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Abstracct

Abstract

With the increasing demand of optical remote sensing information acquisition,
many researchers are deeply studying polarization spectral imaging technology. This
technique can enrich the target characteristics and increase the accuracy of target
reconstruction by obtaining two-dimensional spatial information, polarization
information and spectral information of the target. Therefore, the technology is widely
used in natural resources detection, environmental change detection, military target
detection and other fields.

Spatially Modulated Imaging Polarimeter (SMIP) is a kind of polarization spectral
Imaging technology. By inserting a spatial modulation module into a conventional
imaging system, SMIP can measure the target's all-Stokes polarization information, and
obtain the target's spectral information by frequently changing the filter and half-wave
plate in the structure. SMIP has the advantages of no moving parts and real-time
acquisition of dynamic targets. SMIP was first proposed by Japanese scholar OKA, and
then the structure and data demodulation algorithm were optimized and improved by
domestic and foreign scholars on its basis. Although SMIP technology has been
developed for so many years, there are still some shortcomings in SMIP technology: (1)
Due to the half-wave plate inside the SMIP system, there will be installation Angle error
in the process of installation and adjustment, which leads to the introduction of
additional phase delay in the system, resulting in the decrease of the accuracy of
polarization information demodulation; (2) Because there are half wave plates and filter
plates in the SMIP system, in order to obtain the polarization information of different
target bands, the two wave plates need to be replaced frequently, which greatly reduces
the detection efficiency; (3) Most of the polarization information demodulation of SMIP
systems adopts Fourier frequency domain filtering demodulation method, which will
bring the problems of channel cross talk, high frequency loss and demodulation noise

in the demodulation process, and reduce the accuracy of polarization information
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demodulation. At present, these deficiencies of SIMP greatly limit the application of
SIMP system engineering. Therefore, in view of the above shortcomings of SMIP
system, the following main studies are completed in this paper:

The structural optimization of spatial modulation polarization imaging system is
studied. Due to the existence of half-wave plate in the structure of the current space-
modulated polarization imaging system, the installation Angle error exists in the
installation process, which leads to the introduction of additional phase delay and the
reduction of polarization detection accuracy. Therefore, the structure of spatially
modulated polarization imaging system is optimized and improved, and the structure of
spatially modulated polarization imaging system based on two Savart polarizers is
proposed. The new system structure removes the half-wave plate in the SMIP system
and uses a Savart polarizer that changes the optical axis and a conventional Savart
polarizer as the spatial modulation module of the new system. The characteristics of the
improved Savart polarizer in the new system structure are analyzed and the theoretical
modeling of the new system structure is given. During the demodulation of polarization
information of the new system structure, different filtering functions are used for
different Stokes channels to improve the demodulation accuracy of the new system
structure. Using the proposed polarization imaging system based on two Savart
polarizers, the Angle error of half wave plate installation is avoided, the difficulty of
installation is effectively reduced, the cost of instrument development is saved, and the
peak signal-to-noise ratio of polarization data demodulation is increased by 2 times.

The spectral detection ability of spatial modulation polarization imaging system is
studied systematically. Firstly, we learn the structure, the principle and the algorithm
for restoring spectral image data of computational tomography spectroscopy. Secondly,
SMSIPTSP and computed tomography spectroscopy system are combined to obtain a
Spatially modulated snapshot computed tomographic polarization imaging
spectrometer system. On this basis, theoretical modeling of the new system structure
and calculation of the parameters of key components in the system are carried out, and
the data demodulation method is introduced in detail. Spatially modulated snapshot

computed tomographic polarization imaging spectrometer system can obtain the
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polarization, spectrum, intensity and two-dimensional spatial information of the target
through one measurement, which makes up for the inability of the spatial modulation
polarization imaging system to quickly obtain the target spectrum information. It is of
great significance to the engineering application of spatial modulation polarization
imaging system.

The spatial demodulation algorithm of spatial modulated polarization imaging
system is studied. the theoretical modeling of SMIP system is re-established, and the
demodulation problem of the polarization information is transformed into the problem
of solving the underdetermined equations to find the optimal solution. In order to
improve the accuracy of solving the underdetermined equations and suppress the
influence of the solving algorithm on the noise in the iterative process, twist-TV
algorithm was obtained by combining TV regularization algorithm with TwIST
algorithm. Twist-tv algorithm has the advantages of high precision and fast convergence
to solve the polarization information of SMIP system. This paper puts forward the
solution of underdetermined equations of the airspace demodulation method to make
up for the Fourier pressure impulses domain filtering channel crosstalk and high
frequency losses flawed, at the same time, the complexity of the airspace demodulation
algorithm is not high, the airspace demodulation polarization information of the spatial
modulation of polarization imaging system demodulating peak signal-to-noise ratio was
improved 3 db, polarization data of spatial modulation of polarization imaging system
of high precision is of great significance.

This paper is proposed based on two Savart polariscope spatial modulation of
polarization imaging system, a spatial modulation type calculation tomographic
polarization spectral imaging system and the airspace demodulation method, the spatial
modulation of polarization imaging system in the simulation analysis and experimental
verification, and push the spatial modulation of polarization imaging system is of great

significance to engineering application.

Key words: Imaging spectropolarimeter, Spatial modulation, CTIS and Processing

algorithm.
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Figure 1.3 Structure diagram of polarization spectroscopy imaging system based on AOTF

and LCVR
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Figure 1.4 Schematic diagram of APS structure (a) external optical diagram; (b) schematic

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



BRI 02 18] 1 R TSR AT R RO 3 B BRI 7T

diagram of optical devices
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Figure 1.5 The interference imaging spectropolarimetric system based on MPA
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Figure 1.6 Schematic of optics layout of the static Fourier-transform spectropolarimeter
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Figure 1.7 Schematic diagram of the structure of the intensity-modulated polarization

spectroscopy detection system based on the Sagnac interferometer
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Figure 1.8 Overall diagram of the external optical structure of the DPC
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Figure 1.9 CAPI two-band stand-alone shell diagram (a) the VNIR module; (b) the SWIR

module
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Figure 1.10 Schematic of lenslet arrays imaging spectrometry
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Figure 1.11 Imaging Optical System Diagram Based on Compressed Sensing Theory
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Figure 1.12 Schematic of computed tomographic imaging spectrometry
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Figure 1.13 Schematic of Computed tomography imaging channeled spectropolarimeter
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Figure 1.14 Schematic of coded aperture snapshot spectral polarization imager
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Figure 1.15 Schematic of Sanapshot linear-Stokes imaging spectropolarimeter
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Figure 1.16 Schematic of compressed channeled imaging spectropolarimeter
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Figure 1.17 Schematic of Channeled compressive imaging spectropolarimeter
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Figure 1.18 Schematic of spatially polarization imaging system based on wedge prism
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Figure 1.20 Schematic of spatially polarization imaging system based on modified Savart
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Figure 1.21 Overall route of the research
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MAK 2.5 /LA, HIpRE E R4 G im ) pul2 — % ek, Rk
NEwIR =

5=0,-5,=mx/2(m=1+143,.) (2.6)
HFHARE,, E, WAEIRIEMASE, R

E,, =E,, =E, 2.7

X y

WA 2.3 R
E;+E.=E; (2.8)
AT 2.8 ATUAE H, M, MIpKRE E K2 G Frfim Rl — A5, 3
il oA B m R . R A 23 o 2 sin@d)>0 ,
5=6,-6,=rl2+2mr(m=+1+2,..), Ft, HFFKZ:

E, = E,, cos(r+ ;)
E, =E,, cos(r+6,+7/2)

(2.9

AR 2.9 YW E, FIMGLEE E, KI5 212, R, WATBRZ VAR IRG. [
Z, 48in(0)<0, §=6,-6,=—x/2+2mz(m=%142,..), A FHIKFR

E, = E,, cos(z +0,)
E, =E,, cos(z+06,—7/2)

(2.10)
W E, MIARALEL E, REEHT 772, X, SRATFRZ N2 i B 9= 06

2.1.2 fmiRFehyfmt
T R IR, ENAMEE IR 2 M7k, T UM i 47 i) 2
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iPIZEp

2.1.2.1 IR EE

R4 R — AU MK T M 4R R 5 ST,

E[g} E, e
= = i (2.1
E, | |E,e”

EAP RO B R R, A R REIRIEE RAMEAER, AT
PRI IE — Ry T . K3tk B kAT 01k, 230 2.11 FRE Y-

_ E 1
E=—% .

ER e, =By, 1By Ay B x BGIRIEE . OB A

S HIRE, BTk R R X 5E e Ye i T RE . JUR B AR 2 1 B
K, W 2.1 Fios.

R 2.1 R IR KB RE

Table 2.1 The Jones vectors of the typical polarization states

{(EERNTS E
HRE S x M7 L or
LRt HRES y HirTAT [0 1

i RES x ke (0#1r/2) cos@-[1 tand]'

T L il /2
[ {1

A [L -] /2

2122 HiftmHhkE%

Wrtse i (Stokes) KERHANKEE BEMLICEAIDEEARIRS, 5
B R R AR e 2 MIROCA R, it o R ReN R E RIE G Rk
& WIERALXOAR, Bt k& A ZMEERA, KRt
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SR B SRR IRIERIRIE T,

2 2
S, E.+E,
E2—E?
s—|>|o| BTE (2.13)
S,| |EE +E,E]
S - * *
3] |i(EE,-E,E)) ]|

ERF S, ZERO BB, S, ZREE KT MR B E BRIk
BRDEEZE, S, 2RI 5 Wik B 45 Wik BIRDLEZE, s, 8%
e el fw ik o B S AR Ik > m ROz, E M E, AR IRIRIGKTAN
BHEREE, (AREE WAMIEI S8 2 R 5 &3 2 ok R 1

SZ>S7+S;+S;2

(2.14)

RN IR GE, ERES RO ACE T LR LR R IR RS B
e ksE, Wk 2.2 s,

R 2.2 ARSI TR E

Table 2.2 The Stokes vectors of the typical polarization states

TR 2 S
HIREYS x #FAT [1 100
2 it RS y WFAT M -1 0 O
Rz RES x ksl (@#tr12) | [1 cos20 sin26 0]
Fe e L0O0 -1T
[58 f 1 :
e LoO 1]

DGR i R BT 70 FR) O 5 R AN Ol 9 B ) PEARLAR H Dy i 4 P2, AR R 5
W R B W IRE P RIEN:

5 SE+S2+S]

(2.15

IR eI, WIRE P =1, oMkt mMikZo<p<1, HR
PRI IRIRE P =0

20



o5 2 &2 [A) R G R R AR AR AR AR T

2.1.2.3 FMBKE

FRINER A FA AT = AR AIR S 1) BRI, BRI AN 7 0 Ff B 06 R AT A
PRI RIRAS, XA AR BRI ERZ AL E . Rk, BRI E—AN 8
AR — MRS, BRSNS R RE DI RIRS, WE 2.1 Bios.
BRI y AR A, w N ARNEIRIRE P, TCe R o i el 2 58
AW, Stokes JKEFNFINEREA T K &

S 1

S, P cos(2 ) cos(2y)

s, |~ ™| Pcos(2)sin(2y) (2.16)
Ex Psin(2y)

R A 2.16, W LAEBIFRINER R A 4 F 157

a) FAnEkEkOAL, P=o0, RETEIMIEL;

b) HUMBREREATE — &, P=1, AREEMWMIRE;

o) FIMERWAEE — 5, o<P<1, REHHMWMIRN;

A FIERIMER — £, P> 1A LBRMPIHEE .

FINBRTT LA | 87 B 5 AT R AR A )8 PR IR, AR AU IE R R M 7
FErp, AT DR B E R R R IR S B AR

B 2.1 FRInERoR = A

Figure 2.1 Schematic of Poincare sphere

2.1.3 F2¥N%ERE
JER KRR = AE SV AR I R A4, N 1 B R X, 8
KARBEFERE (Muller) RER. BEFEFEE A 4x4 SCREpE, HREAN:
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My My My Mg
m m m
M = my, 11 12 13 (2.17)
My, My My My
My My My My

PR FERE AT LLSE B0 IR A AT Hi R
(1) 2w AR B R

LI A — P R SRR TR, TS B A R AR RO, FRMEOE S R
gt b S s BCE A e o O T B AR RIR S4TSR LT Rk T 1A )&

RN 1A 0. EEH AL N o FIEEAEZL ik i KRB # A FER R N
1 c0s 20 sin 20 0]
c0s260  cos’20  sin20cos260

0
sin26 sin20cos20  sin®26 0
0 0 0 0

o N URP SR iR 25 A AZ B R

&%

1
MLF,(6?)=E (2.18)

(2> P IR EAER
6 JE (038 P S N W TF 50 53 B 2 80 7 A S e [ R AR AL, 328 i 2
DI E IR A 10 B 1. S B P BRI DU 95 . R S T S B o
TR TR 0« AIRLIEIR T o KIS F IR S R RN
1 0 0 0
0.0)-| 0 SO 20) +CO(p)SIN*(20) [1-cos(p)eas(20)sin(20) ~sin(e)sin(20) | (2.19)

10 [1-cos(p)]cos(26)sin(26) sin?(26) +cos(p)cos?(26)  cos(28)sin(¢)
0 sin(g)sin(20) —c0s(26)sin(p) cos(g)

2.2 AR RRESHRMRAR
HAT, V2 P miRls SARMEOR, X B AR R A4 LR

2.2.1 EHEREH B RIRIRNE A

FsF [0 8 1) 25 e PR DU A 2 B At R O IR IR B A, LS R AR T B, &5
B E A 2.2 fos. AWE 22 ATLVEY, ZRGEATHE 17— Mk
PRI E A5 ) D A5 55 D R Py 328 Y6 Sl R 77 1) @ e PR A AT %, 2 Py i D1
Ti 5 RGKFHR AN e i, RMERWEERINIE RS Stokes K& [A4AE AN
TR RN

I(g)z%[80+81c0523+823in 2¢] (2.20)
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CAMERA : INTERFACE -
INSTRUMENT CONTROL )
DATA FLOW
[ -

ROTATING POLARIZER PROCESS AND
RETARDER SENSOR HEAD CONTROL SYSTEM

B 2.2 B I 37 1) B i R 2R 4 B B 2

Figure 2.2 The overall schematic diagram of the time-modulated polarization imaging

system

JiEBe e Fr £ 001 60041 1200 =L, FRI A F3RAG =MW IR 2 10 1 )
& RERI_EARAF I = MR RS BRI RS E I SRAC 52 A ARV Stokes K&
PRI RERE, AR

2
So :§(|0°+|60°+|120°) (2.21a)
2
Sl:§(2|00_|60°_|1200) (221D
2
S, :E(IGO"_llZO") (2.21¢)

XFF H AR SRR G, BEFRAR A 00y 45°, 90°. 135°PY/ M &t mT A
JER, XA TR T .

BT RS AAEMIR T, BT LOZ 7 E RAT DO 2 il 73 & o s i o 2
15577, 4y B RAIR BRAS R G NN AR AL X 18 58y Af4 (17T 4 R4k R VAR ot 2B IR 25k
BEUE 3RS H AR HFE T i S B I &), 720 & H bR Stokes KB MRS S, 1%
JIE T EAWR R R F, TIN5 2] Stokes KT A RE MRS S .
2.2.2 FIEEH BRIRE SRR A

ST 1) 2L AR A S PR DB AR 1A% O A2 AT IR 5, AH A B3R L B i A 44
Jis o P HRAS [) 5 P2 PRI AR ZE AR 25 5 Al &5 S Ae) Je o 1 8 o 2R i % 15 S PR DU %
S8 RIS, 250 SR BN 2.3 Fs . SR EARAR I 2 2 AR A A 38 25 1
HE B ST R B, R ARAE S T ) s O,
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+181(a){exp[—i52(a)]+exp[i52(a)]}
1

+§ exp{ i[6,(c o)]}

1. . .

+§S23 (O')exp{ll:5l(0')—52(0'):|}

l

-5 8x(0)exp{-i[5,(c)+3, (o) ]}

1

55 “(o)exp{i[6,(0)+6, (o )]}

Hrf, s, (0)=8,(0)+iS, (o), *RAMWMEIYL, 6,(0). &,(c) NHMIER
RO IEIR B S R A R RAE BRI AR A, 5 e 22 2 — X
BT, NEIE BRI WIEE R, X U T E B A e, LR R, 7
B b, HARPRIRAS S L B F AR AL, KA R A (I8 (5 23T
JEWE S AR B IR e, GRS RIS R IR R BT R B W IR(E B . AN 2.22 i
AT AR, A

D(L)= DO(L)+Dl[L_(Ll_LZ)]+D—ll:_L_(Ll_LZ):I
+D,(L-L,)+D,(-L-L,) (2.23)

+D,(L-L)+D,4(-L-L,)
A, D D DAIDMREAFMEAME, L =an(co)d,, (j=12), dRRH

(2.22)

FDZIEIRIESE,  An(o) AAHALIEL A3 A RIS X S R A 2 {H . X a3 2.23
B3 TE R IR AT A B i 300 AR A5 B e e R B IR S 2, A

Sy (o) =2F"{D,} (2.24a)
s@);% (2.24b)
o)=Re 8]:-1{[)} (2.24¢)
S,(0)=R [exp{ i[6,(c)+6,(c )]}]
o)=Im 877{Dy) (2.24d)
53( ) [ [exp{ |: ( )+§( ):|}:|

T I ) R IR A5 B AT AR BAT S 0 - BENS SEIN RAS B A = b v
KEMIKGR, WHMAFAIZIEHRATE, AR R MIRCE 2 HE%.
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)
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] 2.3 {5 B A R AR 2 g ]

Figure 2.3 Schematic diagram of the principle of polarization spectral intensity modulation

detection technology

2.2.3 SRERERESRMEAR

N T SRSy I R A A SR 5 AR i S A5 21 iR 45 J2 BB s, SR
A ANTF A B B S P (RIS S H ARdE AT I &, 20 IR 2 O A5 S PRI B Jé
Ak, HaitEEanE 2.4 Frostiels WK 2.4 aTRLE Y, 50 A 58 B3 PR i DU &
I ARG NI 2 A R (] UAR B, X8RS RO A
=W, RO N 1 IR AR IR & E o D RIE R IR SR SR
FE 77 I R PR A5 S PRI BRI Aik ARG MoK, P LUE R A5 2 1 i 2245 73
Iy 2 i 15 2 A BARAH R o

R 3% 2 \\1---.2.5 N
eRER2 ‘*-\_L oo N“é‘\'\?‘-\\-‘
i \L‘Ii‘ jif it
(60°) e
}/{}1“‘ Krimas1 (09
*"J: | MERER T fERLo ) oot
¥ Fo3: £ 4 ~I =H
# > g J
HEHES v e~ .

T kw233 (1200
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& 2.4 SHIRIERIREE RS R A

Figure 2.4 The diagrammatic drawing of amplitude divided polarimetric imaging system
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ARSI FE IR A 22 8] e 1) L AR (5 AR BOR, H i 28453 21K /& H AR Stokes

KE IR B R, DA AR D 2 TR 1) B IR AR A o AR RENS S 1 3R
WHbR SR EEN A BT RESHNAERBT, KHZI7 AR
P SR, 75 EAEE S, RO, H2 ] DI R G aifyit
AT PR BT AR DR b ) R o 2 T T ) R A I F AR AR (R4 o 23 TR IR A B, A P 22
(1) 1l A R 5 xS H A i HR 15 S BRI o B3 LA i IR A5 S R0 77 3R A 5 5 sk

AN 2.3 FiR.
R 2.3 fmRfs BIRNBARM GRS X
Figure 2.3 Advantages and disadvantages of the polarization detection techniques
PRI LA W=y B
PR A SN2
P T EIENSEa (e g
AT FAAEIG B AR
SEI 4T
it o B AR 523 M
BB
SEIN PR 4F GER R %
A AR I V) R A R SR v
SEIN 4T
2% ) 1) 2 puniE7SUBURES - $il
BB

2.3 == [ENEFI B RIR IS BRI R
2.3.1 ZEEH B ERE A

LA R B R T CASE R

2% [ 8 1) 2R A I PR AR G e - Y OKA 3, )
t H AR AR TR BAE B . LTIy 2 IRME . Gl i i AL S5 O R R
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ARG, HHEAWRBUNG, Sirfa s, 255 LBEE IS o 825 18] i 2 Ik R &
girh, G R R EE, ERRARS MR R E SRR ST
22 (R AR 4 BBEAR BRI R, (HA2, T BUER BiAF E BUR i, 15
TN TR AR G AR AT IR 3 A, BRBBIE AR B A TR T 2 3 Jl A 6 Bl
A AR WAL (I DLAE, RGN, IFE GO A AR BT
FEfIC Stokes SR EMRTAMIAEEE . KL, OKA %5 A SCK iR Savart {6 55 4E A i il
fEge, AT HIEAREE, LL Savart fi ot By 22 8] A H AR K 2R S 15 2 R vk
FEXT T B, HIERARE L N AZARAGIR S . Bk, ASCANALL Savart (652
(] YR R B 1) R AR B

2.3.2 ET Savart (RILIR=TENEH MR & R 5 EH RIE
2.3.2.1 Savart fRFt5E

RPN S A R i, 2 A — R A S — WG, IR H
X o R A SR AT S s A (H, TR B AT O A IE NS B &%
[ PEA B, P A PTRFESER AT G, X PTRITS R AE 2wk, I
JE 7 A2 G HREFR A o ) (ordinary beam) , 6 HRALFE T 1A SUE TR Z A e
(extraordinary beam) , IXFPINGHR XTI R BB, 4nlE] 2.5 from. % ) 5+
PR A RHE TS AR AR Juditds, anR b iy RAEAE — AN T 1l e, 4
FORR O Ll d A

0

\
\
\

Bl 2.5 WHTH IR

Figure 2.5 Double refraction phenomenon

JCERHE NSRS, IR I — STt . G ATEE A AL S ROt 4L
JRAT TR O AR, A RSO 5 OBk BT T AR Oy P U
THARA, IS TERmMESK, o 6 e LHEANFTA, BN et
FENSTHSN . BB EAT, X o0, ERICLARHE A2 Snell 375 EH,
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R RESRSTT A5 P HER; T e ot ERDEERAME AW L Snell &
I RERSIT FAE T TN
(1) Savart i)t Be FRRe A BY U) BT

AR SCRITRIE S R 22 e A A R O s AR R T A% 0 A2 Savart (DG, Savart i)t
BiAZ HH TR 1] 57 A1 o (0 s AR BEAR A Ji o — RO AN F ] Savart SR, £ Y HEHS
BTV R M R ——o0 el e o ZAPIADGM Savart WSS G, Al Al 12 1]
SAFAE DRI BIYIRE A, BEABTUIR IR/ S AN A RIR/N . Savart fli et
TR <. FBARA o JERIARMWIERTT & Snell I @, LAk T FIANDEG I
BAE S . e SRR WMBARTE Snell Frif e/, HPELTT M FOCEALHETT
I, H e YR AR5 7 175 A RT R =F 3Lk Ik,
S AR e YEICER AL RE 7 [E it R] LATHSRE A 1] BT DI KD

B 2.6 e I LRALIETT )

Figure 2.6 The propagation direction of e-ray

b7 B 1 Savart AR, NI 0 — SO TR AR, SR
BT ] e SR T I 2.6 FEn, [ OF R dkotsior i, Ok
N e SEPIER T, 05 Ny e LT . T e YA AL Snell F7H 5,
BB e T A -
nsin(i) = n_sin(4,) (2.25)
ERA SRR, 0, & SRR AT A, DA . 0 1
85 G AR BT A 2, L3k 2
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n, () = - — (2.26)
\/ne cos®(0) +n’sin®(0)

b, n NPT AR o SCIIFTIT R, NPT S ARFTRHE) e Je i i

2, o RN e CBHEL T 1 5 BB HI KA A 2.25 RAEI A 2.26
i e, BriRison:
1 1 1 1, cos’(0)

n?sin?(i) n2sin®(6,) 'n? n?’sin*(4,)

MK 2.6 1, FATTATLAE Savart SR A IRDCHIR BT e SR L R B 7R
2SR

(227

BJVJ\LIV:cos(ﬂ)ex+sin(ﬂ)sin(a)ey+sin(,6’) cos(a)ez (2.28)
OK = cos(6,)ex +sin(6,)sin(p)ey +sin(6,) cos(p)ez (2.29)
o, a BOGHFIE S xoz FIHHIRA, p A e MR ETFEY xoz ¥

R A o AR R B TR R G 2R, @ DGIRVA 2R R B AN il % B 1) SR A W] LA g
cos(0) = OK -OW
= cos(f)cos(6,) +
sin(f)sin(a)sin(6,)sin(p) + (2.30)

sin(f) cos(a)sin(6,) cos(p)
= cos(/) cos(8,) +sin(B)sin(6,) cos(p— )

N T AN, AT AL HHAT R sin(0) &bF, W25, LS
2.
cos(@) /sin(6,) = cos(B) / tan(6,) +sin(L) cos(p— ) (2.31)

tba A 2.27 A 231, WTUARIL EAEMARN RE, Hik, KA 2.31
RANAT 227, Gidtifi, AR 227 BN:

11 +(i2—i2)(cos(ﬁ)/tan(ee)+sin(/3)cos(p—a))2
n-sin“(i) n;sin“(6,) .

_ 1 1 1l 1,cos 2(B)

= e2(tan @ +1)+ (n )(tan “0) (2.32)

0s(/)
an(é,)

N TR AT, BAMS e AL, KA 232 o — L R HUT — L i

+sin®(p) cos® (p— a)+2 sin(f) cos(p—«))
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BT, 4
1

= (2.33a)
tan(6,) !
P =n’ cos®(B) —n’sin*(B) (2.33b)
1 1 1,.., 2 1
=—————(=--=)sin cos“(p—a)—= (2.33¢)
T S Aeos’p-a) c
1 1
C==+ (—2——)cos () (2.33d)
ne nO
1 1 :
D= (F _F) cos()sin(f)cos(p—a) (2.33e)

WA 2.33 PR REARAN A 2.32, WAK 2.32 B A:
A’C+2AD-B=0 (2.34)
2229 B—ADon— kOGR4, TATFHEERMEZTTRA S A E,
flRAEER S AN, X AR 2.29 KiE, &EHRAN1752]:
(n? —n?)sin(B) cos(B) cos(p— a)
nZsin®(B) +n’ cos®(p)
{no{ne (no sin (ﬂ) + ne cos (ﬂ)) -
[(n; —ng)sin®(B)cos”(p—a) +
(ng sin” () +n; cos® ()’ sin® (i)}"}
(n?sin?(B) +nZ cos®(B)) nsin(i)
ERPR A S C AR, ETERW e R AAT IS, FH et
BAEEAT S APMETHR e JOLERRIMLIE R E RN EfET, e OLERE, Ot
PR BN IAADGE =3 3Lk, B, A h KA.

cot(6,) =

(235

0S = 70K + A0W (2.36a)

B”é‘g“i‘v”\‘i =C0s¢& (2.36b)
u >

oS =1 (2.36¢)

Horb, &N e YO ETT A SO e A, AR AT & T o FHFAEINT K &
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n2
tan(c) _ Ny (2.37)

tan(d) n’

BA 2.25 AR 226 FRANA 2.34, &5, BH:

cos(&) =1/ \/ (:—g tan(9))* +1

(2.38a)

:1/\/(:—‘2)2(1/ (cos(8)* —1) +1

e

_ nZcos(é)

n? cos(6)

(2.38b)

2

n’ n_j : -
o cosw)l/J ()" @/ (cos(0)" -1 +1

n2
A= cos(g)(l—n—‘;)
: (2.38¢)

= (1—2—‘;1’ J<2—‘z>2<1/ (cos(0)" 1) +1

W EIR AT, &G, e WLERRERRN:
(\%‘ =S + S + S, = (7€08(6,) + A cos(B))ex +

(m7sin(6,)sin(p) + Asin(B)sin(a))ey + (2.39)
(msin(6,) cso(p) + Asin(p) cos(ar))ez

ST e & REZ G, NHAEHETH o BB KRE, Hinl LISH
BE A N PR AR R BT D) R FEARIR N, o Y e R AR I SRT & Snell 35T 2,
HAEdikR, otk E e I REILM, HI o LK ERRN:
0J =S, +S, +S,,
= cos(r,) ex+sin(r,) sin(p) ey+sin(r,) cos(p) ez
He, r N o BRI A, Wi nsin(d) = o, sin(y), MK 2.6 TLEH, HAL
M [e) BT U & ] PLR IR N

(2.40)

A:‘E)Lg—gj]‘ (2.41)

BARK 239 AR 240 RAAR 241, & Fsin() @ik, HREEN t

) SRR A 1] BY D) N -
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_ (n2 —n?) cos(ar) sin(a)

- tcos(i
n? cos’ (a) +nZ sin®(a) W

o . o (2.42)
[(n cos®(a) + N’ sin®(a))*? —n—o]tcos(l)sm(|)
NS AR/, B R BT E L
_ (n? —n?)cos(a) sin(x) (2.43)

n? cos’(a) +n?sin?(a)
Hor, n R o SRR, o s e JEIATITER, t N AR R L,
a PPN S xoz “FIIIE A . X T H M Savart I e8i, o = %, At

2
0

BRI AR ARG, e MBI DI R RN A=

2
e (o]

(2)  Savart f)tHEDEFE %

HOHLRY Savart fCEIAGE AT, H A B R HUE A F A Savart KRG
MR, 55 3 Savart AR A G T A AR 58—t Savart ORI FIEAZ . 24
—AROENII, FLAEEE BB N T VIR 0 YA e JEM RO, XD I
KEIRBIT AN, AR5 BT P APAT 3271, PO —E R
REF BV A5 B3 T8 Savart BURFDEHES 5 BURBOLRNERS, A RE
PR AEAT, D, FE SR B Savart iR N AN AETEHR BT, HUZ IR 0 SEAS N e s
Ji e AN o s, —HOGAIL WAL Savart ' DGR AR AN E] 2.7 .

r ..-"';. _,_———"__.-_;;D
.-v'/j | " .
P po | A
——8° Q e | =
- —_ -
! = -
A = —

& 2.7 Savart fYEEE & HAR N BELRER

Figure 2.7 Change of light in each single plate of Savart polarizer
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n, () = n,(8) cos(O) (2.44)
M 2.6 fJLAE H, Savart AR o Y6 e Y= AL B G FEZE RN N:
d =n,(0)-0S —(n,-OJ +n IN) (2.45)

Horp, N ARG E IR IGRESE, IV R S AR MIE 2.6 Fim— k.
JIM Savart B4R ST BT 20628 5 ABPLETAT, FRLL, SR 7 Rl bR

UL

ﬁ = cos(i)ex +sin(i)sin(p)ey +sin(i) cos( p)ez (2.46)

TR 1 Savart $AR, AEHUST, /S ST IR A
35 =05 -0J
=t(tan(r,)sin(p,) —tan(r,)sin(p))ey (2.47)
+t(tan(r,) cos(p,) —tan(r,) cos(p))ez
FIRER, N SR EEAT DS R A
wn  Js.JH
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Figure 2.8 Schematic diagram of spatially modulated imaging polarimeter
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Table 2.4 The state changes of shear beam

et QiR LigERsY ERERSY ARERS
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Table 2.5 The complex amplitude changes of shear beam
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SP1 & E, E, E, E,
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SP2 #i E~N2/2 E,N21/2 E,N21/2 E~2/2
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Figure 2.9 Schematic diagram of lens focusing imaging
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?, ﬂ(f f) (2.52b)
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Oy 1 f .52¢
2 AX Ay
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(S T3 R0 TS YA W
I =U(x,y)U(xy) (2.54)
YR 2 TR mIREEAN AN, IR AR E, BT TR R

= % So+ % S, [ei("’f%) e (P es) :I + %[st [ei(%*%) _gi(es=02) :| +S,, [e—i(ww/a) _g i) ]]

1 1 i2200y) | aci2i0(ey) ] Lrar [aidax a0y i iteny
_ESO-I_ZSl[e te :|+§[823|:e —€ }+323|:e —e ]]
(2.55)
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Hr, S,,=S,+iS,, S, =S,—iS,, Q:l_fo

(2)  FE T HLIH AR 2 B B A R g i

SR FH 08 B P A 45516 2 10 5 900 2 T 1) 3 e b AT B iy, 38 R e ml A
BVERR A 4F RG8, B 2.10 Piow, BEARGH =E878, 205 umn B 54l
VRN BAR B 2 o AR A FE I 2 TR ] 7S], g B BE M o M Ak 10 £ L AR
B A S R, R RO SR AR, A R ALAR R AT AR .

t(x, y)=exp{—j%(x2+y2)} (2.56)
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AR

37



BRI 02 18] 1 R TSR AT R RO 3 B BRI 7T

MiEGA AR RREA

B 2.10 ZEIFHIRIRRE RS 4 HEREE

Figure 2.10 Schematic of the 4f of the Spatially Modulated Imaging Polarimeter
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_JT(XIZZ+yt22)

Uy, (X2 Yi2) =V (X2, ¥ip) - € 2t (2.58)
H, (X, Y,) BRBUR R A G FIALhR, U, R BURSRART s A iRiE .

2257 AR 256, 1520

ka2

it FT{U,,(X,, ¥1,)} (2.59)
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geid A A HIR RN, AT IRIE & T IR RATS, SR B AT AT R IE S
[F1) e 1A R 14 30 AT IR R 5 RN

J'L(sz‘*'ylzz) k
H . . X
plkd: o7d, 0@y?)  —j2n(2xadzy

'S S)
U (x,y.)e® e M gy d
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g%, BB ——XR, B, FEWN R KRR
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FT {U|2(X|2, Y|2)}fx= 5 g, =FT {US(st ys)}-ejk“z e | (2.61)

X T L 5 2L P D5 I I R 5 2 1) R S A R ) T AI  £10 9% 3% 5 22 ] 1 i Ao
BRAIRIE -5 AR B AT IRIE MR R A F, AFAEU R R &

250 8 +y7)

M it (2.62)

Aty

FT{U (X, ¥o)}, T FT {U, (X, V) }-€ e

Ho, U, RATE B RIEATIRIE, (X, Yy) R BT B B4R I 2845
AR E A AR A ) LB, A B 2 TS AT HIR IR 2 TR ) 2R 2R A

-k
—I(Xfirya)

Utl(xtli yu) = U|1(X|1’ y|1) e " (2.63)
Hrp, U, 2ar BB AT R RTIRIE, (X, Y,,) 387 A0 B 82 AT RS T i AL

bro ARAEAEVE/RATHTEEE, i B A 2 AT AT ST AT A AE DN R B R R

. T 2 2
Kk ) i (i +yi1)
J(X§+y§)} YA

U, (X0, Vi) = FT U (%, ¥o) € " : (2.64)
jAf

W EWHHES, AL RE RN Z BT ALAR R R &R, W Bk
AT BB AN AN, FFARE (i BL AR (A O R, A8 0 SRR 5 R 2L
B e 19 BRI 4% BRI BT R IE AN

U, (Xi ' y|) = % E, '[e[jzzr;lemj + e[jh(;]tz;fz)ﬁ]:l+% Ey '[1—e[j2”(/;fz+;flz)-AJ:l (2.65)

Q= ff » HFHRHE Stokes KA KA, LI fa Jm AR & EREEm

FERIEAN:

| = % S, + % S, Cos(272Q(x; +Y,)) +

(2.66)
% S,[cos(47Qx; ) —cos(47Qy. )] - % S,[sin(47Qx, ) +sin(47€y,)]
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F() Z%FO(U,V)+%[F1(U —av-a)+F(u+a,v+a)]
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133 % Stokes KERIAR:

el

S, (%, ) :2*F‘1{% fo(u,v)} (2.682)

4*F {i f.(u —a,v—a}

Sl(x’ y) = e*i47TlZ(X+y) (268b)
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Syu(Xy) = e (2.68¢)
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Figure 2.11 Spectrum of modified image
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Figure 3.2 Optical layout of Spatially modulated snapshot imaging polarimeter
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Figure 3.4 Characteristics of transverse shear produced by calcite and quartz
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Figure 3.5 Separation of outgoing light
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Figure 3.6 Schematic diagram of light imaging of improved spatial modulation module
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Table 3.1 Coefficients of different FWHM

FWHM Co Ci C C4 Cs Cs
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Figure 3.7 Schematic diagram of different two-dimensional filtering functions
(a)Gaussion; (b)Rectangle; (¢)Cicr; () FWHM=1.2; (¢)FWHM=1.4; ()FWHM=1.6;

(2)FWHM=2.0
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Figure 3.8 Spectrum of Spatially modulated snapshot imaging polarimeter
using two Savart polariscopes
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Table 3.2 Parameters of simulation system
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Figure 3.9 The input Stokes objects pictures
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Figure 3.10 Simulated image
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Figure 3.11 Fourier spectra
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Table 3.3 The PSNR and SSIM values of comparison

Gaussian So Sy S, S3
PSNR (dB) 36.237 33.482 31.373 38.570
SSIM 0.997 0.993 0.967 0.989
Rect So S Sz Ss
PSNR (dB) 36.296 33.058 29.384 35.128
SSIM 0.997 0.992 0.950 0.976
Cicr So S Sz Ss
PSNR (dB) 36.435 33.482 29.990 36.826
SSIM 0.997 0.993 0.956 0.983
FWHM=1.2 So Sy N} S3
PSNR (dB) 35.407 32.686 32.678 40
SSIM 0.997 0.992 0.975 0.991
FWHM=14 So Sy N} S3
PSNR (dB) 34.6127 31.937 33.373 40.826
SSIM 0.996 0.990 0.979 0.993
FWHM=1.6 So Sy N S3
PSNR (dB) 33.899 31.234 33.796 40.860
SSIM 0.995 0.988 0.981 0.993
FWHM=2.0 So Sy N S3
PSNR (dB) 32.808 30.145 34.232 40.376
SSIM 0.994 0.985 0.981 0.992
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Table 3.4 The filter function of each Stokes
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TYEPEP R | R IED BRI AL FWHM=1.2 FWHM=1.6

X 311 %A Stokes 8 E FY % 35 4 (1 8 5 R AR AT 8 B AL BRAT B AN A
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Figure 3.12 The reconstruct Stokes objects pictures
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Figure 3.13 The reconstruct Stokes objects pictures of different half-wave plate
adjustment angle error; (a) 1-degree angle error caused by the half-wave plate; (b) 3-degree
angle error caused by the half-wave plate; (c) S-degree angle error caused by the half-wave

plate
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PR 2 (B0 i 2R T SR M i RO T R AR BT 7T

PR 3.13. K&l 3.12 A 3.9, X1 S, MIE &, w7 A A R 2 1 s a) R )
TR G R GAEIKE AR AL T 2580, T 2E T WA Savart {685 1 2 (8] 1 il iz
it KA H L ERNE R EKE EEREEmANE ) 5TS, EE, HE
£ B 5% 22 1) 223 1) U ) B AR R A 3 G0 DA S TP A Savart Al 685 10 25 1) 1A 1)
PR IBALR R GAE K AR R A ERAFAE 5580, (HRRAEKSE b, B2 TP Savart f)'G5e 1)
25 [A] A R R R R G I N Sy R N 6 S, F1 S, I EE A, A 3.13.
Kl 3.12 FIE 3.9 FTLUE A B2 TP Savart fase )25 818 #il e 4k B A% &
G0 S K S TR NI . Rl , B EEr] LG T P4 Savart 5
(102 (] A il R R 15 R 4t S 3 1 Stokess 2% & B U o
RN T IR TP Savart fRaBe 1) 2 (8 Hil w4k % R 40 BT
Stokes JRE A, @I T REAS B0 A M R 1R 2 0 23 (A ] R R R G0 (SMSIP)
S ) Stokes = ) PSNR 5 SSIM, 53T A Savart {68 1% (8] 17 ]
PR % R GL(SMSIPTS) % 8 [1] Stokes J & [ PSNR 5 SSIM LU, Wik 3.5 Fiow.

% 3.5 SMSIPTS F1 SMSIP f¥] PSNR #1 SSIM 1H LBt

Table 3.5 the comparison values of PSNR and SSIM between SMSIPTS and SMSIP

SMSIP(1-degree) So Si N} S3
PSNR (dB) 16.695 18.460 22.780 25.482
SSIM 0.996 0.990 0.985 0.991
SMSIP(3-degree) So Sy S» S3
PSNR (dB) 14.959 16.777 21.131 23.776
SSIM 0.995 0.990 0.984 0.990
SMSIP(5-degree) So Sy S» S3
PSNR (dB) 14.573 16.400 20.761 23.395
SSIM 0.994 0.990 0.983 0.990
SMSIPTS So Si N} S3
PSNR (dB) 36.435 33.482 34.232 40.860
SSIM 0.997 0.993 0.991 0.993
M 3.5 FTLLE L, T SSIM HIME, FE TP Savart i Y658 ) = 5] J# il i

IRAME R R E RN Stokes F 5 A A 157 22 I 25 1) W AR AR RS s i 1Y)
Stokes KEMHZENZL . (HEXTT PSNR H{H, —#HMZERZ, TP Savart
B2 A TR AR RS R S EE 1Y Stokes REE [ PSNR {H 2 M iR 221
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55 3 & LTI Savart (i)t 84 18] 8 il e % AR 2 ST T

7 )R iR SR R G ) Stokes X PSNR A1 —f%. XJ&FNETHA
Savart {68 I 75 18] 8 i R Bk UG R Gt R ASAEAE P R 3R A RS iR 72, ORI
T EWAMFAERZE, Mt B AR B IR IR 15 2 58 AR o 110 T 22 8 8 o)l 91 A
ROEAIEAEGRE, BRTWEEAERE, SEOUR RN RIRE SN ZE.
Pk, MF 3.5 UEEA 73T PAS Savart fyt s 18 B W IR KR R G0 )
Stokes % 2 35U R BE 4T

gt BRI EAR, FTLLE M AT I T PN Savart 7% 8] 1 6] i
PRIBMR R G SO AN F] Stokes KRN FEA K —4EUE B ek AL, w] AR B SE 4 1)
S Stokes K Fs HAZESREH EETHAS Savart 2581 H Rk 18 R G 70
JR T A G 2% 18] R ] IR F AR R G 20 S R A B R 2 T B AR A S A
B AER PR 1) 8, et LU A5 S i Stokes J5 5 ¥ (¥ PSNR {55 SSIM {H A IESE 14 T
P> Savart a8 R HR RIS R GURIE K Stokes J% 5 R XT3 A 13 34 1
F1PE 1R 72 10 2 (B A R R IR AR 2R Gt SO 1Y) Stokes R B AU B4, HLAE T
AN Savart {85 IR A% 2R B8R E K Stokes 25 & ) PSNR B2 LA A 29
i 28 1 A AR 2 (10 2 1) R R D IR 1% R 48 IS Stokes 2 B & A (¥ PSNR R (14
2 %

3.4.2 SKIGINIE

N T PR IEAR T BB I T R Savart [ 8 7 ] U R AR AUB R
GLA S, AN AT IR, ISR A SIS = N SER, HEE RIS A
B EIIE 3.14 fos. SEREEM A B ZEAKR KON

(1) ke e PR s 50T 1F 6 UR (light source):

(2) P AEPAT LT 476 (collimator);

(3) HO YK SE 550nm FIESE F (filter);

(4) e 57K P I R 30° 1 A 28 (polarizer) F T 77 25 SI56 BT 75 22 1) 2% M
PRot, BT R ok H AR Bl R 2> S AR, IFHON T 7 B SEe g A,
S AR ST S5 e OGRS 2 f HR 5

(57 2k SUHIIE B AT 9 S 3R )44 (object):

(6)FEEE Y 80mm KA (LT TEEH K,

(7) MBEATAT AR, RSFN 25 mm x 25 mm x 12 mm (%5 ) i) AR B
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SP1 1 SP2, FAKJEEEN 6mm, Hr SP2 KA 3.2.1 ekt Savart {445 #);
(8) Y77 71 57K 77 1) Jk 90° 1 Il i 4 VE 28 /31T %% (analysis)
(9) EHE N 40mm KRS B (L2);
(10) BICHCH 1024 x 1024, BI6K/NA 3.6 um x 3.6 um [IER25(CCD);
(11) T s 5250 25 5 1) Hixi (computer) o

A 3.14 AKEE K

Figure 3.14 Setuping diagram of experiment

TETFURRIE 2 B, 75 EAE — SR o5 TAF . B2, Ritcimas fk o b 45
P el R AR B A AL . DA S 0°f 7 LA VE N 528 1 A FE A B4
HONBEAN RGN X Al 23 0l W BE R0 N meti Fr A2 20 b 2% BAH B A T . I AR 47
(i R T 88 B0 A TG, K BT S R0, R RTOG 28 %8 2 oo Ot Al iz
BT E . WesOGRE b A I, S OR B AR AR A2 A o H A
IR 137677 1) AH HL 3 L G R R S P R 0 SR B, R A AT R Rl K T 1) 22
Uil BB BRI A IR e/ . MRS RIS I e /N, PRAR R
A EIEIRAS, RN 8 LN 90°. FRERT 0 45° MR L H ATHY X
S DNy v , B T v R PR A R SRR i 2 DY T 1 R R A N B
O SRR A R 5 R, AR 3.3.2 FT AT B TR BN E S

VB A G T R) 300, 45 BSeEe I B ) E AN Bl 3.15() TR,
KA BURES 2 OR, il 3.15(b) s, °] LLE MG 23 B ErF %40
X R H bR RS S S 3] B ARIR o X 3.15(a) AT 8 BL AR 4045 315
WL, XSy S, S, NS, A 43 i) SR FH [ 45 i v oR AR v T B R £ . FWHM=1.2

FRISER PR AU FEWHM=1.6 (13835 bR BoaEAT g I AL B o XHE I (R AT 2 AT e B
I 306 A 46 FRU AR DG Ab PRAS 21 H AR 4530 Stokes REMIRME S, W 3.16 Ain. M

66



55 3 & LTI Savart (i)t 84 18] 8 il e % AR 2 ST T

K 3.6 W LUE H BRI SRR, JeHZ RIS, XEER BT LR
FRE: BT H AR B A A R SE R = B e R L& 10, RGNS EE A2
Ko F B EEROR s S0 N B HABSME IR T3 B RS s S5 ae B B XL
FELETH BB PRI S AS DA AE IR 7S o IR P S B BT E BRI TR E Rl — A58
BT, HEER 7T AMESRSI T, WS BB R 2 A PR IR EE SR T
SR H AT R R Sk s A IR, B AT e B AR R, ERR
SRAT LRI S a5 SO0 UE B TP Savart a8 2= (81§l fw ik (% R G0 AT
Moo SCIGRA 30°k MR, % Stokes KEZMIFAEUI N K KR: S,/S,=05,

S,/S,=0.866. #& 3.16 H 1S MS,FRLLS,, f4EIS, /S, MS, /S, B, K
3.17(a)M(b)Fr7r . B 3.17 BUAR 53 (K 2K FE B v] DL 18] 3.17(a) R K AR AE 0.5
A, B 317(0)IKEAEAE 0.8 2. X 55 AR 30° 4kt Stokes K& K]
S, S, 5 S, HIELAE —F, uEW] 1 BT W~ Savart fi 64 I 2 [ A Hl IR A8 &R 5
IDCIEFRE

(a) (b)

B 3.15 (EBRRBHTHE; OBARTHE

Figure 3.15 (a) The interferogram obtained from the experimental. (b) Enlarging the

interferogram

(@) (b) (©
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(@)

68

: -

NS

& 316 EHM Stokes KRE; (a) S0, (b) S1, (c) S2

Figure 3.16. The Stokes of the reconstruction: (a) So, (b) S1, (c) Sa.

(b)

K 3.17 1H—4k S1 F1S2; (a) S1/S0, (b) S2/S0
Figure 3.17. The normalized S; and S;. (a) S1/Se, (b) S2/So

N T Bt RIS UEFE T P> Savart fi 't 52 4 ) 18 ] 41 B AR 58 Gt SE 56 1Y 1
wrE, EECE 3.17(a) A BRRIE > — SR R R v 3.18 BRIz
K, I 3.18 KRBT LUE 8B ERBMELE 0.5 B RSN, TR
BB 0.4913, FEARTF G 30°2 iRt Stokes K H S, M1, HHLAE - R,
M S, 1) S AT LB H 5T Savart (w68 1023 [0 A Hl R4 BUE RS AT AT
Yo FIRER, EFEE] 3.17(b) P ARAE BMEER 0 1 — PR = o N & 3.19 fos
R, KB 3.19 ZEERTLLE M, 2SR RNMELE 0.7 L TFiksh, HE
FPFMER 0.69, (KT 300°Z Rt Stokes K& S, F1S, IE, 25 K2
FEARVA S, IF SR FH BA) e 5L St e 1) S50 A7 AE I B P, SO I S, B 5

MRS, WIS S, FAR RS R i T FR) 55 R0 SR P 2 ) A o v A el



55 3 B IE TP Savart fi )4 8 IR il % SR F ST T

PASRRE P S, ARG .

0.9

0.8

0.7

& 3.18 S1/S & &

Figure 3.18 Bar graph of S1/Sy

0.9

3.19 S2/S0 &I K&

Figure 3.19 Bar graph of S2/S0

H MR 07 FORN SIS 45 R R, AR B HE A5 2 T4 Savart (i )6 5 22 W) 1
iR AR R S8 0] LLsks BE B 8 HARAS Stokes KEMIRIGE . NAATER N
ik, JeE Y 1 AR AR D IR AR 2R 48 B R T A R R 22 T B IR B AR RS L
BEARR Rl AL, EEAEA Stokes IRk B F (0 VAR 15 M EHOFOGS 2 [ 3 i i I 1ol
BARGGE %o F TP Savart o84 (8] AR SR R SN 250 T A
BB Stokes KRG BHRNBE 120, [FINFEAG 1R PTREZZOR,
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3.5 KRB/

AN EE L EOEE T A Savart it 8 102 18] U ] i 91 1818 28 Ge 8 A0 A i 2 ik
LI

B, HES T AR R R IR AR 2R e A B R R 22 DL S A MR AL AE
IRVRZE MBI, UESE T 3 A R 0R 22 2 RS = 8] T i i I B A% 2% e A IR
DAL o IR, SEHFETPIAS Savart f 6B i 2 18] U il Ik iR R Ge 4t Haz &
G4 R M 2 TR A 1 i AR R S B3 TR B Savart e 5%
M Savart i)t BL1F v AR, T 72T PIAS Savart f )it 8 1) 2 8] 7 il
ik SR R G . 2 )5, #id 13 T B AR — AU 2 Al 4R UE
P RH, HEF T BT A Savart dik 8 A2 8] 1 1 ik 8 1R 28 Seaisi it 1A 2 12 A
Mo o, EEBUEDT BWHE 15T A Savart ()6 TS BAN Rl EE AL )8
P RRER, P 1A E SR Y IS5 5 A% Gy A3~ SR R A PR 2 2 T A 1
1B R Gl R S A 15 5 SR P07 ORI SG: (14 75 92500 A B2 i 72t 5 A XA 28 5 eI AT
PEREAT 1 3Rk

AR A 555 P H B0 T 3 1 i i AR 3R 48 J8E B 17 A% 49 7 1) 1 1 O R R 3R
298 T 2R T R AR TR A R R 2 AT A A ST SiE S R 72 S S I A L A R T B
R TR, FRAIG 1 2 )T R R B MR, v T iR RS 152, A 5tk 1
225 1) VR ) 31 AR AR (0 S B R
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4w PR R R R ER A RO E R R A S B

£ 4 F REA=EEH R HEEARRCGER B RGEHHR

22 1) R i AR FB AR 2R 0 2 R A R Y P R s — IR I mT LAAS 21 B
B mdRAE 5, AT AR B H AR I IRARAS B 75 00 % 5 b At s
BIRASCHR H I TS Savart 64 10 7 () H1l i (5 3 Ge 4 M B B - I8k
Fr o AR R 2 T B T B B A A A BB RARAE B, XK BEARER I
B Ik, A 06 B2 (8] PR R R SR R G RO 1S 5 SR RCR 1t — P Hh IR
AT . PR ' 1 R B A T 7 R G 1% iR R G N 23 e s
B RO, Sl — RS e 15 21 B AR I ImdR . il 425 i)
R B, AR R G RR SUR RS PR OGS SR B T T R T
TR Gl g PR X2 ) U 1) B T ST IR D6 1 BA% &R 4t (Spatially modulated
snapshot computed tomographic polarization imaging spectrometer). Eid %} H¥r—
TR T H 25 SEBEAT 9 LR VA gt mT LAAS 31 E R 1R AS [ 8 B 1 i PRI, 4 m
T 2 (A AR IR AR AR RN SR . f i, J8IE7 EAHRIG IO T AR TP H )
PR 2 ) A ) B SRR AT IR SO 2R e A R AT T AT

4.1 HEEMRIGLIERAREARER

T EN A5G (Computer Tomography Imaging Spectrometer,, CTIS)
BR B B H A3 Oka 21, ZHOR AL THEALWZ HH#EOR . ik m
MG AE B — 415 R E = s S 7 i, A S R TE A — S
ANTT TR BRI RS b, PR A = 4RO S R SRS R R IR %
o R FAROCI UG B B A H AR 1) 4R — 4 E 5, T
JEHT RGO B AR P R H AN & 4.1 Fios. CTIS A meil & SRR . R
AR H bR 42 5 B A —4Eb 5 B0, B2 N )5 AR 5E

71



BRI 2 18] 1 R TSR AT RO S B BRI 5T

O L
-, i o

RS

"l
o s

B 4.1 HEETREERARB R EE

Figure 4.1 Schematic diagram of the CTIS projection

4.1.1 CTIS RGe4E#

CTIS R4MAT R K 4.2 iR, RGBS . MIALH. HEESE. &
BootE . RSB RIRNS . CTIS REL5M T H sk 54037 6 B4
SRR, BB BR S BARI 4L 27 (845 85— 46HEHE B =45 0 77 4
FARTERIZ G BRI AL o« FR3% ' BRI Ak AR 265 B v R TE o, AR
ML EBUCHFEEBEIARAME, &IFXSEEE UGS RIERNZ o 2RI
#r RIS AE B AR YRR G B S 4IRS B = 48 ST T R R BIR

A BE W76 HEE B FERUg

e \\\ﬂ
' FRW 2%
T

oLtk

&l 4.2 CTIS RG &M RE
Figure 4.2 Schematic diagram of CTIS

BT EEOTFRIAE, tHREEHTCE B SR S MRS et iR
T GG BE BOR T BAR G 1 HOR o e i B BB E MG i g R AR &
HoTfF RS, AR R BEAS 2 B s B S 05 R — e 7 o Bl
N TR AT RIS ESE, & EEE Rt h st B 5, X3 2
I Z A BT HE A, B S AL TSR A B RS
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4w PR R R R ER A RO E R R A S B

JeTeA R, AR T BRI IR, et —4ER 4l A ARk
T GO RGeS 2R B 2 MITH Uk R, X EERTH SO & 1
)05 H AR BRI 2 185 S s B AREE ST AR AEAN [ B A BT P A AT 13
BIFARF s TS MR EEAT HE AL BEARAS H bR 44 58 B 23 R DGEHE . Xy

TR R HOT R BRI TSR AT AR R 58, DR T RS RGOS R g A
ACEAEIZ B AT, R — G AT LU E AR (DG R s ST A

PRIk, ASCR DR TSR BT e il 2 5 o 2EAi .

412 CTIS &EAKFHE
CTIS HJF S S & Radon A4 DL & oY) Fr e B, R T BEARA - 2R X A~ 2
AN

o

(1) Radon 25t
Radon A8 #f{) 3L AR 18 R AR 53 J LA BLZRAR 7 I B AR 490, 18 £ (X, y) i =
Yt Radon &2y, K HWE AT W) B L ER 15 3] — IR S R, 3R
BB RERRA (X Y) = 4E Radon A8 3% . R HALIMIELKE N p, ¥
©HxHkMN o, T HLRIEAT LIERN:
I': p=xcos(d)+ ysin(6) 4.1)
f(x, ) IRE B HEN AR M o 1ER5 v LR 2
Pa(p,e)=jf(x, y)dl (4.2)

Hrp, aZB0YHEZNE y WM, | RaPoyEL T . G R A5

4 Hbrpf #2eid Radon A2, W36 A A A B MCELZRAR 73 REE RASARAE I 5
W, X T IR SR AE R AR 20 Radon A8 46 13 ik 742 e % B4 HH s 4R 5000
(2> oyl fE
HuL P E B HAd L AR DL &2 Radon AR HdL R HY, B0 y)
Fi € BAFRIE A Fourier Y) Fr g PR, ] HLIHAZ 40N Radon 2240 B AT U1 F K A

F(F(X)) = Fl{? <p,§)} .

F (X)) = [ f(X)e#*dx (4.3b)
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PR 2 (B0 i 2R T SR M i RO T R AR BT 7T

R 1P| =[ T (.2 Ve 430

o B AXIET AR BFRREZ I Radon A2 #e g 8 A CHER AU
TR HE RS2 A 1) A8 B AR Rl =4 T H A e 20 n (8 B AR sl b 1) — S D) i B
— kK.
F£T Radon ARHANFLOYIA R, W LM E| LT R TR UG 1
AREIZE®R: (1) w4 B bs ] DUl HR4ERG -GS 2 E A (2) EEMEYEH
brie s R R BT PR TS 1A B B R m] BLSE R

413 CTIS BBERE X

AT SRR AEAR . CTIS Hdf B i i) 2 BRI Horh it 500
F- LR R S (Filter Back-Projection, FEP), 1%L 11508 FERCER,
by ST N O (EP SR A Sy Bt IS B= 90 A U iR el 9o - A RS S e g ey
BRE LA ORT, IEAREEIE AT DUR I FRO 6 S i 26 m] @105, (R, A 24
IEAEE . BB EE BRI T

g=HT+e (4.4)

u

/ﬁ\:l:l:l’ Sz[glagzl"'gN]Ty ?‘?Tb&@ﬂ'ﬂ T?B’]?ﬁ ﬁ* f:[flffzy"'fM]Ta %
BRI SRR e=[e,e,, 0 ], FARMAE, HERRLEME, KN
9 NxM. CTIS MR E 22 R AR 4.4 3R f (0 R, R 3 A28 S U
IR B 7V
(1) ABCEFEFE

A& 13 57k (Algebraic Reconstruction Technique, ART)IEAE 22 R 1A N
_ H i f k

2
H

frt= fhed (45)

i,n

Hb, ko MIERUEL | OWGERRT S, i ARERFS, fRRRE ] MR

KA UOER, o, TR0, H R EifT, R FoRm 2 v

B 2 MR, h o, Fom H S (1, n) A8
ART SETE AN 58 A B 20 1) T o i, L RE M AR e e G e A T3
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4w PR R R R ER A RO E R R A S B

ER HA RO R, 35 i AR R g
(2)  FRAACHE @ 5k

N TS ART BUEGFERAL, RN EAME R MR IE#E T E—A4
EIEE MM RAZ UL I ART 5%, FHAR AR BUE E & H % (Multiplicative
Algebraic Reconstruction Technique, MART). MART H Lk ACH2E A X0

hi,j
flot (ﬁ] £k (4.6)
] H fjk J

EA RS LS AK 4.5 M.
(3) BEHREERE

fE ART SLi3bal b, FIH R — B8 M T2 B3R 10— VIS 2R R 22 K
5E R IZANME FR HEAT B 1B A A T SR AG I UK R i 557 (Simultaneous Algebraic
Reconstruction Technique, SART). #H#:F ART 5%, SART HiLEEAE G E MNP
RS RE ST, SART HVEIEARECEEARA:

N g _Hifk
Z[ M :|h| n
i=1 Zhi,n
fjk+1 — fjk +/1 n;ll (47>
Zhi,n

e, D oh, ARFSRA, HAhFRES URIAR 4.5 M.
n=1

(4 FHEEREE
A i K AL B2 (Expectation Maximization, EM)5 _FH JLMEEARF, ©FE
TR EE . EM BEEEREE A A

K+l fjk i 9
ft=-"—>(H ' (4.8)

Zhi’n — Hifk

ARPEFRE L GAK 4.5 HF. EM BT HAMEEEA RS, 1
58 DA S WS S5 BE PR AT 25

N T B LR L B R R S5, 6 Tk PURR AR 43 Sl St 07 AR 56 . Ny
T BRI R, YRR SR IR RN E N 201%201, BIT KN 8um; K
KGN 600nm-740nm, KRN 20nm, —IA 8 ANUEBL SR G
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RS, AT 2N (0,0) . (0,£D) ¢ (21,0) A (£1, £1) —ILIuAMAT

SRR, T AT A SLANAT S Gk B T LS FE SR 2 BRI 8] SO AEAE
&, FERIFLAE Y KN BB B 25525 1500 UK REE N 1. BAREIM
DI NS 4.1 Fros. iR ZABEH Hir EURME 4.3 Fros, &Mk
WK EBREARBBE L, EARINATHEE 4.4 Fs. A& 4.4 77
LA B — 3G JVMITH GRS IR AT S S0 R BT K 1 B B 2 e —
FA AT B 2 AP RS B S I — .

& 4.1 HEET I EMASH

Table 4.1 The simulation input parameter of CTIS

-

CCD 14 &% 201%201 [ STWNGUN Sum
WK E 600-740nm WK AR 20nm(8 %)
FLAERE TT RN 25%25 N ES 1

600nm 620nm 640nm 660nm
680nm 700nm 720nm 740nm

4.3 HEENTEMAR S
Figure 4.3 The simulation input picture of CTIS

X 4.4 (07 ELATH R AN RIEARSEE a2 B An B i 4.5 s . MK
4.5 BB A, EM BIEAN T H A =AM EVEE @M B AR BRSO R e, EEM
TP E IR B RS T30 B, R TFRATR TS Z 4T GO B R
H EM $iZ:.
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B 4.4 75 EATSH A

Figure 4.4 Simulated diffraction pattern

(@)
B00nm 620nm B40nm 660nm
B80nm 700nm 720nm 740nm
(c)

600nm 620nm 640nm 660nm

680nm T00nm 720nm 740nm

(b)
B00nm 620nm 640nm B60nm
B80nm 700nm 720nm 740nm
L
R
(@

600nm 620nm 640nm 660nm

B80nm 700nm 720nm 740nm

K45 FEFERZARER; (@ART HiE; (b)MART HiE; (o)SART Hik; ()EM Hix

Figure 4.5 Reconstructed target images by algorithms; (a)ART; (b)MART;

(c)SART; (d)EM
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4.2 REBX=EEHHEEM Rk G SRR

ARG = E A AR 7 ] R ) R A IR AR OG S R G T AR AN [ B B e AR
15 BT BB kil Fr, KRR T 8RR . T2 HT UG O L1 H R AT LLdE
I PO A RT AR B H AR AN [F] 3 B — 2 IR K 28 = 5 1 2% 1B A o v i s A%
KRGS 1T ZNT A O6 R R Gk 25 A PR s 1) 9 i B T F 52 AT i o 1% 4
% 4t (Spatially modulated snapshot computed tomographic polarization imaging
spectrometer, SMSCTPIS ). 7% [H] Y il B4 1+ E AT Im ¥k 61 R R G —iK
005 R RS R TR A AR R 2 2 T RGO i % P D 4 0305 <7 5 445 12
SMSCTPIS &4t 17 [ fil i S fg R G RIS, s 7= T
BORBRI 4

4.2.1 SMSCTPIS Y£ERLEH

SMSCTPIS RGO EHIUNIE 4.6 flros, 145 SPL. Bt SP2. £y
H71 %% (analysis), % Bi(imaging lens), #1700 (field stop), #E B Bi(collimators ),
T YERT S M (grading), T A% 55 (re-imaging lens) AR 28 (CCDYMI . R4S H
AL THTESY, SP1. SP2 ML /34T 2% (Analysis) & A SCEE 3 & 42 H 1 2 [A]
il % SR 2 e b B SOt TR d A R, ST S 2 T B EAT B OGS R g, B
ARG S TAETH B ZHT RGEHT I 7 (8] A A

& 4.6 SMSCTPIS RZCHE L1

Figure 4.6 Structure of the SMCTPIS

fEE 4.6 FRDCBR ST R, A7 a2 T FLIAR,  FLIRIEEN 5 82 i 1
ARG H, P AR R BUGE R R 806 AT BE 2 IR BNE AT DL
MHEATHBER,  #EEE S 5 AT M S 2.

MG T BG Be 5 HE BT R A P AL, RS ASRIRBLR B b2t i 42 1)
VR AR R RS 5 85 T8 AR AE LS Y6 TR AR 1 /N BB HL37 e B Ak B 5 (0 22 A )
BB T I B0 IXLe S ik T B2 vl B IRAE AT A 6 b, AT el
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X AN R 98 B A BT S AN [ (R 07 1o 5 77 AR AT SRS 7 AR A A 1) MR 22 3 P e
BESRAFENGS L, 53 HE T EAR AR EIE.
4.2.2 SMSCTPIS I {E#R
WRAEEE 3 720 M 0 2 ) 1 i S 1R R G BB AR, SMSCTPIS #4704 i b
AN TR B 1) T B 9 28 n v] AR R A
L(x,y, A)=U(X,y, A)*U7(X,y, 1)
1

= Z Ex (X1 Yy, ﬂ’) E:(X’ Ys ﬂ)(z - ei(%_%) — e_i(%_%))

_1_% Ex (X, Y, /1) E;(X, Y, ﬂ)(ei(¢A7¢C) + ei(<ﬂrwo) _ei((pr(ﬂc) _ei((ﬂB*WD))

J&Ey(x, Yo AE (XY, A)(e ) 4o _gritena) _gritesmn)y

+%Eﬂxw AE (XY, A)(2+e' ) 4 ey

(4.9
a5 — R T Stokes AR, LA ATLLAEA:
1 1 T ~ib
I (X1 Y, /1) = ESO(X1 Y, /1) _Zslo(x’ Y, /1)9 _Zslo(x’ Y, /1)9
1 i2c 1 * —-i2c
+5823(x, y,A)e +§SZ3(X, y,A)e
1 —i2e 1 * i2e
—gszs(x, y,A)e —gszs(x, y,A)e (4.10)

HE S (% Y, " -2 S (x, Y, e e
1 . N ) .
+(§ S,(x, y,)e ™ —gszs(x, y,A)e*)e™
N 4.9 A 410 B ARKRB K, HAWSHEMNE =58, ANRBEKPT

WEM 2 TR B OGS R SRR LT, RIS BRI B & AT DL
RN N:

g=HI (4.1

EAAH g REBGCEIG, g BIR/NFERNZS K/NHTE; 125 ik, H
KNG R AN I, Bli ST I7 1R AN 805 BT ik I BOECA O%, 4 Finide il BRSO
n, W=y, A4) 106Y, A4, 1 (XY, A ) s H 2#sgmilE, KANSHREEIGM
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KO LTI RN O
4.2.3 SMSCTPIS TS

SMSCTPIS 5 4t i )i i At . AR Bk« A7 B« HE ELER AT S D6
BB S RN R, NI & o S Eu TR 5 1R .

(1) = (8] A

SR SP1 A SP2 S HUERE 55 3 =—FF, MELN A &k,
RPN 25 mm x 25 mm x 12 mm, $A7EE N 6mm.

(2) BB MR S ER I 2%

DRI W47 01 R B A 24 322 [ Y S R AR T, 4037 016 BRI SORH >4 T4 28 (1 47)
M, =& ZRMEIEARDG, B Ok = 8 — R A e S8 A RGRINZETE
RRRELR, FRIZSIIME RN 2048x2048, 1FI0K/NA 3.45um; MIZGHIK/N A
1.7x1.7mm, BBCRAEFN 1, WG EAE 2T 490490 153 R/ 5
REERE S A7 G BRI DR 3 TR PR R R e ) BY V)& B/ MK %, Rl
KA 400nm, FHEAT 3.20 ARSI H GBI AEEE N 50nm.

(3) HEEH

BB RE S CRUE RRTE Gl G ZRARA, ZE 18, ANTAT A DRI 28 - 3RAF 1 2%
ATH UG L [T, X IR B PAT R R E .

(4) FTHHGH

RPRIUE RGN AAELEIZ BN, A RGE 5 6 To Ak £ 9 1% 5 B 4E5E TR AL AH
Jelt, HZILECH 300lines/mm, RIEMEE % d = 300lines / mm o JEAAZIER £ 47
R, BATEGORRTH RCRAEZE R, ACHFEOEMY (0,0) . (0,£1) .

(#1,0) . (L £D) X I, bR E OGS T R SR AT R
I Y T AERE A A DG 03 R R bR BT AR R 1ROl
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X+j /Z)e”"]}

y+d/2
d

t((x, y) ={%[rect(§)*comb(§)] +%[rect(§)*comb(

% i X * X l X * I
{d [rect(a) comb(d)]+d[rect(b) comb( ) e’}

1 X y X y
= —rect(=)rect(<)*comb(—=)comb(=
L (a) (a) (d) (d)+

1 X y X
— rect(=)rect(=)*comb(—=)comb
g (a) (b) (d)

(y+ccii/2)eiq,+

Xx+d/2

1 X y Vi i
— rect(—)rect(<)*comb comb(<)e"
e (b) (a) ( ) (d) +

d/2

1 X y X+ y+d/2, ,
— rect(—)rect(<)*comb(———)comb(=———)e“"?
e (b) (b) ( r ) ( r )

(4.12)

iﬁ%d=&m,amﬁﬁﬁwmﬂéw,a¥?Mumﬁﬁﬂ%%%$,

AR, n ORI h= =2 2 el LK. R A BT

2(n, 1)
GHEEE, R AR
F(f,. ) =:—Zsin c(ag)sin c(ag)xza( f _%)25( f| _g)

+a—t2)sinc(am)sinc(bﬂ)x25(fx—m)25(f _Dygio grim
d d d° a5 $ (4.13)

ab . m, . n m N\ iy izm
+Fsmc(ba)smc(aa)xzm:5(fx—E)Zn:ci(fy—a)e e
b_2 i m i E % _m _ﬂ i2p 5—iz(m+n)
+d25|nc(bd)smc(bd) ;(SUX d)zn:5(fy d)e e
KB n A mACERMTH MG XK. T ETNab=7:13, MEHTHZH
n, =15, FULEK 4, =632.8, 1 4ERTHOCHIT ST R MBI 56 2 i 22 tn ]
4.7 FiR e ANABIEAREARR TR, 468K (0,0) HWATH AR, #Haf
% (0,£1) F1(£1,0) R mfT g, SR (L £1) HNATH S WK 4.7 7T

LA Y, RO 500nm ZHT, S RIRAIATHRCR AR K, ££ 500nm 2 )&,
BRIRIRTH R G T VRS, B, A R SR SRR FE M 500nm JT46 .
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Figure 4.7 Curve of relation between diffraction efficiency and wavelength

(5) PR
R B AR EE S 6B « IS AR 5 A 0, AT A 4 2K
N
dsin(d) =mAa (4.14)
A H d MR 0 OCMATSH M, m AT 2k, 4 . 1
NHEEEOLT, AT R &

sin(0) = tan(9) = #

(4.15)
Heb, M OREIMG e, u ARG RN, ORGSR EE. B
~ 413 RN 4.12 1531:

f= (4.16)

mA
R A 4.16 BEBEARR], FTHFHHEICN 1 HM 2 RIS R 5 AR
KAMEWE 4.8 Fin. B 2R 2 BATH, SOMEAE | FATht. &
PEE I UG SRR, ORUESRIN & b BD 2005 58 B0 1 40 S 1 AT AT I HL
FATH PR A RARS, NELERNE LR 2 R HAb SRR AT K
ME 4.8 ATLAE H, 723K N 500-600nm E FE N, G EEFEERE 15Smm 7] LA
ARGF i 2 I ) 75 3K
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s(mm)
n
=

lenghth of re-imaging len

4.5 5 5.5 ] 6.5 7 7.5
wavelength(mm) 10

B 4.8 WKEBREGEERR L

Figure 4.8 Curve of relationship between wavelength and focal length

4.3 SMSCTPIS #iEE =
431 EMIEREZEZDS R

P EAR 2R E 2B RIRE BT BB G, kG H AR
Py JGIBF A MG, TSRS RIBE AT i R AR A
Mg xt AR 4.9 BHEsR, R

I=HTg (4.17)

stob, HTR RGN H R, Be ETE LS 2 MR o 4 ik
555 8RB T 1, (LR SERR EORE) i1 T FsUR— R TE S A,
BERIL TR, AR P, 77 P R 3 B MO SR AR 70
o {EAE 4,13 TRPRSEFHIEAT T HBAGIRE T X0, BLHs EM i
REEIEAARGIOBOOEE, T LB F .

EM B2 M 2 205 3 2 o SR UL A4 e K
%, RIS HKDUA I — RSk, 76 4.13 W DAMIE T EM SEmIEAS
SRR LTI
(1) BRI E 2K, WAL =HTg ;

() M AFTGTHEMERFEE: g = HIY;

@)%&%w%ﬁﬁsﬁ%mﬁ@wszz%;
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> (h)A
(4) e R BRG], BEBERT: C=2
zhm

(5) MEGHTIBIE: 1Y =1"C;
(6) ¥ FIRMEE R IWIME, EE 2 35 3T — kR, B3N AR ER
ERIREL
432 RGERE H fIE
M ETH EM BEESEL SRR nT A, B AERE H 2 SEIZ BRI R A 2, 2
IREU BB R 5 H AR B3R L 7 R R M. R AR RS MR, A ReE &
HHORE 7R 1 S
ARGHERE H Al DL SEIG A 2 AT T SR SE & 7 1R15 3], EfE RAR
FERER R A T FREAAS AR 13 - SEIGHH € RGUFE PR TN RGN 2 — 2 )G
WEREL RS BERE (PSF) RiE 2RI K R e 2 h S g, X4
A 2T — AN RAHERE B o B BASCAR EBE KT RGA0506 M R I T E =
(8] SR S AR, 45 20 BUE IR BRAT T2k, A R M O 4l SE36 e e .
433 BIEER
NS H bR IRIRE . s —gEEEE R, AR 4.9 RAH EM ERERS
FIRFERB T EIGYA) s TGV A) (X, Y, A ) - STASEP BT R
FH 2 e HL I AR i SRS 2 AN T B A 1 -
J—"(I)—EF (u v)—lF U-—a v—ﬂ)—lF (U+a,v+p)
- 2 0 ' 4 10 1 4 10 1
1 1 _. 1 1 _.
+§ F,;(u,v—25) +§ F.(u,v+2p5) —5 F;(u—2a,v) —§ F,;(u+2a,v) .
+%(F23(u —a, v+ B)e? —F,(u—a,v+ B)e™)
+%(F2’;(u +a,v-B)e* —F (u+a,v-B)e™)
X BT 3 B S AN A T 1 DE T R B3 AT Ak 8 g AN A L i AR
15 2 A B Y Stokes fdR1{E S -
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So(x,y,4)=2F () (4.19a)

S, (%Y, ﬂ)-real( ( 0))/cos(a) (4.19b)
Sz(x,y,i)::reaKEEEi;Qiﬁl) (4.19¢)
S3(x,y,i)::hnag(fgfiggiﬁl) (4.19d)

4.4 SMSCTPIS A7t 5381E
N T BIE SMSCTPIS RSt HIA M, AT T H 5L 5.

441 fHESH

AR O 7 Z AT ST A B TR R S 4 H P IE R b« 0 0 0
VRLIEHT R OSBRI 413 WH OB EG  RS R R
G5 AN 5 BRI = B e AT, 2 0 R RS A 0 A e B 5
S0 TS 20mm; KU 0 EUOG T B 006, W BTEE Y 600nm-
630nm, WA HEA 10nm, —FEPIABEEL, (7 EORIE R E I 4.9 Fs. W
49 TTLAEH, —ICHIIAR AL PN U O BRI B R . iR
151 0 T B DR L S, O3 5 15 00 BN B SR AEEAT X L, — 5

By UEB T IRATD GRS S i s . U7 SR mR B i ] 4.10 Frow, iR K
F 55 = F AT B B RIRE A B AR, (H2 RSEARIE, % Stokes RE L2
(] % RWAE . Bk B A 545 B Y6 IS A IR BIA R 3 B imdR (5 5., il 4.11
Frs o

0.8

0.8

03f

0z
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B 4.9 1 Btk R R

Figure 4.9 Simulated spectral intensity picture
&l 4.10 {iE Stokes fRIRE H

Figure 4.10 The simulated Stokes objects pictures

ME 411 ATUEH, A Stokes MRk B SRR =R, 1 B
NG ERE R, 2B 1) Stokes B 5T . K AN AR, 22117
BT B E 4.12 Fror. B 412 =3 AT RIR, Hdr, diafREk o %
i, RFAEBETWEESMN, Mo LT RE R T RL. B
il JUA JUR R AN R B AT, RO B R k3% 1 4 DB, B AT SRR K
W, HJ2I02E T DL B0 B 2 (R 2 A 2 e — 2. & 4.12 AR
TS AR 52 5 M AT S 803 A 5%, AT HUE 07 b R AN IR K AT 5 3L
HGAKE 423 FHE AR .

600nm Sy 600nm S 600nm S, 600nm S3

610nm Sy 610nm S, 610nm S, 610nm S3
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620nm Sy 620nm S, 620nm S, 620nm S3

630nm Sy 620nm S, 620nm S, 620nm S3

& 4.11 AR Stokes JhiR B Fr

Figure 4.11 Stokes pictures at different wavelengths

A 4.12 (i EREHATHE

Figure 4.12 The simulated diffraction pattern

X ESRAFH T REEAT EM SRR 2R R T -, i 4.13
Itz MR R H SR B0 BRI LA R O B 26 80, JF RIS B R B Y
TR MREARE . XA R ECT I B A7 2 (w15 204 FR B
Stokes KEMmIRE F, WA 4.14 fivs. EHE 4.14 T UASS, 7 & 1 [F — M E
s R IE SR AOCEXS L, A 4.15 Fror.

600nm 610nm 620nm 630nm

B 4.13 BRI REER T E

87



BRI 02 18] 1 R TSR AT R RO 3 B BRI 7T

Figure. 4.13 Interferograms of different wavelengths

600nm Sy 600nm S; 600nm S, 600nm S3

610nm Sy 610nm S, 610nm S, 610nm S3

620nm Sy 620nm S, 620nm S; 620nm S3

630nm Sy 620nm S, 620nm S; 620nm S3

& 4.14 FRBIA RSB Stokes & F

Figure 4.14 The modulated Stokes pictures of different wavelengths

FEE 415 o, 20 AR R AR B FBL So OGHE /L, BZRAURIT K
BRIt A 415 WTRUEH, 07 BRI A S5 FGHE 2R
HALE R, W E T IR SEA T 5 506 H ARG 1 Sl A 2k

6 605 6.1 6.15 6.2 625 6.3
i (nm) <107

B 4.15 iR REDLHE R EMAGIE
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Figure 4.15 Simulated inverted spectrum points and input spectrum

442 KO

TESEI0 2 1 75 BEX R G R AT R, ARYE 4.3.2 WG RGUHEREI T,
KRG MR T 5 2 Bl 4.16 Bk 7E SMSCTIPS R4uM2Eah 1, M T
FLERCEAFRRBE M R AL G R IO B, W RGUHERE B D BRI T
(D A E S0 BT MW aa K
(2) ABOCAARTESRANAME, SR CRIENI R E, 1dRIZ
bR BT A A7 8 PR S U B (R AT 5
(3) BURHRELORKEL S I, HEINLRTRATE T EIL R K.

A5 B
/ 251 ’
: | Eul : -
z :j%% r\\ : %%’J :’\ T E T
& —— it — ARGt
W76
NG RN e

B 416 RGO RZE

Figure 4.16 Simple diagram of system matrix

R ST S8 BT FH BO9% K TS 500-590nm, K43 #E%A 10nm, M 500nm
FFUE, —3F 10 MEEL, WX 10 AN B R FTH AT AR e il R A
38

N T EiEZA T SMSCTPS R 48 S GG & 5 IEAf, 7 Z 0256 HG
TR AL N4, DGR ASD A0 sOGUR ST R yE S A AV R RO T
2k, SHUSCHE B 1 il 2R AT VA — (b A R SRAS S (i i 2R R 4.17 PR
1E Stokes St i1, Sy HIHRBERI ST 0I5 FE AR E o K5 92080 I 38075 B R 7

B S, otk it £, g Sl A6 1 £ 5 SR A0 D 1 2 S B AT AR UE S50 S i Y
G R AERA o
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A 4.17 SERGRETRE R

Figure 4.17 Experimental spectral intensity picture

AR E LGSR IR S0 R G SEY) BN 4.18 Fron. SR ITIRZ A2
W =EmWITIEN KRG AT AT HE R, PRI RGN A S FGRRAE R — 2% 2k
bo SIS OGO SR B A2 R A = S 40 A [ 1R v AR E M I 45 KT (light
source): FJo MR T (polarizer) MIYE N (filter), i v T A= S5 i 7 22 1
ARG, R AT IEIER . BAKTEE Y 500-590nm; Wk S R E S
o =m e b m AR A d B R AR R, ME— AR 2 BB 4 (image lens) FE R ;¥ [A]
WHES ST HETEE SRS 423 THIFEROHSERER . SR T
Hot e 80 AR, AR il 2wkt i IE VI 500-590nm; il
JEHEZEY) A I (object)Z i I i AR B AE A0 37 ) ) (fField. stop) A A [RINE B (K1) R
AFWIEBIE—E; S —ERTEved eMmiTs £ CCD EAR 2175 K
UK 4.19 AR

A 4.18 ZREERER

Figure 4.18 Diagram of the experimental device

ME 4.19 TBUE AT B A LR 8, b a0 9 A A
TWER 0 HATH, TRLESIA TR IEEGRE T T, KR\ 4D

90



4w PR R R R ER A RO E R R A S B

G343 I A RN B AR Z R AT 5 5 3 608 BRI IR A i 22 I AE — RS T B
TSl 0Tl 4.19 R A EM i REEMR, 15248 3 B 0 T35 B n & 4.20 A
o M 4.20 AT RUE H, EM R 1R 0 T2 B 00 0 PR A i o J8t K 1 189 0 K BE A
BN, X T BRATSLIE MG IR R A 500-590nm J% B, ik B R R Rl K
PRI Dm0, XS SO R H 0 R R S A K R s R S

B 4.19 R SZIRBHIRTH B

Figure 4.19 Diffraction pattern on the CCD

[e] [e]
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560 nm 570 nm 580 nm 590 nm

& 4.20 BRI RBERTHE
Figure. 4.20 Interferograms of different wavelengths

X 420 BT B BRI AR S8R (8 L AR A EAG B A
[ BL I Stokes R, &l 4.21 2 RIEAFBEHIS, . Bl 4.22 K] 4.23 7308 R
A RIS, RIS, o
EEEEE
500 nm 510 nm 520 nm
EE .

550 nm 560 nm 570 nm 580 nm 590 nm

B 4.21 AFRIBELH SO

Figure 4.21 Sy at different wavelengths

HE B EBR

500 nm 510 nm 520 nm 530 nm 540 nm

2B ER

550 nm 560 nm 570 nm 580 nm 590 nm

B 4.22 ARIBEEE S1

Figure 4.22 S; at different wavelengths
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500 nm 510 nm 520 nm 530 nm 540 nm
550 nm 560 nm 570 nm 580 nm 590 nm

& 4.23 ARIBEEBH S2

Figure 4.23 S; at different wavelengths

M 421, B 422 FIE 4.23 o LLE W, S, RIEFIRCR LS, 1S, AS, 1x
TR AT 2E o X RN S B B I T LA K KRS, S B A
AT . JEH, e A A R I R b, AR AR I TE R A 1)
P ER A RS2 B

W2 SMSCTIPS R4t S (¥ So i A7 BEMEHR 1) P M 3R A, X 6
5 SEIH N RDGIE BEAT R EL S R 424, MK 4.24 TTUIE Y, SERH DG
2k 2 Wl B, RIEMSEANB I ER A A R N, RIS IB
MEEATEMAREERIZE L, ST SMSCTIPS R4 IE: .

1
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ok
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B 4.24 REOGE R ERANLE

Figure 4.17 Inverted spectrum points and input spectrum

HRUEL O RS AR 1945 SR vl 200, A B P B2 L 45 2 18] 1 ) 2R o 55 = A P e 1%
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JAR AR G IR AT AR H AR IR e A — 4 a] 5 5 o A i )
R SR TR G R ZR G b 1 2 8] il i 4ik AR 2 4t S T B e VR 3R A
HARCIEE S 0AS L, B0 7 T SEEHT SR H Arm IR (5 S 00RE 7T, et 7=
[ 3 1 i 1R AR 8 AR AR N

4.5 RENGE

AT RN SMSCTPIS REu4E AN FE B TR 7T, 2 [a) 1 il e A 15
Gi 5 R ENT UGG RGHEE S, MR T 2 A R IR RS R Gl — ol &
ToVEIRAF H ARG IS B a8, 38 7 v SR AT UG O6 R R 0 H AR RS B
IYERE, 2R GuiE I — ol &t nl AR H AR AN R BRI DG Al — 4k 2 [a)

==

HJ/tho

B, TR TR GO R, X% R G SR AT )
FONS EEAS 21 EM IS AR R AT SO RCR S i ik Fik, B2 BRI e 1) 1
R SR A BT RGEE Y, 1% R GUR T P Savart {6 82 1) % 18]
IR UG R G5 T RN RO IR BORA S &, TSR B 2 S
SN [A) I 1 i BB, HE S 1 PR A S 18] R i R o SR A R (B0 1S &
SRR T RGNS DSBS &a, BRI T AR
FIT4 H 0 45 R AT 2 S T AT

R AR 2 Ffr 72 AR PRI 2 1) R o 2R B 2 Al IR R ABO G A 48, i — iR
DBl ) AAS 2 B AR AS RSB B e« SETEAN i [aE S, A8 2 a3 1k
BARGAAIGERNEE ), HEENT RGRA MIRIRINEE ST, A RGERE 1 2% 18]
il I IR AR BTN SR BRAROETE BRI 52 b TREAC R -
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5 5 & FEETIRRR &R G HRATR

22 [ 8 ) v P95 2 96 A% 9 1) D A5 S AR U8 A B AR e s e 1 A
SETRL IR S N AR H (R 3 Sk 5 T R A e S B R g e (BRSBTS U
HORIEIE TP PER I RE P AE AR, AT B IR 5 2 I A AR s o
i e 7 AR A R A AR IS SR R B e T RRR I R . Oy T S H A )
i i H1 PSR 22 G O % 15 5 M08 R VR A7 AE 1) B3 Tl B, A B = ) R ) i I s A%
R GUBT R 2 S S0 o AR TSR A S S R SR S SR IR A N L I 2 e
JHEANA], SETE IR N B L SRR (178 Zh 75 25 2 (K5 R, AT 45 2 18] R il i
PR B AR Geka fd ol e 7 R L AR, A0t 23 1) R i i i )l (R A ot B B
Rl R T RE AL, B I AR SR AR O T R 2 I SR 0E 2 T 1 iR R R S
Stokes IR {5 2 FEAT 2SR R o DR SEAS SCHRE HH AR 23 SR R 5 R e B ) 22 T 1
MR IR AR R GG i, X 2 R) R ] (R I AR 2R GE AN A SCHR H IR 2§ P> Savart
i 't 85 ) 20 1B A A O i AR R R AR AT 1 BRI A, SRR I AR T, Dyt S
SR AR R 15 SR PO A IE R PIC 1) R SR A A R R TP e A, SR A SR SRR Bt — 2

SRR P R

5.1 TR AEISIREAR

Bt Savart G EE R 2 8] 1 1 Pk B AR R G 23 AR LB - Savart i
Jei. BTN Savart GBI G EREIEA E, ARSCHE I BT IS Savart it
5 102 1) R ) i R AR e 2 B TR R AR B — S DSE ) Savart RGBT — %
SLi Savart {6 HE » UL SEASTEFE H B2 S VA SRV 45 I AT F0 22 1 8 1) v I i
BARG, AAREXX WA RGUASE B AT EAR @A, O i HUE 07 L BE SR
5.1.1 fe G EEHIR IR IS R G = HAR R R

22 [ 8 ) i 19 1R 2 G0 s T 8 T R O B2 R AE A S — R e i i
A 2.54 NHBUARAL., /AN 2.54 1, So A1 Sy il id RE A A ST 55 RE AR
SR, ARTmIRME SR, O 7 TP AR A 1A X i T P i
1Tt AR ERE Sy 73, XS A [ANAHM R IR R R B R, KA
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2.54 RS HARN, HRILZAZN:
1 1
| = ESO +§Sl cos[ 272X+ )]
+% S, (cos(47€2x) —cos(47dy)) (5.1)
+% S;(sin(47€2x) +sin(47€2y))
30 Stokes 52K B AE I AE W il B R R AR A AT T AN I, JEa B, R
AT 22 (B A i D 1R A R G TR R R AT DU g 4 1> Stokes KB H A% I il
FEARIBRZE B G I B RE M2 . A T 7, %

M, = 1 (5.2a)
2
M, = %(COS(Z/ZQ(X+ ¥)) (5.2b)
M, =%(cos(47zﬂx) —cos(47Qy)) (5.2¢)
M, =%(sin(47zQx)+sin(47zQy)) (5.2d>
B, A 5.1 20:
I =M,S, +M,S, + M,S, + M.S, (5.3)

AR S2 W UE R —ANHERE: M =[M, M, M, M,].Stokes K& LFE

A —AERE: S=[S, S, S, S| . Wik, A 5.1 ARUEN:
I =MS (5.4)
Hob, | ARRERIEEZ BT E, AT RTHO N~ N ORI, 1A
— I N2 AU, T AR

2N (5.5)
INl IN2 L INN
Forpr, 1 RORRNES EIATHIEE (AT j IR ERE. A 54 P s

W2 75 KR Stokes K, HIT Stokes #F/NK B & i E 41 PRI 25 S I8 45 21
(1, BT EAREAS S Y Stokes % B/ IS ERIN 48 I R/ A], AL, 1X 48 Stokes K
BEANRWERN:
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S, S, LS,
Su S L Sy
M M M M
S Swe L S

(5.6)

Si(i:0,1,2,3) =

E Ay sl AR SIS 1 A Stokes KEMIE a 1755 b SIINEBRME, X

AR Stokes RERMGREHA N DNEUE. T s HFE, —IF 4N M
fH, X 4N ADEE AR BR IS R M THE M, KRS ERNBEARZ D
FIR, BAENEHRE AN AS, B, FEEE M AT EAERIR

My M Lo My,
Mz Mz L Mg,
M M M M
M My, L Mg,

M (5.7

i(i=0,1,2,3) —

Horr, ML AREREE i A M AEREP S a 47 F058 b ZU BB RAE, X T 1 = Ms

BHAATTRERIEA, AT LR R

[ MOS2+MESY AL +MOSS +MESL + MESE 4L + M2 St

+MZS2+MASZ +L +MASS, +M3SE +M2SS +L + M2 S3,

M2SS +M2S2 +L + M3 Sy, + M, S, + M, S2, +L + M3, Sy,

=| +M2S.+MZLS. +L +M2 S5, +M3SS+M2SS +L + M3 S3,
M

Mp,Sh +MJ,So +L + M2 Soy + My, St +My,S;, +L + My, Sy

2 @2 2 2 2 2 3 @3 3 3 3 3
_+MN181N +MN282N +L +MNNSNN +MlelN +MNZSZN +L +MNNSNN_

(5.8)
WA S8 TTLAE L, 68 N A RRHEE R, TEAR S8 F, H
AEOS T N2 AR, B, A 5.8 B R —MGE AT RRAL, B AAH A5
5.8 W90CE JARALRAR, T LU LRI Stokes (3 8.
5.2 BFEA Savart R FEEEHIRIR AL & RG2S R D
ASCHE S = BRI I E TFIA Savart (6 SE09 7 ) VAR R P12 R G
B 2 R R R RS TR BUAF E 2 5, PRI, E I B R
WIS o RS = AP HTIOIE T A Savart G HE RGBT, JUSmi 0
WA 3,02 FER . MAS 3,12 R 2R R L 1 3 45 L R 2
SEROUTTG U, S, FS, RIBAEH Sio BA(E—L, S, 1S, RIBRMH S 7
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B, AT MIRE SRR, AAEEE S PR, oy 7 E TP e
()3l _F ) i3 B R AT 20 A2 2538 R S, A0S, 73T, R AR G Bp LR A,
30312 PR S BN IR Z A N:
| = % Sy(d+ sin(a)sin(b))-% S, cos(a) cos(b)
+% S,(cos(2c) +cos(a+b) —cos(—a+ g) —cos(—2¢e)) (5.9

+% S,(sin(2c) +sin(a+b) —sin(—a+ g) —sin(-2e))

KA 59 TS EHE=FHNSEAMFE, EXF 54> Stokes ZHU I 2 [H]

RAMIFH, 4

M, =%(1+sin(a)sin(b)) (5.102)

M, =%(cos(a) cos(b)) (5.10b)

M, = %(cos(c) +cos(a+b) —cos(a— g) —cos(—2e)) (5.10¢)
M, = % (sin(2c) +sin(a+b) —sin(—a + g) —sin(—2e)) (5.10d)

Ik, AR 5.9 AAMANR 54 R, RG-S EREF B AR ] LA
N o 1=MS+MS +M,S,+M,;S, » P M=[M; M, M, M,]
S=[S, S, S, Si] . %M 5 AR AL R SR A,
RRREBEEM =[M, M, M, M,]EIZ5 AR, 0 TEIEHN NN
IERIZE, BAIR =M,S, +M,S, +M,S, + M,S, 5 7 F2

00 00 0 O lel 1l 1 el
M11811+M12821+L +M1NSN1+M11811+M12821+L +M1NSN1

2g2 22 2 Q2 3¢3 3¢3 3 @3
+M11811+M12821+L +M1NSN1+MllSll+M12821+L +M1NSN1

|

11 00 0 g0 0 @0 1l 1ol 1 ol

| M21512+M22822+L +M2NSN2+M21812+M22822+L +MzNSNz

12 | _ 22 22 2 o2 3c3 3¢c3 3 o3

M - +M21812+M22822+L +M2NSN2+M21812+M22822+L +M2NSN2
M

0 g0 0 0 0 0 1 el 1 1 1 1
MlelN +MNZSZN +L +MNNSNN +MNlSlN +MNZSZN +L +MNNSNN

2 Q2 2 2 2 2 3 @3 3 3 3 3
_+MN181N +MN282N +L +MNNSNN +MN181N +MN282N +L +MNNSNN_

(5.11)

MR 511 BESE AR A A B RTREMAEL Kk, T4 Savart
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i 6 B 1) 2 T R ] i i Fl AR P BEAR AR R AR D IR T RE 2L 15 2 IR 8 T RE AR A
NG Z G SRR R AN E RS

52 REFREHEKRBERE

MR ETTRRAL, E M RSy Ax=b, HAHAeR™, n<m. %
R TR B b T ARABUN AN, RO TT R BAT RN T 55 2 M P Rl AT RE
TBBEHEBE A AT AR, & BT YT B 2 A R, RIZ A AR L 55 2 R
B HFH B SRAPE R € T RE AL 73R R R g T RE L SR A e AR DA SRAFE | o vu e /MG
ATAL R, AT R € 7 RE AL AP x W LAER b iR S

arg min||x||0 subject to b=Ax (5.12)
X

{2 | Yo a) @) 3K fif /& — > NP-hard (Non-determinisitc polynominal) [

A, BB U R B T SR O, AEAT BRI E) AR AESE R DA R ]
A, VF 2R SRAR R A SR SE Y, AR fa] SR 25 T LRI SR R e T R 4L 1Y
AP

521 &F| SeBEEKRBRERZEA

HERMBAR 512 fFERME, T&, BB T T2 BMBORMER/N o Hi
[R5, fEIXEeskd, UUECIE %28 (Matching Pursuit, MP)PHEE R A& /M

VL A . MP SRR YOS e & I 7 e e £ 5 05 5 e UL RC Y
JE 7 RAEI I SRR ESLI A THE 5, Ll 2 Jos Mt LEF i a5,
B IZHRR PR Bl 2 UGS A W LA R s s AR, /£ MP 55
AR b, R E R TR A BT IR AR PR, IR VLGB R (OMP) S92
O3 REA: s i i B RS AN B 182, e Y R BB B s A P e —
AT E KR T I E AR 70 BOESZ LGB ER (StOMP) 5% NIRIEE S
HARSE, X OMP Sk HEAT ek 5l NIEWIMLALEE,  BIF 7525 41142 IR AL IEAZ T
FliBER S % (ROMP) P21 il i & s AU R RAE A R AR T AR L 2
Yok $%, A8 ZANEAGERE i 2 T 2R AR R A S TR, AATTBR 4 RAF UL

99



BRI 02 18] 1 R TSR AT R RO 3 B BRI 7T

FLIEERSHE (CoSaMP) P7e MP S3JR K fiffe /M U B AR 2, 7EA% 48 MP

SRR b, AT AE R IB B (GP)  FEHEH 18 B8 (CGP) 28 L7981
522 EFI SEREFEKRBRERESR

TELMERNRI LA, | VEEA AN VEE B — e S, | YEE0T RN
arg min x|, subject to b=Ax (5.13)

EFERE— AT SR AR NP o) LA 9 K de /8 | Ja B0 AR AL IR R/, Bl oK
PR EfaiAG TR, BT | VBRI R e T IR EE A RS . BT
IBEA(BP)E LN Ak (Interior-Point Method) BNl it & Y GEAR IS FE S 4K e £
[ UC AC 5 7 B7 s B B 52 B B B 2 595 ( Gradient projection for sparse
reconstruction, GPSR) ¥ To R 45 2514117 | 1%%&%’]‘%% I 83 2 A R BR R — IR
v R, ) P P 4 s A B AR 3R A0 S i B o A W 15 e S ) R LR 25
KR — AT H AT BE AL B, 15208 M v, D 7R Dt BRI SR FE g (1)
s, PR R AE R MEYE (Two-step iterative shrinking algorithms, TwIST)
S, I Ak T AR R TR PR A T A ) T SR e R B W s i 00,
€ mIESERYE (Fixed-Point Continuation, FPC) $G 552 WAL 0] /85 N o 4%
LI RARA IR, fESEFEAE b, 51 NZR1E: Bregman EAREVE, BRI T iHEE
FE BRSNS i fe g i 00101

BARIET s/ | JEEO ARG R R B e BT R SRR D, (B H AL
IREH . T IR OE J7 FR2H SR e 2 TR R i s Hk AR R w45 B L TwiST &
R, o AT sk

5.3 TWIST-TV E3&

TwIST S5 A% O JBAEZ A F R A Al THEK BB M AiE, Tl 2 S RA5
BB AE IR E T FRALIIAR « A0 UL TWIST Sk A O, WL HEAT AR S22 5,
HARZGWN 78 B bR s BOR i A 51 N 248 73 IEMIBUR I — 2 % E—k
EARIS B 45 R R A8 Ab 3, TE B E MR H Y, X8R AT RUKORRD 5 s AR
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e

53.1TV 4%

STy (TV) BEMSAEAFIE B AR A RN R FF B ARG (5 2, bk B Az
W) TV ABAE Y B 5 B 80 9 1 W I5TRT DA e E AR 1 75 mp A7 A2 1 30 25 1)
R, FEEH bR TV EEEAT R F AR AT DL, AR RIE AR 2 1
flitt B AR IIAEET TV AR £ L 035 H bRy —4EEHR, K/ MxN,
T3 B KPR RENE IR ST h, =[0,—1, 1] IR ELBR FE U §- h, =[0,-1,1] » X 1&]
IRV AN TE B [ 3EAT RO L 8L B, TV IEMME L RZRE 20N

TV(p)= Y {(p®h)? +(p®h,)’ (5.14)

i,jep

He, pRER4EEIG, oREEHEAE, i jAAKREE p 91470 51,

WG TV EAE R TWIST Bk H br sk 0 19 1 5 o(X)

5.3.2 TwIST B34
TwIST FARAIEACESER, AR L= ML, RIASOR A TwIST 5
ERIRRGETTRE I . TWIST S35 B R AR [ iR AL )

arg min%||b—Ax||z+A(p(x) (5.15)

Horr, 2 NIEMIZH, o(X) J9IE NI TWIST S0k FEZIRACE R f2 40 T

x =E,(a) (5.162)
X =-a)x, +(a—PB)% + PE,(a,) (5.16b)
E,(X)=Y¥,(x+ AT (b— Ax)) (5.16¢)

Horb, a, NBOERIPME, x A a tHE I FEAHME, E, (0 Xt a, LA
B x BRHG t FoRIEEL o M BT EIRATIRATS HAUE,  x NEIERLS

PIMME, x, A E—DIEEERINE, xS ATIEAE S 2 1 1E

5.3.3 TWIST-TV &%
AE SR L TWIST Bk %O, XTSI A2 S, Bz T: £ H
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R R AR A RE A 5N 2270 IE IR AR IX 20 X b — UIEAR B 45 R R H
AR REER, BN L R H B AR AT LUK R 5 A AR B 75 o 257 B TwIST-
TV HArsEECN:

f(x)= %”b— AX|[. + ATV (x) (517

L5 4 FIRRHL D, T LA

(DTV (X) = Z\/(Xm+l,n - Xm,n)2 + (Xm,n+1 - Xm,n)2 (5.18)

P ) A S 1 S |f(xt)_f(xt—l)| S A G R o A

B SRR A LR A ) s IEARE R BE KT 2k e B B A
1EIEAR, TWIST-TV BiXmAR K 5.1 Fros.

LI iANb, A, EREZIEREP, o fpESH

B2 FIHRBEABVIEEEE x1, T x RN BARREAS 2] prev_f;
AU 3 K x1 BT O, 2 NGRS x, MR
AR 4 K IENME AL PR ) x AN TwIST SEg AT AR 28 1) x1:

|f—prev;f|>P

A M ERT prev_f=f, MR RARBSHAE, BRI 3 ALK 4, it
DUk L O 2R ) x 1

AIR S SERA RN x1 RANHARRESE T, i

’

XS
|

SRABEZAS FIXLRN H b7 of Fprev_f

l

RIXLIE I 475 4 A0 B x| EERUEL, prev_f=f

|

\ 3 TWISTRLHEEAT I AR B BT AL \

R ONEE G

& 5.1 TWIST-TV HiERERE]
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Figure 5.1 Flow chart of TWIST-TV

TWIST-TV SVEAOSSE LR, AT DA A QLR oo A7 A5 B e 75 B,
S U ORGE T R AR RIRE L, DRI, T T s TRl R A R R AR SR S8R E T R
ISR AR AR F TWIST-TV SV k47 KA

5.4 (HESTFNSLIRIIE
N T VLA B B H 00 2 T 8 1 iR i A5 2R 0 2 S R vk R SRS S
A, AS/INTRE SR AR 5 B e O A X H AT IR

541 HEDH
N T IRUEAS B PR 7 & 1, AN B AN B SR EE
IR SN AT S5 I 2 (R ) AR AR R EOE L, X 5.1 TR A
[ R o) s 99 Fs A 2 4 100 2 Sl e T AR A TR AT 07 L Ay LA, B s U
BOLEH T A B, B A& S RSN 2 5 6 2 RS A D P R
Iy AT T BT
2 [ H 3R SR RGN SHCS B TS Savart '8 107 8] 1 i ik &
GHAAR, L, FIHASC 3.4.01 e R AR . REBRIMT: WK
KIEFEN 550nm, Savart )68 AT Y 6mm, FRIESEICHCN 1024x1024,
RIS KN A 3.8um, A AR A 40mm. 15 B K& AR A I 3.9 1B 5.1 7
B R . B 3.9 17 B N Stokes B RALE AR IR AL A7 2E 2 (R348 A,
fib o B2 RIS A I AL, B B2 AR AR A S B AR D TR 5.2 fa
NI Stokes B BL & A8 SRRV, SRR B 2 [a) 5% 2 AN A ) HL
BN E T F 2 WA S SRR, BT & 5.2 A0 TR 3.9 A& 8L
2 AR AR AR S, Bltl, B 5.2 FERRRIN AR 2 MRS M. 14 3.9 AN
B 5.2 15 LN B LR 2R FE TS BB 9 [0-1], 17 A4 N B & Stokes 2R 2 [A147
fFBURXA: S,=08-S,,S,=048-S,,S,=0.36-S,, MiREP=1.
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0

B 5.2 iERAZ ZRAEZN Stokes B F

Figure 5.2 The input Stokes objects pictures with more spatial frequency changes

2 18] R R IR SR R 4l ] 3.9 RN J W A& 5.3 fos, BET R
Savart {55 ) 2 A1 VR i S AR R 4 1 B 1) 3.9 3451 0 LT Il an ] 3.10 T
ANe X 3.10 A& 5.3 FEAT SR, KR RN TwIST-TV ik iiiT
IEARSR AR, 49 30 B S R A A1 B 1 23 AR AR /D Stokes iR {5 B &l 5.4
5.5 B

B 5.3 LG R EGIRIRRE RS2 RRRRA D KT E

Figure 5.3 the interference pattern of Spatially modulated polarization imaging system with

less spatial frequency changes

output ; output ;
n i 05 u ‘ :

0 1]

output 4 output 1
. H 05 . w 05

0 0

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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& 5.4 ZETFBHA Savart fRdt s = R AFMRIRE RA T BFEEHH Stokes

Figure 5.4 the output Stokes of spatially modulated snapshot imaging polarimeter using two

Savart polariscopes by space demodulation

uuuuuuuuu

B 5.5 EEAHRRRE R G TR RR L Stokes

Figure 5.5 the output Stokes of Spatially modulated polarization imaging system by space

demodulation

N T B8V A T 1 D YR K A 8 L A 5 AT TR Y A U £ R
ST, T A Savart fot B2 18] 1A il w3k B A% 2 G0N 23 808 ] i H AR
G0 7S I 45 2 1) Stokes B I BEMGAHALEE (SSIMD SIE{EEM:LL (PSNRD F
e FEL ISR TR 15 2111 Stokes B F (1 BEMGHABLRE 15 I B (5 e L 5% 5.1 SR 5.2
Fne MR 5.1 ATLLEH, T2 HA Savart {6523 A SRR % R4t
FC A S e R RN L e AU T 49 21 ) R B B SSIMLAELARTA],  {H2 %S T PSNR
B, IMHES, S, S, A B IS i i =t 5dB, IR ) S LU

S0 I 1)t 1dB e 31X 32 B R N TP Savart i )it B 2 18] 14 1l i 4% A5
REH G PR AR KR, SRR S E RPN AR 5.2 ITRUE
TR IR R RS, AR Stokes KB PSNR {H 2 B
AT U (4 Stokes XA PSNR R A, H 2= I8i# 1) Stokes 2K & 1) SSIM
(B AN B SEA 1Y) Stokes B SSIM EAHZEA 2 o UESE | A SCH LS T
PR T AT A R R R, R T R S, e 1 R
B, HH, MW S.1AFE 5.2 A LAE B T HA Savart {82 A
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A R IR B AG R G TG 18 A2 2= U VR I 2 48 B 45 20 1 Stokes IR R{E B 1Y

SSIM F1 PSNR {H # &L 4% 40 25 0] A Hill s AR R Ge i), UESE 7 AR SR = &R

H RS A U

R 5.1 ETHA Savart fwI6EE 2 BIVARHRR G RS0 SR VA AE B M-S0 8 B ==
PZAF D> Stokes ) SSIM 1 PSNR &

Table 5.1 SSIM and PSNR values of spatially modulated snapshot imaging polarimeter
using two Savart polariscopes by space modulation and Fourier modulation with less spatial

frequency changes Stokes

7 A So Si Sz Ss
PSNR (dB) 41.151 38.635 39.796 41.855
SSIM 0.997 0.993 0.991 0.993

e 5L I A O So Si Ss S3
PSNR (dB) 36.435 33.482 34.232 40.860
SSIM 0.997 0.993 0.991 0.993

R 5.2 2 [H R wdfR SR 2R 40 2 A VAL (L B T SR B O AR R 2 TR S 3R 3842 Stokees F

SSIM F1 PSNR f&

Table 5.2 SSIM and PSNR values of Spatially modulated polarization imaging system

by space modulation and Fourier modulation with less spatial frequency changes Stokes

oty Al So S Sz S3
PSNR (dB) 40.374 38.633 39.795 41.846
SSIM 0.997 0.993 0.991 0.992
8 L - fi i So Si N} S3
PSNR (dB) 14.965 16.782 21.232 23.781
SSIM 0.996 0.991 0.989 0.991

FET WA Savart ot 5E 7 () VR ] O B AR FR G0 A0 AL 2 25 () VR o) O R LB 2R
&1 73 [ AR AR A 2 (1) Stokes B 5 2 (107 T30 B 5.6 AL 5.7 Fios, MK
5.6 F1 5.7 ATCARA (B BT 4S80 U WA BRI AR T AT 1 1 &0 2 IE A 1
XA 5.6 AT 5.7 RIS, KA T AN TWIST-TV Bk A2 H
PRI Stokes KEMmIRIE S, & 5.8 F1E 5.9 Fror.
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B 5.6 ETHA Savart CEE BIRTHHRIRRE RA L = HRRZLL Stokes B 7T
&

Figure 5.6 Interference of more spatial frequency changes Stokes by spatially

modulated snapshot imaging polarimeter using two Savart polariscopes

B 57 ZHEARRRRERAD TAMELNZS Stokes B THHE

Figure 5.7 Interference of more spatial frequency changes Stokes by spatially

modulated snapshot imaging polarimeter

output pict output pic2

output pic3

1
. HUE
]

output picd
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Bl 5.8 T A Savart it 5= R H iR R RA TR Stokes KE

Figure 5.8 the output Stokes of spatially modulated snapshot imaging polarimeter using

two Savart polariscopes by space demodulation

B 5.9 £RAZREFIRRRG R AT BAERRL Stokes RE

Figure 5.9 the output Stokes of Spatially modulated polarization imaging system by

space demodulation

N T IR AIE A B4R HY )7 V2R 0 T A G e L AR SR B I T 2 R O ) AR
B, R T ETEA Savart fmotse s 8] ] fn Bk AR RS ZSIUE R Stokes 15
SN BRI Stokes 15 B SSIM E AT PSNR {H, 415K 5.3 fion. FIFE, T
2% 1) R 31 J R 2 5 1 22 S 1 Stokees {5 JE AT {8 BLIHHA T Stokes {5 B /¥ SSIM
fEAN PSNR {HUNE 5.4 ffios. MK 53 ATRAEH, X T TP Savart fi)t 5
(1) P 1) i P AR ZR G, FL 2 S e o ARy L I A U 45 38 6 et P 1) SSIML 1B
MEAZ, (HZXFT PSNRH, Zf# R0 So Lo B Sidiid it &t 4dB, =5
AR S, Sy S, F B R A =t 1dB. WK 5.4 WTLVE L, X TE

)R ) O IR AR R 8, 2 S R 0 L A T 45 2 - Stokes R SSIML
PSNR [H#MZEA L, {EIE A AR ) SSIM A1 PSNR A8 #4211 5L - A i 14
SSIM #1 PSNR 8, iESE | AR FAEHEIER AT XTHER 5.1 fiL 5.3, ReE
H 2 ) AR 22 (0 1) P AR HY 4 SSIM 5 PSNIR AH 21K T+ 23 RIS AR Ak 2 14 B9 A fi
1A H (Y SSIM {1 PSNR {8, 3R & F 9 23 (R AR 1) 22 /0 %) T Stokes [ (1
FRRAFAE—E ISE, 25 (R ARAY 22 1 1)y TEAE A R I o P A7 HE B 22 1 s,
52 Stokes fF RS FE .
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225 [ P i) v 1 o A5 2 500 22 Sel A 1 7

R 5.3 ETHA Savart ftEE 2 BRI 5B 2 90 2 508 A AE B 0S8 AR A

Stokes K& & 11 SSIM F1 PSNR 1H

Table 5.3 SSIM and PSNR values of spatially modulated snapshot imaging polarimeter

using two Savart polariscopes by space modulation and Fourier modulation

gatr g Al So Si S> Ss
PSNR (dB) 35.092 32.597 32.758 37.289
SSIM 0.953 0.931 0.943 0.948
{7 B A A So Si Sy S;
PSNR (dB) 31.611 32.016 31.662 36.245
SSIM 0.951 0.929 0.943 0.941

R 5.4 ZEAEMRIREE RS T IR FEAE R HSURIER A Stokes KEE K] SSIM

Table 5.4 SSIM and PSNR values of Spatially modulated polarization imaging system by

space modulation and Fourier modulation with more spatial frequency changes image

7 A So Si N Ss
PSNR (dB) 34,991 32.697 32.054 33.346
SSIM 0.951 0.929 0.941 0.945

e 5L I A O So Si S» S3
PSNR (dB) 31.127 31.136 31.642 31.580
SSIM 0.928 0.921 0.940 0.936

RN 5 2LG5 ST L 78 4 3 WA 8 48 LB 3o R T R TV 5
LB RR AR R SE Stokes IR (3 B LT A WU B H38 F TAT (T 25 Mg AT A
Yk, FUFH TWIST-TV BV 7 FRAAL I 7 SRR 0355 1T DA A 4 b ot
R RTS, S B AR R 2 B0 SSIM (5 LU HEL I 70k £ (P45 0,01,
SRR (R 5 JEL 0 PSNIR {8 L 18 L - (8 T899 85 3dB. R St 75
S O IR R A e A L, A T R R R IR R
{fidf: Stokes M (35 ELVRREE, TP 2 SRR VR4 30 0 B M OB (8 (35 MR L, S04
% [ P 1 R 5 T R LA T 3
5.4.2 STRBIE

N T 0 U A 2 L 1 2 R 0 O A HE S 4 W R A 7 L
Witk FIF OGRS E, AR AT RIRIE . AR5 T T A
Savart {82 T 8 45 P 19 R G 0 2 SRR SV L7, T 18 2 BUAERE 2

109



BRI 02 18] 1 R TSR AT R RO 3 B BRI 7T

AR EEL P A AR R S 0 S 645 2 B 0 B REAT AL B, TR AS T K 0 56 = TR 1Y
SLI TP B ELAR AT S SR, 8 [l — sk SE e TR AL B, 5 SR b A i
VAN LR 25 2R

(a) (b) (c)

. .
NA|

NS

& 5.10 EEEM Stokes KE; (a) SO, (b) S1, (c) S2

Figure 5.10. The Stokes of the reconstruction: (a) So, (b) S1, (c) Sa.

XTI 3.15 [ R A g A Sk, B RN TWIST-TV 82, fifif
351 Stokes K&K W 5.10 Fion. (ERASUEMER, o BT IH— b
H, IR EEAE[0-11208. B 5.10 S, BREAS,, 530S, /S, I, ik
5.1 FiRe M 5.1 BUR I R EMEAE 0.5 7247, X 5 AR5 & g NI 30°
AmAot Stokes KREMS, 5 S, M. FIFER), WK 5.10 F1S,BRELS,, 15
S, 1S, B, il 3.12 Frax. M 5.12 BB K B AT LA K
{EAE 0.8 /i1 - X 5 A B 30°Z i dIk )t Stokes RE A S, 5 S, W ELAR 453k .

DR, KR P EERAE ] 1 SR F A IR 5 R 2 U 1R ) 2 St ] SR AE R P A
Savart {82 42 (8] 1 1 4R SR R GERTRTAT
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& 5.11 JH—4 S1/S0

Figure 5.11 The normalized S1/So,

K 5.12 15—k S2/S0

Figure 5.12 The normalized S»/So

SN EG I 2 P B TG 156 L 2 Sal e 1R R FRL R (K8 95, o 1 ik —2BE
WA S SRR SR A R, JREUE 5.1 R 5.12 A BRIG R — B % 3R P
I Bl 5.13 5 5.14 fos. WA 5.13 B BT DG HiZ8 R = E
7£0.5 L R¥s), tHEEPMERN 04941, 55 30°ZmR)GH Stokes KREHS,

S, HIEKAE . M 5.14 BIZRIEIE T LI Y, 28R AIMEAE 0.8 LRl 5

FoFBIMEY 0.8270, F7& 30°ZkfmiikotH Stokes K& S, MS HILLAE . XL

3.8 5 513 tHE IR 31E, B 5.13 tH B8 21 F 318 H B 3.18 1757 0.003;
FEIFEXT L 3.19 FTE 514 tHERSF2ME, B 54 T EFES TE 3.19 11HE
[PFIME, IR 0.13, B 5.14 B8z 30°2fmeiR e+ Stokes K& H S, A1 S, [ LL
B DRI, MR B &5 B nT DUIE SE3E T R 5 5 R4 1 25 Sk i SRy o] DARE 4
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