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Abstract: This study systematically analyzed and compared various snapshot imaging techniques. Ac-
cording to the method of spectral data cube segmentation in 2D space, snapshot spectral imaging tech-
niques are divided into four categories: image segmentation, aperture segmentation, optical path seg-
mentation, and frequency segmentation. The principles, advantages, disadvantages, and current sta-
tus of 17 technical schemes werestudied for each category. The analysis and comparisonwere based on
the following five aspects: the tradeoff between the spectral channels and spatial pixels, matching of
space and spectrum, space continuous sampling, light utilization, and detector dynamic range. The re-
sults of our study will help researchers in related fields to quickly and comprehensively understand the

research status of snapshot spectral imaging, and in addition the results will lay a foundation for fur-
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ther improvement of the overall performance of these techniques.

Key words: spectral imaging; snapshot; channel imaging; division of image; division of aperture; divi-

sion of optical path; division of frequency domain
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Fig. 1 Schematic diagram of spectral data cube
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Fig. 2 Schematic diagram of channel spectral imager
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Fig. 3 Classification of snapshot spectral imaging

technologies
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Fig.5 Principle for aperture division
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Fig. 6 Principle for optical path division
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Fig. 17 Schematic diagram of dual disperser coded aperture snapshot spectral imager
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4.1 ZILEFRIEE

2000 4F, H AR 223 Tanida 32 7 —Ffp 3L F
52 MR AR A% B Y % B UL A% 3 ( Thin Observa-
tion Module by Bound Optics, TOMBO) 2257
2003 4, Tanida ¥ TOMBO Z2 45 L F 2] % 4 i
B, $2H color-TOMBO 2244, 1% 75 ¥ 72 16 0% Be
LT RGBS Bt i e L 52 BB 0k
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OGS FI HE— 2 ) B 2065 R . 42 i MST-
TOMBO. 4l 18 iz . BIFE TOMBO £ 4t | i
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Fig. 18 Schematic diagram of thin observation mod-

ule by bound optics
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LR #% (Multispectral Sensor with Integrat-
ed Tilted Filters, MS-ITF)!' | MS-ITF 2 5
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WE 19 Fros Gris ks & A 4 17 8 41,4k 32 4>
R TT, I HIEEHIEAE CMOS R H. 32 1
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AN 38 TE B 6T B S A
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Fig. 19 Schematic diagram of multispectral imager
using multispectral sensor with integrated

tilted filters
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2018 4, Hubold #2 th 1 £ fL 42 ¥ 42 98 Ot 1Y
61 A% A (Spectral Imaging with multi-aper-
tures and Linear Varying Filter, SI-MALVF),
HIFEBRANEE 20 Frs A 45 2 PR 22 38O i (Line-
ar Varying Filter, LVF) . {# & & FF %] (Micro-
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Tz 8 B 24 BOERR Y
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Fig. 20 Schematic diagram of spectral imaging with

multi-apertures and linear varying filter
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Fig. 21  Aligned position between LVF, MLA and

detector



1334 e KE TR

5 28 &

—

R\

RUBSHIETIMLA  yopfasigyt b LVF

B 22 AR R A AR X (i B ) e

Fig. 22 LVF rotation relative to MLA
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Fig. 23 MLA rotation and image reconstruction of
optically replicating and remapping imaging

spectrometer
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P 2R O 1% iR A B it E 4 (Snapshot
Hyperspectral Imaging Fourier Transform,
SHIFT) G AL 1 4835 & X Hirai F 1994 4R FF &
2 P 5 B AR 4O 3% {X (Multiple-image
Fourier Transform Spectrometer, MIFTS) i §"
U, BRI MIFTS 2 3 F 3 v /K 3 1 AU
BEHEY] 0 SHIFT J6 ik A0 02 3 F 38 5 49 5
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gent Polarization Interferometer, BPI) , % 2 ££ il



5 6 10

PR A R BRSO AR B R 28R 1335

ar B 7 R 7 A2 6 A& 22 (Optical Path Differ-
ence, OPD), T BPI AH X F 4 I 25 P4 51 e %
—N/NAEE o AT BB HEA AR F B OPD, N X
M AT FEAREA RNFE MR 2, @Rk
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Schematic diagram of Snapshot Hyperspec-

tral Imaging Fourier Transform

SHIFT WL i J2& : 2 F Nomarski # 5% i 1%
THREAE A B0 D AR AL B 1A B s BT 5 1 5 A6 T o
i Ot i — IR it S T X IR S .
Bl R R OB B R B L 45 1 o8 1 1 MR 2 1]
FEAERL2E 5 th T U XUET S5 2800, 7 AR A D Ik
seif SHIFT #9638 i 2/ BEAIR 50 %,

SHIFT #i+3 B2 M 51 09 1 2 B il 5
S MR AR 3D G 1% B ~7 5 7R i 20l B g
Wed#y o0 Bk SHIFT 5928k B 33 & B fL 42
orEIEOR .
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Fig. 25 Schematic diagram of computed tomographic

imaging spectrometry
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5.1 oEREE

Fe T4y oK 2% B G % B {2 (Spectral Imaging
with Beam Splitting, SI-BS) J§ F i i 2 ¢ % i
15, HIE B R F A A K R [ o DK R
B B A ) 0 A% 0 8, B2 A BRI R 1R R
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Fig. 26  Spectral imaging principle using multiple

spectral-beam splitters
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Fig. 27 Dichroic prism assembly
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Spectral imaging principle using quarter

prism assembly
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a filter stack
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Fig. 30 Spectral filtering and light separation princi-

ple of cascaded birefringent interferometer
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Ty, = cos’(bitik/2)sin® (byt,k/2), (2)
Horbib, 25 WA I AR L B AW
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T, = sit (bt k/2sin? (bytsk/2).  (3)
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Fig. 31 Schematic diagram of multispectral Sagnac

interferometer
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Fig. 32 Diffraction efficiency of multi-order blazed

grating
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Tab.1 Comparison of different snapshot spectral imaging technologies
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