HERZE: MEFE hFE XXF

2026 £ ¥ 56 % £ 4 H3: 240003 Q ObEF2E Y 2okt

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com SCIENCE CHINA PRESS
i & ARTBAFERI0BELE CrossMark

id

IR GRARLE: R, IRE XH 0@

R, s, T, K, BER

Ph 22 2 R 2 B A B, PTG & B P 2R B B R SRR %, A RDG BT AL, PE 42 710049
*PE R A, E-mail: tkmu@mail.xjtu.edu.cn

ke H 4: 2025-10-30; 3232 H 1: 2026-01-14; F2% Hi AR H 11 2026-03-13
Ex ARRIERE ST 62175196) E K E S UL RIS 2023YFB3906000). [E 5 184 5 0F 70 A it R (4 5. GZB20250076)0 4 e
RN S 2 (45 xzy012025081)% B35 H

BE RRLERGEEA, FA-—MBeER. LEERRFLECRNAERRBFER, AFREERFN, £
PER. RXAMNEARATFFETERIABEAREA. AXRGHRET BHAN K RIESHRIAR, &L
MTHEAEHZEAAFRETHERIAER, AF 2. 2B, 2KE. 2 & F 8 RE LR FEG, R
WTHANETEREO T LERN TR B WAL KT W R G RE, e 5 -, AR
BATEAEZEpHE, CERE, FARIUICRAGEAFETANREEAR. XFH—FHH, RHW
N, RN EFRURRR L EREZ S, ALEE N WKL R REARNENF A T2 A & # A
GHEWSE, FREEEZRZTERM ., RERMET —RE AL T FFTE) & 6 5 7=

KR B RA, WikRR, Wik K&

PACS: 42.79.-e, 42.25.Ja, 42.30.-d

jilllg

1 5 S, L MBS IR AL 8 B E 08 H AR R T 5

SRHTIORE 1.

BTN R LT T W H— 5 5 1) 2 4k L
FRMENERE. LSS R EAREL S E AR
PRIPEE R, BE IR R AL A48 S 7 Ay
fiE, O Z BRI, PR R A A R
GGG, AT, (UKIOE S BAAEA R LATE S 4
HWRPAMX 0 Hir 535, 5 A AN e A2 ik
g, HOEE RN R A RIRES, RES IRt
KPR I LA E5 A RSO HL ] ) kR 1
BB (s B 5 A BEWE NG| FEH B

AR, fmdR 61 514 (Spectropolarimetric  Ima-
ging, SPDE ARG k5 6k X EAS B BH T,
BN 2 RS AR B R T 1) Rk
FHEE,  IR3R G TS AR AE B %1 5 T I/ B AR R
U SR AL fildn, fEgshiE T, e AE
AAPEHE P, T mRAS 50 B3 5 75 G RHE, A
T S 20 B 7 (R0 ot B A mT S kB, bk, A2 RS2
AR A I b, i ' T 45 R 9 785 78 1 AR A R T, AT
T AR T FUEARE, SORIEZRIFENLEE O,

SIAREI: R, 200G, SUET, 45 IR G H R ESAR: U | SRS M. h R P J12e KO0k, 2026, 56: 240003
Han F, Li B, Guo S, et al. A review of spectropolarimetric imaging: Fundamentals, recent developments, and critical issues (in Chinese). Sci Sin-Phys
Mech Astron, 2026, 56: 240003, doi: 10.1360/SSPMA-2025-0502

© 2026 (*PLERE) Akt

www.scichina.com


physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2025-0502&domain=pdf&date_stamp=2026-01-22
https://doi.org/10.1360/SSPMA-2025-0502
www.scichina.com
https://doi.org/10.1360/SSPMA-2025-0502

FNGE. PERRE MELE 1% RO

2026 F HS6eE 4

WEFEN FOE I FPER AT HOR G, RS e 2 AL
PRACEE T B, MZEARRR N S, Rt
RE NSRS HIIT R 7 58 R B A R RO
JEAG ORI T L A, (B A FRE AT I s 22 5 T
PRt ALGEEE T AU BB S 23 10 R GUEAE AR AE
T2 . IR X A 2 e BT, T4 AL BT
EIMARUNTG, HZIRF LT 2R, [
Ub, InfRTAE RGTAE A . HE RIS S A B A 2 i Sk
Bl r e, SRS /NI S —, O IZ AU
bR 5 TR L

ASCHs Z G [ B i IR 06 1 AR SR 1R ik 46 5
WEFURE I, B A R RO B AR O R 5 B, A
AR IROE IS B RO PHCS EE,  BLHT Y
SRR 7 5. FEURIEAN b, b BUA BOR T I Y
PRAl, JFIEEAROR A 55 5 BT Al 5t

2 BHZTERS

R 61 BRAR A A% O AE T SEBUNHE 1 5 ik
S R IREU S AR, SEEURT H FRIG 2 480 22 R AL
TEH BB RS, SR RIRA T B Stokes K &
RIRN:
SoA)| | Lo(A) +19o(4)
SiA) | _| 1o(4) ~ Log(4)
S| [ Las(D) —L3s(A)|
S3(A)] | (D) — 1 (4)
b Sy)F R IR, S \(D)E KT/ E L WIRR
JE 2, SH(A)RAR+A5°/—A5 LR MRS E 2, Ss(D)FRn A
i@/ T [ Al I 5 2.

75 B 2SR R GE I8 R 1 ) 0 (o e
F T T AR S AR 5 B R 3 o6 ) K AR 1S R g
B ARG PRI A0 e iRAE T b, AT E AR R
NN
1) = M(2) - S(A), (2)

Hop, ERRG R IR SIS )R, MR RS ik
VAR B, R Y % b R 1) TG 1 X Stokes 2K i 1 IS
KZR. AN, WIRAAOP). 1WIRE(DOP). ZfWikE
(DOLP)F1 & k% £ (DOCP) ) 4% 7] LA 5 A

S(4) = ey

AOP(1) = %arctan(g—?),

JSE+S3+82
DOP(j) =1L 2 73

So ’

DOLPM):VSE+S§ G)

So

Docpu)=§§

A1 ' i B 5 AR A G 1) R B S i
LA T 253 S a1 i I3 o I w1 i 1| I 1 2 2R TN
Sy FESP T ) DA R s v i) K2, R4 s an 1 pr
IR, AN RGN RS AR, R RS
FLkRE.

2.1 SrAEHEH

3 IR ) B 7 v TR B R SIS
W ZEIR #%(Liquid Crystal Variable Retarder, LCVR). Hi
FEUR B A5 T B o, TR RIGERE X NG
(PR S AT gt ), I EAS [F I 24K R 2 41
SR, MBS SN RIRGE. MoLr g
SRRV RE i AR W N 1 S S A = B
AR AT LT AN R (8] AR S . A A it oy
YRS, BIATIEVGREL H bR 2 4EmiROGIE S 5, &
HREE W E2 BT R, GWE, AL Gu R ] 7R
JiE % B LA D) 4 58 BUAmAIR S 7 F R4, IXAE SEH e K
FEMmARIN R RN, 5]\ T FRG0m Rt iR AL
SEMERR ), R BRS AR g  EGEIE B B AR A
FFAE TR . T 25 1] 38 1) 02 s D oo £~ T 0 81 22
AT XS EF R IRFE S, SCBL i b B %, A
MARTE T I RS R AR R E M, @ T AL
WOE B 5 NR 22, [FI R4 T 2R G800 o 25 ) B 4%
%[J[w]‘

3 IR B AR 1) R 5 e T A 5 )
HI2E, EEr BB A T kg ) 25 18] A% o
TR 4 T 199619974 FF 4 IR . 75 LR AXH8
POLDERJE ot 5 #2225 7R 56 5% - etk ye e ik T 2
S, nEB3HTRE AP EAN KT,
TEEE IR PR ZE A (iR F 3 80U 43 2 — i )B4t
HAT T RPRI . 5828 A5 PARASOLE % £ f
FEMMEE ST, Fets L6 AR AR I RN 2
A, B EE K IR H440-1020 nm i X
B AR B, =K, BAMEGER T
HA AR R 10 B BRI, S B AR il

240003-2



FNGE. PERRE MBS 1% ROC¥ 2026 4 S S6 & 4 M

S,(x,y,4)

Sy (x,3,2)
S, (x,3,4)
Si(x,3,4)

.

B 1
il

%Ix,y,l (¢1 ) Ix,y,}. (¢’n )

L.
/-fx,y,l (»)

—

==
B=
Mol i

m

Ix,y,j. (%)

_—

L

90° 0°

DR 6 B R B ) MR Y ) 7 R0 A3 b Ay FUR TR RO o BRSPS R ] AR T

Figure 1 Polarization modulation methods in SPI technology [5]: temporal modulation, aperture division modulation, amplitude division
modulation, focal plane division modulation, channel modulation, and metasurface modulation.
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Figure 2 Schematic diagram of temporal modulation spectropolari-
metric imaging [5].
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Figure 4 Schematic of the MSPI system [25,26].
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Figure 5 Schematic diagram of aperture-divided modulation
spectropolarimetric imaging [5].
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Figure 6 Snapshot full-Stokes division-of-aperture imaging
polarimeter using Wollaston prism array [37].
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Figure 7 Schematic of the aperture-division spectropolarimetric
prototype ASSIP [38,39].
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Figure 8 Examples of aperture-division spectropolarimetric
prototypes: (a) Glory sensor [40], (b) 3MI [41-43], (c) CAPI [44].
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Figure 9 Schematic diagram of amplitude-division modulation
spectropolarimetric imaging [5].
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Figure 10 Schematic of hyper-spectral full Stokes imaging using an
AOTF [48-50].
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Figure 11 Schematic of the coded aperture snapshot imaging spectro-
polarimeter [59].
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Figure 12 Schematic of the snapshot linear-Stokes imaging
spectropolarimeter [61].
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Figure 13 Schematic of the spectroscopic polarimeter with a
channeled spectrum [62—65].
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Figure 14 Schematic diagram of ORRISp’s optical path and prototype [78-81]: (a) system optical path diagram, (b) camera cross-sectional view, (c)

actual camera image.
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Figure 15 Schematic of the snapshot polarimetric scattering
spectroscopic endoscopy system [15]: (a) system optical path
diagram, (b) physical image.
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Figure 16 Schematic diagram of interferometric ISP systems: (a)
HILP [86], (b) FTS [87].
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Figure 17 Schematic of the static channeled interference imaging
spectropolarimeter. (a) CIISP [90], (b) FSRCIISP [91].
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Figure 18 Schematic illustration of cascaded metasurface
architecture [99].
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Table 1 Comparison of typical implementation schemes for spectropolarimetric imaging (free-space architectures and on-chip micro/nanostructures)
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Spectropolarimetric imaging, which integrates spectral and polarization information, has emerged as a powerful
multidimensional imaging technique with remarkable advantages in remote sensing, environmental monitoring,
biomedicine, astronomy, and nanophotonics. This paper reviews the development and current progress of
spectropolarimetric imaging, with emphasis on free-space implementations including temporal modulation, division of
aperture, division of amplitude, division of focal plane, and channel modulation, as well as emerging metasurface-based
on-chip schemes. By analyzing the principles, performance characteristics, and representative applications of these
methods, their strengths and limitations in terms of spatial resolution, spectral accuracy, system stability, and snapshot
capability are highlighted. Furthermore, it is pointed out that device integration, algorithmic intelligence, and system
miniaturization will be the key directions for future development. This review aims to provide systematic references for
in-depth research and engineering applications, and to envision broad prospects in complex scene detection, aerospace
missions, and chip-scale optical systems.
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