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Calibration of polarized effect for time-divided polarization
spectral measurement system
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Abstract: Aiming at the problems of polarizing effect in short wave infrared and measurement devia-
tion in the polarization spectral measurement system built in lab, a system calibration model was es-
tablished and a method to measure the correction coefficients of the model was proposed, thus the po-
larizing effect was calibrated precisely. Firstly, the main problem of the regular time-divided polariza-
tion spectral measurement system was described and the origin of the polarizing effect was analyzed.
An ASD spectrometer which had a serious polarizing effect functioned as an analyzer according to the
polarization transmission theory. Thereby a system calibration model was established and verified by
comparing with the ideal model widely used. Then, a high precision fitting method of the correction
coefficients was proposed for improving the measurement accuracy based on the analytical method.

Experimental results indicate that the calibration precision is higher than 0. 5% , which can fully satis-
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{y the requirements of target polarization information processing in laboratory. This method has a
great significance for the development and calibration of polarization spectra measurement system.
Key words: polarization remote sensing;polarization spectra; polarizing effect calibration; polarization

transmission theory;correction coefficient; ASD spectrometer

1 ’ H
b o
S , (0°,90°,45°,135°) .
2 e N o 1 R
[4] s
. [5—6]
b
[7]
[8]
o b
’ 1
s o Fig. 1 Schematic diagram of multi-angle polarization
s spectral measurement system
[9]
b
b b
o b
b .
b
ASD o
o b
ASD ’
[11]
. 0.5%, °
2
o (D)
’ H ( 2 ) -
) (Visible Near Infrared, VNIR)
’ H ( 3 )
21 (Short Wave Infrared, SWIR)
b
[10] ;(4)1 375 nm -
b o
, _
b o



2 , 327
o ) o o 3 o
3 ASD
Fig. 3 Dispersive structures of ASD spectrometer
[i2] |
d(sin gr_“sin a)=mA,m=0,+%1, (D
H2xyed ° 3 ( 3.)
, VNIR , , ASD
2 ( a) ’ [}
R 675 nm ,
, . 3(b)
s SWIR s
2 o SWIR1 1 352
Fig. 2 Measurement of Degree of Linear Polarization nm ’ ’ ’
(DOLP) and polarized component of unpolar- 2(a) P o
ized light s
ASD s
2.2
350 ~
2 500 nm. ) - _
’ ’ ASD ,
ASD
, ASD ’
° 3 ASD
S - (VNIR: 350 ~ 1 000
nm) . ‘ ’ 3.1
512 pixel ; ASD 7
(SWIR1:1 000~1 800 nm,
SWIR 2:1 800~2 500 nm), 0,0 () =Re/Ry» R<.R»

R InGaAs

. ASD



328 25

’ 10 €2 :
S 1 1—28 0
, ) . , — 92
MR:RS "27R] 1 2€2 1 O ) (3)
R5+RP RS_RP 0 O O _262
MR:% RsiRp R5+RP 0 1+€§

0 0 —2 J/RsR, ’

R4,

(2)
1+¢ (1—¢%)cos 20, (1—¢%)sin 26,
M s (0y 55 ,/‘t):% (1—€3)cos 20, (1—€5)cos?20, +2esin*20, (1—g,)%cos 20,sin 20, |.  (4)
(1—¢%)sin 26, (1—¢,)%cos 26,sin 26, (1—¢,)%sin’ 26, + 2¢,
M:; () ) 4

S.=1[1 0
ult o,
4

Fig. 4 Principle diagram of polarization transmission

Som:MASD((92 ’EE,A)XMP(Q)XS;“. (5)

ASD [13] Msp .M, (O
1. 1+4¢3 (1—¢¥)cos 20, (1—¢%)sin 26,
Qo :% (1—¢d)cos 20, (1—el)cos’20, +2esin’20, (1—¢,)%cos 20,sin 20, | X
U, (1—e&3)sin 26, (1—ey)7%cos 20,sin 20, (1—e;)%sin*20, + 2,
1+¢* (1—¢*)cos 26 (1—¢”)sin 20 1
% (I1—¢*)cos 20 (1—¢")cos’20+2esin*20 (1 —e,) " cos 20sin 20| |Q |, (6)

(1—¢*)sin 20 (1—¢)*cos 20sin 20 (1—¢,)%sin’20, +2¢ | (U

:f3-567€2 o
\ Ll , =11 +oo,
1: 300¢( 1:10%),
Lo =2 (I+Qeos 20-+Usin 20)[ (e + (1 —ecos 2(0.—0) ). 0
(0°,90°,45°,135°) I s 3 I,
, 0 0°,90°,45°,135°, Q.U . s

I(O) ’ 1(90) ’ I('lS) ’

:2[(1+€§)(I(0> +I(9o>)7(17€§)COS 2(92(1(0) 71(90) )]

I 2 2N\2 2 2
L1+l —cos 260, (1—el)?]
Q:2[(1+€§)(I(()) _I(g()))_(1_€§>cos 202(1(0) +I(9()) >:| (8)
EL(+e3)* —cos’ 20, (1—e3)? ] '
U:2[(1+€§)(I(45)71(135))7(17€§)COS 2@2(1(45)+I(135))]

2L (1+e)? —sin®20, (1—e2)? ]

SO/ ACOR Q) .



2 s 329
R ASD
1
I=1,, + 1w Q=10 — Lo U= —Lass .
D)
L ( ) .
[15]
’ 5
’ ASD Fig. 5  Self-correction mode of polarization spectral
€ 0, measurement system
[i, o I() ’
ASD , S.=[1,00]", (5), ASD
’ ;o 2 2 _
3.2 I out — 4 [(l+€z)+(l Sg)COS 2((9_7 (9)]
(10)
’ 0 0°,90°,45°,135°,
’ €§(A)702(A)\
Z%(A) y I(m/v I(so>/9 I<45>/9 I(135>/9
5; ’62 tf-o ’
(0°,90°,45°,13574 s
5 o 0 Ziatan(l(m/_l('sm/) 52:(1(0>/+1(90>/>C05 292—(1(0)/—1(90)/) fz:Iu»/JVI(g
’ 2 I<o>/*1<9m/ T (I(o>/71<90)/)+(1<0)/+I(90)/)C05 2(92’7 (1"‘8%)1
(1D)
i (<0.3 / ).
° (10) ) 0~62 (92 +TE 1)
; L. =010/25 0~0.—=x/2 0.—3x/2
’ 2 Imin/zsgtf‘IO/Zo
° s ep = Imin//ImaX/’ L= Zlmax//l()? 0, =
3.3 0 (Lnax) o ASD -
; (10) s , )
[0.2x] (A€ (0,231,/4], BE[0.x], CE(0,1)
’ ’ Cvsir==1, Cowir<<1,
0 AQ),. B ,.CQ),

I'=A[(1—C)cos 2(B—H+ A+, (12)
;A:ZE.I()/ZL, B=20,, Czego

’ ’

2=4AW) /1,5, 0,=BQ), &s=CQ),



330

25
s o Newport R 1° R
0.08°, 0.001°, , s
’ N .BRDF,BPDF
ASD o s H
0.3%( ) , Newport
0.16% ( 2 0.5°% 0~340°; ASD
h ), 0. 003, 10 . .
0.15%, 7 o
o POL-
DER [16] ,
4
7
4.1 Fig. 7 Curves of collected intensity for each
6 3 polarization angle
’ ’ , AQ).BQ).CLO
; Newport 8
s s (8),
H - . 9
b o 9 b
ASD , 0.5%,
6

Fig. 6  Photo of multi-angle polarization spectral

measurement system



331

8 ASD

Fig.8 Curves of equivalent polarization coefficient of ASD

9
Fig. 9 DOLP of unpolarized light before and after

correction

4.2

10
Fig. 10 Verification system with light source with

variable polarization degree

Of\,
37%, (670 nm ) 10%,

20%,30%
11

(a)10%

(h20%

(0)30%

11
Fig. 11 Verification result for light source with vari-
able polarization degree
1

Tab.1 Average of relative errors of verification result
2P

5G)/nm (670 nm)/ %

10 20 30

420-1 000 0.197 0. 201 0. 201

1 000-1 830 0.276 0. 183 0.193

1 831-2 500 0.079 0. 046 0. 045
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