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Influence on Space Target Polarization Imaging Detection Resulting
from Atmospheric Turbulence
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Abstract: In order to study the impact of atmospheric turbulence on the imaging polarization detection of
space targets, this paper constructed a simulation analysis model and focused on analyzing detection
deviations of degree of linear polarization caused by the atmospheric turbulence. By simulating the time-
sharing and simultaneous polarization imaging method, it is found that atmospheric turbulence has
obvious influence on the imaging polarimetric measurement accuracy, which impacts the time-sharing
imaging polarization method more obviously. And the impact resulting from atmospheric turbulence can
be significantly reduced by using the adaptive system to correct partial low order aberrations. For
balancing the imaging signal-to-noise ratio and the measurement accuracy of the imaging polarimetry, an
improved polarization imaging method which combining with time-sharing and simultaneous imaging
method was proposed. The influence of atmospheric turbulence on this method is larger than the
simultaneous method slightly. But the proposed method can achieve a better imaging signal-to-noise
ratio. Then from simulating and analyzing, it is found that multi-frame images combination method can
reduce the deviations of polarimetric measurements under influence of atmospheric turbulence effectively,

especially for time-sharing polarization imaging method.

HEL&WB . HE &AM LRI (No. 2014 AAXXXX072D) ¥ Bl
FE—1EE . THEIE988—), B M W5 A, 2 BWF5E J [a] 2 Hb 3 0 BRI R I % PR Ab 3146 . Email : wangguocong0215@163. com
SIHGBWAEE) : T (1971—) B WF5E 61, 1S, T8 5 1) SRy 25 18] E A 45 0 B2 R 0 Hb 56 755 43 o3 i 4 B8 O 8 A R 45 R 45 Email
wangjianli(@ ciomp. ac. cn
Wi B .2015-10-22; R A A #9.2016-01-04
http . // www . photon . ac. cn

0410003-1



T

¥R

Key words: Polarization; Turbulence;Space target; Telescope;Detection and identification
OCIS Codes: 100.4999; 260.5430;010. 7060;110. 6770

0 3|35

90 32 W N 3 25 W) B AR S0 6B A W 1 O 9k 45
PENE IR R 2 B A B b T AR S DL RCR
FH L H b 55 0800 25 T8 19 JL AT 56 22 A% Ak T 2l A% . 4K Hie s (A
H A HIC O B R L BB R A 1) H AR IR B S B
ST ERAL 2 AR i L A B AR T s ) B bR RN R R A
I3 A G o A

FE] P9 A N 2 2 1) b 9 O B 8000 © A7 358 43 52
B WF5Y , Sancheza SEF| FHEH B kK1 3. 5m Bix 4
Xt ARl 25 A TR HEAT T O 4 0000, IF: B 5 O ik
PRtk af AR B ARES BB R TR E R KRG
Im A% B 5 5 oF b 3K (] 25 %038 T RS 1 47 i 41 08 000 <2
5y, 005 5256 = YA L4 SR AT A AL (H H R E
P AN B N 1 25 TR) B b i 31 00 000 SR T % 2 2l 1R
SEAMRIREE I, X F 25 (8] 5 A5 B IR 3R 200 19 BF 5T
LA 4 1 B . Bush 3 TR T 285 R4
(TAST) B 4j5 HAZ B T JLAS BRI 3 2 18] H AR 1
P 4 PR koK TR 4 6 EL AT ) B A R B N i S ]
FI A5 5 6 D iR 5 7 2 T M G 0 ELAF R

i EE R A% A 2 9 R nT L AR B as ) B A 9 [
1§, T HMRRRBGEN RS, IR AE N E
Tom A i B AG BRI ) A AL B AR B AR (H R R T 2 % &8
[ A (4 B AR R 1000 255 S o 1l % L HE A Ok i H s
GBI 23 5% e 2 (0] B A e PR AR DU ok o B2 B i X
X — 5 W] (1) AH S AIF 5T A 4236

R AR SCH T RS TR R R S R E AR R R
AR PRI (5 FLA AL, 43 A7 T R A T R 2 ) E b e i
B AR FR I (4 52 w0 TR) R BRAT o sk [ BN R K A%
Jr 2R A S 25 T — e i 23 18] B b O B SR
2o AT LA JR) b e JoT P A5 15 M b AR R A3 DA 52 ) T ) g
PR AR IR I VR . 53 SR A (7 B4 B & B, R F 22 it
PG 3 T2 — ol A ALK OIS A= T X O 0 5 6% ) o f
SR (0 A 380

1 EieEMEAETZE

1.1 XKRiHRZNETRiRE HIKE

NI B AR A 2RO BB, B AR 55 &8 4 I
PR CTT LU 43 Ry B e 31 40 52 F0 58 4 3 43 i & Y
i |

I=I1;+1, (@)
K Iy =1A—P) FAE w5 &, [, =IP R 5% & mik
&, P R 2R R F (Degree of Linear Polarization,
DoLLP). 75 A 7% J& KA i Ui 48 2l B 3 3k e Ml ik v /5 7Y
K& %R H

IAJI‘)Z% o I(x) » (1—P(x))+1(x) » P(x) »

cos’ [a(x)—0.] (2
o o) LA IR A L 0. D9 L 4R A 3% D 41 77 15
B R WAt R Y T8GR AL L o 2 i 4R S
MIER R R

L) = S@h(y=2) = 5« D (h(y—

)+ [ D (h (y— o) Jeos’ [ () — 0.1 (3)

SN SRS S E

AH SR A5 2 DR 3L % 8 . % i 6 i 9 25 19
S0 T L ZZ0m DALt R A I A B R O I RO
E SR 45 1 00 3818 A A2 Ak S S B2 Wi =S 1) A i AR B
BRI o B RN R I D T LR R

, 1
[(y) = ?Zlummy—x) + ZIP<1->/L<W> .

cos' L) = 0.]= 3 | F1o(0) + L, +

cos’ [alx) — 0, ] }hxy—x) )

D S 2 RA i A 3R - 5> i I 1815 38 18 2K 1A
0. 2w I 75 1) L i P AR

= 0 A Ak 4 IR 815 0 2 R R 2 AR L
FLAR B3 £5 TH 2F T B [A] i 2RI 076071 1207 =125 fi
3 7 1 (¥ PG, HE T 4 B E bR 00 2 D IR AR B
Tl R AR B T R s M) AR i R B A R I
[ Bt 4 18 A5 7 28T 5 R 46 ) A5 1 o AR A Y ] — A~
s ZR G AT G IR BT o [ I i 4R AR 5 2 2R i
BN H b BE 1 23 HE 2 454> I i AR 180 38 . AT 5
BORRAF M FERRART L 52 K S A5 RS 1 1) e
PR BB AT LU K (5) ok L B

L) = S+ -

cos’ [a(x) -0, ] }h(y*x) (5
A c=1,2,3,6,=0°,6,=060",0,=120°, =il i &
6 PR BUH [H) .

Gy B 2R O FR 15 O 2R 4 = IR E 0° 607 120°
=A@ IR 7 1) B G 2z 05 2 T TR B R 1S
BA I RE M L A MG R A TR A5 P 22, B i A2 %
™A

I (y) =Z{%IL<I>+IP<1~> .

cos’ [alx) —0, ] }hl (y— ) 6

A c=1,2,3,6,=0°,6,=60",0,=120°, =i 18 1&

0410003~ 2



TR S R I X 2 () A i AR S M 1Y 52

B R PAHE. 1. TR R B 7 R 2 U O B4 ST 4
1.2 HRAE FAT D8 7 45 PR B4 2000 Y TR S 14D

R O B 0 M 9 PR 10 200007 3 19 ot o
¢

Inputting image Generating Degraded images of Acquiring polarization
and simulation = random atmospheric[ | different polarization [ information and comparing
with theoretical value

Simulation
cycles>2000

parameters phase screen channels

Outputting simulation
results and
analyzing statistically

H1 ffExEH

Fig. 1 Simulation flow diagram

e A B iR EE Sf HS 4 R ] Zernike Z 31
LB ML A R AR B FE IR 11 T A
T B AR M2 KR i i 5% W s 00 S [R) s 4 3 18 BR, 48
PR TC 14 J 2R B s 1 O I 32 R O i 7 PRI 5
W MR HEAT XS F L A5 S A 41 48 00 O 22 349 16 70 38 J7 AR D
2% (Root Mean Square Error, RMSE) ¥ {H , # 7 2000
WHEE 7 B il 7 Ja5 R AT st e o

RMSE i3 5 H (a) Resolution panel (b) Tiangong
SN iy e e B3 474 R G AR E B A
(i,7) — fUL )
RMSE = Zn /zl LA G 2] N Fig. 3 Diffraction-limited DolLP images
b M X N .
2.2 frEE®%

K G DR £G4 5 R BEAR BAG FB BF 4 B S #E Tﬁ”ﬁ*ﬁ?{%f# ro =0. 1m B 5514 F 15 B 45 B fh
MG, AR E. P B AZ AR I 3 i 3 O o — 2 RR EAT 3 BT, = IR

sk > 1%X¢@E/‘thﬁ*ﬁ{igﬁﬂgi@ﬁ*EfE(Root Mean Square,

HIEHE
2 HEHAERSH RMS) 43512 1. 65344, 1. 88764 F1 0. 86982, ic #E J& HY
2.1 {FEEH S U T 4 T 4 4 i P %

Dr B B A G 2 B sk 1. A AR KRR A
A i 1R R P Y 2%ODR A A 0 LK RS TR 2 i
A PR 1 i 9% 2 PRI 45 4 3.
x1 TEFHEXSE

Table 1 Simulation parameters

Atmospheric Focus
Aperture P Grid Wavelength
coherence length length

m 0.05~0.25 m 48 m 256 X256 800 nm

(a) 0° channel (b) 60° channel

(a) Resolution panel (b) Tiangong (c) 120° channel (d) DoLP image
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Fig. 2 Simulation images of target Fig. 4 DoLP images under influence of atmospheric turbulence
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Fig. 8 Schematic of the improved polarization imaging method
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