Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

EH L AERRRGUEERBIESMIARIRS AN 2 RIRE 757

R ZME ORABE BE KB W Fu kA

Full field of view polarization effect measurement and error analysis of non-polarized channels of space-
borne directional polarimetric camera

Qian Hong-Hu Meng Bing-Huan YuanYin-Lin Hong Jin Zhang Miao-Miao Li Shuang Qiu Zhen-Wei

5| Fi{% K Citation: Acta Physica Sinica, 66, 100701 (2017) DOI: 10.7498/aps.66.100701
1E£6 1513 View online: http://dx.doi.org/10.7498/aps.66.100701
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/110

AT RE RSB E A L&
Articles you may be interested in

T OCL IS b I AR R PR & B2 A TR EOR
Optical fiber sensing technologies based on femtosecond laser micromachining and sensitive films
YyPE2EH%.2017, 66(7): 070703  http://dx.doi.org/10.7498/aps.66.070703

LT AT BL BT IR B A ORI ek f
Research progress of in-fiber Fabry-Perot interferometric temperature and pressure sensors
Y22 H%.2017, 66(7): 070708  http://dx.doi.org/10.7498/aps.66.070708

WE IR AR RS DG £ el o3 A7 QN 38 5 AR RORSff R B A% BT 4L
Phase shift chirped fiber Bragg grating based distributed strain and position sensing
YH 23,2017, 66(7): 070702  http://dx.doi.org/10.7498/aps.66.070702

BRI ZT v P PR Y3 AT LK SRS [ 00 i 8 AR 7 A

Simultaneous measurement on strain and temperature via guided acoustic-wave Brillouin scattering in
single mode fibers

VP 2E4%.2016, 65(24): 240702  http://dx.doi.org/10.7498/aps.65.240702

T 0 o AR ) A S 50 7R Dl 1 BRI

Theoretical research on quartz enhanced photoacoustic spectroscopy base on the resonance in an ellip-
tical cavity

YIH % 4.2016, 65(19): 190701  http://dx.doi.org/10.7498/aps.65.190701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.100701
http://dx.doi.org/10.7498/aps.66.100701
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract69748.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69748.shtml
http://dx.doi.org/10.7498/aps.66.070703
http://wulixb.iphy.ac.cn/CN/abstract/abstract70011.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70011.shtml
http://dx.doi.org/10.7498/aps.66.070708
http://wulixb.iphy.ac.cn/CN/abstract/abstract69747.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69747.shtml
http://dx.doi.org/10.7498/aps.66.070702
http://wulixb.iphy.ac.cn/CN/abstract/abstract68986.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68986.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68986.shtml
http://dx.doi.org/10.7498/aps.65.240702
http://wulixb.iphy.ac.cn/CN/abstract/abstract68374.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68374.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68374.shtml
http://dx.doi.org/10.7498/aps.65.190701

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 10 (2017) 100701

EH % AR RIRAE L AERBEE 2R IARHIRST
MERIxE T

EUDN EMEVY EEBDY RV K
EJOY EHHD

1) (P EERA B BOGE RS BT, S 230031)
2) (P EFBHERAR R, AHE 230026)
3) (P ERE B e b SR AR AR F i %, A0 230031)

(2016 4 12 A 27 Hilk#l; 2017 4 2 H 9 Hik#i&s )

B M WIREAZA B B KRG — € R RIR N, 2 50 3F (08 148 S RS L. RIS 21
JeEE e bR S AR R IR U, S BT O6 RGN IR RN R S AR AT HOUL I H AR R
SERE, RO RN S AR B 1 40 RO AT EAR (R0 B A AR RS IR M AR SR B A R 45 4, TR HES:
A 88 A A T 2 i 0 2L PO S U AR TR AR SR B B Sk e e BR B A TR SR T AN R R
S 58 2= 2R M 6 7R A B8 LS AR BN S5 I e/ —3RedDL & i LA R 79, X 3 il T 4 L 46 (IR 2832t AT
AN ERR, [N XTI IE R bR BT TR, S8k, 0 Hr 7AES 5 EE ) B 2 500 i 22 I3 A ] i 4R 25
NI G R 22, WA A S T T A A 0 2R A 28N IRBIE I . XX AT e 7 LR = e AR sE i, 15 51
TAXER B SR A S e ZE R, HE D5 RSl 2 2 B 22 51 R A E R AN IR 2
BRI 0.4%, 5 A ERIT R E 5% HOEERIT B R AR, BT FE NS AR i 3 44037 P s s A e D L

i R E HIEOE A PR A T AR AR S SR aR R

KERIR): FRIUTI SRS B IR, KA, Stokes-Mueller %[

PACS: 07.07.Df, 07.05.Tp, 42.25.Ja, 42.30.-d

B2 B 3R AL A (spaceborne direc-
tional polarimetric camera, DPC) ' & fy o [ &}
52 Bt 2 O RS BRI 7T B 152 TH A ) ) — P
R A 1 XA W A AR R S I A S 2%, 7]
PASR R SSIE IR S = B 22 H1 B A HR 6 4 A% 15
SRS ERG RE  ACEE 1 fE ) E EER TR AR, XT
PEBEEREECESHOEAGEER P M
R PR IR A G H A — E AW IR N, 7[R
FE 8 559 55 52 1R AS [ 28 Al 41 245 N 59016 23 9 tH A )

DOI: 10.7498/aps.66.100701

RGBT, Sk B MR S o't 38 B A2 8 7 £k
i ELBERL 20, A5 A BE B B AL AN AR P 4 A 1R 25
JS2, ANFIIE NS OGRS, 82 7 58 5 Dl B
BB AN BEARL IR AR A B B ZR IR RN, AT
RS FH B P s g 191

R 2 B HOE A H 5 IR AN AT T
BRI 2808 2 R i 2 R 4
G VAN B vy (B AN | N 2 AN L 21
B JCLT S AL R 2R S Bz B I AT 2 7 A Al I R
8 1 BT B T e e R8N T (AR A E — AL B 25
BB IR RN, 92 R DPC X)) H
PR AR S RS EE, — T3 T A AE BT B Bt 2255 8

* ERBRRFAILG (HHES: 41405037) Ak ERHERE R SCBA 364 (HES: U1331111) BEELMUREL.

1 IH{E1E# . E-mail: honghu@mail.ustc.edu.cn
1 #{E/E#. E-mail: bhmengQ@aiofm.ac.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

100701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.100701
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 10 (2017) 100701

IR B AR RS A 38 62 R gi ke, 53— 7T
FEA S LA B IO T, X 2R 288k
ITFER RN R, EESR Bt RS, T R
SFINE R

DPC ) 158 Sk o 5 B A 2 i H1R RS
FER R, E 8RR P2 R DPC 6 2
TRIREF AT 7RI 1 SEBR A 5%, 480 F R AR 73 BR9E
i 65 78T DPC 4t K0T 9T 1 A i 9% 38 38 1)
ARG IR . T O S B S A R ) S A
Bk 51 S AR D 4R RIS AE A [F) 38 B R) AN 22 A8 1Y), A
e 87 5 K e PR 088 (IR AR I B AR I TE (R
BB WBE Sk AR 208 2 B0 B e s AE T 4t
LA AHE S B 75 B X DPC 3E i 838 1 % 2
REBEAT T T I &  FE AR R IE.

FE DPC Rl R AL IS LR, AR HE DPC )
JE B RN ' % G5 K A R, 5 RS T AR B S B i 4R K
M, PA Stokes-Mueller 55 B 1) 77 N4 H T X 28 AE
PRI T P SR Y R AN s AT A AR AR D
REJIMITEIL R, Bl s i fL TR, $RH TR
Al 30 TE ) A4 0 3 4 Al R S5 0 8 7 %, Rl A i
MR HEAT 707 5, B AT AR T A
F1 S 2D O 25 I S 20 S5 ) B 2 ) Al 22
SXof e SR WU R E s SRS TR T RARSiE, 15
B ) S 25 RIS 1 I 7 VR ] kg B E bR A AR
0 S 2R R L, AEK T T3 A A A2 i 22 1)
Pkl BERAIC. 53 AMTAR 1 1 — il & 77 V5 e b th =
T 2 BN PR ST T8 Bk

2 DPCH¥ %%

DPC 23 RS E B =30 Mk @) Mg
J5 32 O G B S DR AR A (GER ) A
¥ T AT AR A (CCD) #0028 1. VS8R 2 8
J7 AR 3% ¥ 2 100°, BRI 28 BE 51 A 208 e 5l
512 x 512. #HILA 15 NN EwIE, WE 8 MEE,
Forp 3w AR B (R MR BRI SR 3 /MEiE),
5ANAEMR, SA0 1A AR R F SR g HR.
R AR B3 2 2 ) B R I sz B 2, R AY
BRAR (i HR 28R g 3 R 9100,

DPC ¢ 24 85 sk L4 12 /35 85 (20 N i),
Xt DPC AE iR IE, 5k 52N H + HEik
F, e AE CCD M FE, il 1R, KIg M
SO, 58k A R 2RSS, BHA W

Dy ORI ORI 95, XKW T DPC#E
A By AL IR RO B2 1 A A R A

K1 (MTIEG) b RS0 R

Fig. 1. (color online) Characteristics of the optical system.
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Fig. 2. Reference frames and the polarizer direction;
(X0, Yo) for the imaging reference frame; (X,Y’) for

the principal reference frame linked to a single pixel.
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Fig. 3. (color online) Response values and fitting curve

of the central view of the three polarized channel of
DPC.
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Fig. 7. (color online) Calibration experiment field of the polarization effects of the non-polarized channel of DPC.
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Abstract

The optical system of spaceborne directional polarimetric camera that employs an ultra wide-angle lens for its
multiangle, a filter wheel for its multispectral and also its multipolarization capability, a CCD itself for its imaging has
a certain polarization effect, which can affect the radiometric accuracy of the non-polarized channels of the instrument.
The transmittance of the oblique light rays that are incident on the optical element surfaces is sensitive to the orientation
of the electric field, contributing to the linear polarization effect of optical system. The precise polarization measurement
and calibration of the passive imaging polarimetry are in urgent need to eliminate the instrumental polarization effect and
to improve its radiometric accuracy for observation scenes. The non-polarized channel radiometric model considering the
linear polarization effect is deduced in detail by analyzing the instrumental principle and optical structures. Moreover,
the reasonably simplified model is established based on the actual lens characteristics. A calibration method in which
completely linearly polarized light with different kinds of polarization angles irradiates sparsely the instrument within
full field of view and subsequently fits the response in the least square sense, is proposed and simulated. In addition,
the measured relative errors of the intensity of incident light with different kinds of polarization states caused by the
calibration deviations of instrumental principal physical parameters are analyzed and calculated, such as the azimuthal
angle of single pixels, explicit optic polarization rate and low frequency spatial relative transmittance. The actual
instrumental parameter values and their calibration deviation amounts are acquired by carrying out the laboratory
calibration experiment for instrument and combining the least square fitting. Furthermore, the maximum radiometric
calibration relative error caused by the deviation of the physical parameter called explicit optic polarization rate is
calculated to be 0.4%, fulfilling completely the requirement of radiometric relative accuracy 5% and retaining abundant
tolerance. The study provides a theoretical basis and an experimental guidance in high accurately measuring radiation,

calibrating and processing data for the instrumental non-polarized channels with full field of view.
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