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Calibration for Polarization Remote Sensing System with
Focal Plane Divided by Multi-Linear Array
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Abstract To meet the detection accuracy requirement of the polarization remote sensing system, a polarization
detection system is used, whose focal plane is divided by multi-linear array polarizers. The effect of the extinction
ratio on the polarization detection accuracy is analyzed, and a polarization radiation transfer model is constructed.
The structure of the divided focal plane polarization instrument is introduced. By combining the micro-polarizer
processing technologies both in China and abroad, a detection method is chosen, which uses the multi-linear micro-
polarizers to replace the micro-polarizer mosaic array. The influence of the extinction ratio of the metal wire grating
micro-polarizer on the detection accuracy is discussed. The polarization transfer matrices of the optical system and
the nonrideal polarizer are derived. According to the polarization radiation transfer theory, a calibration model for
the polarization detection system is constructed, and a corresponding parameter calibration scheme based on the
calibration model is developed, which provides a theoretical basis for the polarizing radiation calibration in
laboratory. The simulation and experimental results show that the detection accuracy of the system influenced by
equipment stability is 0.5% , which can meet the accuracy requirement of the polarization detection.
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Fig. 1 Diagram of mosaic array of micro-polarizers
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Fig. 2 Diagram of polarization remote sensing system with focal plane divided by multi-linear array
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Fig. 3 Diagram of normal incidence of partially polarized light to linear polarizer
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Fig. 4 (a)Design model of optical system ; (b ) simulation analysis result of reflectivity (670 nm)
L] ( , )
R.+R, R.—R, 0
MR(a)aQD) :% RS*RP R, +RP 0 ) (6)
0 0 — 2 +/R.R, cos ¢
((1)990) °
1 €1 O
MR(elaa)asD) :I# € 1 0 ° (7)

0 0 J/1—¢

[10]

A(—0,).A0) 0 )

1 e1cos 20, e sin 20,
R+ RP 2 2 12 B .
Mi(rserswo9) = T |eees 20, cos’20, + /1 —elsin’20, (1 — /1 —¢f )cos 20;sin 20, | . (8)
ersin20, (1 — /1 —¢{)cos 20;sin 20, sin’20, + /1 —¢f cos’ 20,

1128003-4



P target

dercos 20, /1 —el (1 —&) Uy + Iy +1p) + 60 4D[ef —1—cos’20, (el — 1+ /1 —¢l ) Loy — Iy — Ly)

(cu,go) ’ (19])9
MR(01 2 €1 9w7§0),.jo

) S. =011 Q U],
Sou = Mp(e”,0) X My (01 se1sw5¢) X Sins 5 o
5
Fig. 5 Diagram of polarization radiation transfer
(R AR, =1}, 1%, s Sow = My (€. X My (0, 561 w590) XS,
1+¢ (1 —¢*)cos 20 (1 —¢")sin 26

S = % (1 —€")cos20 (1 —¢")cos’20+ 2esin”20 (1 —e)*cos 20sin 20 | X
(1 —¢")sin 20 (1 —e)*cos 20sin 20 (1 —¢e)*sin” 20+ 2¢
1 g1 cos 20, e sin 20, I

e, cos 20, cos’20, + /1 — € sin?26, (1— /1—¢l)cos20,sin26, | | Q] .

e;sin 26, (1 — /1 —¢€7 )cos 26, sin 26, sin®26; + /1 — €} cos® 26, u
( )

9

2
oy
L. = 1

(1 —¢e*)cos 20[e;cos 20, I + (cos®20, + /1 —¢&lsin®260,)Q+ (1 — /1 —¢&i )cos 26, sin 20, U | +
(1 —¢")sin 200 e sin 20, I + (1 — /1 — €} )cos 20,sin 20, Q + (sin*20, + /1 —¢&} C052261>U]}o (10)

{(1+e*)(I4 e cos 20,Q+ e sin 20,U) +

0°.60°,120° 3 , 0 (10 3
1.Q.U , 1.Q.U
Oorient
[ — 4(Loo + I 4 Lizp) (1 — &*) + 44/3 e, sin 20, (115, — Is) + 6y cos 20, (1 + &) (Tgy + Lioo — L) ’

35, (1 +eH) (1 —eH (1 —eD)
Q=

+

U

3. (A+eHE =D A=)

2«/?5&14(91(1 +€2)(€% _1+ m)(llzo _16())
35, (1+eHE—1) (1 —eD¥”?

_ de; sin 20, \/1_677 (€2 — DUy + Iso + 1150) + 3sin 461(1+€2)(1 - \/1_6% ) (Log — Iso — Liag)

b

365, (14 (1 —¢€") (1 —ef)¥? +
4V/3 (1 +e*)[cos 26, (1 —&}) +sin’ 260, /1 —el JUs — i)
35, (14+eH(1—¢e) (1—eh)?? ’
Pmrgm = v (QZ +UZ )/Iz [} Oorient —— atan(U/Q)/29 (11)
JETIND PN AP 0°.60°,120° ., (1D
s €1~ O~ i
Ezo ) s
Ptmget Oorient * v

1128003-5



3 [ I,
I'.Q.u'
I'=1. Q= P LU = el nap,00, (12)
1 + tan® (26omien ) 1+ tan’ 26,
4.2
( ) )
, o 6 .
6
Fig. 6 Diagram of calibration system
I, Gy » S, = I,[1 cos20, sin20,]"., (10
, . L5, (0 »0)
1. (0,50 =
Lo {4 cos 26, [ cos 26, (1 + &) + cos 20(cos’ 20, + /1T — ¢ sin’20,) (1 —*) +
cos 20, sin 20sin 20, (1 — /1 — & ) (1 —&*) ]+ sin 26, [, sin 26, (1 +¢&*) +
sin 20(sin?20, + /1 — € cos’20,) (1 — *) + cos 20, cos 20sin 20, (1 — /1T — €& ) (1 — )]+
e (1 —¢&*) (cos 20cos 20, + sin 20sin 260,) + 1}, (13)
, (DN
. DN N, , DN
0o (13) , )
e € 01 o
(13) , ,
NG, pL 2 I G, i (i=1,2,3),j (j=0
) s 0 )
(14) i
ti; = Ni;/Nio. (b
[13] .
5
, (
) , . , (
) ( ) o )
s , (670 nm) o

1128003-6



( ) Newport , 0.08°,

( ) s 670 nm
o 7 o
7
Fig. 7 Setup of calibration system
: 1) . . ( ) ; 32)
1) O 76 % ;3) ) ( OO ) 1)
. ( ) 34 Newport

s 340° 55) 30 ,

8 o
8
Fig. 8 Experimental data and model fitting curve
, 670 nm 7.97%, 36°,
1/200, an . 0.85%.,
. . ( )
o , 1/300,
0.4%, .
, 670 nm
0.05% ( 0.01%).,
0.1%.,
6

b

1128003-7

;6)



10

12
13

0.5%, .

Gao Ming, Song Chong, Gong Lei. Analysis of polarization characteristics about rough surface light scattering based on
polarized bidirectional reflectance distribution function[]J ]. Chinese J Lasers, 2013, 40(12): 1213002.

, , . 7. , 2013, 40(12):
1213002.
Zhan Yonghong, Liu Qing, Yang Di, ez al. Inversion of complex refractive index for rough-surface objects[J ]. Optics and
Precision Engineering, 2015, 23(8); 2178-2184.

. . . [J. , 2015, 23(8): 2178-2184.
Cremer F, de Jong W, Schutte K. Infrared polarization measurements and modeling applied to surface-laid antipersonnel
landmines[J ]. Optical Engineering, 2002, 41(5).: 1021-1032.
Wang Xia, Xia Runqgiu, Jin Weiqi , e al. Technology progress of infrared polarization imaging detection[ ] ]. Infrared and
Laser Engineering, 2014, 43(10): 3175-3182.

. , . 7. . 2014, 43(10); 3175-3182.
Ratliff B M, LaCasse C F, Tyo J S, Interpolation strategies for reducing IFOV artifacts in microgrid polarimeter imagery
[J]. Optics Express, 2009, 17(11); 9112-9125.
Brock N J, Kimbrough B T, Millerd ] E. A pixelated polarizer-based camera for instantaneous interferometric
measurements[C |. SPIE, 2011, 8160: 81600W.
Diner D J, Chipman R A, Beaudry N A , ez al. An integrated multiangle, multispectral, and polarimetric imaging concept
for aerosol remote sensing from space[ C]. SPIE, 2005, 5659. 88-96.
4D, Technology. Polar cam snap shot micropolarizer cameras [EB/OL J. (2016-02-15)[ 2016-05-10 ]. http://www.
4dtechnology. com/products/polarcam. php.
Tyo J S, LaCasse C F, Ratliff B M. Total elimination of sampling errors in polarization imagery obtained with integrated
microgrid polarimeters[ ] ]. Optics Letters, 2009, 34(20); 3187-3189.
Liao Yanbiao. Polarization optics[M ]. Beijing: Science Press, 2003: 58.

(M. : » 2003 58.

Shi Shunxiang, Wang Xueen, Liu Jinsong. Physical optics and applied optics[M ]. Xi'an: Xidian University Press, 2008 ;
33-34.

. , . ™. : , 2008: 33-34.
Bass M. Handbook of optics[M ]. New York: McGraw-Hill Companies, 2009. 14, 21.
Thierry B D, Yves A, Laherrere ] M . et al. Preflight calibration of the POLDER instrument[C ]. SPIE, 1993, 2553 :
218-231.

1128003-8



