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Review on imaging and data processing of visual sensing

Wang Cheng', Chen Feng®, Wen Desheng’, Lei Hao’, Song Zongxi’, Zhao Hangfang®

1. Fuwjian Key Laboratory of Sensing and Computing for Smart Cities, Xiamen University, Xiamen 361005, China;

2. College of Computer and Information Engineering, Xiamen University of Technology, Xiamen 361024, China;
3. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China;

4. College of Information Science and Electronic Engineering, Zhejiang University, Hangzhou 310058, China

Abstract: Recently, significant developments of visual sensing have been observed in imaging technology and data process-
ing, thereby providing great opportunities to enhance our ability to perceive and recognize our real world. Therefore, inves-
tigations on visual sensing possess important theoretical value and are required for application needs. Surveying the progress
to understand the trend in the field of visual sensing and to clarify the future research direction is beneficial. The reviews
are generated mainly based on analyzing peer-reviewed academic publications and related reports. A general description on
the states of the art and trends about the visual sensing is provided, mainly including laser scanning, high dynamic range
(HDR) imaging, polarization imaging, and ocean acoustic tomography. Specifically, for each of these imaging fields, parts
discussed include new hardware, processing technology, and application scenarios. Processing of 3D point cloud data has

become more effective along with the great progresses in deep learning and the advancement of hardware devices. Mean-
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while, applications of 3D point cloud data are increasingly popular for diverse purposes. Over past several years, many
domestic institutions and teams focused on developing algorithms for 3D point cloud data processing, such as in feature
extraction, semantic labeling and segmentation, and object detection. In particular, several teams have conducted a number
of substantive work in the production and sharing of standard data sets, which promote and improve the processing ability
and application level of point cloud data. However, at present, the commercial hardware still has some deficiencies. Com-
bining 3D point cloud data with observation from other sensors is a valuable but challenging task. Nevertheless, the laser
scanning system is expected to be widely used in transportation, civil engineering, forestry, agriculture, and other civil
fields in the future to satisfy different detection and modeling tasks. At the same time, with ongoing advancements in laser
scanning equipment, it also plays an important role in understanding natural sciences, such as archaeology and geoscience.
High dynamic range imaging is a hot research field in digital image acquisition, processing, display, and applications. Cur-
rently, researchers mostly focus on multiple exposure, different modulation methods, and multi detector methods in the
HDR imaging. For example, through nonlinear response and multiple exposure imaging, the dynamic range can reach
approximately 140 dB, and it can reach approximately 160 dB by using multi detector imaging. Using deep learning directly
in HDR image mapping, instead of using traditional methodology, such as optical flow method and the combination of opti-
cal flow and neural network, has become a distinguished characteristic. Deep learning neural network has also been gradu-
ally applied to single exposure HDR reconstruction and tone mapping. Many domestic research teams have investigated the
issues for the combination of deep learning neural network and HDR imaging. As expected, advancements in deep neural
network provide a good opportunity for processing HDR imaging, such as in image fusion. With potential advancements in
new detector materials, detector design, semiconductor equipment, and technology towards nanotechnology, new detectors
with 10 megapixel resolution and dynamic range better than 160 dB will be available and will greatly improve the sensitivity
under low illumination. Important fields urgently need breakthrough, including HDR imaging of dynamic scene and acquisi-
tion, processing and display of color HDR imaging with large dynamics, and wide color gamut. Compared with the progres-
ses in polarization imaging made by other countries (e. g. , the United States of America, Canada, and Japan) , the system-
aticness and practicability in DoFP CMOS chip research domestically still need to be improved. In practice, the domestic
institutions have made continuous achievements in many polarization imaging issues, including mosaic removal, polarization
defogging,, underwater polarization, polarization 3D imaging, imaging polarization spectral remote sensing, airborne polari-
zation imaging, marine environment spectral polarization imaging, and spatial polarization detection. Furthermore, integrat-
ed optical detection of land, sea, air, and space is a critical demand, which promotes the rapid development of polarization
imaging and sensing. In multisource data fusion, many methods and technologies showed excellent performance in their
respective applications correspondingly, including multidimensional data acquisition and intelligent processing of “polariza-
tion +”, polarization + infrared, polarization + spectrum, polarization + TOF, polarization structured light, fluores-
cence polarization imaging (FPI) , polarization-sensitive optical coherence tomography ( PS-OCT) , polarization-dependent
optical second harmonic imaging, and polarization confocal microscopy imaging. In ocean acoustic tomography, institutions
from the United States of America published the largest number of papers, showing distinguished trends from other coun-
tries. At the same time, as a country with the largest number of published patents, Japan shows great importance to ocean
acoustic tomography and has certain advantages in technological innovation. Compared with institutions from the United
States of America and Japan, institutions from China have published relatively a small number of papers and patents in
ocean acoustic tomography. With more than 40 years of its development, great progresses were made in theory and technolo-
gy. However, the application of ocean acoustic tomography still faces the bottleneck of high cost of sea trial, which is also
impossibly used as an observation means alone. In conclusion, 1) the 3D modeling based on laser scanning still faces many
challenges, although progresses have been made recently. With the development of hardware and progress in data process-
ing, laser scanning system benefits many civil fields in the future to satisfy different detection and modeling tasks; 2) high
dynamic range optical imaging technology has been gradually applied to many fields, mainly including infrared imaging,
spectral imaging, polarization imaging, ultrasonic imaging, and single photon imaging, which are valuable for multidimen-
sional information acquisition, intelligent processing, and data mining; 3) fully exploiting the potential of polarization ima-

ging has great value. Furthermore, to achieve its better performance, the combination with other advanced imaging sensing
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technologies is necessary. 4) Marine acoustic tomography needs to be combined with other means to develop a low-cost,

long-term observation network, which is based on distributed underwater sensor networks, satellite observations, submarine

cables, as well as using artificial and natural noise as sound source of opportunity.

Key words: visual sensing; laser scanning; high dynamic range imaging; polarization imaging; ocean acoustic tomography
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G ) R A Ay i S oK U /AR, AH VL Y H A bR L
LT XS RIINSCE M T T | A2 2 8 T B
MG BARHE, Yang A (2018) 42 ) —Fh
FRGY 3 YEXT G K #S ( proposal-free, single-stage 3D
object detector, PIXOR) , AR #& 55 5 15 38 g i 48 W 2%
fhittsE ) 3 Qe HARXS R, TR T BOE 556
P BB IR v R R T R B EOR | FT RE
it S iUPIR ! NN

FET R RACH 7 B A I 5 2= I AS AR 3 4
ARG I 3 e AR 2 34T H ARaaill , 111178
B R R e, H 3 45 HE A o33
B [B] 45 K . Wang Fl1 Posner (2015) $2 H — Fhos 45
N DITEN T 3 4 20 B AR I AEZE | IR R

BH 3 Y55 2% 5 1148 2R 0] LA %Ak D A i e 1)
Maturana Fl Scherer(2015b) 2 H —Fh &1 XA gk 5
T DX PR TR TE R /)N B 1 40 %) G 0 5 W K 3 4 s ]
dFHE S 3 4B M 4RSS A IR — A R ks
R EE W RE SR XS S i o5 FHBAE HEA TR, Engelcke 45
N (2017 ) R F AR 55 4 BUZ M T 45 BU 28 ) 4%
Vote3Deep, 7E i = RN 3 AEXT 42, 1i(2017) $&E 4
—F T BRI 3 4E M4, Zhou
1 Tuzel (2018 ) 45 14 VoxelNet , BHHRF 52 BN 1 FAE
RGN I ) — A ity B St R D 6%

B i RGBT R, ST
Al A B 5T ELRE U FAAE . Shi 48 A (2019)
PR AR = 3 4k B AR Y PointRCNN, 38 i3 7
FTEL AR AR 2R R FRE 1) % 3 et AE s an b 5e
. Qi A (2019) 5] A VoteNet, K H# 5 X H
PN AR G 0, I8 1 SR LA R A 45 5
AR RN 4, Lang 25 A (2019) 32} PointPil-
lars J7 it SR 2 243 FRUZ S B 21 oo ) | oF
MR 3 4t HAR, th T RA TR isas, ol LL2e 2]
NI ) ARRIE R T X S 0 3 4 M AE B
BiE A S a RS IR RGN R, 3 4k B ix
R g 2 A B PR 3 SR SR, LA T
JE bR s = i 3 AR IRATE AR 2 (E A iE— 2D 5T 1Y
J¥]

1.2 KEhERZEMRE
1.2.1  KRhBeanig R

KB G A EEAFE LT HDR
R DGR HI2E HDR BLf& #1 HDR 52
INPGBLIN

TEHET HDR R 25 89 K sh S sfg oy m, E4h T
AV AHMLRIARR AL % (U Horiba , Basler  IDS , Tm-
perx ,Sony , Canon 45 ) ANWiHfE >R Al HDR #4800 £5% 1)
BV AL &, 35975 hZSEFIZY 100 dB A2 47 1 AR
PERE, B bR B2l 3 GBS ALY 2h 2538 B AT ik
120 dB 44,

S 1 2E HDR A% 3 A0 45 SRR ) 25 7 )
HDR A 1% . 2 % U 2% 52 B HDR A% F13& T SLM
(spatial light modulator) J7 ¥ 1) HDR BU% ., A4
Fr A H HDR UG X A G658 R AN [R) 7 i 1 A 7
PE, FE RN B8 AR, PR SR B BE 45 5 HDR
FIGAE BRI K B A R . Manakov 55 A (2013 ) R
F 3 x3 UGS Hil S5 IR H1 5, shAS T4 5 256 fif,
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IEF] 108 dB, Sun 55 A (2020 ) K HAT S 627 oo iF
(diffractive optical element, DOE) 1 il S 8 HLfyi K 5l
BHUR . Metzler 55N (2019) Z55 TR 2 AL
2R 2G5 AH B PSF (point spread function ) 5% PR PR it
KNS G ., ZHN I HDR R &R H 24
PRINES , 255 AN 3 2 BROGAF 7 vk, SE B R A
%, 2012 4 JAI 2% W] #f Hf HDR & {4 H1 4L AD-
132GE, AT B4 CCD ( charge coupled device )
MERSZ B 120 dB K 5 Wi 1% ; Yamashita Fl Fujita
(2017) R JH 4 4R 88 2E47 % € HDR AR, b
JL £ 100 dB L) I+, Seshadrinathan F1 Nestares
(2017) #2115 2 x 2 LI F R Bl & g S Ak 307
P, RHZHMNEZRSCH HDR BUE , R 2Pk fnsg 2%
FOAER R W a5 & bR 2 05 55 7% 16,
T SLM J5 ¥ HDR {8 EZ A Riza Fl Mazhar
(2020) $£ H4 # CAOS ( coded access optical sensor) ,
K FH BN 23 [R] G R 2§ SLM/DMD ( digital micromir-
ror device ) ¢ [ 35 I 4t 55 J5 ik S K Bh A ifg , 56
BT XA HE FAR 90 dB sy Fil i 405

& HDR S Ab 15 T, Bl 4 2 AR R R 7
FAR Mg P & B, 3£ F FPGA (field programmable
gate array ) , ISP (image signal processor ) fl GPU
(graphics processing unit ) 25 [ R S b B 5 A%
FHPLBOARAHSS &, BB pg (R PE 7 1 A5 . 1)
T GPU B5EIE HDR JR% . Guthier 55 A (2012)
HEF GPU 21T 23 Wi/s 1 e sh s MR 2K, S
TMO ( tone mapping operator ) F1 i 7~ #& A~ i 2,
Kostler 55 A (2016 ) #& H £F X EE 2= X 4148 HDR K%
AR BES GUP PR TR 47 J5 12, ik 1%t 16. 8 JRIRER
KIZ 25 i/s BAL PR B E . Banterle 55 A (2016) 42
H— R (R SR v SR 1920 x 1 080 1%
Z P HEA HDR EMR 45 Wi/s WAL BRI, 2) BT
FPGA/IP ¥ HDR SEI AR . Lapray 55 A (2015)
W] T HDR-ARuSt KzhAs A & N FESCIS AL, 52
AL EE 1280 x 1 024 {23 @60 Wii/s (1) HDR PLAIA
&, TR AU F A TR 3 R BRG] 3 G i
EIFTE L MRS Devebees KA G B 4 &
SR ORI, Ou 55 A (2020) 42 H —Fh i 4
Jai 5 Jey A Y TOM 538 L H: FPGA S8R, Park
45N (2020) $21ER F Zyng7000 - & SR DA =
Ay a9 S A 0003 38 Retinex Zb ¥, Yang 55 A
(2020) f# FH FPGA SEHIET Mantissa-Exponent [ 42

R E BT R, 3) BT ISP Simf HDR Mg, H
HIR BN ISP SEI R EARTETHL KA ARBL AL
A ADAS S5 GUEAS BH 2 N, Mody 5 A
(2015 ) 48 i — 7 36 19 A R 45 24T WDR (wide
dynamic range ) 045 i SE AT AL BE 2018 4F & A\ A
HEHTFE M A CV-ISP( qualcomm spectra 380) , 324§
4K HDR@ 60 M1/s R 2 25 153 i AR A0 AL AR A%
2019 4= ARM (advanced RISC machines) & 15 &I % &}
EVERE A Y Mali-C52/C32 65, B 4K@ 60 /s
S HDR PLAAL BEAE T, BEFE N T E (artificial
intelligence , A1) £ R 7E HDR 14% " v H , Chaudhari
5N (2019) $2 Hh Z2 RO R B S R AL FL AR Mer-
ging-TSP, 5% FH R B 44 28 (9 28 F 4 | EA% DA 22 YR R Y
F A U8 I 451 ( color filter array, CFA) it KM% H.
FEVRIZ HDR [BUZR s 3 sy (4 BIL A 252~ (B 24
AT 5 B Lee (2019) & i — Fl i [l ADAS
ISP 752 R A T A5 BR800 28 B fom s 8%, S5 B
ST AR AT NI
1.2.2 FMRRELS S i mss

Pl 5 i 1A Sy R B A6 MU A% O 2R R 43
FEAUSEZBOCIE R RS | SR R
Wit

TEL g E g RS 7 I , Merianos # Mitianou-
dis (2016 ) 45 & i 37 1% 43 53 #1 (independent compo-
nent analysis, ICA ) ZH EILF YCbCr 25 [HIJE R T
— T 1 G Al A Bk . Granados 55 A (2013) £F
Xof PG HE B P15 i 1) R, 4 s DA e = G £ B2
PRAF BRI — B EE X 7 ZH A — B, Zimmer
SEN(2011) ) BE 063 7 2k 5 B EMR A5 R 4R
M, Sen FF A (2012) 4 H 2 T MR B 5 7 4k
PRS2 EUR Y 50 42 e o 1 G AR M AR AL
MFstiz 8, Kalantari Al Ramamoorthi (2017 ) B 5%
P R TR 27 > Bl 22 R 48 137 T~ HDR Rl A 21 15
T 3 BRI FH A& B 28 I 25 3£ 47 HDR 3 2 5 1k
Wu 58 A (2018 ) $ i — Rl o8 245 B CNN [ 45 (1) 35
F i P ZAT  Yan 46 N (2019) 42 38 12 5] A 93
RIHLH s i AE SR 3R S0H BR P18
AR S A PR ERE

TE PG % B & 7 1f, Eilertsen 25 A (2017)
5 HDR-CNN [ 2%, 30 i fff 2R iod 40 il DX 240 49 15
BRI, Marnerides 5 A (2018 ) $2 Hi R 2 R
JEE P45 4544 1Y ExpandNet [ 45 | [7] i 34 Ji ] 45 8 44
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SEPE IR SR SR AR AN T AR B . TE R BRIX A 52 U5
Moriwaki 55 A (2018 ) $& i — Fh iR & 45 2% 45 5 19 1)
SRR 4R BT (R HDR AP AE, Khan %A
(2019) $& M 3 1) 3 [z 157 ) 2% FHDR ( feedback-HDR )
S I BRI B ' JRLR A L HDR B8, Choi %5 A
(2020) 2R H & FHEE R I (pyramid inter-atten-
tion module , PTAM ) 5 X H 3 il A5 B ( dual excitation
block , DEB) #2544 i JC Y 5% () HDR &%, San-
tos 4 A (2020 ) 42 Hi —FhHE T CNN #9518 f% HDR
HE ) M FARRAE B AL ) 2 ke 19 R DX IS Y
FEOE TR, 38 36T VGG MBI 2% R A S B 5
FL R B HASOR

TEIRMS J5 T, Kim 55 A (2014) /] RGB (&
2% [ YA — e T AGE 0, 9 R SR T 2 0 2 B0 0 ) b R 2R
o, HAT, AN TR RERPRIE % B ) HDR (i B 5
B AR AL T 20 e, Kim 55 A (2016) 42
HIBE WLS (weighted least squares) JE I 2% 5 # 42
LEARLE A s Xu 55N (2019b) $8 H —F R F 2B BURTHT
%% ( generative adversarial networks, GAN) Z2 /K It
WA BT MITM ( multi-exposure inverse tone map-
ping) M. LDR & 1% 4 i HDR 1) J7 ¥ ; Rana %5 A
(2020) $2& H R BE B BT 2 N 24 (deep convolutional
neural network , DCNN) #1 25 [ 2% F T HDR &% (11
B, Ou 55 A (2020) XF 50 Z R0 S (o Ja S 7k
AL BRI REME TR AT A,

1.3 RIRMGSEEEAR

e B B SR 5 A% R EOR G, = bR | BA
REAE R TEHLAE 32 24T 36 [ el R RR A BT
SN A B3N v 2= AN 7K (BTG L e
Bt | [l [ R T2 g A AT R IR R A I
FARUR T R 55 B AN IZ U A B AR A
98 A LS LA FIAF R K-

Gruev (2011 ) il &3 0 Ak B9 T3 6 2 5 5 gh hn 1
HORTI T WU A 5 B4 AR R AR 18 pum,
HAm¥e A d E) 140 nm, = 140 nm, 56 % 70 nm
R AN AR L L N, B 5 1 B K O LEAE 700 nm
T2495 dB, TR LLEHEAE CMOS/CCD R Hi#AT,
GEME T i) — 4 IS B2 1, A DoFP ( division of focal
plane ) PR AR B2 AR & J 29 FEfilt 58 A SR
KA EREE O B L R X e B G A AH S SR SR
3D M4 AR (Chen 55,2015b) | B J5 4 1% (430
FEC T IR $ 5 3D R R GE (Tu 55,2017 ), 151

PRIBGRE AR K H Z Gt il O T 245 F & AR 4
55, Tozza ¢ N (2017 ) #& H R R ¥R 5 1 52 29 R ik
11 BARFHR R BEIR SZ | SR il e M o3 7 R S B 42
SRt L BEAG T, SE R A5 4 3D H A H AR X I
5 SCHRAE AR, A M R F S T, S bk
Bl H A R e 4 A5 3 4 B R SR AL T RS
S
L4 BFEERFENBG

OAT(ocean acoustic tomography ) ) 3= %L ] 1 &
WU AR T BT, , A4 JIG ) FHE I8 7 R 4 P R R 22 T
Ti AR, Jm T R W ) UK i, BF5E N B —T5 T
FHP AL I [ A Y e 56 45 EAE L AL 29 3, 3k
P B8 5 1) X 3 TR ) A 5 o — T T, R 3 A
By iR tE, KB T Gauss-Markov A5 71 S [ 36 1]
FRIUR i 7 vkl ok kA2 0 W 8B FRE i (Munk
25,1995) . M\ 1981 4ETFF4R 30 A4 LASEER 500N
(DeFerrari Fl1 Nguyen, 1986 ; Howe, 1987 ; Howe %,
2003 ; Jin 55,1993 ; Dushaw £l the ATOC Group,1999;
Dushaw 25,2009 ,2013 ; Worcester 25,2013 ) , [E 4 ik
1720 ZUCR AL ks, a5 3 45 © M [ 7E 18
B i B P 5 B 3 7 B K T 1 AL R
B X R A SRS b ORVEVE TS R
KPR =, SR REANNZ —&
1996—2006 4 [H] iz 7 Ay 4 Bk I Iz 31 % (acoustic
thermometry of ocean climate, ATOC ) ( Dushaw F the
ATOC Group,1999) , A 27 J7 VA AT 23 L RUBE g
PR BEOLIN DM I A 3R AR AR W R R R T
PRAEAE e A WL X358 A7 BT A T3 R 25 4 22 WL T 7%
b, W RV HORFEL, PRI R 238 AR )
TSR RIS, B e RIS A B RS, il I
Hfib e B AL T HEAT I B R 25, R 5 P R WL
TS R S IR 38 2 — , Ry S BRI I B A, 7 R
Z NI, 1994 AEFEIL VK FE AT ) TAP ( trans-arc-
tic propagation ) SZ I Fl 1999 4F f) ACOUS ( acoustic
climate observations using underwater sound ) Il H fifi
FHE) 75 YA R B2 IK 23 20 Hz ( Mikhalevsky FlI
Gavrilov,2001) , X% 22 4F K )22 20k 2 1 75 5 Y
TAEAIZ 32 Hz, 7% 10 Hz,1 m H42,0.2 m J&, &
#7270 kg, HATC LMk AL (Meier 55,2014) , FAS
)P PR B RS, T LAY O 9, B TR B
JGE P P 07 i B 22 1 R AR A T A TP AL

TEXS T2 T B A AR A £t b BE | o5 2% &
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MRS ) A RS, 0 A S BN S
W) s 5% 7 2k 1) A% 9 I S (00 <, T A A 3 2% —AH
Kt P BB kb LA s (5 e LE , A Viterbi 5
VEAE A Bl R L, 5 AR I AE ) Y A R
( Dzieciuch,2014) , 3 Munk 55 A (1995) Fi| F FE
DL 7 kA o8 P A 10 Ik ), L3R4 18 2 37 I It
iRttt B TR A ALY Y B P R
JE BB R, BUAE TP P AL A I 18] 3 A RO | AR
GRS 1221 )7 Aok A AN ]I T) A SR
SFAH A (Lebedev 45,2003 ) 15 [] 78 £k 4 1
e i A | Sl AU AR A SR,
P Rt T RS O TR R . BB SRR
G55 WMBOEFRAPIR Al T 5 [E) Ak (] i) 3 Fn 24 2R
BAL, A Z A7 ] T Rk — ) R, 491 Gn Az 4y
BHE R (four-dimensional variational , 4DVAR) F14E
4 RIRE 08U ( Gopalakrishnan 25,2019) . R vk
A B PR AG TS 3] 1 BOR B 2 195G (Fenty
F1 Heimbach, 2013 ; Stammer %5, 2016 ; Nguyen 4,
2017) . BA MY UK—HEREA BT DAL R B 22 Ik
VR T UK S BSCRIER I T DK s 140 201 T, DA e T o it
o SR, H T B U WA | (O RS 80
FrRE , PK—I A R TE 2 R, Hek R sk 2 ol 2
RFNHY o o 2P 227 AR AR KT ot kel il vk —tF
BRI R REAT R JF AT 2000

2 ERARERE

2.1 BAEREREK

TE 3 4t FARKEATIR, Li %A (2016) ¥ 3 4 4%
=LA 2 4ERIGOR S, SR 5 R 4 45 BRI 45 [m] 15 93
DUVRSI X 2 F i FEHE A B A5 B2 . Li %6 A (2018b) 38
I 7EZE PointNet 122 2B HI 4% Z i a7 X 800
X 7% 4 ( X-transformations) , 3£ H PointCNN, Chen &5
A (2017b) 38 52l IO B 38 A5 2= ARG D & 1]
34 FHE B Z A 3 4E /4% (multi-view 3D
networks, MV3D) HEZE . E R N EFOCHIM S =
B Ab B 5 gy T F R T K& TAE: Lin 5F A
(2018 ) 44574 1A 22 43 1) 0] R XAk A 1) FH 4% 50
FEJA KA A AL T RPN, Zai 55N
(2018) 32 s =43 # Ty s B A &, 2t — et i)
RRFE AN EA A3E N /PE AR, Wang 55
A (2015a) ¥ i 1A R 5575 5 Hough 2R ARAHE 2L AR 45

A PR RO 3 4 HARKIN T [ E2
BB =B 7 T T AW, dnadt
3 YRR (SRR 55,2007 R 45,2016 %
SEE S 2017 AR AN 45,2019 ; Wang 5 ,2020a) .

()RS, 3T b T 3 2 R 500 R 10 A 7 e =
JrASC T R T AR, 7 PR s e 5 1 ey o
(International Society for Photogrammetry and Remote
Sensing, ISPRS) f B} 2= 5 sl it RIS BT, HE TR
R INE RN B B R 4E B g RHEOR
R BT R IR R R R TR A A [ 2
558U ISPRS 20 1 TR 2 DAY S [T R {37 s o KBl
£E (MIMAP) B2 7E £ & 7 ( www. mi3Dmap. net) , i
DRI HAGVEE BAT T AR R 2261
Sy W 181 3 45 60 = TG 9fE 25 o 040 4 WHU-TLS
( Wuhan University terrestrial laser scanner( TLS) ) , #
E RN ST IN IR O NN E I i T I e =
R SO T R T BRI A 11 RPN [
FREE (Dong %5 ,2020)

2.2 KH}ERFRBK
2.2.1  HUREOR

HET RSB 69 HDR R, & A A=) K
R 45 Bl HDR P800 85 19 R 3h 25 AR AHBL™ it
it R | B DG i A R AEARBL) KA
HDR AHAL™ o B2 9008 2 25 10 A AL 58 JUAsS:
HERE . PNEFSE N (2017 ) B BB AR, 3h 28
TWEIATIZ) 72. 8 dB ;2018 4F A [ B2 e 1 4k 2
R B HUAIT 5 FT SR FH = Bl e ey 17 4300 5 BT o )
AR, ShASTEFAF] 94 dB; Tang 25 A (2020) %
I GSENSE400BSI 451l #7-5 FPGA Ab BLH AT A Y
HABL, 353 95 dB BHASHE,

s 2E HDR A4, 7 B 2R 45 ' 25 94 o
HDR AR 7 1, #5045 A (2017 ) SR MCP 3 56
i 5 BG5S 25, SE B 1R
EHZIMAE . 2018 4R B — 5 T AR A 52 B
T REE R B BOLE B G ; 7 i AE A
(2018) 2K F sCMOS ( scientific CMOS) . DTDI ( digital
domain time delay integration) 545 A | ¥ J@ 4 1 =ik
JEAHPLBI A TE 5 Xie 55 A (2020) 2 3 —Fh B T 1%
A A e 2 IO R BB IG T 1E . AR 4R
S BL HDR S5 T7 11, B R SE S N (2012) 5% FH R
HE TDI-CCD (time delayed and integration charge cou-
pled device ) $& & AHHL 3 298 [ 15.56 dB; & B §#
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(2015) $ H 11 [ 5 AL 19 22 Yk S B0 ( h 253
152. 6 dB) FIEFNIHFRE 25 ( BhA5EFl 140 dB)
(A5 BRI BT T K 8h 25 [l o] WL A4k
BL, S BR 1 E E R B 129. 7 dB KBhAE
FEIARE,, ZE3ET SLM J5 359 HDR A% 5 1A, 5
MEESE A (2013) 42 H—Fh DMD 3K 3 1915 2 926
B —— H E N A ] Xk ik, s AS Y I ATk 130 dB
DL b A&7 3025 N (2015) B3t —FP LT DMD 197
IR RS, A HE X F] 126 dB; Xu Fl Hua
(2017) R P LCoS(liquid crystal on silicon ) #4il]
AT B S VL L SR R4 (head mounted dis-
play , HMD) #4315 Sun %5 A (2019) % i — Fp 3 F
DMD W3 H =38 R 4, 356 H ik F] 180 dB;
Zhou 55 N\ (2019) 2t —FP R H 2 F+ DMD | 4% i
BTG T v BRI A YE [ AT 35 216 dB, A LL 5L
DMD $2F 1.5 %,

KA HDR AR LT Ab 3 7E 2L T GPU SR
HDR 84477 1, a5 B (2018 ) N GUP it 344 1y
£ BE XS BT 4 5K O3 i RN A% S B 1) 22 B 5 58
I T AL SR AT IR E . X (2019) BFSE T
REL ) XoF L B T PR B4 A Bk A A T Ak S B o e Ak 34
AR M T CPU + GPU (5 #F 4 19 HDR 45
NSRS RS, SCE T R 1 024 x 754 1R R
EUR R FERE , AR50 A (2019) 51 A REC. 2020
(ITU-R Recommendation BT. 2020 ) {4 A% 46 | £ H
GPU FHAT #5528 T HDR 3% AR AL A3 0 1)
SERF R, 7EHET FPGA/IP #% HDR 52 {4 7
Il , Zhang 1 Li(2016) . Liu %% A (2019 ) #£ i Retina-
Inspired AHY ol /Dl 2 O 52 50 BR324 30 B RUER
KA Virtex-7 FPGA SERT 52 % 4 A LG, Tang 55 A
(2020) 46 5 — P ) 45 A DU 25 38 18 S RRAE Y
AT MR AL By 1 A e ik 2 R A
PIE MG, >Rk H FPGA HE4 7 XGHE 18 #AT 3 H E
ZZAF ,HDR & BOFI B GT, AT AR B 1 920 x 1 080
%% @60 Wi/s STIT HDR SZEIE S0 I , 85 5h 2536 Bl
P KF 95 dB, 7EIHLT ISP 52 HDR M4 7 im, &
B A | I i i A W AR T ISP A
KHE ARG, B A\ FH8556 =15 # &AL
ISP SZHFFI WA B HDR, 2020 4G 2 i ) N B &
PEAE ISP 51401, % F% 8 K HDR@ 30 /s PAR 4
AL RIRI R SR B FE el i P-Z TR 2
FBHEAETE AL 2B R 4TI A A AR ST

2.2.2  PRURRLE Bt

TE 22 WE G EMRRA J7 THT, 53 FHE R0 RN T i (2014 )
ol PR R (AR A2 Y P Jd %o b 0 €2 0 A kg 4R
ST R E Z B EG RS . KR EH (2015) FF
J' T BT R IR A 1 2o B A FA Y . X
SEH1(2016) X Z2 Mgt K4 Rl & 3k B v 179 688 My 1
HATHFSY . 259532 (2016) BF5E 13T YUV 23 ] fil
RGB 7 [H] (1) $37 35 17 17 4 538 o fft R & 312
] T4 (2017 ) 45X Tk 4058 42 44 18 5310 1o FH 75 =K A
FUEFF o, X Mertens 503k A i fL 64T T 098, 2%
T HL(2018) X EFE M LDR EI5%] HDR FEI{Z A i
[P} A TRIEGY , B8 ) — o i 1 45 B b 22 I 45 1) 2 g
JeEG RS T, R (2020) it T —F =2
BRI 4454 T HDR FHRRYRLS

FEPARESG MG T 7 1T, AR SE N (2018) $2 1
—FPIREEAIE 5, (] WILS B i 2 fire A B /R Bl
X3, 1 F Retinex #E75 4b B 5o W8 S IX sk, 434 5 X b
FEFNANTT XA IE 5 i R AT Rl 15 21 22 DX Sl
9 8 1%, Li Al Fang (2019) 2 i HDRNET ( high
dynamic range network ) FLIT R E H 51, AR
(2020 ) 45 H —FfxeF P45 A4 3k M 1 X3 A R O IX
WA B E S EY R Z MY, Liu
HN(2020) 45— Fh s BUREE DL 2% > T h—
LN iy N =1 R

TE RS J5 T, BB SE N (2015) $2 1 —F
BT By IR B AN 4 Jm (R B i, 2R AR
A(2018) Mt Kinser (14942 97056 Kz A 80 | $2 HH Bg
PR T DX S R DR B v 5 {7 I8 28 SRR o B2 o e
R, PMRERE(2015) 76 J5 35 B 55 i A 5 1] 9
WAy MR BRI S I A 2 RS B KA 2
54 J5 i B AS 2 R HEAT Al G 58 1 1 15 e 4 ke
5. TEHETE (2015) X LEP 18 I 5 €2 3 B 565 1 11y
M AT ITSE . PRI (2019) 32— R 40 35 AR 15 Y
o T B . Xiao ZE A (2014) 2 H —FpEFE
BESBRL 43 )2 R LS 5 . BRBGEE (2014)
FLYT 38 (2015 ) 43 51 X6 Jag 38 e 5 R0 4 Jmy e S5 119
Reinhard 817840t
2.3 wiIRBGSHEBEEAR

] PN X2 P B I 1 S A R
PRI by 5y G, Bl B B AR oo 1 | s g
PRI A S RE T8 12 i R & e | i AL i i A% S5
FRIEFE AR A V2 AL, TR K P4 scil
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KEg PHIE Tl KA TP R REER S T
K TR B TR KAFEM TR
Rz BEvE 2 GE g B AL 2 B E R B K B
S62FRG B UK -5 P BRAE I T RN T AR W B 5%
GHERIEAT T AHOCHR TAE

2014 4 i [E B 2R R A7 i i OB 214
K (electron beam lithography , EBL) 580 #5425 55
FZIM 4K (inductively coupled plasma-reactive ion
etching, ICP-RIE) A% & BEAIR 1 125 52 Z ke, il i
1320 x 240 GRS, (525 0.5,
100 nm, {HICH 75 dB, fi KA fiRiE 45 % 78. 8% , I
55 CCD %2 1 5% 30 i I [R5 R 4R ( Zhang 45,2014)
2017 VUL A0 K2 5 36 A OB K27 Bk 2
Hh— ol e BR 2 A3 £ T i R A5O3 X (M 5,
2017) , F TR R P I Ak B 51 F 22 B 4 (0 il A
AIFR AT G H R | SR I B G Bt S ik A
28 PR AR AT O P 6 SRR AR B BB 1, 2018 ARIE AR R
= BN =R SE E RIS R 2 B G gl —Fh 2
J7 1) 3 R A 1E AR (Ahmed %,2018) , R 3 Fh
B DoFP i BUG0T AZE JH-Js 40 2 2 4 25 44 1
IThb3, AT B RIF A AL R, R T
DoFP fii UGN FH T B2 SR ST 1 . 2018 48
VY2 HL PR 2 4 A TR /K A 32 3 HE A i B A%
HOR (Lin 55 ,2018) , FE/HZ 48 % 2K AR gL # v
RO H ARG Z F 35S B R R R Pk 22 = IR 25 &
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