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Fig. 1. Optical layout of MSP-SMMIP, P and Py are linear polarizers at 45°, half wave-plates, HWP; and HWP3 have
MSP; and MSP3 shear the beam along x while MSPo and MSP4 shear along y. The single
SP’s thickness of the generator’s and analyzer’s MSP are ¢ and 2t, respectively.

fast axes oriented at 22.5°.
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#1 FANEEE RS, (BE RIS RT3 P ) Mueller JEFERETT)

Table 1. The complex coefficients S, of each channel (including the Mueller matrix elements encoded in the interferogram).

J#IE (n) Sn (summations of Mueller matrix elements) J@IE (n) S, (summations of Mueller matrix elements)
0 16m11 +1 2ma3 — m33 — Maq = 2imog F imsg £ imys

19 M3 — mas F imss F imas 13 —4mi3 — 2ma3 + m33 — maq F 4imig
+2imo4 F imsg F imys

14 —migs — s F imsa £ imas 15 4mi3 + 2ma3 + ma3 + mag F 4imig £ 2imag
+imszq F imas

+6 —m33 + mqq £ im3q & imys +7 —2mo3 — m33 + maq = 2imoy £ imsg = imays

+8 m33 + maq = imaq F imy3 +9 4dmoo + 2maz2 F 2imaz

+10 —2m3g £ 2imys +11 4dmas — 2m3e £ 2imyo

+12 2ma3a F 2ima2 +13 4dmszy F 4img

+14 —4m3z1 £ 4ima +15 —8mia2

+16 —8ma1

F£ 2 WA R Mueller 57 &

Table 2. Resolved Muller matrix elements m;; from the Fourier domain.

mi1 = |Co,ca1|

mi2 = —2Re{Ci5,cal}

m13 = —4Re{C3 cal + C7,cal — C3,cal — C6,cal }
m1g = 4Im{C ca1 + C7,cal — C3,cal — Cp,cal }
ma1 = —2Re{C16,cal}

maz = 4Re{C11 cal + C12,cal}

ma3 = 8Re{C7 cal — Cp,cal }

ma4 = 8Irn{ct7,caul - C6,ca1}

m31 = —2Re{C13,cal — C14,cal}
m3z = —4Re{Cy cal — C11,cal}
m33 = 8Re{Cs ca1 — Cg,cal }
m34 = —8Im{Cy ca1 + C,cal }
myq1 = 2Im{C14 ca1 — C13,cal}
myz = —4Im{C11 cal — Cy,cal}
maz = 8Im{C cal — Cg cal}

myq4 = —SRG{CS,cal + Cﬁ»Cal}

K2

33 channels.

3 AFWET

T B, 5 33 AMIHIE

Fig. 2. Fourier spectra of interferogram. It includes
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BT CCD LWy y IR — & xHh
N = 1024, HMAEEITEIE N e = 12 pm.
B3 AT R, ARSI, W B y O AR R T
T8, A I AU B AR T A B 2, TR
AJ R R F BRI AR R A 4 5 R T, AN IE A
WMEENL = 1/2 = Na/7 ~ 1.755 mm, N
O = 1/L = 0.57 mm~'. FEAU A,
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ma2
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4.1 RURHEEMSH
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Mo B4R B AR LK 2, WA
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SR e PR AR AT YR, PR AT 4 S L AR
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(b) Simulated measurement

mi1 miq

ma2 mzs

NZ
%/l\\

N2
ZIN

o/
/1\

0.2 0.4 0.6 0.8 1.0

K3 (a) BN BAREE; (b) WELSREIE

Fig. 3. (a) Simulated input; (b) simulated measurement.
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Fig. 4. Simulated image of MSP-SMMIP.
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Fig. 5. The correlation coefficients between reconstructed image and input image.
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Fig. 6. Peak signal to noise ratio.
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Abstract

Conventional Muller matrix imaging polarimeter (MMIP) with several rotating elements suffers mechanical com-
plexity, vibration noise, heat generation, and other unwanted problems. To overcome those shortcomings, we present
a snapshot Muller matrix imaging polarimeter (SMMIP) using a birefringent crystal with high extinction ratio. The
snapshot imaging polarimeter allows a single image to be used to measure the polarization of a scene without elec-
tronic control units or moving mechanical components. This new polarimeter combines the technique of Muller matrix
spectropolarimetry with a snapshot imaging polarimeter through using modified Savart polariscope (MSP-SMMIP). It
contains both a generator and an analyzer module. Spatial polarization fringes are localized on a sample by incorpo-
rating modified Savart polariscope into a polarization generator module. These fringes modulate the Mueller matrix
components of the sample, which are subsequently isolated with modified Savart polariscope in an analyzer module, and
the analyzer and the imaging lens combine with16 beams to create interference, resulting in spatial modulation on the
two-dimensional CCD camera. Expressions for interference intensities, optical system analysis, theory of calibration and
method of reconstruction are presented. Finally, the numerical simulation is used to demonstrate theoretical analysis
and the feasibility of MSP-SMMIP. The layout is very easy to calibrate and the reference target is only a linear polarizer
at 22.5°. Moreover, the remarkable advantages of the proposed instrument, compared with conventional Muller matrix
imaging polarimeter, are that it is also simple, compact, snapshotted, and static (no moving parts). Therefore we believe
that the proposed snapshot imaging polarimeter will be very useful in many applications, such as biomedical imaging

and remote sensing.

Keywords: birefringent crystal, Mueller matrix, snapshot imaging polarimeter, optical system analysis
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