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Abstract The Stokes vector measurement error equation including alignment errors of half-wave plate (HWP) and
quarter-wave plate (QWP) fast axes is established. The influences of alignment errors of wave plate fast axes on
Stokes vector measurement accuracy for seven typical incident lights are analyzed. A calibration method of Stokes
vector measurement errors for any incident light is given. The simulation results show that the greater the degree of
polarization is, the larger the polarization measurement error is. The polarization measurement accuracy is selected
to evaluate the system performance when the degree of polarization for the incident light equals to 1. A method for
optimizing the alignment errors of wave-plate fast axes is proposed. When the condition number of the measurement
matrix is less than 1.84, the selection of splitting ratio 0.772/0.228 can minimize the influences of alignment
errors of wave-plate fast axes on the polarization measurement accuracy. To ensure a polarization measurement
accuracy of 2%, the alignment error of HWP fast axis should be within ==0.15° and that of QWP fast axis is
within £0.52°.
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Fig. 2 Measurement errors of Stokes parameters for different incident lights.
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error of HWP and QWP fast axes

D M a7=0 H B=0 I, Z 5 Y i P I 520K 2 A

A“ =A(a,=0,P =1), a4 & 2000
2) M a=0 H. B0 I, FR G {0 U e 2y E oo
AP =A(a=0.8.P =1, (15) 2
3) M a0 H B70 i 355 1 fit 52 00 LS 1 g 1000
A“) —A(a.8.P =1, (16) g 500
S
4 P P R R R 25 Ak K e PR B R . Lo
fﬂu%*%g%*ﬁ ]: 0.2 00 02 Y Tv.
11 ERREEERZENMRML PG R B M 2B A Rk BT, AT R
R G R VR 5 R =M S| n] %0, I 5 50 14 Fig. 6 2-norm conditional number « of measurement
M ) 2-TE B0 AR50 e 2 ST ORI B MRG58 matrix M versus T, and T,
FE O A T BRI A Bl B SR A — R 2.5
re /DN I R Y R 25 X T Stokes K N 2.0
RN, P 6 R N AR e EF T, A s
THEEXR. BT HR R e —1°H B =1 R 5 ol
G B B2 SC T T, AT, WL R . I 6 i
FE 7 AP Gl B R L T,/ T, W) ) i ek 22 5% .
PRSI e 7 55 G DU RS 0oz 72 02"
WA T, f T, kA HWP il QWP Hy R 7 085, 08 Op,
KR 52y T A0 R R T 0 7 BT
SR 9 2900500 26 P BOD T &, . HOWP R R ARG T %0 T, 193
M QWP P 2& iR 22 ALt T ikl Fig. 7 Polarization measurement accuracy of system versus
min/(T,, T =A 55 s.t. (T, T < ks T, and T, under concurrence of 1° alignment errors
0T, <1.0<T, <1, an of HWP and QWP fast axes
A AR RE f(T,. TO=AE 57 RR R — BT L SR 0 =10 BEIA R S B R R

o T,/T, BB &R S8 IR s o8G BE 50 (T, TR AW, AR A R AR R AR, 2 ko =1.84,
NAYH R T,/ T, ih & 5 B MO 2-38 800 2% R D LTI S BRI E R T, =0.772,
HRGAREME R (T, T <k, 0T, <<1,0< T, =0.228, 4 Al B4 L 0.772/0.228,
T.<1, 0.80/0.20 F1 0.819/0.181 (XF [ 4 2% 14 % o0 il

0112002-7



Es i

1.838,1.768,1.837), ¥ Bt HWP Hl QWP ) Pk %l
R 250 B R —3°~3°, i (16) R A 43 K
W T,/ T, %0 Y 2 55 i 3% 0 0K B2 an 1l 8 7 .
M 8 Al AR 0.772/0.228 B £ 48 il 41 5L

/N HWP F1 QWP PRl 25 i 15 22 X 2 58 i 4 0
ORI
W 7,/7,=0.772/0.228
0.5 M 7,/7,=0.80/0.20

T,/T,=0.819/0.181

=3

. 3.0
M
3 -2 1 0 1 37 ~1.5 ﬁl()

) :
B8 HWP Rl QWP el 15 2% 1 £ 1k
Fig. 8 Optimization of alignment errors of
HWP and QWP fast axes
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Fig. 9 AA versus alignment error @ of HWP fast axis

and alignment error 3 of QWP fast axis
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Fig. 10 Polarization measurement accuracy |AP | @™

versus alignment error a of HWP fast axis and 3
of QWP fast axis for different degrees of
polarization of 1, 0.8, 0.5, 0.2 and 0.1
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Table 1 Variation in polarization measurement accuracy ‘AP

B 1000 4R )i R 25 9 Stokes % AR b A
J6) .2 1 AR 2 iR 40 oh F Ge e B B DN RS
JE AP [P0 F R G PR DU RS A (a8, P=
DB HWP Pl 26 98 52 22 o F1 QWP Pl 2% 4 3%
% BMAEKR,

H R 1 ISR 2 AT, 2 6] B A7 HWP PRl e
PR o FI QWP Pihihe iR 22 B i AT AP >
AP | PP R, B GE AP 78 T A R
B 6 LAY, BT A3 | AP | <ofP =0 o 7 0] K5 JiE 45
Fro LI, MRS HFAE HWP Al QWP bl 25 7
A IRERNRIE AP F AP | “PP=D ¥iHE 2%
DL, HWP PRl e 8 952 22 I 7E £ 0.15° 1, QWP it
e AR 25 I FE £ 0,529

SER L H L 2 R b A 1 D B R Sl R A
Z LA A G DR 3R B2 R 506, HWP P il 24 4
W o M QWP Pl 1% 22 8 X It 41 FE ) K5 FiE
AP | BP0 FR AR RS A (a8, P=5%) 1
Ay BIANER 3 FFE 4 iR,

s P B HWP TRANBE T2 25 o I QWP PRAli I8 i 22 B iy A8 4k

@ P=1)

of system with alignment error a of

HWP fast axis and alignment error 8 of QWP fast axis

| AP | @hP=b /%
B/
a=—0.3° «a=—0.2° a=—0.15° «a=—0.1° a=0° a=0.1° a=0.15" a=0.2° a=0.3°
—1.2 3.48 2.96 2.75 2.54 2.18 2.48 2.70 2.93 3.44
—0.6 2.65 2.01 1.73 1.46 1.07 1.46 1.72 2.01 2.65
—0.52 2.56 1.91 1.61 1.34 0.92 1.33 1.60 1.90 2.56
—0.2 2.33 1.59 1.23 0.88 0.35 0.88 1.23 1.59 2.33
0 2.28 1.52 1.14 0.76 0 0.76 1.14 1.52 2.28
0.2 2.33 1.59 1.23 0.88 0.35 0.88 1.23 1.59 2.33
0.52 2.57 1.91 1.60 1.33 0.92 1.34 1.61 1.91 2.57
0.6 2.64 2.01 1.72 1.45 1.07 1.47 1.72 2.02 2.64
1.2 3.43 2.92 2.69 2.49 2.20 2.52 2.73 2.97 3.48
2 REMBNENREE Ala.p,P=D K HWP Peih3 i 22 o F1 QWP Pl i 22 g 9281k
Table 2 Variation in polarization measurement accuracy A(a,3, P=1) of system with alignment error a of
HWP fast axis and alignment error 8 of QWP fast axis
A(a,B.P=1) /%
B/
a=—0.3° a«a=—0.2° a=-—0.15° a=-—0.1° a=0° a=0.1° a=0.15" a=0.2° a=0.3°
—1.2 4.30 4.30 4.30 4.30 4.30 4.30 4.30 4.30 4.30
—0.6 3.85 2.57 2.12 2.12 2.12 2.12 2.12 2.57 3.85
—0.52 3.85 2.57 1.93 1.83 1.83 1.83 1.93 2.57 3.85
—0.2 3.85 2.57 1.93 1.29 0.70 1.29 1.93 2.57 3.85
0 3.85 2.57 1.93 1.29 0 1.29 1.93 2.57 3.85
0.2 3.85 2.57 1.93 1.29 0.70 1.29 1.93 2.57 3.85
0.52 3.85 2.57 1.93 1.83 1.83 1.83 1.93 2.57 3.85
0.6 3.85 2.57 2.12 2.12 2.12 2.12 2.12 2.57 3.85
1.2 4.30 4.30 4.30 4.30 4.30 4.30 4.30 4.30 4.30
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Table 3 Variation in polarization measurement accuracy ‘ AP ‘ @

| AP | PO B HWP Bl PR 2 o A QWP Hedili 1% 2% B 1925 fk

BP=3% of system with alignment error a of

HWP fast axis and alignment error 3 of QWP fast axis

‘ AP ‘ (u.,?.llfs'/;)/%

B/
a=—0.5° a=—0.4° a=—0.1° a=0"° a=0.1° a=0.4° a=0.5°
—2.5 2.43 2.01 0.89 0.62 0.88 2.01 2.44
—2.4 2.41 1.99 0.85 0.58 0.84 1.99 2.42
—1.0 2.28 1.83 0.48 0.15 0.48 1.83 2.28
—0.5 2.27 1.82 0.47 0.06 0.47 1.82 2.27
0 2.27 1.82 0.45 0 0.45 1.82 2.27
0.5 2.27 1.82 0.47 0.06 0.47 1.82 2.27
1.0 2.28 1.83 0.48 0.15 0.48 1.83 2.27
2.4 2.42 1.99 0.84 0.58 0.85 1.99 2.42
2.5 2.43 2.01 0.88 0.62 0.89 2.01 2.44

4 PRI R

 Aa,B.P=5%)ffi HWP PLhi%e

IR o Al QWP PRAINRE IR 2 B AL KR

Table 4 Variation in polarization measurement accuracy A(e,B, P=>5%) with alignment error a of HWP fast axis and

alignment error 3 of QWP fast axis

Aa s P=5%) /%

B/
a=—0.5° a=—0.4° a=—0.1° a=0° a=0.1° a=0.4° a=0.5°
—2.5 2.47 2.02 0.93 0.93 0.93 2.02 2.47
—2.4 2.47 1.99 0.87 0.87 0.87 1.99 2.47
—1.0 2.47 1.98 0.49 0.25 0.49 1.98 2.47
—0.5 2.47 1.98 0.49 0.11 0.49 1.98 2.47
0 2.47 1.98 0.49 0 0.49 1.98 2.47
0.5 2.47 1.98 0.49 0.11 0.49 1.98 2.47
1.0 2.47 1.98 0.49 0.25 0.49 1.98 2.47
2.4 2.47 1.99 0.87 0.87 0.87 1.99 2.47
2.5 2.47 2.02 0.93 0.93 0.93 2.02 2.47
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