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Fig. 1. (color online) (a) Sketch of Savart channel modulated polarization imaging system; (b) the spatial

distribution of four polarized light separated by Savart plate.

Xf (1) FREAT B Hf L A e

F(I) = S Aol fes fy) + g A1 = 2.5y = )
Pt 2 fy 4 0)
b AR (—fe 20, 1)

- 1A23(f:z: +202, £,

8
— A (far £y~ 20)
A —fy 4292, )

BRI AT 3R 45 73 0 AL 7% So—S, 4 & WA, Wil 2 fr
A~ N (fo, fy) FRARARRR; * 90 SR 1
BE; Ao, A1, Agz, Ay 2N So, S, Sas, Sy 8 HL
AR 4 i A 2

H 27 PLE H, 4 Stokes S & A Bl = [H]

AL, FETEE A ER = (0,0), (+02,+0),
(=02, -0), (£202,0), (0,4£202) k7] LLIE M HhF 2
TASOGUE L R, SR E N Q B R DRI A )
FZRHL So, St, Sog AW, i Il B 130 AR 46, W] B
M So—Sy:

f?/

S

So | /N202  Sos

2 (IR0 BT PR AT
Fig. 2. (color online) Spectrum of ideal interference

image.

130202-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 13 (2016) 130202

F{So(z,y)} = Ao(fa, fy)

& Soz,y) = F~{Ao(fas f)}, (3)

F{Si(,y) e @V} = Ay(f, — 2, f, — Q)

& Si(z,y) = FHA(fe — 2, f, — 2)}

% efiQT(.Q(m,y)7 (4)

F{So3(x,y) e ™"} = Aos(fr + 202, f,)

& Sag(w,y) = F~ ' {Ags(fo + 202, f,)} 14777,
(5)

Sa(x,y) = Re[Sa3(z,y)],

S3(x,y) = Im[Sa3(z, )], (6)

Re R/ HUSEHH, Tm R HUE .

3 FERBEATRKRSEEE

PRAEUE LT (i i 2 5 E e AR 1T B, SR TTAE
SEERTELT, PSR 5 SRS LA R A
J3E 38 E 45 ) e 2 3 RS M i P PR 2R AR 5 o LA
e, AR 4G R A ORI 22, D ik B A
KA e AR BLAR T DL 5 B B0 fin 2 I J 31k 2
Ok N9 WS IES

3.1 AETEETIRARE

i T A 1) 7R R AR AR 48— AR AsE P AT i
G RRAR B, X2 S EOES R B L, BIR
B, X LR A BORRAM, B M ff
WA HR AT I i Ik S B ERORIRE.

KAFILRE b B L S BRI, X B
T RLT SRR N T RIE IR P, T
WAL B Z D TN T AR Ht Ik R R

G5, TWRSUTHBREREL. N Sy H
BRSO, HOtiE RN

1
Ts,y = 1|523(m,y)| cos[2m fox — O(x,y)]

— %|523(x,y)| cos[2nfor + 0(x,y)], (7)

HA10(x,y) = arg[Sas(x,y)], I fo = 202. i
WRFESR £ = kfo, (k = 2,3,4---), kRREHM
15 2.

AR AN L VE B N A2 DA T 2% A

1) X A — AN FE A, A FEHESRE 0 2517y
B (Wl 3 (a) Frow), B
1 06(z,vy)

_ > 0
fO m O . = 07 (8)

2) X T AHAR PR AS IR B, Sk 2 (A AN R AR R
Z (W 3 (b) fror), B

1 90(z,y)
2 Oz

Jo+

<fo— (fo + %69(;;’ v) max>. (9)
3) O(z,y) b o LA A I 2m,
00(x,y)
ox

R (8)—(10) N 1Fk > 4 B — X SF 80
W2 D T B AR A A e DR UE SIS A K A TR
. H T AAE f, 877 w5 f, 7718 B, Sas
() AN Z Qg & S1 BN Z Qg, B2 75, B
Qs,, = 20g,, F ISy 2/ Rk B8 AN 4 A 18 5
POP SAGLAINEES X2 %

1 1

Q=0g =% ——
517 3™ Dixel’

0< ‘ ' < 2m. (10)

Hort pixel FRIZ R R, Wil 4.

!

Aos(fa—fo) Azs(fat fo) Ans(fatfo)  Ass(fotkfo—fo)
—fo 0 fo fo fo K fo-fo kfo £,

(a)

(b)

3 (a) Sog —HEILHESTE R, (b) Sos AHABIG B ARG 4 A 7 i )

Fig. 3. (a) 1-D conjugate spectrum of Sa3; (b) adjacent “frequency island” of Sa3.
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N =256 and k = 4.
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Fig. 5. Step of Stokes parameter reconstruction.
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Abstract

Based on the reconstruction of the polarization parameters in a channel modulating polarization imaging system,
the polarization features of the target could be extracted effectively. Considering that the reconstruction of polarization
parameters can provide important reference for target recognition, material analysis, remote sensing and bio-medical
treatment, the research on accurate reconstruction of polarization parameters is now urgently required. In order to
improve the accuracy of polarization parameter reconstruction, we first study the influence of sample frequency of
interference fringes on the imaging process. For the same carrier frequency, conjugate spectra are separated and also
the spectra are not aliasing for two adjacent spectral lines. It is concluded that to prevent the image spectrum from
aliasing, the sample frequency should be at least 4 times the maximum fringe frequency of the polarization interference
image. Then we study Stokes parameter reconstruction method when the spectral line positions of interference image
are changed by assembling error. Since different Stokes parameters are amplitude modulated at different frequencies,
we apply segment filters to split the frequency domain into different regions, and seek for the largest spectrum in
corresponding regions. The largest spectrum in different regions can be used to determine the spectral line position of
polarization carrier frequency, and the two-dimensional images of the target are rebuilt in sequence by the frequency
shifting, spectral filtering, and Fourier inversion transforming. According to the above method, we could obtain an
exact polarization rebuilding image when the line position of polarization carrier frequency is modified. Finally, we use
the computer simulation and experiment to verify the feasibility and effectiveness of such a rebuilding method. The
results demonstrate that the reconstruction of polarization parameters in channel modulating polarization imaging by
this rebuilding method is better than by the traditional theoretical rebuilding method. In detail, the mean square error
between the reconstruction and original input image could be suppressed to 0.001 while the peak-signal-to-noise ratio
is improved and the structural similarity index measurement could be more than 0.9 by utilizing the new rebuilding
method. It turns out that the reconstruction method with great superiority can provide a promising reference for further

research of channel modulating polarization imaging system.

Keywords: polarization imaging, Fourier transform, frequency shift, reconstruction
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