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Abstract: Computational imaging breaks the limitation of traditional digital imaging to acquire the information deeper
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(e. g, high dynamic range imaging and low light imaging) and broader (e. g., spectrum, light field, and 3D imaging) .

Driven by industry, especially mobile phone manufacturer medical and automotive, computational imaging has become
ubiquitous in our daily lives and plays a critical role in accelerating the revolution of industry. It is a new imaging technique
that combines illumination, optics, image sensors, and post-processing algorithms. This review takes the latest methods,
algorithms, and applications as the mainline and reports the state-of-the-art progress by jointly analyzing the articles and
reports at home and aboard. This review covers the topics of end-to-end optics and algorithms design, high dynamic range
imaging, light-field imaging, spectrum imaging, lensless imaging, low light imaging, 3D imaging, and computational pho-
tography. It focuses on the development status, frontier dynamics, hot issues, and trends in each computational imaging
topic. The camera systems have long-term been designed in separated steps: experience-driven lens design followed by cos-
tume designed post-processing. Such a general-propose approach achieved success in the past but left the question open for
specific tasks and the best compromise among optics, post-processing, and costs. Recent advances aim to build the gap in
an end-to-end fashion. To realize the joint optics and algorithms designing, different differentiable optics models have been
realized step by step, including the differentiable diffractive optics model, the differentiable refractive optics, and the dif-
ferentiable complex lens model based on differentiable ray-tracing. Beyond the goal of capturing a sharp and clear image on
the sensor, it offers enormous design flexibility that can not only find a compromise between optics and post-processing, but
also open up the design space for optical encoding. The end-to-end camera design offers competitive alternatives to modern
optics and camera system design. High dynamic range (HDR) imaging has become a commodity imaging technique as evi-
denced by its applications across many domains, including mobile consumer photography, robotics, drones, surveillance,
content capture for display, driver assistance systems, and autonomous driving. This review analyzes the advantages, disad-
vantages, and industrial applications through analyzing a series of HDR imaging techniques, including optical modulation,
multi-exposure , multi-sensor fusion, and post-processing algorithms. Conventional cameras do not record most of the infor-
mation about the light distribution entering from the world. Light-field imaging records the full 4D light field measuring the
amount of light traveling along each ray that intersects the sensor. This review reports how the light field is applied to super-
resolution, depth estimation, 3D measurement, and so on and analyzes the state-of-the-art method and industrial applica-
tion. It also reports the research progress and industrial application in particle image velocimetry and 3D flame imaging.

Spectral imaging technique has been used widely and successfully in resource assessment, environmental monitoring, disas-
ter warning, and other remote sensing domains. Spectral image data can be described as a three-dimensional cube. This
imaging technique involves capturing the spectrum for each pixel in an image; As a result, the digital images produce
detailed characterizations of the scene or object. This review explains multiple methods to acquire spectrum volume data,
including the current multi-channel filter, solving the wavelength response curve inversely based on deep learning, diffrac-
tion grating, multiplexing, metasurface, and other optimizations to achieve hyper-spectrum acquisition. Lensless imaging
eliminates the need for geometric isomorphism between a scene and an image while constructing compact and lightweight
imaging systems. It has been applied to bright-field imaging, cytometry, holography, phase recovery, fluorescence, and the
quantitative sensing of specific sample properties derived from such images. However, the low reconstructed signal-to-noise
ratio makes it an unsolved challenging inverse problem. This review reports the recent progress in designing and optimizing
planar optical elements and high-quality image reconstruction algorithms combined with specific applications. Imaging under
a low light illumination will be affected by Poisson noise, which becomes increasingly strong as the power of the light source
decreases. In the meantime, a series of visual degradation like decreased visibility, intensive noise, and biased color will
occur. This review analyzes the challenges of low light imaging and conclude the corresponding solutions, including the
noise removal methods of single/multi-frame, flash, and new sensors to deal with the conditions when the sensor exposure
to low light. Shape acquisition of three-dimensional objects plays a vital role for various real-world applications, including
automotive, machine vision, reverse engineering, industrial inspections, and medical imaging. This review reports the lat-
est active solutions which have been widely applied, including structured light, direct time-of-flight, and indirect time-of-
flight. Tt also notes the difficulties like ambient light (e. g., sunlight) , indirect inference (e. g., the mutual reflection of
the concave surface, scattering of foggy) of depth acquisition based on those active methods. The use of computation meth-

ods in photography refers to digital image capture and processing techniques that use digital calculation instead of optical
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processes. It can not only improve the camera ability but also add more new features that were not possible at all with tradi-
tional film-based photography. Computational photography is an essential branch of computation imaging developed from tra-
ditional photography — however, computational photography emphasizes taking a photograph digitally. Limited by the phys-
ical size and image quality, computational photography focuses on reasonably arranging the computational resources and
showing the high-quality image that pleasures the customer’s feeling. As 90 percent of the information transmitted to our
human brain is visual, the imaging system plays a vital role for most future intelligence systems. Computational imaging
drastically releases human information acquisition ability in no matter depth or scope. For new techniques like metaverse,
computational imaging offers a general input tool to collect multi-dimensional visual information for rebuilding the virtual
world. This review covers key technological developments, applications, insights, and challenges over the recent years and
examines current trends to predict future capabilities.

Key words: end-to-end camera design; high dynamic range imaging; light-field imaging; spectral imaging; lensless ima-

ging; low light imaging; active 3D imaging; computational photography
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Fig. 1

The task of computational imaging
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1%, Song FF A (2012) 328 TR THER ARSI %,
RO T LA 7, Shen 55 A (2013) 42 1 1
TR I A Y Rl T, SR b L DA R B
B A X Z2 G TR AE LR R, Ma 558 A (2015)
P TR — i B A% Bl A A k. Huang 6 A
(2018a) .Huang 55 A (2018b) #2& i T —Fh 3 0% &
G I L AT TR A M R B8 R A1 (R AT TS g
HTF &5, Kinoshita % A (2018 ) il 1 B S #b
£, 503 bR F AR EUR (B HE LT i i o i
BRI

g e SRR 5 HDR R A — o 07512
Larson 4 A (1997 ) #& H 7 €& & ) b7 il 28 ( tonal
response curve, TRC) | X K4 545 %40, (BALBR T
XSS R HE T, Durand Fl Dorsey (2000 ) f# D T
0 P SR r A — S OGS R U, (R LY B A R
R . Reinhard 55 A (2002) 21 T X Ik 5 3)
IR IR R 48, AT AR 4 il v K3 43 HDR B4,
Landis (2002) $2& 1} T 2 )54 ' 1y 7 i, 1) 45 2ok
HOok SDR PG 3o 19 {8 79 43 4k 44 74 HDR 8144,
{H 3R A B 20 SR Rk A3, Banterle 45 A (2006 ) )i A
Reinhard %5 A (2002 ) 1477 7 2k SE B X SDR &4 114
P, Akyiiz 55 A (2007 ) SEBL T f] SR A LR ALY JRE,
{ATCHEEA SO AL R 440715 . Kovaleski 1 Olivei-
ra(2009 ) W42 Fhick BRI A i A1y, (A S R Rk
B, Tk EOE AR W S5 3B 40 415 ()8, Kinoshi-
ta SF N (2017) L T R AR AR T B AR T
Beo MTAER BEAE TR B2 > FOR Y 2 e 396 € )8 S

BB T RIS, REHE AR Eilertsen 5 A
(2017 ) 2 Hi /Y HDR-CNN, 78 32 70 1 X 4075 2 2% (1)
AR EER e (A S E Y R AR, B
5, ZMIEL TR R4 (convolutional neural net-
work , CNN) ()55 75 A 48 $2 4 ( Zhang %F,2017 ; Endo
4%, 2017 ; Moriwaki 4, 2018 ; Marnerides %%, 2018,
2020 ; Lee 5% ,2018b; Khan %5 ,2019 ; Santos 55,2020 ;
Choi %,2020; Han %,2020), f% T, Sharif % A
(2021) H2H T AL o 28 I £ F 33 e B 5 1% | Chen %5
AN (2020) 454 39 €0 8 B S A 25 I | Marnerides 5 A
(2021 ) 48 H 3 A Xt 7 0 265 110 3 €2 8] ke 55y
eI W B R R R . R B,
RIS TE RIS O e 2 4%
RN T LR
1.2.7 wEshAEREG sk

T X G R 6] b B IR e R e S S
T BhA T ) EUR B BN Sh A BB R A
A R LM RN ] A i Rt ] B o e g ]
AR (Schlick, 1995 ; Tumblin 1 Turk , 1999 ; Re-
inhard %% ,2002) | Jay # R A48 AL 5.2 ( Drago 55,2003 ;
Kim 45,2011 ; Durand Fl Dorsey, 2002 ) . 3& T K14 43
)59 ( Lischinski 28,2006 ; Ledda 45,2004 ) | Ji
FHERE Y T (Tumblin 45,1999 ; Banterle 45,2011 ;
Yee F1 Pattanaik ,2003 ; Krawczyk 55,2005) 55, &40
P18 €, 1] e S 90K 0 S B Sk U (R TR
Z BRI S A B BRI, Bl 7 ik e T 7
FH R B i 28 W 245 0 SR TC S 80 S e i e S 8
BEANZ AR R, Hou 45 A (2017 ) F) A2 Rk
HESEANGE P PR AR Bl 2k CNN ke 512 B 6 )8 e 5,
Gharbi 45 A\ (2017 ) | 8D 9 A 52 30T S 5 (1 34
SR, UTAESE, FIH conditional-GAN — & F 5 315 T
HAERIRUR (Cao %5 ,2020 ; Montulet 25,2019 ; Panetta
%%,2021; Patel 55,2017 ; Rana %, 2019 ; Zhang %5,
2019a), Vinker %5 A (2021) 5230 T JE B % (1) B
Y259 HDR {0 LS
1.3 HRIFMIE

K3 (Gershun , 1939 ) $5iR TOELAE 3 48 A =
6] PN AR 4 A I B0, fl 7 4 4ot R BCE X, Gabor
(1948) AR T T ¥ Roni 148 TR ik B8
B A T 6L Ay T A B B T LA R fRi Ak Y
F3mE% . Adelson 45 A (1992) ¥4 4 T 56 AHHLAR
Y SE 3 BT R B 51 0 2500 25 A R AR
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B, Levoy Fll Hanrahan(1996) fli£E5E i, T 345
Botbe ek, Boit 1 063 AHHLEE 51 ( Wilburn
4,2005) KRS RS TTE YL b B Ng A
(2005) S T e iR S R R Y THr AR R A AD
it R IE R B LRERE ™ A L 22, 1X N
3D AT 3D AN FHERAE TR A T REME . Levoy
S5 (2006,2009) I 4 T 6 b i, s 2l i A
YK ) 3 4k 454, Lumsdaine F1 Georgiev ( 2008,
2009) T Ng % A (2005 ) B9 TAE, 38 11 3305 55 14
G T 337 B i 4R S 1) B 1 T e 7 3R AR DL
Pl 0637 3 4ER EORTE T SE AR R Uk e, 212
JHT AR S5k, 91 Gk - S 3 42 R ( Fahr-
inger %%, 2015 ; Fahringer 1 Thurow, 2018; Shi 4§,
2016a,2017,2018b) kI 3 2 ik B 47 I 5 ( Sun 55,
2016) G35 I W (Luan 55,2021 ) LA K ¥4k
3 4EJF 5 1 i ( Chen A1 Pan, 2018 ; Shi %, 2018a;
Ding %5 ,2019) 55, AN CEEE I T L0 3 4k
HHHOR DL T kLT G B AR AT
BN,

13,1 ETOLiEn 3 gemdsioR

MEFHXCY) 3 ded AT T AOCHFSE (W
§,2017b; Zhu 45,2017b) , S MPLEHE DL R
FEAbTHLA R G 03 PR R 2003 3 4 d Al G HE
T,

JE 8 3 PR B Ry A5 ) AR DL B2 )
PR, AR T RO R e g it
DL IR 2 2] 1 7 5 ( Cheng 25 ,2019a) ;1) 3L T4%
AR L R AR e B AU T A TR AR O
LR BB Z B R = e (5 B Lim 5% A
(2009) FI FH £ & £t b 9 TC R R BB T =
B3 PER . Georgiev 55 A (2011) $2 H 7E B Al
T HEA TR R SR LA B AR R AW AL, #6378
B PR T A, 2) BT e IR Ry U vk
BT EHS FOGAE PR MU SE I B RLIR K, 2545 4D
SCIH AT B B LA AR Y 5 3 pIE ARE 25K A
192 7 B 7 KL . Rossi Fil Frossard (2017 )
KA Z WO 70 PE AR B T ik 3R T — et 22 it
20 PRI A 28 4 5 A ok R BUAE 2R, 5 A1 T AN
[Fi) AL LA 1 i R Al 1 2 8] RS, B X I P i)
L, Alain I Smolic (2018 ) 4# i T — F 45 & BM3D
(block-matching and 3D filtering ) % 5 2 i %) HAL {5
T PER YL I % ( Egiazarian 1 Katkovnik , 2015 ) Fl1

T 65 5 2 75 1) LEBMSD 11§ 33 2% ( Alain A0
Smolic,2017) , SE 8L T 4 GE K 4 09 EMZ 23 (8] 48 43 9%
B 3) BT IRIE % 2 1Y J7 13l 3 75 1 ol 8 9 24 %k
DGR AT v B i I 2k, O SE WG 88 4 BE R
Yoon 55 A (2015) T BE 2 21 1Y J5 125 [] B %of 5 £
FEST A2 0] 3 HE A8 F SR A 45 BIAH SRR 1] 1] 1)
BRRLIE, X T LA UG A A0 S T 1G58

bE& GBI AT & Sl Dt RS
YR AR B BT . D66 s 5
Ul 4D Light Benchmark ( Vaish 4§, 2004 ; Johannsen
85,2017) #E—2B i Sh 1O IR E R R,
WA AR IR 2215 R ITERIA T, — ] 7328 e T
FIME VL BE A5 A9 B3 3EF EPI(epipolar image ) [ 77
2 R/ BERE USSR TIRE = Ik, A
RRMERY T L e 3 T A £k (epipolar iine) R
VRBEAl 71503 (EPL) . Johannsen %5 A (2017) ¥ ik
P T A 2k R 1 5 ik 2R AT O 3 A LR B
B R HSE AL, Wanner £ Goldluecke (2014 )
TR T AMRZR I BORE A ) R g R s pt Ak
MER, 5 —F B FWAY T2 W Tao 58 A
(2013 ) 48 H1 % 35 5 o0 3R A FURH DG e Dt 3 190 % 2 i
TR I ok B T3 I 52 15 5RO £ 45 B
— R ESEE LA L (Wang 55,2016a) , B B &
AT E, JF HO R S B A 3 1o B R4 175 20
AT T4k, Williem 1 Park (2016 ) 32 7 5 F—
o #9357 ) o SR AR SRR oAk T R A T
ZER i ER 3 AR B ( Korea Advanced Institute of
Science and Technology, KAIST) fY Jeon %5 A (2015)
Pt 7T ARRS 1Y 2 00 A TR EE B R D6 A
AR BITRRE B IF T HLE 7 2 DAk 15 2
TR B R A 22 1] (Jeon %,2019a) o Neri 45 A
(2015) fdi P 2L T 22 RO A 366 0 %7 1 28 1k 1Y) Jag & A
FER T2 32 T RM3DE ( multi-resolu-
tion depth field estimation ) 53, $& & T R Al T
J&, Strecke 5% A (2017) $2 i T OFSY _330/DNR
(occlusion-aware focal stack symmetry ) 325, i FH
4 A7 I Z2 A R AT R, OF BAE TR
TP DX A R 7 1) WA, A5 B TR T 5
R, B R ) 1P & | Johannsen
SEN(2016) 15 WA R B 2 2] 78 2 ROE 55 v i
ST AR . Heber A1 Pock (2016) F FH vt 2] it
AR 2 ] BRI A T O R . BEJS , Heber 55 A
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(2017) £ 1 fili i 2245 BUN 26 ( CNIN) FIE 73 fi
TR EAG T2, T ROt A 2 &
Gt %, 5 E KAIST (9 Shin 45 A (2018 ) X 3T
CNN &I T — 2B R4 M4 EPINET (epipoloar
geometry of light-field images network ) , 7 H. 3375
AR T RAFRCR AR 5 AR AN
Alperovich 2% A\ (2018) ffi | encoder-decoder %% ) %
Tt 20 fa ARl i 45 21 1 #25 BEURDG 056 B
R

JCTAHPLR T P T4 R EE AL T3k S i il 22
PP 4tk FR ) B2 ) v ) RS, 2 S D637 3 4 4
MOCEEERTT T OIS AHMLIN ARG 4R AR 1 &2 2%
P, E NS A 2 2 E R T AR R R 7 ik
Dansereau %5 A (2013) ## T —F & 15 2%
(& 3ANTURZSE) OGNSR, 1575 )8
AR OLT A TR R IE R AR R AL
5 3D = [ O AR SRR 4D ARTERERE . Bok
SN (2017 ) B —Fho &3 19 AP AE B2 T Danse-
reau [ 15 DSEBGEAAL &1 T 12 DS
JCTARNLEBCEA . R LT B2 RO R R 2R
FEADEIGHNL, Nousias 58 A (2017) $&H T —Fh &
THERAS th A A SR AR B I AL LA M e T v
O'brien 25 A (2018 ) #2117 — Bl 2 T 4 G B S 45 1E
] T R AEFEHER B ADEAH YL AME T % . Hall
FEN(2018) HY TAESE HY T — b Bk T~ 22 0 =X e S5 bRy
BOCIAINUAHE )T v, BHR AR E R S8, H
18T 7 B A DA B e A R B AR 1 T A v Y 5
WA RFBW T2 07 W RIS
1.3.2 FETORI UG AR T S ISR

K65 AR H AR B T 5 0 A (light-field
particle image velocimetry, LF-PIV) , ¥ H 328 3 4
MBS J2 3 HE 12 W BORAE 32 BR 2 8] R B
—ANEEWRE, X TAEEEA FEE Auburn K
2~ Brian Thurow A1 BAFIE AL 13 A2 38 K 2 1) it 2%
BEHIBA . Brian Thurow HIBAN T34 T3 TIEH
e 3% 5% [ %) 1) 56 3 M AL ( Fahringer 45, 2015)
LF-PIV HA T 2 Ak DR 1 5C B TR 22— 2 4 ff DA
it Y37 R F A Hh 7 i Ok (B E ok 2= L+
ek 1 3 4EE1% . Fahringer A1 Thurow (2016 ) 2 i
THET MART FE R AR RL T BUR E R,

Thomason 28 A (2014 ) &1 Xt G 4% W5 725 fiF 5 350 Y
HAGIRZE  WPTE TG AL 1R A AT S %) E A L 5 B

0 A SE I, OB 50 % b i 3T S5 A B 43 Ry AR ER
A0 I (7 T8 Sk AR BoRL - 2Z [, G041 48 7K 3 15 1Y
BETAD) AN EBA T (7 T EFE B CCD B Z ] .
Fahringer 1 Thurow (2016 ) A T PR E M) 1R 22 | $2 H
T B AL S R R B F AR R
EME I E RE T EA IS . B ECs
H LE-PIV HAR R T 2R 2 sl LA 7T, 4%
FixiJed PN B9 LY 3 30 ( Carlsohn 45 ,2016) i 11 59 L
J AL ( Seredkin 25,2016 ,2019) .
L4 iRk

DT G E H oy A AR PR IR =, b P R
3R 7 SR Bk AT AR O A B s 57 IR
S TER BT L A, PR S m AL
FETE 2 56 T 638 R A 58t = 2 AR h e PR X
GG 1, PBRAOGE UG B 3 7
], w] Loy g LA G g o ot i AR Sl
B/ G bt TS R 5
L4 1 LRk g

G AL T UG T 5 IR S R 3L A TOM-
BO (thin observation module by bound optics) & FE 1M
K (Tanida 55,2001 ) , 38 52 45 A [F) 742 37 BE B U8 6 A
MES) T HaE S b 45 R A s B T Lk s
PRI B R X A LT R 2
A B Y IR B 2H R AT 6 5% 52 1 D BE ( Shogenji 55
2004) o N T RS B I A 2H WE T 0 T A
HABFFE b Bl BB R, JE T SOl 4 B 2
(IR, WIFFEE AT A e 1 T 2% T [ 1) 1) o fL AR
eI L% R 55 ( MeClung 45 ,2020) , B4 FLAER 8 18
— AL T 2 T AT IO Py R 2R T RAUE SR AL
B, o TR T B A R R S T ADEZ R
AN R, 17 EL3E 24— R A AR i
JGIR A S e, 1 A ]2 B 2H 2 8] i AR AL T
HAROE T M 25 BAGA S T e  hAMER 22 . eIt e
fd PO AR IG5 30 2l FH B B [ 8], A ] skt A
MAETE R TR B DAL E AR B2, 8 T
i TRk LATR) R, IMC. 28 \) 4t 1 56 T A48 2 g 9
B AL 6 R B 7 % (Geelen 55 ,2013) , E ALY
BRI AL 1 B AR AR 2706 R, 3706 R i &
BHABOEFEIE ) AR B T 22 80 R 1
R g b X — 07 X s TAE HOG &R 30
Wi/ s 1Y SR AR T 78 3 s G MUK T I BL A R o
JO7FH SR RE WL 3K 340 Wi/s, FERTIRZ LR
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TG #R T BB HEA IR R RS I 22
FRE3E Y6 37 A XE E K, Hubold %5 A (2018) #2114
T 2R R OGS BUR B H AR IO
A B THB SRS 5, H AR —E A 6 ik
BRIy RO T 5SS B RS B ], H
HAERBUN B B2 AR s, B — 5
BRI I FE B AN AR | X A E
B T A e A X R i A Rt
TEHER T R, AR R P, SEBL T 450 ~ 850 nm I
BEPY 400 x 400 x 66 K/ 3D SiEEdE 7 ik
1.4.2 SWGE 4

ST R B AR R RIR L g T D)
F B3 70615 L& ( Content 45,2013 ) 3T
AEPESCEF A 1S R (Gat 55 ,2006) | 5 BE
M) 43 I3 6 1% 1% ( Dwight A1 Tkaczyk ,2017) &
LS 3 3750638 AR ( Bodkin 25,2009 ) | {5
FIHTE AR (Gao 45 ,2010) , LA KAR U8 5156
TR (Geelen 55 ,2014) . HHRR UL OGS
BAG EHERG U8 B8 4R B B 5 b B R
AN R R AR A RO B TR A
AGIE UG R AR . AR R G R 2 A
ITH A T b 3 3 i A % B CMOS #1912+,
Geelen 55 A\ (2014) ¥ HAfE ) Hl/E T 4 x4 (31 16
WIEE RGO . BIRRGOCR 25T
Z AR R GIE A & s R R YR AT 2
R AR (8] 43 HE R OB 73 B i 1A 5L
2 25 B/ s E B A 2 | A
WA R RN 5 M LR AR, h T R R R
e A TR X B A ) L, B R T 3T FP
MR R g R EIE A4 (Huang 55,2017 ; Williams
45,2019 , FIFH FP R A28l 325 S5 e LT SR 00 < 5
R JZ—rha] % B R —m RZ " 258, ff K B S 2
B — R A [ 3 B 0 06 R R AR X
KIEFEAL, AT iJGiEmE s L i fEE T
RS0 M EL IR %) ) AT, A 9% 3 AR T 61 5
AR 2R B R O AR B . B4 Bao 1 Ba-
wendi (2015 ) o FH 42 s, 7 81 A9 135 B W A0 2 i 3
T SIS BAR R YOGS UL R RO LEE R
— FE TP TR 4 (8] P9 ' 0 AR 47 AR 4 1B R
o —FP BRAR ) FE 3 06 R SE B X, W Craig 46
A(2018) i1 Meng %5 A (2019) JE/R 8y A] LU T-£1. 4k
BB 7 GO BURHR , Wang 458 A (2019¢) &

N T HET O SR Y 98 BOG TS R, Yang 58 A
(2019) Fil Cadusch %5 A (2019) JE/R B9 5L T4 40 %
LR TEIEBOLIE IR . TR RIE R 45D
T 53 A 5 5 ] 3 R BRI 29 B TR, B9
Jre 7T A RN 1 G B R (Nie 45,2018
Kaya 55,2019 , i1 ¥R 58 A5 MG R 04 B £ 6 135 i i
Hh£E (Fu 45,2022 ; Stiebel I Merhof, 2020 ; Sun %,
2021a) , B EAL A D B 615 K RURL, S8t
JCIETRINAE 1, FTHOGE 73 Pr A 23 18] 43 B 1 il
HRFR,
1.4.3 LR/ 5SS R

fLA/ W7 G ' 1 AR R T ik T s 4 SR 3
WHHA TGS EUR B R BRI 23 (8] 3 £ 7
T RpRG gt , HEIE TR 2R Gk 6 R BE 51 bR
AR AR S 2 SR AT, AT B0 E N G
W7 EERIES, BB AL i1
Wif% & Gt /& CASSI( coded aperture snapshot spectral
imaging) &4t ( Brady Fl Gehm 2006 ; Wagadarikar 4,
2008) , B/ FE Rz —J& i TR 17X AR
S B AR , AN ] S b 2 ) I R 2 | HLE
SRARE 4%, Tk SE X e G B R AT
Wang 25 A\ (2017,2019b) 2 H T —Fh 3 F H_ &MWL
AOBUHBLSUR R ST, I 52 145 B0l 5 5530 iR AH
LA E B ERRE, CASSI ARG EER
Bz~ RARFUR K, A& AR, Baek %5 A (2017)
It BT AR HE S SAHALEE S b3 — > ok
Be, SC T AR R GRR  BAUE SRR L S Ab r)OL
TEAR L, S B A ) e e A, O HE RS
72, Golub 55 A (2016 ) WU HI BN BIEH -2 e b 156
YEREHOTHE, #E— 2 TR, Bl 5% 6
CMOS R #5455 1T LR s G ib sl ks 2, ik —
AR IMAR, Jeon S5 N (2019b) 42 1} T HE T A
RS 67 o 1 [R) i Sy A5 45 Sk A6 BT 1 7 7
A el B Al R AR A Y ST
PR T LA IR 5 G %, SR a5 ik TR LAY
GRS ) Bk RO IR . 5 EE A BT
UG E o2, 1 P S i (U BRSO e ml B
SPGB A% ( Sahoo 45,2017 ; French %5 ,2017) ,iX
FER RGEA T A T B 235 R GiE AioiE 7. 07
PR AT Shih% , (HIX 2 2R G5 70 B 3™ B T A
(7 B A BIRE 22 T] AR AR DG , D3 70 B30 AT
XA L[] L, Monakhova % A (2020 ) $ 4 7 #UH
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GEiker &3 N S LOE % N W RS ]
B B R e S 5 R SO e R A
TGS AR R M % A 3 o A R
B G i (19 2 a4 5L, T LAGRE S R R GOt v BE 81D
T AR AL IRAHT R 14 25 18] 43 PR B AR A ) R

1.5 ZTEEMEK

BE A AR G2 RN B A% S5 U R K e
DGR T DR B BB ARG AR S L I
RIS S A BT (AN FRARY B | I B
L U AF ) RO 2% 7 % (Capasso,2018) , i
RIRYF-THD'G# TT A 5 62T (diffractive opti-
cal elements, DOEs) Fl1i# i% #i ( Metalens ) ( Yu
Capasso,2014 ; Banerji 55,2019) , 45 38106
SEICR A GE 325 58 T 4 3 GIOWE P D8 B3I 15
K5, HOBUR JF IR 2 f X S B O R R G
W BR RS 32 IR T3 45 (0 AR B FLAR AL 37 S5 A% 0
TobR . it — 20 R AR R AR e ROT, I 48k TR B
HH A — i T 375 5 IR BOR S A T — b 4 i S
( Boominathan %5 ,2016)

ToBE MG T T AR GEE S P RO A A
2, MR 23 18] () A 5 18 s 18] B — FoRRBR (1)
SRR, A [ s AR B R T — A R
TR TR AL W] DU R ) SR a5 . XA oe
GG T A A B BARAE B3 T gt
e it PR B T O 2 AR B B
Hit,

ToiB B AR B RO R T 05 2R B IR B B Y
(Cheng % ,2019b; Lee % ,2018a) , 1E AR A, 4
HESYI A 58 (T AR ) 388 SR 25 5 20 AR
W AR, T 22 R AR (i B SR A5 ) D 5 5 HR Y I
SB[ 48 558 ( Schoenemann %,2017) . 3
HREE M & T LT 2 JLE A/MR (ommatidia )
I, AL AR A HE | €0 2R A0 R R JE A e R A
L4, SRS H R A BN AT B R Ll ek 22
PR BRI AT A0 B AR I A SR R R 5 B, 3%
WA & B p 5 S IR S5 M ) 3 1 2 Fh T8 Bi
A SR X b B AL B 52 IR %) T 3 5
B XAIR BAT G M 5 5 3 HR R AR AR s, Jevk e
JENATTR B A v o e AR H A A K

LA, B THE SR BRI AW gt 28 | RIR 52
RS RGP R H 2582, AT IR A
TR B4R BT R B R G, A X B AR

STUREER TR SRR . X B IAE, T FO6
RGN Y ek N 5 B A Rk P R T
13toe Z 8 vh g b 10 JR1R A 2 BE 08 1l B0 10 A U
i, FETIZR B VAR T I 2 A IR i AR 32
R HTEE G R R G, KORAe & 1T IR BITCE
BERUAR I 53 PR TR I ORI e A 45 40 SR ek

TeiF 5 R 58 T E AL DG Ao i A
BEEFEMWA I, HOG AT T A AR R
RUFIARAZBY 38 5 % Ja & A iseit s, 55K
5k E Y R HIRR B, AR R TG A S R I
¥ e POYIAIOET W DAL e b v & S 7 b g 7 o )
5 FlatCam ( Asif %§,2017) , DiffuserCam ( Antipa 5§,
2018) , PhlatCam ( Boominathan %%, 2020 ) #1 Voronoi-
Fresnel (Fu 45,2021) %, P4 ER g 500E W — R
T4k gt e SR i 58 (AN ok FH 4222 47 (total var-
iation, TV) MY EMIAEIN) |, DL EE X KA (1) 5L T
W7 ] R Bk

PR 78 10385 8 A5 R P AL ) 2 1 TR S
PEAT VR, SR A P 2R TR 2 B BERIL 34 Y
LI 3 5% 37 5 T4 B 5] (uniformly redundant ar-
rays, URA)  ARM &1 S ARG AE Ak i 72 b i B 52 25001
TE RIS B b 3 — o B S 2N i 9 B B
TP E] Sy () 4 ok 58 LA B 2 AU AR
PE A2 45 3 5 Bt i (1 5 A KR . DeWeert #l Farm
(2015) $2 4 1 —Fh AT 738 5 BB F KA ( Dou-
bly-Toeplitz) fERR AR , 77 A5 B9 43 B eR BB AIC 1 33 )
R ASTE, AT 3RAS T A R BT i, Asif 55
AN (2017) BRABEFE T A [ 200 4 I 5 7 S 8k
ERSENE I T — Rl A 1 4 M3 G i i
PN B 2 4R 0] 73 BB, RO FlatCam,
XML A P A AT T 3 A A R (AR e e
[F] i) 2 TS BUAIAR SE | 2 % MR 2 JC 2 B2 3R S8 i AL
Bt MM, Tajima 55 A (2017) #2111 2R (A E
TR IR A R FE IR, A1) B 2R 2% SO0 7 A [
IRARAG I S 5 A HOS R Bt ST iR 15931 1 R
W HATEREM BT NR R, AW, IRiR
TATE 35 B8 LG A — > IR R i, L ARV R D' i
BZH50% AR T — 7 i o6sR , fg & A H
A

AR B T 375 55 AR RE A8 58 03 I T I A8,
X ARG AR 1A 98 11, AT A R0 4% T 24
JEIRPAHI RIS . Gill(2013 ) $2 H — a3 X AR Y —



$Eo75 /5060 /20225F6 8

Wi, (958, FEX, KRB, EFE, IER / HERGRIRHE

{EABAZ (0 A1) A5 e, HAETR R i 5T 161 S RE %
PRSI 0 R B eR R, S AR 2 2 T A
SFEE X AR LT T A B R S B R 51 &
2, FRA PicoCam, AE % 52 B =y i it 1) 0328 B2 1R
1 T ZAEAI L G 47 5 OB AT R AT R, Antipa 55
A (2018) $2 i R FBEALTBCUR A (diffuser ) A2 G 15
EIZAE Ry A4 HICRR B8 1 T 3% B3 AR 7 %2 Diffuser-
Cam , BERE 7 £E 2 % LG BE 1Y s BRI, O H OB AR
BEE FE TR S0 52 IR R, TR 0 T TR B A 7Y
SRS, R M T, DiffuserCam RE 5 52 30 5L
WiTEIR Y 3 4T BEF AR IRE . 205 R FH A U
38 I A IR S T, R — R AR Y
el o A T X AR B TG B AR T Y R
P HCR BN A5 TR A T A Boominathan 55
A (2020) B&5 T 58 HOR B LA S R, BT
e B X R BT 2R 7 g R AR
P SEAFIE  VEE 4 T R S Perlin W75 —(E Ak
A R TSR b s T Bl eR B, i i 3R AR TE 1]
] SRR AT S AR O Ak B2 2 i AR 67 R AR LA A= 1
JIFs 0 s HLRR B, X PP B R GE PR Phlat-
Cam , 7" A= B 4 HOR BOE DL SF R 48, B /R i
WA A R IE . SR, 33X — 2R Y s IR BT
JEEET R RO s ot F R i & WL 48
FrAa 2], e SR S A5 TR . Fu 58 A (2021) $2
HE T — T A ] 4% 328 R B8 %) AR L S A 4
%38 PR EUAR B ( modulation transfer function volume,
MTFv) , BB WA O RGP REMG L RS
D MTFY (R, N R e i i 5 B %, FIH
B VR Bt T —Fh 2 LR B IR B e B B A
57 PR, R Ry 4 5 —FE T K ( Voronoi-Fresnel ) #47 ,
AR bR i AR B 1) TR TR R BRI By B A
G, T 2 47 W] v e R 4k v K A LR % HES 1 P
A IS AT R ] P L A 1 T i R L B )
P HL AR AR S TT Y 22 08 FLAR A 1l B 34
RIS, HEAEEEN= B, 5h, 1%
5% MTEy 7R R 20046 b, 1k 3k 26 LA FL T
AR A1 T A 21 A AR 7 pR ECRAT SO0 A A5 s8  1 A
e PERE

ToiE G R R GE i I i Bt 2 AR T AL R 15
Kl , 5 SR HAH I Y 1 15 B 5 1 0 RHR AT 2
J5t, B A MRS RSk ] o) R AR 8 iE U Ak sk
fi i) 1B # X ( deconvolution ) B H5 | DA M 5% A 44 2K

SIIREE 2% ] B, TE WY DiffuserCam, Phlat-
Cam Fl Voronoi-Frensel %5 JLZETo 7558 i A5 22 40 14 &
BE g AR5 (TV) IENE AR B AU
16T, >k Bl ADMM ( atternating direction method of
multipliers ) PALHE SR AT R G A, X R
T5 P 32 B MR ARUAE 5 15 R LR 24 B0k
TYAFH R AR, AR R SZ R, Monakhova 2%
A(2019) LX DiffuserCam AFEHL, SR T K o5
FAG B e, I $2 R unrolled ADMM 45 #4) 1)
3 FPIREE 24 S HEZE Le-ADMM, Le-ADMM = | DL
Le-ADMM-U X DiffuserCam ¥4 #4752 Jit, BUAH T
BAFIRCR . Khan %5 A (2022) L FlatCam 1 Phlat-
Cam NFEHL, 4 R W 20125 i A (R4 Y FlatNet 5
R JF AR MG et 5 1 RGNS A5 BI04 1)
HHEUR SRR S 2 A A TR O i A
A UG EA TP IR BT it R B it
TC75 58 G AR B M R ISR B2 1) [1] B, Monak -
hova %5 A (2021) 76 & KM% 558 (deep image pri-
or) TAEMFERN b 42 1 —Fh Jo i K it Yl g o8 3L
PG s o A2 IR 7 vk o 1207 VR I R A il 2%
FRTCBH G G e 5, S JER ER I &
HEFEAh G SR R4S R LASUS AT AL A R & 15
Ry AR EE , T 5 PR A 1Y AR Kl JEA T LA,
SR A P 28 S AL DAk T 8 B 2 S B TE I 5 1 145
A, TR AL R AT T ek EOE DLME B B 1 )
B, Rego 55 A (2021) L) DiffuserCam A1), F1| FH A= 1%,
XFHT W 2% ( generative adversarial network, GAN) 4%
Hay , [ oy AL S50 PRUGRT i 7 AR R, P LA A A 1Y
S BER R A Y SR R AR AR Y I LR R
b IR A e o 1 19 1 T LR A B
1.6 {RFXBAEG

RO BLGOR SEAE S T RO . #e Ji A
Sr2EnT L4y Ry it A L 22 it A (burst imaging) |
NG Bl AR AL AR BOR < 1) Bty A 22 SR
TIVEAT AR IR A (0 o S 0B A | b (R D A
XGHUE P ) AR R #F H4{E U8 I (non local means,
NLM) 3 ZE 5 VL L U8 5 ( BM3D) |k T 2 o)
IINIE R 2 T 45 Plotz A1 Roth (2017 ) 78 W 4E )
FLSRE BT VRN e B, BEARAR 2 0T R TE A
BT 7 R b HE BM3D B {7 SR |
BM3D IRIRF I FAE, Lefkimmiatis (2018 ) fii F#1 £8
W 2% o 52 B BM3D (1 i — 2, Abdelhamed 55 A
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(2018) $&ML T T FHLAHML A FL B 42, 5T
22, RAW 48 2= 1 ( Chen %5,2018a,2019; Jiang
Zheng,2019) th 25 25 B 3E s A5 A0 B 1 RGB Bl
SRS H R TE T 200 5 A PR | /LR A g
FEOT AT ARG A e LB, S &G
QB R, Brooks 48 N (2019 ) K H: 33 4b 3 (1]
RAW IR EMRA T AR, 2) 2 AL 2
MNHFFALH, A Pixel F4L . iPhones %%, Hasi-
noff 25 A (2016 ) Fll Liba Z¢ A (2019 ) X 43 5k 1) 2 4
BRI T SN 4, Mildenhall 25 A (2018) 4
X 22 i 2 M 4R M A T I 465 | Xia 25 N (2020) F)
F% 2 0] B TUAR A T X 24 tHEA T A AL, LA Sk 32 v
FATTRA L, 3) NJGKT A LIRS g 5c i
MREE R B B R i, HLrh S fRT B0 5 ik i
FEAINEET . EENDEET IS R ORI
TN — 02 {45 i 5 RS A0 £8 R A — 2,
iPhone & H fifi F “ True-tone ™ [N YGAT , i 75 IN F KT 19
SR TIEG, NSEAT R A 25 A Tn) i, B
il T nEEOE AR AR IR R
PRAE, FF Xk sl i mFoe A i s TAC &,
WA/ TEIN G 5K B8R R Fil G ( Petschnigg 45,2004 ;
Eisemann Al Durand , 2004 , Xia %5 ,2021) , ffi FH A A
WLAEURLT A/ 48 b ( Krishnan F1 Fergus, 2009 ) , fifi
N HE e 37 A 58 B TR 2L A8 I DG AT ( Xiong 45,2021)
SRR 25 A BRI m A ik, R Wy 3 b i BR ) D' Bl
FREES AT I7 08, 4 ) WAL IR H2 AR A7 38 = 5k
i FH B A R A, 51 i FH 7 R SAL JRAS R
TG BB i JH 70 AR O i SPAD %845 i
1% (Ma % ,2020)
1.7 FEzh3 %E/K

F 30 3 4R E A 78 454 6 Time-of -
flight (345 iTOF 1 dTOF) , BRI A [H] , i
SERDEIE ] = Mk A5 BIEE 2, TOF I 6 ) €A TR
i), Hm A Pk 2R 1) B Z BB T
Yo, B K PG A e TS (IR R E) SRS
W, 2) AAE B GBI, MR B 2532 Bk K5
Wi, Z5FGAT TOF BRI & S 0 G AR R B )
P RS IR £, SRR B AT RSB B s A R
AT, SRS ] BRI A AR 2/ MEoh
JEP AU XSRS AR HHO, B 3 4ERL
BT ERRRE  3) 2T RIS I TR
KAER LA W 5 5 AR PR AR BT

(RIS DR 3%, 3B 43 i AT [ B 45486 TOF
XFFEE(FEZ KA, kA LR L
(PTTRIEHER ) < 1) 2= 282 U8 A (Padilla 55,
2005) , PR PHYGIE ) 3% 04, 0 & 536 0] DL A Al
(1), LA I 850 nm AYHOE , B2k A 850 +5 nm
PRI o G R R AR Gy B A
PRI i 0 0 2 Bl 2 1R 32 8 A, ARATL 3 1) 108 08
AR G ASOCM A ERA SRS, 2)
Py B (Padilla 25 ,2005) , KK BHYE %A W IR 7
], 3) (i F A B b 55 55 (R I 4, s 21 4 ik B 1)
938 nm, B H P LLAMEBE (900 nm ~ 2.5 pum), K
FEDOE LA S5 0 2T AR AR /D, HLE I 2 Ak KR
TN A AT Y IR YR SO R LA T R AR R
AW G T1 ABTC AR HREFR I %, 75 2 ff FH InGaAs
PRINES . EHHT InGaAs [0 B M 51 43 B2 3% H A
. 2B InGaAs F00 45 70 HE 80 E HOBLAAIR,
Wang ir;“‘f:]\(2016b) P HH i P 5L 1 2R o B ) A T
(260 B, KB 2544 56 DualSL, o] L &d 1 4
RT3 2 e IR B, 4) P2 & B im D)% ]
SHOIN R S AR AR A, HLAZ 2R
LA, 5) Fh—HTFPLE . MK Kinect F17E
F#/R RealSense #2040 BT 5t RE 155 o
e — LR B s 52 SRS HET T4
TG 0 s AT A PR B i o, R A1, e [) 43 B
WRARK s Ze A4 w5t | AELIRF R] 3 B 8K TN AR, Mat-
suda 5¢ N (2015) £ i A FH A 49 46 75 Bc =5 10 A AL
(event camera) LUK Z| ST, Mertz % A (2012) $2
R — /N B A 485 SO 45 S T e B g S AR L
SEPLOK BA O Zeda H, 1B 2 it 3R IR EpiScan3D
(0'Toole 55 ,2015) 45 Hi , AT LB SO 3 15 £ 2 {UA
HATHRTTAHMUEIE  FER 2R X AR OB
()BT RO ZMA %o I AR AL B — 17, 2% 7 A8
e SH DRI RZ AL, AR S AT IR AT 3 Mg
B I3k B 5L EpiTOF WU 3% J5 %8 ) TOF Wi A<
(Achar % ,2017) , Gupta ¢ A (2013) $&H T —7F
FAREHLE , AT IR 2858 ' 1% K/ INFE S 4 4 AT 4
) L% B . Wang 25 A (2018 ) $2 Hifdi L F9 4
WOCHE BT AR AL, 380 Ao F22 ) 4 3 (%) A KT 4 4
JE A — s (A, PRS0 (light curtain) |, 523
TRPFHETF B SERT [, Bartels 48 A (2019) W) J2&
il LA HOCFE B G A5 DT TARBIL, DL 4 e 2F
EHEMEE, 6) 3T SPAD A9 TOF J5i%, SPAD



$Eo75 /5060 /20225F6 8

Wi, (958, FEX, KRB, EFE, IER / HERGRIRHE

FER BT 2328 2001190, M LU 5 1 & 4
B8] , X 44 5'GF HE B AE ( photon pileup distortion ) [7]
RO, T3 3V A P B R R B B B (Gupta B
2019a) , B 7FE SPAD RS 11 RN & 5 s 1] 1% & Bl
HLIERT ( Gupta ZF,2019b) | — 5 P2 & U 55 06 F HE AL
LA

XTF AR B O, B £ 5 32 B Nayar 58 A
(2006) Ji3 % , 8 3 $ SEALAT 25 ) - e 43 P 520K 4y
B EAOCMAE BEHOGRR W AR T IR B R 43 T
HHEDCHEAE EHOE, R B HOGTH AR, wa]
i s AR 22 B HOE R 3 F Sh3RF NS 23 5
MR EETHEE . XPAHPLAR R 24T 23268, AR A
IEAR (Xu F1 Aliaga 2007 ,2009) ; {fi FH £ 55 8 B SR
DIEISHECR (Gu 58,2011) , 38, (i v AT 581k
IE E IR BUHTE I 77 2547 - I8 I AL ( Chen 45,
2008 ) fdt FH e 431 120 G ok A O 28 ipl | Aol FH v A3 B 14
% (Couture 45 ,2011) A& 2% 55 09 JK £ 465 ( Gupta
4,2011) 8 AH# (Gupta 1 Nayar,2012) fiff FH Z 14~
R I 1 e AT 8 DA i AR RS A v A1 18] 58 e A
IABT ( Moreno 4 ,2015) 55, A ik B1E 2= B
1R B, W 0 Toole 55 A (2014) FII F #5524 Al
FAAILAGE A 2k BRI, DL R 6 845 21 B0 1Y)
Episcan3D ( O’ Toole %§,2015) , % F iTOF, LA I Jr
TR R YR L, Naik 55 A (2015) i B 4% 42 5 7%
B ROk 45 T iTOF M £ 24 T4, Gupta 58 A
(2015) fdf s A0k L 242 09 T PEAH BRI , EpiTOF
J& Episcan3 d [ TOF RRA, Xt F 2% B 1 Pk,
Chen 55 A (2007b ) 4 Hi A F i % SR U2 46 0E, B
BOCH A e, T HUHHE 5 2k LRk, dTOF
BA AR EHOCIRIRAY WL, (EJ2 X HE R A IS,
FeAnfe e % b, 454456 ATOF F1 dTOF #R i Pk i
FH DT 1 — A T A BRS ReME mT 4 < 1) 5 4R 38K
PO, 25496 X B 4 25 18] | ) 28 ( Narasimhan 4§
2005 ) , TOF f )i % i [ L 1) i & (Satat 55,2018 ) ;
2) TEGIE EIH BRI, WG HE (Wang 55,2018 33) fiff
FHEE R 3 1, a8 I 21 48 (40 DualSL ( Wang 55,
2016b) ) A 1AM Erdozain 45,2020) ., f)o, ffi
DRI 27 2] R S A HR IR E DI s 1
ARIFBIRCF: ( Marco 45 ,2017) .
1.8 HHEER
1.8.1 H3hH

FF-17 J& ISP (image signal processor) H1 5 %L fY)

— ¥, NIRTEMEE UG, 25 A 308 D6 IR 24 %)
PoiRs i (22 . R PR g g b o T
W JFHARTE MR Hr W88 3 1) 8% AR AL [F] A e 22
MG Al OGRS EE, JF i MEIE,, X Rt
FEFR R H 8l A

F 3l P 7 ik £ 20 P, B 5E EF-
B A — A B ], B A3 X
5K I R B € o3 A1 A B R g s ol B AT
SERE A A RS 1E . Buchsbaum (1980) #& H T “ K 4,
A (grey world ) AL AR AR B (5148 b (9 ) 44
RV X8 0, DA I 2, DT X BT R ) 26 SR A A U
Finlayson Fll Trezzi (2004 ) X JK g8 tH A" BIAY AT T
e, (R R U7 ) B3 24 B e, I ok 5
B R IUEHT p =6 B WIFE I I L) B T LA 3 f b
AL . van de Weijer 25 A (2007 ) $2 H 7 RS B9 =5
M 224 B ESE IS, Cheng 55 A (2014) fifi H &
185341 M1 (principal component analysis, PCA) i) J7
EARTHCH S ; Qian 5 A (2019 ) T3 1 4% 51 ]
F Y IR AR ER R T B IR R A (5 22

3 —J7 T, A FRLAE 7 > 19 A 3l PRk
W O E R AR B, sl I ZRpLas
St )RR A ) B 28 58 USRS B I&T v A
4, AT RE % 5 4 3tb X6 357 40 £ 1 IR 2647 1P
Brainard #1 Freeman( 1997) A & Gehler £ A (2008 )
et P DL 7 BRI 0 AR A T A G R T (0 S5 S 3 R R
PEATHEERE . Finlayson 558 A (2006 ) K (- ff 7] &1 5%
A A SRS [P R iR 4T SR A . Barron 4% A (Barron,
2015 ; Barron 1 Tsai, 2017 ) ¥ 4% th % 2 14 B4 e
SYRIXECE R A A b Il A U B T 1k AT
FFT, Shi 48N (2016 ) 48 1 — T (9 52 pf
25 I 2 5 R R TR 31 5 7 32 PR 45 b RT g B O RS
T Hu 85\ (2017 ) D)3 o P B ot 28 0 26 TR0 P
rh o TR H LS B R A, DA BEE H DG IR
B,
1.8.2 Wik

H 8% sl it 1) AR B A AETE RN R SR 1 2
BT, (5 TP BILBE Sk 440 380 9 o 3 B AR
SR, BIRMESA 55 Ll AR BIL 3 5 R A OSSR
AR A VR SO T T TS 0 Ak Bk TR
WS BT R BRCR . Shen 45 A (2016a,b) 2%
O AR Fr 23 VST 5 05 5 R0 R Sl T3S
HEAE ; Zhu 35 N (2017a) #E— 2048 Y 1 g A AR A
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SRR SR, X E S T A AL AN B
S, A TEIL S BRI M A S R

R TSR I LS ) SR AL 2 AT T2
PRI PG b T0I ) AR R FE (Eigen 45,2014 Liu 5%,
2016 ; Zhou % ,2017 ; Luo %5 ,2020) . SR , B KM%
U R A A AR IR 25, AF K Pixel T4
A1BA (Wadhwa 55,2018 ) £ H {5 FH - HLAR L iy 3L
8% (dual pixel ) HUUF TP A TR BE F0 , A THIASE
PUHTEIME LAY S 1L, Ignatov 58 A (2020 ) SRAE
TR SR ARP IR R RS R A 1 R, IR
it P 3034 ( end-to-end ) 14 52X 5 42 FH o 22 I 24 %o 4]
1R T T SR AL , DIk R B Tl 2 3%

1.8.3 &

Z A B ARG IR AR I/ BR ], i T B
FOER R R R ARV 2 W Al B s R
(i) A AT M, DU 0 BB 2 = A s M, (R,
FEFAE S (burst photography ) 12 ¥ B A 11 8B 5552 /Y
T, EIHGE e A K Pixel FALATBA (Hasi-
noff 55 ,2016) & 1, HAE A A KB s . i ik 22
At 2 kB R A i B R, AARIE R 5 R
W EL A o B RO 2 R a6 A A (Lucas Al
Kanade , 1981 ) 40 i I8 R (R R 4700 5% e ) B
ZRX IR RS N, AR ANE . R
BT UTES sl 3 ~ 4 s N5, 5 B R AA4EAH kL,
AR TE DR UE G M 09 B0 S AT BEIE R R
FHBAL AR R/ N BT 1 A W, R s 3 7 1 4L
TN i i

HEAESE IR Z 515 3 T 8K & e, Milden-
hall %5 A (2018) DA Bz Godard % A (2018 ) 42 i i Fi]
P28 X 48 XoF 3 A0 5 52 1 — A0 AT [ I b 3L 5 Alittala
F1 Durand (2018 ) ffi FH il 2 I 28 SC L T i 4R 2 &
FR ; Kalantari £l Ramamoorthi (2017 ) {8 FH &A1) £
SRAR Bl A0 B R B B 1 e S ) e sl 2y L
& Liba 5 A (2019 ) #F — 2L Bk T 4 3K Pixel FH1
PRI ARGEROR , SC L T TR IO A A T i
7 1 B B A 8% ; Wronski 45 A (2019) #F — 254 1 i
G 0 T BMGOE r HE%

2 ERHARHFHRE

2.1 WmEmEFERREIRIT
S B A FA IR G B AT [ A AP A X

B, PV R A AR H o B ) 2 A 8 4
e SPAD AHAL(Sun 45,2018 ,2020b) , FI AT 5 ¢
PRSEIL T e I A0 G 27 SR A v JoR o A R B R Pk
FA, PMA B BAEE T 3 i i 40 A 04 it ) e 7
ST R AT SR A7 38 R 45 T R pil 22
P 2% >F S BB YR B O 20 A 9 AR (Sun 5
2020a) ., HAEAT A3 Y T 5 T AT AORT 99 o044 9
TR T AR 0 T e X R AT SO 8 25 H R
(Dun 45,2020 , AT LLAE [ 8K 6 BT fiff e 290 5 7
AR SR AT R B E B, AR KA
FIFHAEFD U-Net AALSUBOM B2, SCBL T4 A3 B3
B8 1 i 3] 0 R TR MUK (Liv 55,2021) o 1 57 14
Aol R ER S T AR 28 3 B % 38 e ) BB SRR T
(Li %%,2021) , s SCRS (I | s EAR I
Je FR B BAF 2021 4F 5 RSB T 5L ] OB ERGE B
(2 2B B BT 5 |3 T H A 8D S S X
&% 2 [R] 4 ] 18006 2 (Sun 25 2021b ), K s 31 35 AH
BLBCTHEI 18 00 e B2 AR A S i L Fe i ot
Bt X, 1A B R A G2 A EA AShiE
feRfAt

2.2 BISEERE

AR DT T, A2 TH BT Tl RN 25 el
TR A SZ0 | R P R AL B T G g il SEVRR I
KRR KGR 2% HDR UG AL 2% 7 ¥
7 A DG T, ™ S 2B TR 2 R
il . DOL/Staggered HDR 55 7%,

1) 2L B4 a4 HDR 8%, £ Bt HDR i
1%, 38 H 23R LR R IS v S BT R BRI
BT 225 [T D 5% 25 B 1 2 S 3 A i | 5k
BHEFEE KT (2018) $2H T 2885 HDR AR 4 1L
LU HDR EMG AR 7 e A R I [R5 Bt
L7 IR R 0] B P45 N (2020 ) X 99 1 (5145 43 5]
HEAT B A B R, IR PR R Bl J7 1 S 3%
HREGITF LG .

2) FETHOLIR I HIZE HDR iM% . 454 WO B i
BRSPS AL S W T A48 N (2017 ) SEBL T AR
PRG-I B AR A9 HDR %, I R R
TP UG T, I8 G BRI T B 43 A7 T 22
PP Rk, PAECAE A (2018) SEB T #EFH 3% Jak
FAPLEE G BF HDR Wifg, FHEASSE A (2014) B 6
PR (2014) fTEFC(2015) B 5 A (2015) 75
A4 A (2017) Xu 1 Hua(2017) Sun % A (2019) .
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Zhou % A (2019) ¥ F SLM ( spatial light modula-
tor) WHDEIRR I HDR AL,

3) ZBECEMG R G R PRI 23 R H
% % U5 K 46 22 Uk M O i [R] ) B, 2R R R AR N
(2013) 42/ T RGRCF Homsk T, AT
SEPLSEAT Y HDR B Al G , FhAZRSE N (2014 ) X
PRk 2253 BE R & I il & Bk AT T ek .
FEFRFNTTHT (2014 ) fff AL AR BE VG s 0F Le B
FE AR TS T BRSOk SE 9 HDR BURRLE
ST 58 2047 RN 4 Jey 5 85 1) A AL PRBRC, o IV 45
A(2015) JTERJEAE N (2015 ) SEEE 1 45 b A b e
Ho FFXTMEFE X HDR BIR 520, X523 (2016) |
PRIMERESE N (2018) $2 11 T 36 1 Ry B 4 Pt A8 e 119 €2
By B St B L R 22 B Y PRG£S doh 2 v A A DG AR e
Bk, HIREE N (2017 ) B 3 €60% B0 A 30
SRS M sh &S H AR HDR BMGR &, Z2H R
(2018) 3 U-Net M 2% it 17 Z WG/l s 1 &
BAN T I — R L BRIZ sh g m, sk A
(2018 ) R F W34 B 586 B2 4 785 ) HDR B4
A T VR G AR S R G R K ), 2Rt
T4 N (2018 ) FI G40 14 45 | 26 ol ST D B 2 50 1) 42
ARELAL A RE 2 m T AL S S EL, R
(2020) i 3 J2 2% 156 X 48 235 F R0 K S 139012 9 2%
S-SRI T HDR R A SRR, X84 A
(2020) $2 i T 5 T 5% B 43 XA il 5 1Y) 5 3 2318
) REN RPN

4) s AE G E R, TR HDR 5
(R HERA 15 B2 DL R G FE AR R, W 58 A (2017 a) 42 i
T 5 CIEXYZ 4 TC G B F AP B ) (B 25
[ EE vk B0 G BRI Y X B 4 Y 5
P, B A5 N (2018 ) XoF [E145 I 516 1 R B O IX 85
F) FH W53 52 #0282 W 4 64T 0 BIAC IE . Li F1 Fang
(2019) $2i T —FiE G 0 J¢ R BT (0 H 38 18 1 2
ML [ 3 N 1 9 %% 58 16 RFAE 4R E (2020 ) 42
LT IR EE 24 2 B Bt LDR 15 4E i HDR [E4 1)
Jrik. Liu 58 A (2020) $2& 4 T —Ff By £ %) S0
HDR & 574, Liang %5 A (2020) i i %3 BHA £
I3 SRR B IURN 22 4t UGG 1) B FA TR B 3 e 1]
Wbt 24, SEER T PR BE % LDR S 4 HDR &
1209 5% . Hou 45 A (2021) i FHIR AN 37 Wi B 1)
il B A A e S A B EMR . Ye 58N (2021) F)
FHURBE R 43 32 9 28 1) B 9 8 't 85 31 283 Bl AR

HE,

5) (L RIBRET A T AN [R] 1 R B
PRI N (2017) T e A FA0—2% A 4l R
UG A DX, FASTR]RUBE 19 2 300 6 5 5 >k 51 30 %
AN DX A5 1) 30 2853 L 4, PR i L B il
TR CIE 25 [A] PGB8 B2 P Y (8 0] 3 5 B I (1
BUESR, XFEE N (2018) S T Bt i 24015 A& {4
SERE  TE LI A AR el ki A R AR 2R
AAFN (2018 ) SEEE T = M52 B & 1) HDR & 2
N NTHES A R RSCR BE B EERR R (2019)
P o2 43 DRI [ 0 P AR 285 1) 5 ) e B
o BT I8 R S gk i e XSO (] ) 2
B 4k N (2020 ) SCBL T N6 B {5 B H S B
BFIE.,

2.3 XIEHAE

e 3 A E gy I Ak A B AT BA (Wang
45,2018) I T — Rl e N2 ROEE L& 7 2ok #E 4T
MY HEE R, KIS AR T (B BER AR
M4 ( Zhang %5 ,2019d) HEZR (ResLF) , H T 5K
M6 T LA BUR B 23 (R 8 43 9F , Zhao 45N (2020)
P TR FH P 22 I 45 il 22 RUBESRRAE R0 UG R
ST

TG IR A7 1 , Zha Il Wang (2016) 1E )5
eI LR AR Bk i SE A R TR SRR
Zhang %5 A (2016) $2 5 T SPO ( spinning parallelo-
gram operator ) F A RUARIEFE TRSAERSIA
(R T A, AT 5 B0 o ff 1) 0 2% T, Zhang 45 A
(2016 ) 33 B L7 148 R (1 J7 %60 EPL o AR}
RIATRIERAG T, BS80S 1 TR B AR T RO
Wu 25 A (2019a) FI ] EPT {75 Wi 0 20 BRE5# | 45 #f i
AR AR B T CNN Y EPI £ B2 15 5L &2 1)
X R BE R LA SO [RS8 3R A5 19 06 3 B4
AR AR 5 it 2 BE L BA ( Ma %5,2019)
PEH T VOMMANet R A TH M 46, A 20 DaE H &
iR b A 3R A A, JE/ D SR

Zhang %5 N (2019¢) & T Y5 FHBLAR 2 J7 2%,
WA SE L Z B PO, Zhang F]
Wang (2018) BFFY T 22 485 rp Do A 70 X — i £k A
SFTHT  L, FE G A H A AR Sk
FE PR (2021) #2115 7 —Fp 2 T 2.0 [ 2 g FlAk =
FIC R CA AR E T7 1, RAEAE S A (2021) £
SFERIE NG 1 2 4 W L AT T AR i 00308 AN 52 2 (1)
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AR T — RT3 iR SR E Y 3 4
FEJ P, Zhang 5N (2021a) ¥ (L G 4HFLAAMLAY
HREBARIA B CI AL, 3211 T — RO A HL
IR T 3% o il 26 W AT A (K 1630 1830 M it 2% %, 2020)
AR = LRG3 4EI R0 4R 2R
PRI R L RORE M HE 31 | 246 X0 RG JE 3K B Rk
G

1E563 PIV (LF-PIV ) 7 I, Jiti 2% Wt P BA B3I
B T BTN IIE 0B B B A Y G AL (Shi 45
2016a,b) . FFX7RERPURL Y 3 4R R, Shi
SEN(2017) & M T T RO 2B B Y DRT-
MART ( dense ray tracing-based multiplicative algebraic
reconstruction technique ) EERAN=R7N , TR T M A 7N
BARLT [ I 5 A0 AR A TR ABORL T R AR
BER T B S —H08 B A G ' 2 I S Y 8 IE [ R
Shi 55 A.(2019) Fl Zhao 55 A (2021) 56 J5 &1 X #L
a6 R FIRS Bl B Sk S 3 R B DG S 3
TR TR R A A HE A B T 3R RIK Ty
A MART AUE R AL . SAUE RECHE TOEL
BERRYSEAR L R — D P i 1 RS R A
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) VAR 38 2o HLAT 1 2 [B) 40 BE R 1Y RGB AU Ik 28
(] Z3 F R G AT il A A B e 2445 3 W] 1o HL AT v
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