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Analysis on fogging performance of infrared
circularly polarized light

Zeng Xiangwei, Chu Jinkui, Kang Weidong
(College of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Sensing in scattering environments, such as fog, poses a serious challenge for infrared systems.
Circular polarization is of increasing interest due to its potentially superior persistence in fog. Circular
polarization imaging is one of the ways to avoid fog attenuation in infrared waves. Fog attenuation in
infrared waves involves complicating interactions of scattering and absorption. The mechanism of circular
polarization’s increased persistence was theoretically expounded; it was proposed that circular polarization
depolarized slowly due to the randomization of the photon’s direction and the randomization of the
helicity. Then, circularly polarized light was less affected by scattering. Optimal detection bands of target
detection in fog were selected based on the mechanism of circular polarization’s increased persistence and
the atmospheric radiation spectrum. Optimal bands were selected which were 0.78—-1.1 pm, 1.48-1.56 pm,
1.63-1.86 pm, 2.03-2.18 wm, 2.39-2.5 pm in the SWIR and 3.6-4.15 wm in the MWIR. However,
the circular polarization imaging technique wasn’t conducive to improve the fogging performance in the
LWIR due to the optical absorption ratio increased. Finally, the characteristics and the development
direction of circularly polarized imaging in complex atmosphere were summarized.

Key words: IR shielding; circular polarization; fog; band selection

s B 8 :2017-04-10;  1&3T H #§.2017-05-20

E&WH . HEARRFES(E51675076,E51505062 , E51305057 , E51321004)

EE R A (1990-) , 5 A4, EE N FLAMm IR 7 R 958, Email: zengxwl63@163.com

BRI 2 (1965-), B, #d% AR SR A FENFEE AL 5 AL RS LA 555 T BRF5T . Email:chujk @dlut.edu.cn

1204002-1



TNk TAE

% 12 4 www.irla.cn % 46 &
Qabs:chr_Qsca (2)
0 35 § K x=2malk,a HERHILR N AWK ;a,

BEHART 1z 2 T M 8 A | K higg
FLZS L R AFGU,  H T30 RN 4 7K 55 X7 20 ARG 1Y
FEWGEE/NTRIOE, 204MESE hRETE i £ 4 B
AETRIH, W FE 2 N L1505 55 A
BLARZSXF LT GIEATIA — 2 W L S 35 TR
BHLAHNRG TAERE KRR, XTI R G
Ik RETE RO RS2, WAl 42 £ AP RGEAE 55 R
INRE 2 H AT R AR AP () 8, 38 V) 75 L3 EEE T
(AR L BB RGeS 21 A RGeS MERE It — 28
2TV, BRARCTE S HP ALt EA O R B PR D Ay
M, R DS A 2T A MIERE [7) ABLR L T R

2012 4, 55 [ 25 ZE3Rr AR AR 25 B FL MO T 5% 3
B . B PR 6 28 35 2= 25 B AT R4 04 DAl 1 150 A1
FRPEREALERE AR | HAGS SRR B/ X TR0
BUNS T HAR, B IR BSR4 A SR B R4
I FH TS B O i 2 I 4 AR il B 2140 R S
A BB AT A = £1 40 R G AE S5 h I R ) e 9
H A, A 5 RIS o3 A0 A UL ARG | 7 Jy T AR X 5K
Bro FHEA EE A S SR X,

1 EXFLLM LR IR R AL 5 4

55 2 B PR TR AT b T 25 ST R 12 TR A K i

UK R —FP AR R GE, o Tk F BRI 4 H Ak

PSRN 3R K 25 3 BT 55 X EL ARSI 1 1

MR . K55 55 I BRI AR Lo B #2) HOR

PSS GG BT, 38 R ] Gustav Mie UGS

S T K S5 R LLAM G R . £LAM G K

S5 G AR AR AR 20t 225 Z AR,
TSR , 53 BT BN S5 X LT MG i E A

LLAMGIGRIS F I, PR R RE R AR B S

T TSR, 0 70 W 55 R WA AL ST DGR3y I 8%

O exi=Oseat Qans (1)

A Qo HICRR T Qs A BT OEH 75
Qups WBMUFEICH T, £ Mie FUHFIE RS .

Qw=f—2 > [(2n+1)Re(a,+b,)]

Qm:% Y [(2n+1)Re(la,*+1b,1%)]

b, RTS8, it — SR G C,  HIUM R
T C e FIECHRTAT Ce 9

-
Cou= 2 Y [(2n+1)Re(a,+b,)]
2"“' n=1

XN o
Ciu= om ; [2n+1)(la,l?+1b,19)] 3)

C=Coi—Cyo

IR HTRIAL . 55X 1AM B Y R e IR
AEURERER, B 55 ki A 56,

1T 25 T RF 43 A A 389 0 55 35 JF R IR 38 A8 R
¥ R AL KAk 34 o U G2 5 S i
JE A ZH 4G, Van de Hulst™XF 714 5% R 1~ Fg Ui 71 Ot
K A7 3 LR

MR m-D)<<1,n'<<1, 2wa/X>>1 Bn-1-in'I<1,
2ma/A=1 B, 55 AT YERCR B F Q.. RIS G
HF Qs KA T ITH .

0,.,=2—4e " EOSP ¢in(p—B)—dex
p

2 2

08| cosp-2py+a| B | coszp )

—dxn’ —4xn’
e e -1
Qu=l+ o+
2xn 8x°n

At p=2TL (n-1) tanp=

"1 R AR R ok

A n—
5 STH A TR, x= 2T

TEWUR FLLAMHOG I K 1.55.3.5,10.6 pm, 53
Mros kit ST ROLIE 1), W58 & B 4%
TR DG KBTI, 55 T8 X6 I 04 3 i
JRE, TSR A RE SN GERA YR
IS UEAR] it ZSE DN -3/

3.5

3.0} a
25t
2,00,y
15 Hi
10
0.5

0

T S EESREP ALY PSS

Fig.1 Relationship between droplet radius and extinction
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Fig.3 Contrast of circular/linear polarization propagation in fog
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