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Abstract  The calibration of the reconstruction matrix for polarization detection affects the accuracy of the
polarization state restoration. In this paper, a detailed theoretical analysis of the reconstruction matrix calibration
problem of a polarization detection system based on metalens is carried out. The selection of the calibration reference
state is discussed, and two criteria of condition number and equal weighted variance are used to select the calibration
reference state. Through the comparison of simulation and polarization detection reduction experiments, it is proved
that selecting a regular octahedron reference state for calibration can obtain a more accurate reconstruction matrix
and have better anti-noise ability.
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Fig. 1 Metalens polarization detecting system. (a) Setup of metalens polarization system; (b) polarization detection

principle; (c¢) scanning electron microscope (SEM) pictures of metalens units
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Fig. 2 Reference state of regular polyhedron corresponds

to equivalent weighted variance
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Fig. 3 Mean error of 18 polarization states after being
calibrated with four calibration reference states

under different signal-to-noise ratios ( inset:

schematic diagram of the positions of 18

polarization states on the Poincaré sphere)
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different incident optical power conditions
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PR i 2% 0 16, 72%.16. 40%. 14. 82% .
15. 81 %6 » 3 FH IE /\ T 44 Kok 107 35 v 285 15 22 B /N SR
XYAR B 48152 22 e K 2) fE AT R hy
73.91 nW LT, 4 FAS [F) B HE S8 I 18 Ff i
P& 0 F B8R 25 4y i A 11 31%. 11, 28%.,
10. 43%.10. 58 % » 1 FH IE /\ T A4 Ko} 17 36 7 24538
ZEt /Ny D FAEA ST ARG KN 80. 75 nW Y IF L
T o4 PR FEMES I 5 18 Fh 4R 28 19 7 B8 2543
WK 5. 00%6.5. 93% 4. 33%.5. 22% » 1E /\ T 7
1) TSR I 15 2 /N 17 L DY TR AR I L 7 T A% g
PSR IR Z R T e H XYAR SEESRHER
JrvE, S SE H (XY AR IF P i 4> 1F /i A >
IEZSTH ) A — 2 i 25 » H: 35 2 J PR 1 DU T R A E
7N TR TOT A X6 17 ) i P 285 T 12 3 2o IR A JEE 1 1/2
WA 1/ 4 PR F-sh o R4S BB IE T T A,
T AL X I ) i 285 TG 1k ol A o B 25 1 % 14 4
/N B A TR KR, il LA B e A6
RAFAY G RE AR L 8 FH I/ TR AR IR i 25 v 1 38 D 1R 22
TRZOINTHE T H L XY AR HE AR E 138 1R 2%
SLISEER ST EAER 8 I, % B R SRR R
G TR AR SCER AT IE R S S A T
WM. BEAS FLR I A5 28 2 T 1) S B AR A R

6 4k 1w

AR SRRl i $ 00 2% 6 ) T RA R o4 ) A T A

FRTRDEE , BIFSE 1 FEMERS A BB o (5 ELXT L T AN [R]
L2 IR A T 3 B A TR N AR 0 M A e 1Y
WRZEFIHIMEFERE J) SR 456 S8 R G HAE 17k
AIRTATPE . S5 5 SEPRIRI R G Lr 575 1, SR IE/\TH
PR S D 1R 25 AE A SN i A5 2 2 1 1 5 0)
LAY EE AR I BAT B PR A RE ST . ISR
VRO T IR AELIE T 2 T 32 B4 I 2 ¢ M
AR , o TV A IRIR I R SRR IS %

s £ X W

[1] Fang S, Xia X S, Huo X, et al. Image dehazing
using polarization effects of objects and airlight []J].
Optics Express, 2014, 22(16): 19523-19537.

(2] Zhang S, Zhan J T, Fu Q,
detection defogging technology based on multi-
wavelet fusion [J]. Laser &
Progress, 2018, 55(12): 122602.
K, BRI, R, 4R BT Z2/NERA BN IR
MEFHRAL]. BOtEth 75 # R, 2018, 55
(12): 122602.

[3] Tyo] S, Goldstein D L., Chenault D B, et al. Review
of passive imaging polarimetry for remote sensing
applications [ J]. Applied Optics, 2006, 45 (22):
5453-5469.

(4] Puttonen E, Suomalainen J,

et al. Polarization

Optoelectronics

Hakala T,

Measurement of reflectance properties of asphalt

et al.

surfaces and their usability as reference targets for

2012006-5



(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

ARIL L
aerial photos[J]. IEEE Transactions on Geoscience
and Remote Sensing, 2009, 47(7): 2330-2339.

Yao T F, ZhuJ, Fan Y, et al. Usage of polarization
characteristic of laser beam in underwater target
image detection [J]. Laser & Optoelectronics
Progress, 2010, 47(6): 061402.

WERHET, Aeub, B, % BOCIRIREEN TOK T H
PRI (T]. WotS50tm gt B, 2010, 47(6):
061402.

El-Saba A M, Alam M S. Polarization-encoded
fringe-adjusted

joint-transform  correlator  for

fingerprint verification systems for high-security
applications [ J]. Proceedings of SPIE, 2004, 5404:
248-258.

Pierangelo A, Benali A, Antonelli M R, et al. Ex-
vivo characterization of human colon cancer by
Mueller polarimetric imaging [J]. Optics Express,
2011, 19(2): 1582-1593.

Qiu L, Pleskow D K, Chuttani R, et al.
Multispectral scanning during endoscopy guides
biopsy of dysplasia in Barrett’ s esophagus [J].
Nature Medicine, 2010, 16(5): 603-606.

Zhang H'Y, Li Y, Yan C X, et al. Calibration of
polarized effect for time-divided polarization spectral
measurement system [ J]. Optics and Precision
Engineering, 2017, 25(2): 325-333.

SR, AW, BEH, SF. R RIS R R 5
RN IE [T]. J62e K% TR, 2017, 25(2):
325-333.

Zhang H'Y, Zhang ] Q, Yang B, et al. Calibration
for polarization remote sensing system with focal
plane divided by multi-linear array [J]. Acta Optica
Sinica, 2016, 36(11): 1128003.

[ SUISE | SCEG L 71 W I 2= R TRV (T E
IR RS RARE [T]. e Ak, 2016, 36(11):
1128003.

Fan H M, Kang Q, Qiu Z W, et al. Polarization
calibration  for

multi-spectral  aperture-divided

simultaneous detection system [ ] ]. Acta Optica
Sinica, 2017, 37(2): 0228001.

TR, RENS, EMUE, 4. ZO6IE o fLAR R R
ARG AR E b5 ik L], L%, 2017, 37(2):
0228001.

Veselago V' G. The electrodynamics of substances
with simultaneously negative values of ¢ and p[J].
Soviet Physics Uspekhi, 1968, 10(4): 509-514.
Shelby R A, Smith D R, Schultz S. Experimental
verification of a negative index of refraction [ ]].
Science, 2001, 292(5514): 77-79.

Pendry J. Negative refraction makes a perfect lens

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2012006-6

5 41 % 5520 H3/2021 £E 10 A/ F2E
[J]. Physical Review Letters, 2000, 85(18): 3966-
3969.
Yang Z Y, Zhang P, Xie P Y, et al. Polarization
properties in helical metamaterials [J]. Frontiers of
Optoelectronics, 2012, 5(3): 248-255.
Yang B, Cheng H, Chen S Q,

dimensional

et al. Multi-
field by
metasurfaces based on Fourier analysis [J]. Acta
Optica Sinica, 2019, 39(1): 0126005.

g, Ak, BRWEE, SF. TR AT R
Yt G (1], Je s sE 4, 2019, 39 (1):
0126005.

Yu N F, Genevet P, Kats M A, Light

propagation with phase discontinuities: generalized

manipulation of optical

et al.

laws of reflection and refraction[]]. Science, 2011,
334(6054): 333-337.

Yu N F, Capasso F. Flat optics with designer
metasurfaces[J]. Nature Materials, 2014, 13(2):
139-150.

LiJ X, Chen S Q, Yang H F, et al. Simultaneous
control of light polarization and phase distributions
[J]. Advanced
Functional Materials, 2015, 25(5): 704-710.

Pors A, Nielsen M G, Bozhevolnyi S I. Plasmonic
metagratings for
Stokes parameters [J|. Optica, 2015, 2(8): 716-
723.

Arbabi E, Kamali S M, Arbabi A, et al. Full-stokes
imaging polarimetry using dielectric metasurfaces[]].
ACS Photonics, 2018, 5(8): 3132-3140.

Yang Z Y, Wang Z K, Wang Y X, et al. Generalized

Hartmann-Shack array of dielectric metalens sub-

using plasmonic metasurfaces

simultaneous determination of

arrays for polarimetric beam profiling [J]. Nature
Communications, 2018, 9: 4607.

Guo Z Y, Xu H'S, Guo K, et al. High-efficiency
visible transmitting polarizations devices based on the
GaN metasurface [ J]. Nanomaterials, 2018, 8(5):
333.

Azzam R M A, Elminyawi 1 M, El-Saba A M.
General analysis and optimization of the four-detector
photopolarimeter[J]. Journal of the Optical Society
of America A, 1988, 5(5): 681-689.

Sabatke D' S, Descour M R, Dereniak E L, et al.
Optimization of retardance for a complete Stokes
polarimeter[J]. Optics Letters, 2000, 25(11): 802-
804.

Peinado A, Lizana A, Vidal J, et al. Optimization
and performance criteria of a Stokes polarimeter
based on two variable retarders[J]. Optics Express,
2010, 18¢10): 9815-9830.



