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Fig.1 Schematic diagram of the plenoptic function and its simplified light field definition. (a) The 7D plenoptic function; (b) Radiance L along a ray can

be considered as the amount of light traveling along all possible straight lines through a tube, the size of which is determined by its solid angle and

cross-sectional area; (c) Parameterizing a ray with coordinates (x,y,z) and angles (6,¢); (d) If there are no occlusions, the radiance along a ray

remains constant, leading to redundancy in the plenoptic function
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Fig.2 Light field, WDF and ALF. (a) The phase of a wavefront is related to the angle of corresponding rays. The WDF of the spherical wave at a given z

in Wigner coordinate space is similar to the LF in the position-angle coordinate space. Propagation angles of rays are encoded in the local spatial

frequency; (b) The WDF and ALF support the representation of diffraction and interference phenomena by introducing a virtual negative

projector*!
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Fig.3 Alternative parameterizations of the 4D light field, which represents the flow of light through an empty region of 3D space. (a) Points on a plane

or curved surface and directions leaving each point; (b) Pairs of points on the surface of a sphere; (c) Pairs of points on two planes in general

(meaning any) position
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Fig.4 Traditional camera and light field camera's sampling models. (a) The cone of rays summed to produce one pixel in a photograph; (b) Sampling of a

photograph’s light field provided by a plenoptic camera

TERAHBLIN I BT A SC AL R RO HEA T RAE I, Ot
Gt 7T X T B EFER . AT LR X Sk
PAAVEA S BIHOEH RS ERCES . O —Fh 5§
Brig i, SCHOR RE S A 55 BB Sk O T [
AR Z A R R R . ST Sk G Y T A
JEA PR, XL ISR L T T b AR
ERMMEGE ., X—mit—PRE TOUGE AN
=AM EM—T R R R YIRNREGR . K5
J&R T =R B G AT AL EOR , B — R e Bk
ARARAG U7 HES L — > ZHE RIS o i X
ANBESIN 217 T O 4E R, B — 1 BURALER
TOCGR R LERE o S5 B B RN 7 202 B
NS 55 W 51 5 5 1 A% IR A 1 Y I A TR,
Kl 5(a) B, WEWL E&, I 6 BUSR B R B2 — 1K
G Fr o TORAF SR, Il R 2 bR 2 —
R BIE2H B, BB ES G — MERGE S T~ e
B PRIR o ik ST B8 MR 2 BT LA S BRIRDE , 2 K
BRI AT — S B WA 53k R G
B . i, J5UaR 1 63 BEOR 2 — (e, ) AR 1Y
EUR, B EUR R T2k A BRG] (u, v) 7 B 1Y
BRI AT — MG 58 Ay ] LIFR 5
FLAE (sub-aperture images), WA 5(b) Frn . X—F1
P 2 o 5 HE 2 5 R Ot 3 IR R v B4R R A 3
1o BTG B PR o A0S B S O

PEEURAH AR 2R, 3 SR 20 T 58 KOG R b s
DX IR (e, v) A o NZIRAR A, B T4 3k R A
B2 BT Y, P ix SRR 20 i FE S B 2 R . 1
I3t 41 e 1 i — i PR 2 I D Sl Bl L e v
B (u, v) 7 B A B B A 3 S 8] 5(b) IS H B R
R 7~ T B8 kG I8 TR AU AR 1Y 7O R . 5
SRIX SE R AE AL HAG AR, (B 40 LB 5 1Y
225, AT LUE B W oK B Z B e 25 o T ad o 353t
FHEEA B SO RE I UL GE 18, AT E 55 [m] T4
JFA TR EHR A L BE T & 0, IS A 2 o ik
MOEL, IITRFI T 3 S o8 AR ROCR . 25 =l
i L AR B R RS, R T — R
T 2k R B (LR 5(c)). TEIX— B4,
ML EUGARER T — A 4e0) Fr, Horbry Fivag
PRORTFAESE , M0 A w e n W AH BEAS fE o A 5(c) e
TN, yAE BRI A UG (9 T 5 [l AR Ak, T v A s )
B A I B84, 18R IRZ BRI, xAebris
FHKs a8, I 1024 pixel 1955 8]/ 9E, [F A}
w b AR R G B A A A, 229 1 024 pixel
77 1 HER . R, 181 5(c) P RYBOR ISR 1 1
A EARI Y G, ) R BRI R o 33 280K B 5k
— RS T AT R NI e, BRIV iE e A 2k B A
M E AR, 1T LM 5o MR RS R
B R /IN S B3k b u e T ) B R0 26 R BE AR DGR, RF3R

202403477



ISk A2

%9 www.irla.cn % 53 %
FRR, e WA It A A ST T AT, K e Al 2R A M ES BRI EE LR

B — A EEMRAE T, ek R 2

(z1) » (22) (z1)

-l
=i
-l

=l
-l
(z2)

) (z1)

Kl s el =TIk e (a) BUBBERESR Jr B IEas BN R % (b) TALARI (o) P&

Fig.5 Three light field visualization method. (a) The raw image read by the sensor behind the microlens array; (b) The sub-aperture image; (c) The EPI

image
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@ (b)
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R HEATHEPLRAT; (b) 2K 48 M i 2z 111 5% 4 e 2 6 S, P T Lt el T HES (R R QS 2 B i AL ], BB At AT O AR L5
HSHAEAAWEE L (A @R ); X R R O E IR A (o) IR RE T LI — A 4R R G, Hoh— 3Kk e SRR A —

AR RIS S TR A

Fig.6 Light field rendering'. (a) The object-movie function of QuickTime VR enables users to virtually navigate around an object (represented by a

blue shape) by swiftly flipping through closely spaced photographs of it (indicated by red dots); (b) If the photographs are taken at intervals close

enough, users can reorder the pixels to generate novel perspective views without the need to physically occupy those positions (denoted by a

yellow dot); this process is known as light field rendering; (c) A light field can be conceptualized as a two-dimensional assembly of two-

dimensional images, each captured from a distinct vantage point
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Fig.7 Light field acquisition and rendering systems. (a) The light field gantry built by Stanford University in 1996 can achieve the acquisition of static

light fields, and high-quality static light field data can be collected through full freedom control of objects, cameras, and lighting; (b) The multi-

camera and multi-lighting dome from Tsinghua University ”); (c) 360° light field rendering device from University of Southern California®”’; (d)

Google record immersive light field video using 46 action sports cameras mounted to an acrylic dome!"!
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Fig.8 Fourier slice theorem'*’
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Fig.9 Fourier slice photograph theorem®”. Transform relationships between the 4D light field Lz, a lens-formed 2D photograph Eq.f, and their

respective Fourier spectra, F and €,
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graphy theorem) i iR T — > LML X —> PU 4
AT BRI, 8 R A [ T X4 0zt 1
T sk EUG A SL EAT B AR (R ok d, — NS A%

e VU A g D A P 1T 45 SR AR A AR ) TR L A PR A o
FIFT 1075 2T I ek

P,oC =Cp1q°Pa (6)

20240347-11



GROEY 1
%94 www.irla.cn % 53 %

H i U TR TFRERER: OV E— 1 NAEEH MR . BARXAEMEMUASE G, B EIFA
B, EHAERBEEL WECFIN=[F(x-u)- BT 5 L, BEAE 3 (i) 45 Hp e JHL A7 I O L Bk
k() du, HorpxFlufe N 4E ] i AL 5, 10 F Mk N 4E 1, SCHk [67] 45t T IR Sl B2, UE P O vk £
oo 10 DLE DU Y B R OY S R T X — E B 21z P B 4] 1 45 5 5 TR U L, o IR S
B 10 PR R T 5 A0 W 4E 63 Ly, DA KGE 3 DU 2 % S ST T . AR B R T
kA TR PSS AF B L o 4390 13K B 635 i IR R DA A — 00 AR, A RN A o B
HHE  ME, ;o EHEM, E, Lbr FIEME, 258 HENTIEZH . XA T o Frid f2, &
T AEE DA By, X B YRR O 2 DU LA kTR SRy BTN FH % BRAR A T R T M A

: i3
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3383
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Fig.10 Filtered light field photography theorem. Transform relationships between a 4D light field L, a filtered version of the light field ZF, and

photographs Eq.p and Egq.p'*"
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Fig.11 Defocus kernels in the 4D light field space. (a) Layout of the 4D lens spectrum, highlighting the focal manifold”; (b) 4D frequency hypercone

for volumetric focus!!
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Fig.12 Video-rate light-field microscopy imaging technology based on a microlens array. (a) Conventional microscopy and light field microscopy

structure!’”; (b) Functional imaging of neuronal activity in the entire Caenorhabditis elegans and zebrafish larval brain’*; (c) Functional imaging

of neural activity during visually evoked and predatory behaviors in larval zebrafish™"; (d) Video-rate volumetric Ca** imaging to 380-um depth

in mouse cortex””’; (¢) Characterization of light-field flow cytometry using fluorescent microspheres
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Fig.13 Light field imaging with a phase diffuser. (a) DiffuserCam: Pipeline for recording and reconstructing light fields with phase plates (a diffuser).
The object light passes through an imaging lens and the phase plate, then propagates to the sensor, where caustics encode spatial and angular
information. A linear inverse problem is solved to reconstruct the light field, which contains 3D information, enabling digital refocus, among
other benefits™; (b) Fourier DiffuserScope: A diffuser or microlens array is placed in the Fourier plane of the objective (relayed by a 4f system)
and a sensor is placed after one microlens focal length *?); (¢) MiniScope3D: the Miniscope's tube lens is removed and a thick optimized phase

mask at the aperture stop (Fourier plane) of the objective lens™
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Fig.14 The modulation and demodulation process of the light field in the Fourier domain for a heterodyne light field camera
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FHAA BT Y2 i 5 i sh 5375505, (e) Lytro 23 RSO HE L B HE LR S 37AH L Immerge 2.0

Fig.15 Different configuration of camera array. (a) Light field video camera®); (b) Camera array structure designed by YANG™; (c) The large-scale

camera array designed by WILBURN and JOSHI ”; (d) Rendering high-quality dynamic scenes with eight cameras”®; (e) Lytro’s latest VR

light-field camera Immerge 2.0
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16 & HARBLEGEFIEA T T ¥ 5 AR . (a) XA 28 MO (R HEA T U0 A b3, LARE IEVR BT 15 IS, I IR R S D] YR A B 2 B 1
HAN B 5 (b) SBR[ S HER AR A B B BRI (o) —BELL 1 560 frame/s Fli4i A9 BRI AU, 2o A IEALBE, T BR TR SIS
EIIAECT; (d)~() SRR G & WA HOR, 456 T RSHRAMRE ST R Ao BARBUA [R5 RIS 3R 1037 5 IR (d) SR AR
AL, B A BRI RIHFRE A R L 5 (0) — D IRBLE IRALAARDL, BE R B RYBEOLI ] 1 5 () — D RBES ALARAIHL, FLA K A
WHE] L5 () I, + I, — LA AR RIR RS (h) £ TIRBRAIENE: ) /N GRIFIEBOGI A A AT LA R R

Fig.16 High-speed video sequence capture using camera arrays. (a) Slicing the spatiotemporal volume to correct rolling shutter distortion and alignment

of rolling shutter images in the spatiotemporal volume; (b) Overlapped exposures with temporal superresolution; (¢) 1 560 frame/s video of a
popping balloon, corrected to eliminate rolling shutter distortions”"; (d)-(i) Hybrid synthetic aperture photography for combining high depth of
field and low motion blur®. Images of a scene captured simultaneously by three different arrays: (d) A single camera with a long exposure time
1,; (e) A large synthetic aperture with a short exposure time /p; (f) A large synthetic aperture with a long exposure time /. ; (g) Image obtained

by computation (I, + Ij, — I..); (h) Image with aliasing removed; (i) Image taken by a camera with a small aperture and a short exposure time

REWL . W, EBH A ERA ARG P RE  FRWRIE. 20154, LIN P05 TARPLEE 5 BOL )
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A AR ALARE R MR (ULIET 16(1)), 38 i TR A T A LR S T ROER A, RSB R  HER L
IR A 2 B R AE B KSR R i B B 1Y Yy OB . SR, = TAIBLIE S 9003 AR R SR
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Fig.17 Miniaturized light field imaging system. (a) Portable light field lenses designed by Adobe Systems Inc.”; (b) PiCam: ultra-thin monolithic

camera array'*¥
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Fig.18 Light field superresolution. (a) Schematic of a 2D section of a light field camera; (b) Top row: One view from our LF image, detail of

corresponding LF image and detail of central view (one pixel per microlens, as in a traditional rendering). Bottom row: Estimated depth map

(scale in m), above LF image rearranged as views, superresolved central view
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Fig.19 Light field deconvolution imaging based on wave optics theory. (a) Light field deconvolution based on the wave optics model and experimental

results of volumetric imaging of pollen grains”™; (b) In vivo volumetric calcium imaging of a larval zebrafish with the addition of a cubic phase
mask””; (c) Dynamic volumetric imaging results of COS-7 cells by altering the optical path structure between the microlens array and the
sensor'™; (d) Optical path structure of Fourier light field microscopy and the imaging results'®”; (e) Principle of phase-space deconvolution and

three-dimensional volumetric imaging results of Caenorhabditis elegans!'™”)
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Fig.20 Light field imaging based on prior knowledge constraint. (a) The structure of a compressive light field camera and the use of light field atoms as

the fundamental building blocks of natural light fields to sparsely reconstruct a 4D light field from optimized 2D projection''®; (b) The principle

109].

of compressive light-field microscopy and extracting light-field signatures and 3D positions of individual neural structures'®’; (c) The principle

of sparse decomposition light field microscopy and whole-brain imaging of larval zebrafish!
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Fig.21 Programmable aperture light field imaging. (a) Programmable aperture photography

imaging"'”; (c) Multiplexed phase-space imaging for 3D fluorescence microscopy !''%; (d) 3D OTFs under different programmable aperture "'

(e) Programmable aperture light field microscopy!'*
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P22 FRDEHE PR IR (a) DAOSLIMIT JUEH LU ORI /N BRURFIE Hh Hh P20 HEAS 4o v ) TR RS i AR (b) JU UG A% I e ) T AR IR

B, DA Z2 5 B0 H S DG (Multisite DAO) XU i 225 i i I (1 h 48 KR

T LRSS RED

Fig.22 Scanning light field superresolution imaging. (a) Principle of DAOSLIMIT and the migration process observed during neutrophil migration in the

liver of mice'*®; (b) Principle of the integrated meta-imaging sensor and multisite DAO against dynamic turbulence for ground-based

telescopes™
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White lgh \\\I‘HI
Sdmple
ight field
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Input: I Output: [, *
(N, <N, xNy, xN,,) Iterative process (N, ¥yN, *Nj xNp)
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—— vergence
from /.

23 RET R IR () RACHVAEGARILE S HEFOCTRAR T (b) HA

1)

)
Hybrid LF

B3 HE3 CCD/Shack-Hartmann 5 703155635 B

Fig.23 Hybrid high-resolution light field imaging. (a) Hybrid plenoptic camera/traditional camera high-resolution light field imaging!*®; (b) Hybrid

high-resolution CCD/Shack-Hartmann high-resolution light field microscopy imaging
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Emf" r’d/ ; stie: B

Exf 1D scanmng
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OBIJ ] l [
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(ﬂ Detection path
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(d)

24 SR BHEE T, (2) IEREICT BREENDCE BT A R GUET; (b) TR )y i R AT 918000 i 223 Sh i g A1l

A% (o) RO BB RIUR R () TEGREXHE, XA 9 FIGREEA, TEARD0s B IR B 53t

RO LRI L

Fig.24 Confocal light field microscopy'"*'"*"’. (a) Design and characterization of confocal LFM; (b) Tracking and imaging whole-brain neural activity

during larval zebrafish’s prey capture behavior; (c) Diagram of csLFM system; (d) The raw measurements on a thick brain slice after pixel

realignment for the comparison among sLFM, cLFM and csLFM
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B M B e SR A TR R A A
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scanning light-field microscopy, csLFM), &% 7 $% V1 17
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(2)
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With 2 iterations

With 8 iterations

F 25 SEHEAEMREEEM, () AREIRSAZIHSCR, R R DIAREIER EHOEE"Y; (b) — D HSE 3D st diig EPLs FY7R

T (o) i SART SAUFE EHD LA IS R ZIA 1

Fig.25 Principle of light field reconstruction with back projection. (a) Relationship between the captured image and the light ray field, and light ray field

reconstruction from captured images using back projection!'*); (b) An example of the reconstructed EPIs of a real 3D scene!'*’); (c) Iterative light

field reconstruction based on SART method!*)
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DL 2 ) 2534 SCHR [146-147]

3.8 HXIFEME
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Fig.26 Light field representation of a slowly varying object under

spatially stationary illumination!"*"!
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|

0 08 1.6 24 32 40 48 56 64
K27 BB AR R o (a) WG TEIETST, A BB I A5 T LAVLER R, A A R 3 (BB T i (50 5 (b) TEAR
AR PR ACHEAT R A TR S 1, MR S AT ol T R A DU i3>
Fig.27 Angular superresolution diagram. (a) Disparity refinement**. After angular superresolution, one can observe the high quality and accurate

occlusion boundaries of the resulting view interpolation; (b) Iteratively performing disparity estimation and view synthesis in the phase domain,

we reconstructed a densely sampled four-dimensional light field from a micro-baseline stereo pair'**!

42 ETEEMEREENFME HA R i P R DA 2 B LA SR A o AR R 0 R A I
73— BRI HEAT AT 0T R N A 4. 1207 IR A S AR BRI A, B
F-00ON Gl 28 FT R, SHI A0 Fi] ] 7 28 o HL - Jaf TE SRR B 1) S OB, DA i S0 R 3 PR )

& 28 B i SR B s b AR R, DL B RS IR, (a) K SREROCI B REE Ak AR D) A 0 B RO B AR 4 (D), M E i SRR
AR (JIGHR); (b) 637 MU AR B, Tk P A R B %8 BR; (o) Bl (d) A EEIA, BA T EIEN AR R s B,
(c) HT(d) B9 uv 57 EFE (b) H LA (BRI HE

Fig.28 Sparsity in the discrete vs. continuous Fourier domain, and our reconstruction results!"*®. (a) The discrete Fourier transform (top) of a particular

2D angular slice of the crystal ball’s light field, and its reconstructed continuous version (bottom); (b) A grid showing the original images from
the Stanford light field archive. The used images are highlighted; (c) and (d) two examples of reconstructed viewpoints showing successful

reconstruction of this highly non-Lambertian scene. The uv locations of (c) and (d) are shown as blue and green boxes in (b)
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Fig.29 Epipolar-plane image formation and its frequency domain properties

O fa) FUHEE (gho) B4 T =S, WG5S
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(&1 29(c) Ay AH [] T B W 2 - T BT Jie o 1 2 1 5 U0
AR H 43 5, L1 KA SRS, T 1
WRHE, B 29(d) A0 T —ANE AUk N, Ty bR
e LA AR 2T ThT RURRAIE v 1 L2k

!, (a) Frequency domain structure of an EPI being insufficiently sampled

over t-axis, the overlapping regions represent aliasing; (b) Desirable frequency domain separation based on depth layering; (c) Frequency domain

separation based on dyadic scaling; (d) Composite directional and scaling based frequency domain separation for EPI sparse representation
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(©) Surface-mounted LED ! Microlens array Excitation filter
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o\ Ol 1905y
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Fig.30 Compact light-field imaging device. (a) Head-mounted miniature light field microscope (MiniLFM). Explosion (left) and section (right) diagrams
of MiniLFM. Some parts have been rendered transparently for visual clarity; (b) Photo of an adult mouse with a head-mounted MiniLFM "¢7; (c)

The CM? combines an MLA optics and light-emitting diode (LED) array excitation in a compact and lightweight platform!'®*
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R (metasurface) 1 T HAE TS BEM X, A W, 40 31(a) Uiz . FAN 28072 Rl B8 7 —Fpon A
BN AL G2 R T HLAE 2 R BUIE 2 B 4% 1 BARE AR A UL I B (R S R A MRS BE RS TE DG SR T
it o [ BE (metalens) BUER AL RESS 15 B\ K SPGB €0 25 R U R A,
SyFEER, M E ARG 5 Rl Y B A >4 B LG s 5 & 31(b) iR o 2022 4F, HUA U7 T — il
2019 4F, JIE A7 3 W L TS 45 1 b g ] LUt B PR OGS 6 A (ultra-compact spectral light-

() a b

< 5 &
< < >

LCP Main lens Metalens array ~ Sensing plane Different refocusing depth

Rendering

(b)

dy=d;
focus on
«37 g <P

dp>d;
focus on
“gn

20240347-31



ISk A2

%94

www.irla.cn

550 nm 500 nm 450 nm

600 nm

650 nm

B 31 MBSO SR . (a) i FH AR BB 5 19563 BUAR B B R Y PR 7Y; (b)) J6 T 1838 5% A0 B2 BUBAZ 175 (o) A8 1) (5 U B B A R 7
Bl ] 450~650 nm (B GH 0 OGBS R, 385 #E B B s iy g4l

Fig.31 Metalens array for light field imaging. (a) Schematic diagram of light-field imaging with metalens array and rendered images''”"; (b) Schematic

of integral imaging based on achromatic metalenses!'”; (c) Schematic of the transversely dispersive metalens. Image of a letter “4” by the

metalens with a white light illumination with a transmission window of 450-650 nm!'”*!
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Fig.32 Light field imaging in computational photography. (al)-(a2) Light field refocusing and (a3) extended depth-of field technique™; High Dynamic

(c3)

Range panoramic videography, (b1) all cameras are set to the same exposure level, which allows for the observation of saturated areas in sunlight

and dark regions in the shade, (b2) individual exposure settings for each camera to produce a high dynamic range image™; (c) Synthetic

Aperture Imaging, (cl) a sample image from a single camera, (c2) synthetic aperture focusing on the plane where the people are located,

computed by aligning and averaging images from all cameras as described in the text, (c3) suppressing contributions from static pixels in each

camera results in a more vivid view of the scene behind the occlude
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Fig.33 The AWARE-2 camera array and its imaging results!
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Fig.34 Principles and devices of light field display. (a) The principle of light field capture and display!””’; (b) Eyeglasses-free display technology*");

[181]

(c) Near-eye light field display technology'
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Abstract:

Significance

Since Gauss’s Day, the design and development of imaging systems have been continuously

dedicated to the iterative improvement and optimization of lenses, aiming to collect light emitted in various

directions from a point on the object plane and converge it as perfectly as possible onto a point on the image

plane. However, imaging sensors can only capture and record the spatial position information of the light field,

losing the angular information, which causes them to completely lose the ability to perceive perspective

transformation and depth of a three-dimensional scene. To compensate for this deficiency, computational light

field imaging technology was born, which can record the complete distribution of the radiance, and jointly

recording spatial position and angle information, breaking through the limitations of classical imaging. It is

2024034741


https://doi.org/10.1126/sciadv.abb7508
https://doi.org/10.1126/science.aaf6644
https://doi.org/10.1038/s41565-018-0347-0
https://doi.org/10.1038/s41467-022-30439-9
https://doi.org/10.1038/nature11150
https://doi.org/10.3788/COL201917.111001
https://doi.org/10.1364/AOP.10.000512
https://doi.org/10.1364/JOSAA.33.002348
https://doi.org/10.1109/JPROC.2017.2655260

b Sk A2
%9 www.irla.cn % 53 %

gradually being applied to fields such as life sciences, national defense security, virtual reality/augmented reality,
and environmental monitoring, with important academic research value and broad application potential. However,
light field imaging technology is still jointly constrained by digital imaging devices and image sensors. The
limited spatial bandwidth product (SBP) of the imaging system makes light field imaging often have to make
trade-offs between spatial resolution and angular resolution in practical applications, making it difficult to achieve
the high spatial resolution of traditional imaging technology. Since the birth of light field imaging technique, how
to endow it with higher degrees of freedom, that is, to maintain high-resolution imaging while improving temporal
resolution and angular resolution, in order to achieve clearer and more stereoscopic imaging performance, is a key

problem that light field imaging technology urgently needs to solve, and has always been a hot topic in this field.

Progress We first reviews the development history of light field imaging technology, and elaborates in detail
on the basic concepts of the seven-dimensional full light field function and the simplified four-dimensional light
field. Subsequently, the paper delves into the latest research progress of light field imaging technology in
enhancing temporal, spatial, and angular resolution, including the application of microlens arrays, phase scattering
plates, heterodyne coding, camera arrays, and other methods in the recording of high-speed dynamic three-
dimensional scenes; the achievements of techniques such as transfer function deconvolution, prior information
constraints, multi-frame scanning, aperture coding, confocal, and hybrid high/low light field imaging in improving
spatial resolution; and methods for enhancing angular resolution through depth constraints, sparse prior
constraints, and other approaches. In addition, the article also looks forward to the future development directions
of light field imaging technology, including the control of high-dimensional coherence in light fields, the
integration of artificial intelligence with light field imaging technology, the development of miniaturized and
portable light field imaging devices, new imaging mechanisms, and the prospects for the combination of light
field imaging and light field display technology, as well as the potential of light field imaging in special fields.
Finally, the paper emphasizes the challenges of light field imaging technology in achieving optimal imaging
performance, especially the importance of finding an efficient balance among the three key dimensions of
temporal, spatial, and angular resolution. With the continuous progress and innovation of technology, light field
imaging technology is expected to further break through the limitations of traditional optical imaging, inject new
momentum into the advancement of imaging technology, and open up new application prospects in various fields

such as life sciences, remote sensing, computational photography, and spectral imaging.

Conclusions and Prospects  This review delves into the current state of development and challenges faced by
light field imaging technology. Light field imaging still utilizes existing two-dimensional sensor devices, which
currently possess only spatial resolution, thus necessitating a trade-off between spatial and angular resolution to
achieve the latter. To enhance the spatial resolution of light field imaging, one approach is to improve hardware,
such as increasing the pixel resolution of sensors and arranging large-scale camera arrays. On the other hand,
temporal resolution can be used to enhance spatial sampling, for instance, by employing aperture coding
techniques and multi-frame scanning methods to increase spatial resolution. However, directly upgrading
hardware resources can lead to increased costs, as well as potential issues with size, weight, and data transmission
processing. Therefore, if one does not wish to enhance performance by physically adding hardware, it is necessary
to rely on algorithmic innovation, such as optimizing imaging results using prior information and deep learning.
This method is referred to as "punching above one's weight," meaning that performance is improved through
algorithms without increasing physical resources. However, we also recognize that the development of light field
imaging technology still faces challenges on multiple fronts. To achieve broader applications, future research

needs to find a better balance between algorithmic innovation, hardware optimization, and cost-effectiveness. In
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summary, the future of light field imaging technology is promising, and it will continue to serve as an important

tool in fields such as biomedical imaging, materials science, and industrial inspection. Through interdisciplinary

collaboration and innovative thinking, we believe that more efficient and accurate imaging technologies can be

realized, opening up new horizons for scientific research and practical applications.
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