region[J]. Proceedings of SPIE, 2005, 5888: 588818.

Thilak V, Voelz D G, Creusere C D. Polarization-based index
of refraction and reflection angle estimation for remote sensing
applications[J]. Applied Optics, 2007, 46(30): 7527-7536.

Zhan H Y, Voelz D G. Modified polarimetric bidirectional
reflectance distribution function with diffuse scattering: surface
parameter estimation[J]. Optical Engineering, 2016, 55(12):
123103.

T, AR, g RLRE 2 AT ST IR A SO AR R ST,
JE At HE TR A2 4, 2011, 31(11): 1327-1331.

Wang X, Zou X F, Jin W Q. Study of polarization properties of
radiation reflected by roughness objects[J]. Transactions of
Beijing Institute of Technology, 2011, 31(11): 1327-1331.

KA, AAH R, EV R, S LM AR R S S I R[]
LLAM SO TR, 2016, 45(6): 0604001.

Zhang Y, LiJ C, Wang S F, et al. Modeling and quantitative
analysis of infrared polarization characteristics[J]. Infrared and
Laser Engineering, 2016, 45(6): 0604001.

Chen W L, Sun Q J, Wang S H, et al. Influence analysis of
target surface emissivity on infrared radiation polarization
characteristics[J]. Spectroscopy and Spectral Analysis, 2017, 37
(3): 737-742.

Wang K, Zhu J P, Liu H. Degree of polarization based on the
three-component pBRDF model for metallic materials[J].
Chinese Physics B, 2017, 26(2): 024210.

Zhu J P, Wang K, Liu H, et al. Modified model of polarized
bidirectional reflectance distribution function for metallic surfaces
[J]. Optics &. Laser Technology, 2018, 99: 160-166.

B, St 7k, 2oebk, A5 OHLBE H AR 2% 10 £ M i 9 5 P BF 52
(0] sPEDEA: 2020, 13(3): 459-471.

Liu Y, Shi H D, Jiang H L, et al. Infrared polarization



&5 43 % % 22 H1/2023 £ 11 B /%3340

properties of targets with rough surface[J]. Chinese Optics, model: theory and measurements[C]//2000 Meeting of the MSS

2020, 13(3): 459-471. Specialty Sensors Group on Passive Sensors, MarchVol. 1,
[16]  FEBr, E=8y, PhEAE . 38T 0 IRl M8 A IR Rl 69 B bR 169-183.

HART] oS540k, 2007, 37(7): 676-678. [18] Dong J, Zhang W J, Liu L H. Electromagnetic scattering,

Wang X, Wang X Q, Sun J Z. Study of target identification absorption and thermal emission by clusters of randomly

based on polarization imaging and image fusion[J]. Laser & distributed  magneto-optical  nanoparticles[J]. ~ Journal  of

Infrared, 2007, 37(7): 676-678. Quantitative Spectroscopy and Radiative Transfer, 2020, 255:
[17] Priest R G, Germer T A. Polarimetric BRDF in the microfacet 107279.

Analysis of Infrared Polarization Characteristics of Multi-Coated Targets
in Thermal Radiation Environment

Cai Wei, Chen Dong’, Yang Zhiyong, Zhang Zhili, Zhang Zhiwei, Lu Gaoxiang
State Key Discipline Laboratory of Ordnance Launch Theory and Technology, Rocket Force University of
Engineering, Xi'an 710025, Shaanxi, China

Abstract

Objective Aiming at insufficient research on polarization characteristics of infrared multi-coated targets, we propose a
transmission model of infrared polarization characteristics of multi-coated targets. In the modeling of infrared polarization
characteristics, most researchers focus on target surface roughness, ambient temperature, different target materials, and
different kinds of coatings, but the comprehensive effect of these influencing factors and the multi-coated targets are
seriously insufficient. In real life, the protection and camouflage effect of single-layer coatings on the targets is far worse
than that of multi-layer coatings. Multi-layer coatings help homogenize the target during brushing, making the target
surface smoother. Meanwhile, multi-layer coatings can independently design the coating type and thickness according to
the coating effect of the target, which greatly expands the application range and functionality of the target coating.
Therefore, we hope to propose a multi-coated infrared polarization transmission model. Based on this model, we can
simulate the infrared polarization characteristics of multi-coated targets by simulating multi-coated targets. Then, the
infrared radiation polarization characteristics of different materials under different coatings and coating quantities can be
studied. This is of significance for the research on new infrared polarization stealth materials and infrared polarization of

multi-coated targets.

Methods The infrared polarization transmission model of multi-layer coatings has two main theoretical bases. First, for
the infrared radiation model of the target, we divide the infrared radiation received by the detector into the intensity of the
target spontaneous radiation and the intensity of the infrared radiation reflected by the target surface. The infrared radiation
intensity of the target's spontaneous radiation is related to the target's emissivity. The higher target emissivity leads to
higher spontaneous radiation intensity of the target. Similarly, the lower emissivity brings higher radiation intensity of the
spontaneous radiation. This is why a large number of researchers try to reduce the spontaneous radiation intensity of the
target by decreasing the target emissivity to achieve low target detectability as far as possible and then the infrared stealth
effect. In infrared polarization, reducing the target emissivity is also a common method. Similarly, the ambient thermal
radiation ratio has a strong influence on the infrared polarization characteristics of the target. By employing the control
variable method, we study the target infrared linear polarization degree under the same ambient heat radiation ratio,
different observation angles, and different coating layers. It is compared whether there are coatings to study the infrared
linear polarization degree of spontaneous radiation of the target at different observation angles. In addition to the
simulation, we adopt infrared linear polarization imaging to study the infrared polarization degree of the target in actual

observation conditions.

Results and Discussions Firstly, we analyze and derive the infrared radiation polarization model of the target according
to the existing research on infrared polarization characteristics. Then, according to the geometric model hypothesis, the
infrared polarization characteristics of the target under the multi-layer coatings are modeled, and the infrared polarization
transmission model of the target under the multi-layer coating is built. By utilizing modern computer simulation
technology, the infrared polarization characteristics of the target are simulated by controlling the influence factors such as

the layer number in the model and the environmental heat radiation ratio. After the simulation, we verify the coatings with
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different layers through the experiment of design control variables. The simulation and experiment show that under the
same coating quantity, the infrared linear polarization degree of the target increases first and then decreases with the rising
observation angle. At the same observation angle, the infrared linear polarization degree of the target gradually decreases
with the increasing layer number. This proves that under the experimental target and the coating, the layer number has a
significant inhibition effect on the infrared linear polarization degree of the target, and with the increase in the layer

number, the peak value of the linear polarization degree gradually moves to the smaller observation angle.

Conclusions We analyze and calculate the reflected radiation, spontanecous radiation, and the interaction between
reflection and spontaneous radiation of multi-coated targets. According to the analysis model of infrared polarization
characteristics of target in a thermal radiation environment, the infrared polarization characteristics of multi-coated targets
are studied. The results show that the coating number affects the polarization characteristics of both reflected radiation and
spontaneous radiation, and the influence degree varies with the coating number. Then, we study the infrared polarization
characteristics of multi-coated targets in a thermal radiation environment and discuss the effects of coating quantity and
environmental thermal radiation ratio on infrared polarization characteristics. The experimental environment is set up to
verify the simulation results, and the results show that the measured data has a good fit with the simulation data. Finally,
the theoretical basis and influence of deviation between measured data and simulation data are analyzed. The experimental

results show that the model is well fitted and the simulation model has good precision.

Key words detectors; infrared polarization imaging; polarization characteristics; multi-layer coatings; radiation

transmission; transmission model
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