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Calibration and Error Compensation of an Imaging Stokes
Polarimeter Based on Rotating Quarter-Wave Plate Method
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Abstract An imaging Stokes polarimeter based on rotating quarter—wave plate method is comprised of a rotating
quarter—wave plate, a fixed polarizer, imaging optics and a photodetector. The fast—axis angle error and the
retardation error of the quarter—wave plate are the main error sources of the imaging Stokes polarimeter based on
rotating quarter—wave plate method. The measurement accuracy can be efficiently improved with the calibration
and error compensation. For this purpose, the relations between the Stokes parameters of the incident polarized
light and the two parameter errors of the quarter—wave plate are derived by investigating the rotating quarter—wave
plate method and Fourier analysis method and therefore, a new calibration method is proposed. Horizontally
polarized light is used as a standard reference light and measured to calculate the two parameter errors of the
quarter—-wave plate and then complete the error compensation by substituting them into the corresponding formula.
The experimental results show that the average measurement accuracy is improved from 5.12% to 1.78%, which
indicates that the proposed calibration and error compensation method is valid and effective.
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Fig.2 Simulation results of error calibration. (a) Relative error distribution of fast-axis angle error;
(b) relative error distribution of retardation error
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Table 1 Simulation results before and after error compensation

Before error compensation After error compensation

Value Error Value Error
S 1.0346 3.46% 1.0000 -9.22x10°*
S» -0.0361 -3.61% 0.0000 -5.32x10"°
S; 0.0000 -1.13x107" 0.0000 -1.11x107"°
AS - 5.00% - 5.32x10°°
DOP 1.0352 3.52% 1.0000 -9.22x10°*
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Fig.3 Simulation results of calibration with random noise
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Table 2 Simulation results before and after error compensation with random noise

Before error compensation After error compensation

Value Error Value Error

M 1.0414 4.14% 1.0071 0.71%
S, -0.0383 -3.83% 0.0002 0.02%
S; 0.0040 0.40% 0.0039 0.39%
AS - 5.65% - 0.81%
DOP 1.0421 4.21% 1.0071 0.71%

I BEALIE P, B DR 25 b5 E 45 2R AL T SRR A 1/4 R B PR D7 57 TR 22 R 07 SiE R A R 22
5 R BAE A7 e — 2 1Y i 22, [A] B 3 BOKF 2 IROC AT FE e T 248 St B 1 I 6 0k 22, (H DA BLIN) 4 445
RO AP TR 28 WM R, 15 28 HME2 IS A i 41 00 ek 5 2 A B0 A9 Ak e

0708007-5



S I S

4 SIS ER T
4.1 LW HRE

S 06 2 5 A A AR T FE v B O R AN R bR S A B AN 4 TR, R ELH He—Ne 0L AR IR AY R R4 2
E] 8 0 2% ME EL B A R ARZS T 2% (PSA) B BB M CCD ML R o Horp v BB 4L i A IR A - 1 B B i
B, 1 6 B3 R T b i R S 40 BT i H AT R 1Y 174 D R R [ S ) ARG D 4 R (174 I R R RO
TEJ5); BBIS AT iy HL LA Bl A SBE e , H A9 2 s/ EHR BAR TR s

CCD camera frosted glass PSA collimators filter polarizer attenuator laser
T st i

[l 4 JAS 0 FE v 5D I A8 N Hob o 2
Fig.4 Schematic of the imaging Stokes polarimeter and its calibration devices

TI ARG, He—Ne OG5 H I K K 632.8 nm, Hi I HE KT 1.5 mW, FEfE RAREH AT, Kk ghin
FEL M £0.1%/h 5 25 18] 38 I 25t BB FLAZ R 0.4 %5 5k 20 FY 2 300 B8 AN L A2 15 om AY 4T FL 2H B 762 O 25 A0 4G
i 5 B O EL 3 R 500 1, 174 3 o 29 f e Fr, HORE A A8 R SR B2 S A /300, [ E 7E F Bl ig i & b, g
MRS EE R 5" CCD AL TR E R 14 bit, (2 R RSF 8 4.5 pm, 845 Manta G-609(AVT).

SBURG: D 45 375 ' b O O A AR S SE 3 R GE K- 225 i, 0T LU S 25 ok i E 174 3% v i Dt oy o #8 o fif
L i 45 375 il 5 K Al £ 37 G AE BOFAT BRI AR KO AR R G L VE R RRE S O, T R e R R T e A D
FvE RS 174 3 - DR RE I 2 0°.30°.60°.90° , 120°F1 150075 [6] (K % T~ 7K -2 % ), 16 54N e i ff B
43 1) SR BB — W ' 1 PG, I3 2ok BOHE Ak TR+ A5 B 174 3 R 00 PRl 7 7 7158 25 FURE AV SE IR iR 2%, D) S iR 25
FIMEE T I 7K TS A 41 o 1) 307 4G 5 0 S o e o) A
4.2 ERHH

CCD AHALR A 15 21 (14 6 WG i EIR an & 5 s, B 8 BIE K/ 2 800 pixelx800 pixel, Hi TS5 R 48
T4 - A7 7E — 5 S FVREIE , S 3 G bt BUOGSRANI S B G o R T /N GBS 2 50 XoF 15 25 o 25 SR 1Y
SR G MR AT Ak B, A5 B 9 i UG 0 G S A, B LR AT T — Ak b B TSR B 174 3 5 e
IR 22 R 0.3384° , AV AE R iR 22 00 1.2346°, 5 48 7= R 4R A5 A4 A 37 ZE 3R 245 BE A /300 AT A o

120° 150°

K5 CCD AHHLR AR Ayl i 151 1%
Fig.5 Pupil figures captured by CCD camera

X BB HE v 3 i IR S E A7 5% 25 R S AAM I, 388 5 T B AT B KR i R O B U — e e e i 2 O
i A ] 6 JT 75, 0T I AG D 4R A HE AT 1% 22 b i FAMEE IS LT85 R A1 7 s o X 6 AL 7, AT LA Y dd

0708007-6



L G-
R 22 AR 8 AN T FE s T S it S, 0 o R 2 B U8/ o O T R U M T B R 2 AR I S 00 R B X
P&l 6 & 7 2% 5 46 v i 2 G SR T I (E L TSR A RN R 3 R o R 2ZEAMERT, TG s T S 4 S, .S, .85 47
S5 FRIR (E g 25 4.11% . —2.46% Fl1—1.80% , 5131 15 AR 22 AS 1 5.12% , fi 41 £ 158 25 4 4.15% 5 15 22 42 I L 30
FETL BT B S, .S, S, 5 BG40 22 43 08/ 2 -0.24% . ~0.03% 1 —1.76% , 5375 K i 22 AS Wi /N % 1.78% ,
v I B2 2% 22 k7N 22 -0.22%

SRS R R W] O RGeS0 S, S M AMERCR LU R ] (B XS S8 S I AMEERIUR B 55 L i AL
TR -8 A RZEMES  IFE e T S 5 SAFETE-1.76% (19 5 15 22 , B BCLTH 3 5 40 vl 0, S8 3R
Ge AR AERR 174 05 R DR 5 057 #1152 RURE A, 2B 3R k35 25 22 A1 A LA 1R 25 U5, DT O HE v i S0 Ss i B
R B2 X R T HE T e AR (G AT R 25 A FAME JE A R8N T R 25 4R R T O IR R

1
S, S S, S, -1
P 6 1 22 AT Y I — P30T 46 3 17 2 H L I 23 A1
Fig.6 Generalized Stokes pupil before error compensation
1
S, S 5 S, -1

P 7 32242 JS 1 — ARG se 39 2 i G i 43 A
Fig.7 Generalized Stokes pupil after error compensation
F 3 DR AMEETT S G s 0 S ik T B ) ik 4

Table 3 Average measurement results of Stokes parameters before and after error compensation

Before error compensation After error compensation
Value Error Value Error
S 1.0411 4.11% 0.9976 -0.24%
S, -0.0246 -2.46% -0.0003 -0.03%
S; -0.0180 -1.80% -0.0176 -1.76%
AS - 5.12% - 1.78%
DOP 1.0415 4.15% 0.9978 -0.22%
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