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Fig. 1. Principle diagram of full polarization measurement.
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Fig. 2. Schematic diagram of the optical path of the imaging system.
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Fig. 4. Block diagram of system calibration principle.
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Table 2.  Calibration results of system transmission matrix.

QWP ME  my, Mo my3 My
5° 0.500 0.44 0.0775 0.225
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40° 0.500 0.0102 0.0577 0.497
45° 0.500 0.001 0.144 0.479
120° 0.500 -0.0574 —-0.0994 —0.487
125° 0.500 -0.00975 -0.0268 -0.499
155° 0.500 —0.269 0.32 -0.274
160° 0.500 —0.352 0.295 —-0.198
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Fig. 5. Comparisons of polarization information before and after optimization: (a)—(c) Aop, AAop, Dop and Dolp before optimiza-

tion; (d)—(f) Aop, AAop, Dop and Dolp after optimization.
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Index
e EAE  didknr fifbis Akt RIS

AAop 1.996 1.7956 4.9553 4.2633 27.7036 24.709

M 3 ] DLk — 2245 B AL T IS AAop BY
0 A AR EZE 2 B AR T 10.04%, 13.96% FI
10.81%, FrLAEALIG AAop A = AN K B LR F 4
TREHTE 10% L L, [AEENEL 5(b) F1E 5(f) F i
WA X Aop 0 FR A BRI 1R B804 AT — 8 S )
DX ) AR SR B B AL, (H LR R X FR.

X F AL T JE Dop #1 Dolp WYXk, 354
Hr Dop 1 Dolp B KA ¥k FE 47 (band of maxi-
mum polarization, BMP)2 45 X35 (neutral
zone, NZ), A iX P43 42 Dop Hl Dolp [El (1)
[ A FF1E. 1T Dop A1 Dolp BOEIEI /3 A5 7E 0—
1 Z[a], BMP i B2 fe R By X 88k, fir A BMP 1Y
25T L BMP H 9886 5 1 1922 (ADopewp 1
ADolpwe ) 1 4 43 Hr BUHE ;T NZ I 9% B2 f /s
DXk, BTLL NZ iR 22504 L NZ H B9 %EdiE 5 0
(1122 (ADopwz Fil ADolpnz ) 1E R4 B4, an k=X
7R

ADopgyvp = 1 — Dopgme, ADolpgmp = 1 — Dolpgye,

ADopnz = Dopnz, ADolpnz = Dolpnz. (14)

R T AR UEEE 9 — 350, SE M Dop il Dolp &

TP R 55 AR ] X 581 ADopewp F1 ADolpewme LA K AH [7]
X35 ) ADopnyz Fil ADolpnz , R J5 =K fif i X 38 Y
5 M brifs, BTSSR ANE 6 PR,

XTEE 6 H BMP DX | S48 | Al 22 oK
FRZE RN 4 Fr 5.

(=) A, (b) ©) (@)

(e) () () (h)

0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 0.10 0.20 0.30

6 4L HTJ5 Dop, Dolp i BMP #l NZ Xt (a)—
(d) H4LHT Dop, Dolp i BMP F1 NZ; (e)— (h) fi{LJ5 Dop,
Dolp Y BMP 1 NZ

Fig. 6. Comparisons of BMP and NZ of Dop and Dolp be-
fore and after optimization: (a)-(d) BMP and NZ of Dop
and Dolp before optimization; (e)—(h) BMP and NZ of Dop

and Dolp after optimization.

F 4 UAkATE BMP R B RUEFEbRRT L
Table 4. Comparisons of data dispersion index of

BMP before and after optimization.
5} ¥l TS
A fifbis Akt fifbis Akt fifb)s

Index

ADoppmp 2.6884 2.5550 0.7496 0.7252 0.0476 0.0359
ADolppmp 2.6933 2.5564 0.7508 0.7256 0.0481 0.0361
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MF 4 FA] AR R EALET S ADopswe F4 . 34
{8 PRSP TIFEAR T 4.964%, 3.255% H1 24.537%:;
117 ADolpenp FEJE  YI(EL ARIEZE IR T 5.084%,
3.357% Al 25.058%. M Dop F1 Dolp AY &l H Al L)
KB, A2 J5 19 Dop F1 Dolp [ BMP A AL HT
B RAR K, WA 5(c). B 5(d). E 5(g) FIE 5(h) H
(1R 212 5 P T 7S

XFF NZ @50, R S48 L R 22 DL &
TR (probility of area, Poa) %5f&kr. HA T NZ
MEAE/N, B LIAETHSE Poa B, K EIE B E A 0.02.
HI, 24 Dop il Dolp FI{E/NT 0.02 B}, 1| Poa
HpE DK A, SRR . XA 6 i NZ Y
15 BE . AREZE | Poa X 4k B ansE 5751

MFE 5 Al LLE— 2545 B4R AL AT J§ ADopnz
R L YME L PR fE2E A BRI T 1.423%, 7.414%
9.4%, Poa &5 T 10.663%; 1M ADolpnz F 4 . 4
{8 ARUEZE M IR T 1.287%, 7.177% H1 8.938%,
Poa #2718 T 9.532%. NZ ) Poa 18 bx i B AL J5
i) NZ B AR AT S 4 v,

4.2 HMHLIE

2o AR B H bR KA K w6 R 1, Q,
UR VU445 L M Dop, Aop, Dolp il Docp 43
MR E 7. B 7 ER Aop, Dop DL M
Dolp #MN8 T 10— Ab B, Ho ) 105 A% 17
—kE 0—12ZME, Q UM VIH—fkE-1—-12Z

# 5 PULRTE NZ B s iR bRt

Table 5. Comparisons of data dispersion index of NZ before and after optimization.

L] ¥ brifEzE Poa
Index — — - "
AL Rias Ak K A= R tail AbfE R4l Rias
ADopnz 1.5359 1.5141 0.0446 0.0413 0.0246 0.0222 31.9377 35.3431
ADolpnz 1.5285 1.5085 0.0441 0.0409 0.0245 0.0223 32.8158 35.9437

0.15
0.10
0.05

—0.05
—0.10
—0.15
—0.20

7 HAr R KB I S REE R EER () fdRIGIRIE; (b) Aop; (¢) Dop; (d) Dolp; (e) Docp; (f) 1404 151; (g) Q4

WA (h) UL () Vet

Fig. 7. The light intensity map and polarization mode distribution results of the target sky area: (a) Polarization intensity diagram;

(b) Aop; (c) Dop; (d) Dolp; (e) Docp; (f) I component diagram; (g) @ component diagram; (h) U component diagram; (i) V com-

ponent diagram.
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[&]. M 7(b) iT LA, Aop EIHIA AT A “oo”
TR, X5 RAMARBIAELAY Rayleigh 1j
S5 AW A, I H Aop BB STFRIEIR .
E 7(c) FE 7(d) T LL&BE Dop 1 Dolp 7/ A5
K AR AR, #1145 8] Dop FI¥IER 0.0914,
Dolp BY¥IE R 0.0911. 7 I8tz 5
IR B B DX AR, 7 2 R BH A (B A/ .

HAEERNE, Hbr K2 X AFLE Docp, [H
SRR EA N HA IEA 1, A Ve Fl7E-0.04—
0.06 Z 1], Docp HUE KA X 07 T BMP i
XFECIEL 7(e) A& 7(1) FTLAKREE: V 4351 Docp 1Y
AR, HABUE RS NMRIFEA A 1, X
T VAR Ol X 0 T 100%, 1
Docp 11 B B DX 38019 o7 Lol 41.89%, W] B & 30
Docp 4R FT V 43 A A 2540

5 &

Al RSk | R B L IR U4y
Z— W AwIR A LU i B Sk R T — B Ak
RAMIRBE AR R, LRGHA 142°0990 Y
S NERT Yty Ik RENSS VSRR IR -5 T i A )
F G Mian INAFAE PR 16 DL 5 52 P 520 1)
], M Cond A1 Det A F1 BEXT Mian HIIEAT 34T,
#+3 T fe/)y Cond FldRe K Det 4514 T A IL A g%
PR, FFHEST T 22 AE B bn ek B, 5 ess AL
FRIR A TR R A1 R 22 2 AL IR A, 74 3 e DL G
Iy Z— WAL, AN, iR Migan | DY 532 —
B R IEIR | AR A RTFDE LERE T TARE, JFIT
J& T AR AY X B S22  F RSD PR 2
IS SCERAT R R, AL )E AR SR (e i
H B RTA TR 15Tt (Rl 4 (i PR SE 56 )
ARSI R 2 B A e IR
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Abstract

Full polarization imaging can obtain more information about target, which has a broad application
prospect in the target detection, researches of atmospheric characteristics, and medical diagnosis. This paper
develops an imaging system of polarized skylight pattern of full polarization for obtaining the information about
full polarization rapidly. Meanwhile, aiming at the problem that the error of the light intensity image obtained
by the system due to the different “behavior” of the system transmission matrix is brought into the solution of
the target Stokes vector, this paper analyzes the condition number and determinant of the system transmission
matrix. Firstly, an objective function is established by combining the three sets of condition numbers and the
determinant. Therefore, the problem of solving the optimal transmission matrix is transformed into a multi-
condition extremal problem. And then the objective function is minimized to determine the optimal angle of the
transmission matrix when the 1 norm condition number, 2 norm condition number and o norm condition
number reach the minimum value and the determinant reaches the maximum value. In addition, in order to
improve the measurement accuracy, the delay components of quarter wave plate, extinction ratio of polarizer,
and the transmission matrix of the system are calibrated. Optimization contrast experiment and outfield
experiment are performed. The entropy, mean, and standard deviation are used to quantify the optimized
results of the angle of polarization, degree of polarization, and degree of linear polarization. AAop is defined as
the difference in absolute value of angle of polarization between the two sides of the symmetry axis to verify the
optimization performance of angle of polarization. Experimental results show that the polarization angle error
after optimization is reduced by more than 10% compared with that before optimization; the error of the band
of maximum polarization and the error of the neutral zone in the degree of polarization and linear polarization
also decline to different degrees compared with before optimization. On this basis, an experiment on measuring
external field full polarization information is carried out. The results show that the system meets the design

requirements and can effectively obtain the sky full polarization information.

Keywords: full polarization information, condition number, multiple conditional extremum, transmission

matrix
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