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Fig. 1. Working Principle of AOTF.
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Fig. 2. Retardation change with modulation voltage

diagram.

2.3 EEERIRAIGIRN R

BT LCVR ATAOTE 9 B AL 3, ATt
I AOTF S8 3EJE FH— A LOVR 2L ) A
CCD HAg B i 6wl 4 f H% B4R B R0 3 77 &8, =
FHeEE BRI 3 FTR.

3, Ly ALy U S H b5 — IR 8%

F AOTF, Lj Al Ly A S8 3K 1 AT5 657 |

TR B A CCD & 3 BT b, R 04
TG, KPS AOTF AR R B AT J1, R4 CCD1
R 1 AT O D9 IR T T Iy iR £ D RO,
HARAE CCD2 1 —1 AT 5 6 A m IR T7 18] 3 o il
2w ARot. 8w AR BRI B AR S 3% S R4 5 i
ARG Stokes SRR RN

Sin - (50751782753)T7 (4)

Sy, S1, Sy 1S3 K Stokes Z & K144 &, W5
Stokes Z & [ 7€ X, So NG H w0265 EHE,
Sy AR 7 A KPR B B AN IE RS 7 TR ke
RFEAYH, S MR T IS 45° A1 135° AN IEAZ J5 )
DGR ZEAE, Ss A AN e R m AR O 1) i 2
{E [13].

Ly

|
|

Ee7p

AOTF

LCVR

B3 i ik g e E
Fig. 3. Full polarization hyperspectral imaging

schematics.
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Table 1. CCD imaging for different phase retardation.
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Fig. 4. Diagram of the polarization hyperspectral

imaging system.
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Fig. 5. (color online) The relative error of each Stokes parameter: (a) So; (b) S1; (¢) S2; (d) Ss.

4 TR E5HE

BAVIEBEAE E R BA M 27, X% 5 2 AR AL
RGUHAT T EHbRE. Bk, BN AR
LCVR, & & AOTF 5 51 9k 2h 48 1 i A< 18] & 4 10
nm PFSEREN, SREL T AOTF+1 AT 24k
IR TE EARERE, S5 R B AR s B 6 (a). R
F B AL B AE ENVIA.6, 73 HIFEEL T B4 iim
T8 1 GOl G RS 5 x 5430 T E R,
A — AL 5 75 B R A R FTE 6 (b).

HE 6 (b), AOTF£1 AT I E A 5E
SAHEEI, DA B AL BRI 250N LA S

N T SREUE — 6 RS EIE () 43 Stokes B &, I
i, JRBEFEHLEER B LCVR, AOTF ¥ &y H A7 X
B ECR AR F) % B A R K, DR LCVR B4
AN TR AR AL 18 1 £ 8 1 2 BE PR FRATT LA 600 nm
B R G AT BAR it 8. JEEL6 (b)), £1
AT G AT I 02 53 0 N 37.3% 1 34.5%, 4G
LCVRA MAFIARAL SN # 8 fRsm B, AR (12)
A, RAE1S 34358 Stokes SR UE 7 Frw.

140702-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No.

14 (2015) 140702

s

0.5

0.4}
0.3}
0.2}

o1l /

550 600 650

B /nm

500

0
450

K6 (a) Hirdzs:; (b) Bt

Fig. 6. (a) The scene of target; (b) spectral of the wall.
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Fig. 7. Stokes parameters of 600 nm: (a) So; (b) S1; (c) S2; (d) Ss.
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Abstract

In order to achieve all Stokes parameters of spectral image with high spectral resolution, high spatial resolution, high
polarization accuracy, high signal-to-noise ratio and good stability, taking into account the orthogonal characteristic of
+1 order diffraction light which diffracts from a acousto-optic tunable filter (AOTF), a new technique of full polarization
hyperspectral imaging is presented. It uses one AOTF to diffract the incident light, one liquid crystal variable retarder
(LCVR) to modulate the light retardation, and two CCDs to image the 1 order diffraction light, respectively. According
to the Muller matrixes of all optical elements in the system, the basic working principle of the new technique is that LCVR
sequentially provides the retardation 2m, 1.51, T and 0.57 for each spectral channel, so the CCD obtains corresponding
images. After analyzing these images, the all Stokes parameters are obtained; the precision of this system for polarization
imaging is determined mainly by polarization modulation device LCVR. Considering the azimuth of LCVR fast axis
and retardation precision at the same time, it is unveiled that LCVR has no effect on the accuracy of the first Stokes
parameter, and the relative errors of other latter 3 Stokes parameters are less than 0.064%, 0.31% and 3.97%; then,
our prototype system is used to do the outdoor experiments in a summer sunny morning, images data for 26 spectral
channels with spectral bandwidth of 10 nm, which are from 450 nm to 700 nm, are acquired, the imaging quality is
very fine. Firstly, LCVR are not assembled in our prototype system, and AOTF works in the sweeping frequency mode.
The spectrum from each CCD proves that the diffraction efficiency of AOTF =+1 order diffraction light is not completely
the same, and the difference must be considered in polarized image processing. Then another experiment is done after
LCVR has been assembled. The image data of the incident light of 600 nm are taken for example to discuss its all Stokes
parameters in detail. The results show that the principle of the new technique is correct and the new scheme is feasible.

This study provides a new theory and implementation scheme for the polarization spectral imaging technology.
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