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Abstract

conditions, opening the door to the study of nonrepeatable and difficult-to-reproduce ultrafast phenomena. It is an essential

Single-shot ultrafast optical imaging is a technique that can characterize transient events under universal

tool for exploring unknown fields and has great scientific and technological value. This article introduces the research
progress of single-shot ultrafast optical imaging in recent years, including the principles, technical characteristics,
applications, advantages, and limitations of typical representative technologies. Specifically, we summarize the active
detection methods, focusing on 15 representative techniques in 5 subcategories. Then, we provide a brief explanation of
the passive detection methods. Finally, we review the applicable scenes and existing problems of various single-shot
ultrafast optical imaging techniques and discuss the possible development trend in the future.
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Fig. 1 Conceptual illustration of active-detection-based single-

shot ultrafast optical imaging technology
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Fig. 2 Single-shot femtosecond time-resolved optical polarigraphy””. (a) Experimental setup; (b) transmission process of femtosecond

pulses in fused quartz medium
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Fig. 3 Digital light-in-fight recording by holography “”. (a) Experimental setup; (b) light pulse propagated in the 3D scattering medium
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Fig. 7 Single-shot time- and spatial-frequency multiplexing imaging holography™”. (a) Schematic diagram of the imaging setup;

(b) initial process of generating a plasma string by the irradiation of a strong pump pulse in the air
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Fig. 8 Single-shot frequency-domain tomography"*"

' (a) Schematic of the experimental setup; (b) 2D frequency-domain hologram;

(c) reciprocal 2D hologram; (d) phase streaks induced by the evolving index profile; (e) evolution process of transient refractive

index induced by strong laser pulses
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Fig. 10 Multiplexed structured image capture (MUSIC)™.
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Fig. 14 Icarus hCMOS imager .

(a) Photograph of Icarus hCMOS imager; (b) laser waveform; (c¢) time-gated beam profile in

temporal slice 2; (d) time-gated beam profile in temporal slice 4
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Table 1 Comparative comparison of single-shot ultrafast optical imaging techniques

Spatial T I Numb . L
Name pa lfl empo-ra nmber Advantage and disadvantage Application
resolution  resolution  of frames
41 pixel X High temporal resolution, limited o
SS-FTOP . 276 fs 4 . . . Laser pulse characterization
60 pixel sampling frames, low spatial resolution
DLIF 512 pi)fel>< 6.7 ps 9 High tempqral resoluti?n, Light prop.)agating. in 3D
512 pixel only coherent light can be imaged scattering medium
STAMP 450 pix'el>< 190 £ 6 Complex S}.fstem, different Laser induced plasTna,
450 pixel chromatic benchmark phonon propagation
SF- 400 pixel X Simplified system, high sampling frames, .
. 133 fs 25 . . Phase transit GST
STAMP 300 pixel s 7 different chromatic benchmark ase fransion m
450 pixel X Simplified system, high sampling f s, . .
4f-STAMP plx.e 7.9 ps 18 et l,e system. g . Sampg Trames Laser-induced ablation
450 pixel different chromatic benchmark
ADPDF- 15 Frame rate, exposure time, and frame intensities Laser pulse
5 camera
SF- el 2 ps 5 can be independently adjusted, different chromatic characterization, laser
els
STAMP prRels benchmark induced ablation
100 pixel X High t 1 resolution, low spatial resolution, L
ADSTG p1x-e 50 fs 7 ® emp(?ra resorution -ow Spatil resotution Laser pulse characterization
100 pixel different chromatic benchmark
UASFC 30 Ip/mm 3 ps 6 High spatial resolution, different chromatic benchmark Laser pulse characterization
SS.TSFM Full .Camera 210 fs 1 High sampling f-rames , Glass ablation, :%cattering
pixels complex amplitudes propagation
128 pixel X
SS-FDT 128[)1)%63 : 2.4 ps 60 High sampling frames, complex amplitudes Nonlinear propagation
pixe
1002 pixel X . . . Laser pulse
Full spectros bility, high t 1 .
FRAME 1004 pixel 200 fs 4 Ui spee rosc.oplc capabiity lg . 'empora characterization,
resolution, strong expansibility .
15 Ip/mm combustion
MUSIC Full camera 1 4 Full spectroscopic capability ,no need for ultrashort Laser induced plasma,
SIC ns
pixels light, the image may be aliased coherent microwave scattering
THPM 2048 pi)fel>< 1.6 ns 9 Polarization and complex amplitudes, limited Damag'e'in polariz'alion-
2048 pixel sampling frames sensitive materials
High spatial resolution, complex amplitudes, Laser driving air, laser
AOCFP 1801 34 ps 4
p/mm bs identical chromatic benchmark driving Al
FINCOPA 83 Ip/mm 50 fs 4 High spa.tial resolution, s-trong expansibility, Plasma grating‘evoliution,
different chromatic benchmark rotating optical field
I 1024 pixel X 1 4 Single line-of-sight, high spatial resolution, High-power laser evolution,
carus ns
512 pixel low temporal resolution high energy density physics

MUSIC AN 75 22 FH i ok oV SR R 16, L st ] 43 ¢
JE AR EE 45 T A A T) 2B 3 I ) R 2 1) S 30k 3 A B S B
B, N TR R BRI REAF fE IR & . 3 T FRAME,
MUSIC 5 iy 45 AR AT LS BT 306 bk b e 4E 62 70 /R
P A KRR R OGRS A A TR M ik
BT 55 W A R B PR AR . THPM R — 4k 56 i
BA WA E L WMRE FTHEREGS, R HES
AV s B SO A R A AR R B G (H R SR AR A B
FE 25 (R R A R 27 vk b, BG4 2% T 30 Ta) A5 35
{5 B E &, 31X 3 R AL MUEL S 23 (8] 43 98 8] £7 76 61 29

e HR fish PR TT 28 D e R R e O Bk b AR B Y
JE MK SEAE R K] RS E N, A
AOCFP FfIFINCOPA . AOCFP % T 4745 #4411

D, SR Rl 2 0 R A% 2 AN AR A 5 i (5]
15 B[] — 72 [a) RN OGS JE o 38 v] AR A &R PR s A 8, 15
5= AOCFP 43 56 & OB BE 3 5 2%, M DL SE A K R
FEMUEL . S b, R AOCFP 23 T #OGE S % K
FL 5 R IO i 2 T 45 R S R Y 4 4y i R D 1R .
FINCOPA &5 TR L4t 2= 2 il R R B, FLRT ]
Gy HE 23 18043 B R FH Wt S0ORD SR A A3 %% [B] N A7 76 AH B ]
LY BB, B ] 43 B RN 23 1] 43 B AT 34 50 fs #1183 Ip/mm.
SRIMT , 52 BR T30 3 58 FOG I 25 M B ¥, FINCOPA %
DL R R AL . A FINCOPA ) PRt [] 43
HERE I AT LS B POIE e 61 5 45 B IR SR A
F 1) S B AR W I o AL B ) A R S 2 T
FINCOPA FHHLIT R EL 2 i EUR A2 [R]— i 2
Bl s 2RI 7 3 AR AR B AT B AN

1000006-16



F 6155 108/2024 £5 B/BAEXBEFZHE

e 2L B RER | pl R PO B BRI 2% RN S 2 Rk S B
it a) 43 9 . o Tearus AHALAE Sy B IS FH B 4
B SRS A7 EL DR T AR AL, RE A% S B R AL 2R A%, I HL
HA®RESMER PR, Wik, ECENH TR
%5 RN = D) S0 0 5 B Ay B2 e T . SR,
H T+ 52 22 SR T2 B BRI, Tearus A7 HL 0 B 8] 43 BF
ME DL IR B 44 #5200 .

BAL G DR I AR B R T S T 0 TS R T RE L L
BT B 5 ARG 5 B A R IR R R TR Y P
B o SRR Y K PO R B AR A R 1 R R
AR EAT4S AW E A AR 0 35, ot R R A A R B
MR H SRR 22 R M A FE . &%, AL
iy BAR B A S Wit 38 5K T 5y 1) SR A o 25 L B 6 1) s (1]
Sy HER HE R RS [A) o BE AR R A 4R B A B e
J1 K BSR4 S BOAREUEE J1 A,
S AH AL AV PR 55, 22 4k B R A5 B SR HUEE T8 A K b
P 2R R PO 3 AR R B 8 L 1 TR AT fig
BEUR N M 2% 0k A 5 A g il AR ok B . R, R R
He T AR F AR R N T S P eE b R AR
WL PR PR T R s g A . s kiRt
AW, i — 20 R LR FH S B . BN, 7E 4 3 2 4
W, R R A R F R A B T8 s R OB E
2 A% i 0 Py BRI A B 5 4 B T AR A G AL A R AT
PRI A B 1 B AL R LSS AR AR AR AR, B9 K A AR
LR = A BT E BES AL LR LB . A, R
B 3 WA B AR AE Ak 27 45088 1 B A (i AN 5 20
B REE H R b 58 b 2 O 19 80 ) 22 0 A% L i s Ak 22
D B4 B R RUBE RN i A% RN 7= oy A 4 i — A B Ab
2 FONE I SIOWATL ) R A S b BB 5 R VR R 2 RN ER
B3 B 2 A5 400 Sl 18 14 B L SE R B . AE A W
B R DO S G AR [RIRE AT LA S it 5 440 i RS 1) 51y
BAT R MEAE 5 09518 K 8 H 3T & S5 R A0 A
o8 FRATT T Gy b T AR A Sl A AR RN AIL D, SR e 12
VIr R 7 4 A 1) L R 9k

B AR BT B AR AN WG & Rl W 25 B T A Bk
POCT AR B AR PERE . B 4n - 25 & MUSIC il Icarus
ARAIL AT LA S BB A RS 20 0 B 1) 43 B R R v A SR R it
B85 A6 2 R BT g 5 AR AT B T # i SS-FDT
R A R A BRI R $E T R G A R Ay R ). Ot
AR O TFHAR R R B AT AR
G2 2R RS KRR Sy B R O 3 B R
B BIET & R A R S g S Ak, IR o — D R T B B
AR PERE 2 X 25 2B RS S IR 5T, A Wi
N R A S AT e A A A A

Z % X #

[1] Zylstra A B, Hurricane O A, Callahan D A, et al.
Burning plasma achieved in inertial fusion[J]. Nature,
2022, 601(7894): 542-548.

(8]

(9]

(10]

[13]

[14]

[16]

[17]

1000006-17

Kritcher A 1., Young C V, Robey H F, et al. Design of
inertial fusion implosions reaching the burning plasma
regimelJ]. Nature Physics, 2022, 18(3): 251-258.

Danson C N, Gizzi L A. Inertial confinement fusion
ignition achieved at the National Ignition Facility: an
editorial[J]. High Power Laser Science and Engineering,
2023, 11: e40.

Kiely-Collins H, Winter G E, Bernardes G J L. The role
of reversible and irreversible covalent chemistry in
targeted protein degradation[J]. Cell Chemical Biology,
2021, 28(7): 952-968.

ZhuD Y, LiXY, LiY L, et al. Transformation of one-
dimensional linear polymers into two-dimensional covalent
organic frameworks through sequential reversible and
irreversible chemistries[J]. Chemistry of Materials, 2021,
33(1): 413-419.

Zhang Y D, Shen B L, Wu T, et al. Ultrafast and
hypersensitive phase imaging of propagating internodal
current flows in myelinated axons and electromagnetic
pulses in dielectrics[J]. Nature Communications, 2022,
13: 5247.

Liang J Y, Wang L V. Single-shot ultrafast optical
imaging[J]. Optica, 2018, 5(9): 1113-1127.

Pupeikis J, Hu W, Willenberg B, et al. Efficient pump-
probe sampling with a single-cavity dual-comb laser:
application in ultrafast photoacoustics[J]. Photoacoustics,
2023, 29: 100439.

Tikhonov D S, Blech A, Leibscher M, et al. Pump-
probe spectroscopy of chiral vibrational dynamics[J].
Science Advances, 2022, 8(49): eade0311.

Li P, Zhou L D, Feng B, et al. Theoretical analysis on
small-scale self-focusing of multi-wavelength beams in an
isotropic medium[J]. Laser Physics, 2020, 30(8): 085401.
Thul D, Richardson M, Rostami Fairchild S. Spatially
resolved filament wavefront dynamics[J]. Scientific Reports,
2020, 10: 8920.

Guo H, Wang T J, Zhang X, et al. Direct measurement
of radial fluence distribution inside a femtosecond laser
filament core[J]. Optics Express, 2020, 28(10): 15529-
15541.

Manes K R, Spaeth M L, Adams J J, et al. Damage
mechanisms avoided or managed for NIF large optics[J].
Fusion Science and Technology, 2016, 69(1): 146-249.
Li Z, Han L, Ouyang X P, et al. Three-dimensional
laser damage positioning by a deep-learning method[J].
Optics Express, 2020, 28(7): 10165-10178.

Ding W Y, Chen M J, Cheng J, et al. Laser damage
evolution by defects on diamond fly-cutting KDP surfaces
[J]. International Journal of Mechanical Sciences, 2023,
237:107794.

Abu-Shawareb H, Acree R, Adams P, et al. Lawson
criterion for ignition exceeded in an inertial fusion
experiment[J]. Physical Review Letters, 2022, 129(7):
075001.

Schaeffer D B, Cruz F D, Dorst R S, et al. Laser-
driven, ion-scale magnetospheres in laboratory plasmas.

1. Experimental platform and first results[J]. Physics of



F 6155 108/2024 £5 B/BAEXBEFZHE

(20]

(21]

(23]

(24]

[26]

[27]

(28]

[29]

Plasmas, 2022, 29(4): 042901.
Grepl F, Tryus M, Chagovets T, et al. Parametric

amplification as a single-shot time-resolved off-harmonic
probe for laser-matter interactions[J]. High Power Laser
Science and Engineering, 2023, 11: e45.

Dopp A, Eberle C, Howard S, et al. Data-driven science
and machine learning methods in laser-plasma physics[J].
High Power Laser Science and Engineering, 2023, 11: e55.
Mikami H, Gao L, Goda K. Ultrafast optical imaging
technology: principles and applications of emerging
methods[J]. Nanophotonics, 2016, 5(4): 497-509.

Chen R'Y, Wang Y Z, Shao J D, et al. High-damage-
threshold chirped mirrors for next-generation ultrafast,
high-power laser systems[J]. IEEE Photonics Technology
Letters, 2022, 34(2): 93-96.

Wang T, Li C, Ren B, et al. High-power femtosecond
laser generation from an all-fiber linearly polarized
chirped pulse amplifier[J]. High Power Laser Science and
Engineering, 2023, 11: e25.

Hart P A, Carpenter A, Claus L, et al. First X-ray test
of the Icarus nanosecond-gated cameralJ]. Proceedings of
SPIE, 2019, 11038: 110380Q.

Lewis A, Baker S, Corredor A, et al. New design yields
robust large-area framing camera[J]. Review of Scientific
Instruments, 2021, 92(8): 083103.
Gao L, Liang J Y, Li C Y,
compressed ultrafast photography at one hundred billion
frames per second[J]. Nature, 2014, 516(7529): 74-77.
Tang H C, Men T, Liu X L, et al. Single-shot
compressed optical field topography[J]. Light: Science &.
Applications, 2022, 11: 244.

Wang X F, Yan L H, SiJ H, et al. High-frame-rate
observation of single femtosecond laser pulse propagation

et al. Single-shot

in fused silica using an echelon and optical polarigraphy
technique[J]. Applied Optics, 2014, 53(36): 8395-8399.
Nakagawa K, Iwasaki A, Oishi Y, et al. Sequentially
timed all-optical mapping photography (STAMP) [J].
Nature Photonics, 2014, 8(9): 695-700.

Suzuki T, Hida R, Yamaguchi Y, et al. Single-shot 25-
frame burst imaging of ultrafast phase transition of
Ge,Sh,Te; with a sub-picosecond resolution[J]. Applied
Physics Express, 2017, 10(9): 092502.

Moon J, Yoon S, Lim Y S, et al. Single-shot imaging of
microscopic dynamic scenes at 5 THz frame rates by time
and spatial frequency multiplexing[J]. Optics Express,
2020, 28(4): 4463-4474.

Ehn A, Bood J, Li Z M, et al. FRAME: femtosecond
videography for atomic and molecular dynamics[J]. Light:
Science & Applications, 2017, 6(9): e17045.

Itoh S,
observation of light propagation in a three-dimensional
scattering medium[J]. Scientific Reports, 2021, 11: 21890.
Kakue T, Tosa K, Yuasa J, et al. Digital light-in-flight
recording by holography by use of a femtosecond pulsed
laser[J]. IEEE Journal of Selected Topics in Quantum
Electronics, 2012, 18(1): 479-485.

Saiki T, Hosobata T, Kono Y, et al. Sequentially timed

Inoue T, Junper Y, et al. Spatiotemporal

[36]

[37]

[38]

[39]

[40]

[41]

(42]

[43]

[44]

(46]

[47]

(48]

[49]

[50]

1000006-18

all-optical mapping photography boosted by a branched 4f
system with a slicing mirror[J]. Optics Express, 2020, 28
(21): 31914-31922.

Touil M, Idlahcen S, Becheker R,
optically driven lensless single-shot ultrafast optical
imaging[J]. Light: Science &. Applications, 2022, 11: 66.
Xie C, Meyer R, Froehly L, et al. In-situ diagnostic of

et al. Acousto-

femtosecond laser probe pulses for high resolution
ultrafast imaging[J]. Light: Science &. Applications,
2021, 10: 126.

Gao G L, He K, Tian J S, et al. Ultrafast all-optical
solid-state framing camera with picosecond temporal
resolution[J]. Optics Express, 2017, 25(8): 8721-8729.
Yang Q, Wang T, Gao G L, et al. Ultrafast time-
response characteristics of AlGaAs materials[J]. Proceedings
of SPIE, 2019, 10843: 108430W.

Fan Y P, LiJ Z, Xu S X, et al. A single-frame full
spatiotemporal field distribution measurement method[J].
Optik, 2016, 127(24): 11636-11643.
Eichler H J, Ginter P, Pohl D W.
dynamic gratings[M]. Cham: Springer, 2013.

Si Z, Shen X, Zhu J X, et al. All-reflective self-

referenced

Laser-induced

spectral  interferometry  for  single-shot
measurement of few-cycle femtosecond pulses in a
broadband spectral range[J]. Chinese Optics Letters,
2020, 18(2): 021202.

Lt Z Y, Paa C H, Chang Y Y, et al. Single-shot
visualization of evolving, light-speed structures by
multiobject-plane phase-contrast imaging[J]. Optics Letters,
2013, 38(23): 5157-5160.

Lt Z 'Y, Zgadzaj R, Wang X M, et al. Single-shot
tomographic movies of evolving light-velocity objects[J].
Nature Communications, 2014, 5: 3085.

Wang X L, Zhai H C, Mu G G. Pulsed digital
holography system recording ultrafast process of the
femtosecond order[J]. Optics Letters, 2006, 31(11):
1636-1638.

Li Z M, Borggren J, Berrocal E, et al. Simultaneous
multispectral imaging of flame species using Frequency
Recognition Algorithm for Multiple Exposures (FRAME)
[J]. Combustion and Flame, 2018, 192: 160-169.
Dorozynska K, Kornienko V, Aldén M, et al. A
versatile, low-cost, snapshot multidimensional imaging
approach based on structured light[J]. Optics Express,
2020, 28(7): 9572-9586.

Ek S, Kornienko V, Kristensson E. Long sequence
single-exposure videography using spatially modulated
illumination[J]. Scientific Reports, 2020, 10: 18920.

Cai W W, Wang X L, Yu T. Spatial-frequency encoded
imaging of multangular and multispectral images[J]. The
Review of Scientific Instruments, 2021, 92(1): 015111.
Dong J L, You P, Tomasino A, et al. Single-shot ultrafast
terahertz photography[J]. Nature Communications, 2023,
14: 1704.

Gragston M, Smith C, Kartashov D, et al. Single-shot
nanosecond-resolution multiframe passive imaging by

multiplexed structured image capture[J]. Optics Express,



F 6155 108/2024 £5 B/BAEXBEFZHE

[56]

2018, 26(22): 28441-28452.

Gragston M, Smith C D, Harrold J, et al. Multiplexed
structured image capture to increase the field of view for a
single exposure[J]. OSA Continuum, 2019, 2(1): 225.
Hu C Y, Yang S G, Chen M H, et al. Quadrature
multiplexed structured illumination imaging[J]. IEEE
Photonics Journal, 2020, 12(2): 6900708.

Yue Q Y, Cheng Z J, Han L, et al. One-shot time-
resolved holographic polarization microscopy for imaging
laser-induced ultrafast phenomenalJ].
2017, 25(13): 14182-14191.

Mishra Y N, Boggavarapu P, Chorey D, et al.
Application of FRAME for simultaneous LIF and LII
imaging in sooting flames using a single cameralJ].
Sensors, 2020, 20(19): 5534.

McCord W, He Z C, Williamson N, et al. Two-phase
accurate multiplexed structured image capture (2pAc-
MUSIC) [J]. Optics and Lasers in Engineering, 2021,
142: 106621.

Dorozynska K, Kristensson E. Implementation of a

Optics Express,

multiplexed structured illumination method to achieve
snapshot multispectral imaging[J]. Optics
2017, 25(15): 17211-17226.

Kornienko V, Kristensson E, Ehn A, et al. Beyond
MHz image recordings using LEDs and the FRAME
concept[J]. Scientific Reports, 2020, 10: 16650.

Chen G H, LiJ F, Peng Q X, et al. All-optical coaxial
framing photography using parallel coherence shutters[J].
Optics Letters, 2017, 42(3): 415-418.

Chen G H, LiJ F, LiJ. Femtosecond multiframe digital
holography with parallel coherence shutters[C]//Digital

Express,

Holography and Three-Dimensional Imaging 2019, May
19-23, 2019, Bordeaux,
OSA, 2019: Th4B.1.

Zeng X K, Zheng S Q, Cai Y, et al. High-spatial-

resolution ultrafast framing imaging at 15 trillion frames

France. Washington, DC:

per second by optical parametric amplification[J].
Advanced Photonics, 2020, 2(5): 056002.

AN, BRikoe, THB, 45 ALY AR B AR 8
IR 1] 43 A B [T ]. BRI R 2 4 4 (B R, 2022, 39
(4): 383-389.

Zheng M J, Chen Z K, Wang C Y, et al. The temporal
resolutions of the ultrafast imaging technologies based on
nonlinear optics[J]. Journal of Shenzhen University
(Science and Engineering), 2022, 39(4): 383-389.
Stanford Computer Optics. Picosecond high speed ICCD
camera family: 4 Picos[EB/OL]. [2023-08-11]. https://
stanfordcomputeroptics.com/products/picosecond-iced.html.
TR R (AL D B BRA B LB BRI ] 3 B 15 194 5 A
#Hl IsCMOS[EB/OL]. [2023-08-11]. http://www. cis-
systems.com/pmsjfbzqxxj.

CISS Intelligent Scientific Systems. Picosecond time-
resolved image enhancement camera IsCMOS[EB/OL].
[2023-08-11]. http://www .cis-systems.com/pmsjfbzqxx].
Heshmat B, Satat G, Barsi C, et al. Single-shot ultrafast
imaging using parallax-free alignment with a tilted lenslet

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

1000006-19

array[C]/CLEO: Science and Innovations 2014, June 8-
13, 2014,
OSA, 2014: STu3E.7.

Claus L, Boone A, England T, et al. Design and

characterization of a novel 1-ns multi-frame imager for the

San Jose, California. Washington, DC:

Ultra-Fast X-ray Imager (UXI) program at Sandia
National Laboratories[J]. Proceedings of SPIE, 2018,
10763: 107630M.

Hurd E R, Tate T, Dayton M S, et al. Time Resolved
Near Field (TRNF) diagnostic four-frame nanosecond
gated hybrid CMOS image sensor[J]. Proceedings of
SPIE, 2019, 11114: 1111413.

Chen H, Golick B, Palmer N, et al. Upgrade of the
gated laser entrance hole imager G-LEH-2 on the
National Ignition Facility[J]. Review of Scientific
Instruments, 2021, 92(3): 033506.

Lazovsky L, Cismas D, Allan G, et al. CCD sensor and
camera for 100 Mfps burst frame rate image capture[J].
Proceedings of SPIE, 2005, 5787: 184-190.

kA A5 808 53 WA LR K FR AL IR [T, 58 380 5 K
FH, 2020, 32(11): 112003.

Tian J S. Introduction to development of streak and
framing cameras[J]. High Power Laser and Particle
Beams, 2020, 32(11): 112003.

Lanier T E, Cohen S J, di Nicola J M G, et al. Time-
gated measurements of fusion-class laser beam profiles
[J]. Proceedings of SPIE, 2020, 11259: 1125915.

Claus L D, Sanchez M, Robertson G A, et al. Design
and characterization of an improved 2 ns multi-frame
imager for the ultra-fast X-ray imager (UXI) program at
Sandia National Laboratories[J]. Proceedings of SPIE,
2017, 10390: 103900A.

g, PR, JCHEVE . R BN R 2 OB
2R AR AT ST B [T). S8 O 50k T, 2022, 34
(3): 031021.

Wang F, Li Y L,

of compressed

Guan Z Y,

sensing

et al. Application

technology in laser inertial
confinement fusion[J]. High Power Laser and Particle
Beams, 2022, 34(3): 031021.

Matin A, Wang X. Compressive coded rotating mirror
camera for high-speed imaging[J]. Photonics, 2021, 8(2): 34.
LuyY, Wong T T W, Chen F, et al. Compressed
ultrafast ~ spectral-temporal  photography[J].
Review Letters, 2019, 122(19): 193904.

Kim T, Liang J Y, Zhu L R, et al. Picosecond-
resolution phase-sensitive imaging of transparent objects

2020, 6(3):

Physical

in a single shot[J]. Science Advances,
eaay6200.

Pl sl B, A RE . TR 48 8 R AE G~ 5 458 1y
[J]. Y6254k, 2020, 40(1): 0111006.

Ke J, Zhang L X, Zhou Q. Applications of compressive
sensing in optical imaging[J]. Acta Optica Sinica, 2020,
40(1): 0111006.

Qi D L, Zhang S, Yang C S,
compressed ultrafast photography: a review[J]. Advanced
Photonics, 2020, 2(1): 014003.

et al. Single-shot


https://stanfordcomputeroptics.com/products/picosecond-iccd.html
https://stanfordcomputeroptics.com/products/picosecond-iccd.html
http://www.cis-systems.com/pmsjfbzqxxj
http://www.cis-systems.com/pmsjfbzqxxj
http://www.cis-systems.com/pmsjfbzqxxj

	2　主动式单发超快光场成像技术
	2.1　空间分割类
	2.2　时间波长映射类
	2.3　角度复用类
	2.4　空间频率复用类
	2.5　光束触发快门类

	3　被动式单发超快光场成像技术
	4　总结与展望

