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Fig.1 Diagrammatic sketch of configuration and azimuth errors of the polarization calibration unit and Wollaston prism
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Fig.2 The flow chart of the experiments of the optimization approach to determine the azimuth errors
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Fig.3 Experimental platform established for the optimization experiment
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Table 1 Specifications of the main components used in the optimization experiment
No Component Manufacture & Type Key Parameters

1 He-Ne Laser Thorlabs HNL100R 10 mW Power, random polarization, 632.8 nm

2 P Thorlabs LPVIS100 Extinction ratio > 100000:1 at 633 nm

3 QWP Thorlabs WPQ10E-633 Retardance accuracy < A/100 at 633 nm

Extinction ratio > 10000:1 at 633 nm
4 WP Thorlabs WPQ10
Separation angle 1° at 633 nm
Uncompensated Full-Wave LC Retarder,
5 LCVR Thorlabs LCC1113-A
@ 10 mm CA, ARC: 350-700 nm
Liquid Crystal
Thorlabs LCC25 0-25 VAC, Square Wave
Controll
7 Stepper Motor Thorlabs K10CR1/M Absolute accuracy + 8.40'
8 CAM IMPERX GEV-B0610 M-TC000 The size of sensor: 648 x 488 pixels, 16-bit
i A} ~
4 HR5WR
4

NPT 0.0387

4.1 AL FHERERE \
AT SR A AG = OFIAGy = 0911, ARALIS £ o0%8es | |
AT AR TIRA LIRS BB R -22F S ool |
20, HENERME, WA, = ONIAG, = ONm 2 3
. N N . . . 5003855 *
PEACSREA 2 R 56 E (B8 22 HoAth 990 1 56 e 445 1 5
. = \
TEA2T R ), T34h, 5 RAGMAGH L FIRA 3 oo
S - Y > =7 A \‘7 ——
LU R ARRAES R, 5 BB AR S W B L ot | el . o o
B H bR R, RO R T AR 2 T SN ). — EL
v 3 6 9 12 15 18 21

RARACH 1 55, B H 5 oR H0A 31 /N (PR i)
AT, A IR, JF45 B8 Ok 7 VR E
AOLFIAG,. B4R TR FE o B b bR £ ff B 1%
PRI ARAE . A i — B B PR B 2
#:(Optimality tolerance) i & H107S.

FEF 4, H bR R H5E A 25 6 U0 AR AT R I3
AN, SRIE R IEET R B, it 292100k s, — B
AR R R ZEREAEL39T x 1077, fbfz ik,
FI A 2R 45000 B /B A20.03844. AR (A6 748 & & 3
%) B st Y R4 i DA R b e B 45, (A5
HSQPHE R A RAF e sine 71, B siodk FE 4R,
BARA LT AFELO s TE L.
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Step number
B4 eAid R B AR BUE AR L

Fig.4 Variation of values of the objective function during

the optimization process
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HR T LA [F] FOBEAE 16 77 AL iR 25 A G, FTAD,,
Hkss T ARBRZE M TT M (IR, fua)). %8|
0 a3t WL T 408 00 e % R B 8407, T —BE A7
57 £ R 22 10 F00 AR 12 N9.007 ) A% 2, Sz 569 L A
—36.00'2+-36.00". & J5, 4r 45 2 17 77 4 i
ZE IR A (AG] g, A0 o)F S BRI & (AG] 1,
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AGy )P TT TS5 2R, InR2PT . 2 1R 4L 45
RO HE L 5 SLIRAT 2 -1 2 1H.

RN I 25 RAR W, A AL T5 5 AT LA
T W 7€ W8 A 7 BL A iR 22 A B BT A5 R
Af) g Al SHHERE T HINBALAG, A, X2
N e AT TR W R AR B (R (12) 5K R XA
X p ) BIW s B O AR . A SE BRI B A R

WAL TTIENIVIRA 2, 13 B HIA0] p AL, & 5 A6 A
AOL T A AF 23, WA 7R R R 2 R
B (0ot A0 — A6, afTbsy B LR A 22
SN ) AR T2.79 F2.72. Bebh, A%
B B LE B 7 LA 382 22 1 77 (I 1 K 47 160,
KA B T2 P AR HEP CU A iR TT

®2 MUTERENHUARELER

Table 2 Experimental results of azimuth errors determined from the proposed optimization approach

N Preset Simulation Experiment
U @000 (A6s00)/) (A0} 5, AL 5)/
1 (0,0) (0,0) (4.07 £ 1.24,0.76 £ 2.10)
2 (0, —9.00) (0, —-9.00) (5.48 +3.55, —9.99 £ 4.57)
3 (0,18.00) (0,18.00) (5.00 £+ 2.81,20.86 £ 3.70)

4 (18.00, 18.00)
5 (—18.00, 9.00)
6 (—27.00,0)

7 (—27.00,—36.00)

(18.00, 18.00)
(—18.00, 9.00)
(—27.00,0)

(—27.00, —36.00)

(20.67 £ 0.88,19.11 & 1.43)
(—16.57 £ 6.29,7.17 + 8.31)
(—26.52 & 7.59,7.89 + 8.87)

(—27.37 £ 1.16, —32.38 + 1.90)

4.3 FHUBREMEIERESHL VRIS T

AT HEAT 70 F AR 25 55 T v i S B0 i (1)
AR A B, B ST AR E PN TT AL A R ZE A0 FTAO [P
AL FE B, ARG THE S B B AR T S B AR
(AQ/I), A(U/I), A(V/I)), QFERIKF-TT M
Sy EIBREE, UK 5L A5 5 1] L B 41 4
O, VRR B R > IR, o, 0,10, 1
B ON0°, AOFIAO, N —1°F1°45 1k, HAR L 45 F 4
EI5HTR.

MES (a) F AT LA H, MFRA T LA R ZE A,
= 1°FIAG, = —1° (8RB XFQ /T 52 i B K,
HERFA(Q/DIME A3 x 1073, X2 R A EAHH &
J3 180 B PR AN 5 A6 A7 0% 22 0 5 B30I 22 1) s 1 .
AL, A0 FIAG [ 5 A HAO, = Afy = 1°
(Ei—1°)if, A(Q/I)HIMEN—6 x 10~ 7EKEI5 (b)H,

A FIAG, P 7 #B 45 T1°(B—1°) i XU/ ITE 1)
S e K, A(U/IE) B R(EL & /N E 790.0353
(B.—0.0353). 24A0; = 1°F1AG, = —1° (BRI,
AU/ IIMEAE N—0.0344 (8£0.0344). 7EFE5 (),
A0, = 1°HIAG, = —1°(B R 2B, V/IH K
A5 Ak, f) 46 5 E 0.0698. Ak, T RAG 5 AGH
& WA SXV/IF e, BAV/I) = 0. X
B A 22 48 4k, BV IE] s 4% 23 & 18 1R A2 4 & R &
i BL b2y Hr Ry g0, AN J7 A iR ZE A FAG R
Wt Wi S 80a W B R, 7E—1°%)1°48 4k E
WAU/DFAV/DEE I E 10~ 285, K,
5 BT S B 58 A RS T 3o R P R e R o R O
FOVRZERE AR, TR FH A ST I 2 R B /)
I 75 AT AR G b e R 12 ] .
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Fig.5 Influence of the two azimuth errors on the normalized Stokes parameters
5 4 R R SRS o i 2 2 L % 2 A R 2
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Ti AR AL R A, FE53 A BRI AR UL R S PR
DU PAN I3 T X BT AR AL D5 103k AT T BE. 52
B4 R, Z AT AT LSl SR A H R a2 b
BTG R MR R R DY 4 22— R T AL AR
A FIAG,, KEFE A AR T-2.79' F12.72, I HLiL "] LA
71 H T AL AR 22 1R 7 TR (IE [ s 6 ), X0k Bh
TR TC1E 7 f (R AT . IR A, 1% 7 k8 B
B ARAGE BRI . A SR 72 TAE A R AR
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An Optimization Approach Based on the Constrained Nonlinear
Minimization for Calibrating Azimuth Errors in Polarization
Calibration Units
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AsstracT Polarization calibration units (PCU) are critical in calibrating the instrumental polarization
induced by the polarimetry system itself and the astronomical telescope. However, azimuth errors of optical
axes of polarization components in the PCU are one of the main limitations to the calibration accuracy.
To address this issue, an optimization approach based on constrained nonlinear minimization to derive
azimuth errors in the PCU is proposed in this paper, this method has the advantages of high calibration
accuracy and fast calibration speed. Specifically, azimuth errors of the polarizer and the quarter-wave
plate are set as two free parameters to be optimized, and then an objective function for the optimization
is defined by using generated and measured Stokes parameters and response matrices obtained from the
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polarization calibration procedure. Finally, values of the two azimuth errors obtained by the optimization
are compared with their preset ones, and the optimization method is validated in the aspects of simulation
and experiment respectively. Experimental results reveal that the two azimuth errors can be successfully
determined by the optimization, with an accuracy better than 2.79" and 2.72’, respectively. Furthermore,
the influence of azimuth errors on the Stokes parameters is theoretically analyzed. The optimization
method presented in this paper is expected to be applied to the error calibration and development of
polarization calibration devices in solar telescopes in our country.

Key words instrumentation: polarimeters, instrumentation: polarization calibration unit (PCU), meth-
ods: azimuth error calibration, methods: constrained nonlinear minimization, techniques: optimization

55-11



