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Progress in mechanism and data processing of visual sensing

Wang Cheng', Chen Feng', Wu Jinjian®, Zhao Yong’, Lei Hao', Liu Jiyuan’, Wen Desheng’
1. Fujian Key Laboratory of Sensing and Computing for Smart Cities, Xiamen University, Xiamen 361005, China;
2. School of Artificial Intelligence, Xidian University, Xi'an 710071, China;
3. College of Aerospace Science and Engineering , National University of Defense Technology, Changsha 410073, China;
4. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China;
5. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Traditional visual sensing is based on RGB optical and video imaging data and has achieved great success with
the development of computer vision. However, traditional RGB optical imaging has limitations in spectral characterization,
sampling effectiveness, measurement accuracy, and operating conditions. The new mechanism of visual sensing and new
data processing technology have been developed rapidly recently, bringing considerable opportunities for improving sensing
and cognitive capability. The developments are also endowed with important theoretical merits and offer a great chance for
major application requirements. This report describes the development status and trends on visual sensing, including laser
scanning, sonar, new dynamic imaging system, computational imaging, pose sensing, and other related fields. Researches
on laser scanning are increasingly being conducted. In terms of algorithm developments for point cloud data processing,
many domestic organizations and teams have reached international synchronization or leading level. Moreover, the applica-

tion of point cloud data is more extensively shown by Chinese teams. However, at present, several foreign countries still
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show considerable advantages in hardware equipment, data acquisition, and pre-processing. In terms of event-based (i. e. ,
dynamic vision sensor, DVS) imaging, domestic teams have focused on target classification, target recognition and track-
ing, stereo matching, and super resolution, achieving progress and breakthroughs. Hardware design and production tech-
nology of DVS are concentrated in foreign research institutes, and almost all these institutes have a research history of about
10 years. Few domestic institutions can independently produce DVS. Generally, although domestic DVS research started
relatively late, the development in recent years has been very rapid. Moving target detection and underwater acoustic ima-
ging for small static targets have always been the focus in the field of underwater information technology. Underwater acous-
tic imaging has the characteristics of military and civil applications. Domestically, high-tech research is mainly supported
by civil sectors. For example, synthetic aperture sonar was developed under sustained national support. Substantial break-
throughs, such as in common mechanism, key technologies, and demonstration applications, are difficult to achieve in a
short time. Therefore, sustained and stable support guarantees technological breakthroughs and industrialization. Learning-
based visual positioning and 3D information processing have made remarkable progress, but many problems remain. In non-
cooperative target pose imaging perception, many countries and organizations with advanced technology for space have car-
ried out numerous investigations, and results from some of these endeavors have been successfully applied to space opera-
tions in practice. By contrast, visual measurement of non-cooperative targets started late in China. Related programs are
under way, such as for rendezvous and docking of space non-cooperative targets and on-orbit service of space robots. How-
ever, most of the related investigations remain in the stage of theoretical research and ground experiment verification, and
no mature engineering application is available. According to the literature survey, at present, in the field of visual sensing,
domestic institutions and teams have made substantial progress in data processing and application. However, lags are
observable, especially in the development of related hardware. Laser scanning imaging has a large amount of data and abun-
dant information but lacks semantic information. Research has emerged in the frontiers of unmanned driving, virtual reality,
and augmented reality. Wide applications are expected in the future, such as in the minimal description of massive 3D point
cloud data and cross-dimensional structure description. DVS has a research history of over 10 years and has progressed in
SLAM, tracking, reconfiguration, and other fields. The most evident advantages of DVS are in capturing high-speed moving
objects and in high-efficiency and low-cost processing. Moreover, the real-time background filtering function of DVS has
great prospects in unmanned driving and trajectory analysis, which will attract much attention for wide applications. The
development of small-target detection technology in deep-sea area can be used in deep-sea resource development, protection
of marine rights, search and rescue, and military applications. However, inadequacy in the sonar equipment for deep-sea
small-target detection seriously restricts applications. Two new system imaging sonars, namely, high-speed imaging sonar
based on frequency division multiple-input multiple-output and multi-static imaging sonar, are expected to improve the
detection rate and recognition rate for underwater small targets. Robustness is critical for visual positioning and 3D informa-
tion processing. Intelligent methods can solve the problems of visual positioning and 3D information processing. At present,
the pose perception algorithm still shows low efficiency, is imperfect, and requires further investigation. Space operations
have prerequisites, including relative pose of space non-cooperative target, reconstruction of 3D structure of target, and rec-
ognition of feature parts of target. The model information of the target itself can be totally or partly known. Thus, making
full use of the priori information of the target model can greatly help solve the target position. Pose tracking based on 3D
model to obtain the initial pose of a target is expected to be a future hotspot. In addition, in the tide of artificial intelli-
gence, how to combine it with pose perception is worthy of exploration. Object position and attitude perception based on
vision system are crucial for promoting the development of future space operation, including space close-range operation
scenarios (e. g. , target perception, docking, and capture), small autonomous aircraft, ground intelligent vehicles, and
mobile robots. The prospects are given in this paper, which may provide a reference for researchers of related fields.

Key words: visual sensing; laser scanning; synthetic aperture sonar; new dynamic imaging system; computational ima-

ging; pose sensing
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Pext 207 ) HAR AT /0 2R n kil S HE P O v . TEgE
PR v S E bR ER R Y EZE PRk B RS S R
PRI AR A P AL L 2 75 S SO AR S5 1 O o
R TR X B R, T A DR 27 it T AT BA R Y T
TORH U BB 1) B 2 A B R D v (L AT
Shi, 2018 ) , ANALTE b3 Pk ik v 52 30 R 4 1) BRI 1
AE , M0 HAT T A [FURUBE AT A2 SRR AR T B
BB ; [ EAT PR R A5

3) SRV o WL Tl K 2 5K 61 A P BA 55 5
I FE S R E S VR SRR T 58 ek T Y
SR 3 QEIRFEAE TR (Xie 48,2018) , A A
SRR T = 22 TR 3 24 R, ASUfE P B S e
SR AL T B ROR A R DT I

4) Moy BEE, N T v ik 8 S 1L R AR
(DVS) Py BRAR B 4y BRI, G (8] 3 BE 3 FOAR X 45/
AR TS PR 7 i 5 S 1 I 2 S0 BARSORY 1, ¥ 4 R i
P&V 23 A BA St — D> B B T 48 ok BT DVS i
AR IRAT 1 2 [A) S B0 19 IR ] ek )i e ) v 0
PR FR (Li 55,2018¢) .

S)FEHRE R, PhEIE SRR

i e HEA TE Y P 1 S R AU 4R DS
ES RN | RN 05 i S /1 I = (1T DS R = R4
PR . I AR 2 it 7 202 T AR A T it
BRI B G & CIFAR-10, f H] 20 25 00 06 1% % i
(DVS) #% 10 000 4 [#] 15 it 3 2ok 55 52 1) 34 71 % 5l
FEHR 10 000 425, #5444 CIFAR10-DVS (L
85,2017b) o I TAESRAL T — A K9 =514 I 4
A BRI A  BE ELRCPR A T R AR S
{e it IR B SR RN B AR R EE B K e
2.3 KEFMRE

TR K S AR AR B A O 25 T i, A |
SESMG —E 2200 . R T K R AN,
] PR AT B ) 5 AR A 1 A D = i e A TR
B, 3 7K 7S BG4 A 7 — 2 Sl o IR 8 Al i i
Ji& 35 ) E BRAeHE K-

233 20 AR R J  TEA AL S B AR I T
WS E RN, Y I 2V G R 5I™ i,
SV IR 3 [ PR A #E K-, 0 H R 7 ) I
BALRTRI B A T T8 o 1 PN TE = 20 R 575 W 5 T
WP 7RIS, b B B2 B 2= e & 1A
BALAR R, AR U B A B A5 8 TR
FeERAFIR T TR S, AN A AR AKF- 5 [ AR
FEF 2 AR . 7E 2012 4E5E i | DF-SAS XU A& %,
FLARFE M HF-SAS 25 0 & 1L AR 75 WA 9 77 i 2
FE LI PERIRE] S om B B IR SE AT S, 2017 AR
SERL T F A SR AR S WERE LA, Rk T 2
AR ISR G R AR AR AR SRR IR H
PRIRFEIRE] S m, BRI B3R 45 F AR AR 2R
AR A SE A o[RS, 4k Echoscope 3 21
Wi 22 R AR IR i, TR 2408 T 3 41 B 22 R
BAGAZ DR I e b AR DD FE B 3 4 iR
P, TS5 [ Echoscope 3 4 T [V 22 o8 A% A 1
Bt FJEME—r S R T A, [ P 7R 22 JE M R
FEIH MIMO J% 05 T 2 488
2.4 {IEBBEM

L) 7 RN A . 1% a3 1l A 7 B AR B9 AR
XS AT [ N 2 T T — BB Be FNB A
7% (RIS 45,2006 ; 1R 3CHR 45,2009 ; 4% 11,2013
FRERSR ,2016) o T H R ALK A% T 1Y 25 14 5 7Y
{5 5., 3 RRAE A5 DG RN 50 H AR5 1k vl i 8 H A
i (GRS 4,2000) . HiZE55 A (2013) RH
BAE A, B L P L S 0 B R A R A iy e [

25

© h H R B AR AT A



26

PEERERFIE

JOURNAL OF IMAGE AND GRAPHICS

Vol.25,No. 1,Jan. 2020

Ak, DAXHERR V-1 5027 5 1 15O B 9 MR AN AR
PRI Y0, B2 1 — P B S BR T 1, A B AR A 0
EIR H LA, Lin 8N (2013) 2% T RPaP
77 i, P — R R B A T ik

2) (R o 21, [ A AH S AL B 52
N DL AT X2 [A] 58 22 Xt 4 25 [ ML e A FH T &
TAHBE B RRSE Iy i S RE IR ST (2R, 20135
GRIERSE ,2016) o Horp, 25 ] 58 2 X 4 3 [ AT
REWTRNEZNE, AN, “KE—-5"5
“HRE RN AR TC AL 2R AT 55 BOR 5 78, R
SEETEEERN A LSRR E A H FA
(22,2013 5 5K BRE ,2016)

3 ERSMARERILER

AUTAESR , XHBOE T AR T 18T R BIF 58 AR AN
$2TF MHRTIBLARA A, [ SMERE (5 11 1 S
HARIR R, HAE S = Bk A AL B A e
S5 AR R AL B35 I [ A 22 LA AT BA
Bk #5 [ PR [F) 22 sl e K 5 [ i A 5 = 5
P O FH TSR B )™, = o ) 58 SRt B =

DVS [8E{F B Rl £ T 20 H A £ 24 e
FESMITFEAL , I HX SEHLAG LR A 4R 724 1)
RS0 S 5 it N L-F- B A BE S ar A4 7 DVS AL
o FEZETFAE (DVSAFS) AR RS E TS T7
7, FE A T H AR e L B AR U MR B | 7 (AT
He HR > R SR, I HORG T — 2 I SRR R
[l SN AR ARG 7 1 SR Sh S B, H AT 7B B2 |
i E L HLAS A A Sh B B 3 ET A AR/VR 4
TrH AR H N M B IR R A R E L5 18
SUBCR K F AR LB Ak U, [ P R AR X
DVS [5G MBIFTE R A2 B, 72 SR B R D7 AT L
[l S A O ik, ELHE T [ BRI R N E A i e Sl
AR [ N ) BEAR A A A Tk

TEZK T A5 B THOR L™ 7T, sh 2 HAREE
DNFIEE XK R S /IN HAR K AR HOR — B
PIAMIFTE 1 2 i 7K IR AT 2 R T )
Ao AR BT BRI T 208 AR AR 1] SR8y
B A5 LA 7S Al R K863 7 I R 5
T PR JEA R T IRV SR RN
A5 ME LA B0 I 8] BOR F R Sl 1 S B
18 SRR BOR FEIE 1) il A ) B2 PR B

UTARR , 5T ] AL SE E (L A0 3 4E {5 R AL 3
WG T W A s TR ARORAT AR 22 M B A 15 5]
ftk o FEARG VR H AR AL 28 BRIk 5 1, [ b _E
A SRR M E R AL T TR T KR L
VR, TR B E R T T 52 B 9 25 ] 4 ARAT 55
[l S TSR R 0 00 50 00 20 e, [l g
ARG HARSE 2% | 25 [RIHL A AAEBUIR 55 55 1
FSH AT o SR, 2 RO ST 540 T 2
VERIRFE M M 1T S5 56 56 Ik B B, 38 B A AR AR
IAZES

4 RREBERZE

WO RSB R F R FE L HERZIE L
FE AR, ETC NS B R AU S | e B A
R US TR B T Ko . ARTEN &3 fis o
BT T A A A B BSOS T
S5 R AR DG L ) R BB P S s DR BB e 5
VMRS S T A AR 2 B o

DVS fEE b F O &H T+ RAEMBE R, 7
SLAM 3B 5 | 5 A4 S U AR IS T ASHE a0k 2, At
T HFHLEE A AR/ VR S840, DVS iz B 4 44
S REAHHIE /25 38052 Bl 1Y) P VA R i AR 1 Ak 3 7 X
[FlHS, DVS ) SE B 56l U8 D) g 76 JC N2 3 Bl
Gy BTAE T TR A AR K AT 5%, A I 51 3 20 58 HL
PRI S TE

FEVRIE K IR J /N H AR BRI A, 7T T R
RIRTF S AR T RO 2585 1y T4 7 T o iR
VE/IN AR 75 1 25 4 B 0 R R, e R 2 3k
FEDRH 7 T TF A 3R DA R 0, 45 T
1Eo KJEEET MIMO Py BUAZ 5 i, {24 B
TR & SRR 5, 3 K & S 5 PR A
[l B b, S R RN AR . & 22 S (5 75
— 5 T A ISR A3 8 AT 1 R, 55— 5 T ]
PAFE 53 I E AR 0 s R, 3R AR H o A5 7 Y
BEEMEHRGEE, RS £ 5 KT /N BARRE
F R, TTEE T KT /N H AR BRI 32 A 0 2

PR 7 A1 3 i AL B I Y 32 S Pk i
Bk, SRR REM ik i ol s e 0 0 3 2 B Ab
B[R], AN REIOR 58 e v A 3 A dE i, TR AL
G SR TR BB L o P TS (AR EAT:
55 AT AL A < MERA DU 52 (e AE A 1 B AR AR X7

© h H R B AR AT A



S05% /5111 /2020 4£1 B

12, Mg, RE8, BRE, &, XL, XEK
MRIE RN SRS IEHE

Y LBE A FAR 3 4RSS M U H SRR R4
XA EHES VR B AR, HARE R A S50 (5 B
(MR A 5 1o (R FRECH FR B0 46 107 28 19 AT 32
N RETET Hbr 3 4EBIR A A7 2 BRER L A 50
AR E T ], A FEN R BB, I H
PEEIRAPEAT 2 4, & — MEA G P57 18
ST IE R GER H R =S AR IR THEsh ARk 2
R EROR I A S A BB T 3 PR
AR L E AR IR 042 TR 55 22 1] 3 P s 4
VEGpst i nl L) 2/ B 32 AT 4% L RE 4
LU LR AN 2 B 8

B AXhPEEZEYFFRMEAER
t RN AR RMBBE GHFETANKF BE
BT AR F BEAERT P ERAFREZ LT
My B BURAT ZLPT P B AL 5 I B 52 BT 7P AR R AT A
B A8 K A1 34, 2 P R T s 64 Rt |

S 2 3Lk ( References )

Aiger D, Mitra N J and Cohen-Or D. 2008. 4-Points congruent sets for
robust pairwise surface registration//Proceedings of ACM SIG-
GRAPH 2008. Los Angeles, California, USA; ACM. #85 [ DOI.
10. 1145/1399504. 1360684 |

Arantes Jr G, Rocco E M, Da Fonseca I M and Theil S. 2010. Far and
proximity maneuvers of a constellation of service satellites and auton-
omous pose estimation of customer satellite using machine vision.
Acta Astronautica, 66(9-10) ; 1493-1505 [ DOI; 10. 1016/j. acta-
astro. 2009. 11. 022 ]

Balado J, Diaz-Vilarifio L, Arias P and Gonzdlez-Jorge H. 2018. Auto-
matic classidcation of urban ground elements from mobile laser scan-
ning data. Automation in Construction, 86: 226-239 [ DOI. 10.
1016/j. autcon. 2017.09. 004 |

Bucksch A and Khoshelham K. 2013. Localized registration of point
clouds of botanic trees. IEEE Geoscience and Remote Sensing Let-
ters, 10(3) : 631635 [ DOI: 10.1109/LGRS. 2012. 2216251 ]

Cadena C, Carlone L, Carrillo H, Latif Y, Scaramuzza D, Neira J, Reid
I and Leonard JJ. 2016. Past, present, and future of simultaneous
localization and mapping: toward the robust-perception age. IEEE
Transactions on Robotics, 32 (6): 1309-1332 [ DOI. 10. 1109/
TRO.2016.2624754 ]

Chen X, Kohlmeyer B, Stroila M, Alwar N, Wang R and Bach J. 2009.
Next generation map making: geo-referenced ground-level LIDAR
point clouds for automatic retro-reflective road feature extraction//
Proceedings of the 17th ACM SIGSPATIAL International Conference
on Advances in Geographic Information Systems. Seattle, Washing-

ton, USA: ACM: 488491 [ DOI: 10.1145/1653771. 1653851 ]

Cheng M, Zhang H C, Wang C and Li J. 2017. Extraction and classifi-
cation of road markings using mobile laser scanning point clouds.
IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 10 (3): 1182-1196 [ DOI. 10. 1109/JSTARS.
2016. 2606507 ]

Crivellaro A, Rad M, Verdie Y, Yi K M, Fua P and Lepetit V. 2015. A
novel representation of parts for accurate 3D object detection and
tracking in monocular images//Proceedings of 2015 IEEE Interna-
tional Conference on Computer Vision. Santiago, Chile: IEEE.
43914399 [ DOI: 10.1109/ICCV.2015.499 ]

D’Amico S, Benn M, and Jgrgensen J L. 2014. Pose estimation of an
uncooperative spacecraft from actual space imagery. International
Journal of Space Science and Engineering, 2(2): 171-189 [ DOI.
10. 1504/1JSPACESE. 2014. 060600 ]

Ge X M and Wunderlich T. 2016. Surface-based matching of 3D point
clouds with variable coordinates in source and target system. ISPRS
Journal of Photogrammetry and Remote Sensing, 111 1-12 [ DOI.
10.1016/j. isprsjprs. 2015. 11. 001 ]

Guan HY, Yu YT, LiJ, Ji Z and Zhang Q. 2016. Extraction of power-
transmission lines from vehicle-borne lidar data. International Jour-
nal of Remote Sensing, 37 (1). 229-247 [ DOI. 10. 1080/
01431161.2015. 1125549 ]

Horn B K P. 1987. Closed-form solution of absolute orientation using
unit quaternions. Journal of the Optical Society of America A,
4(4): 629-642 [ DOL: 10. 1364/JOSAA. 4.000629 ]

Huang P D, Cheng M, Chen Y P, Luo H, Wang C and Li J. 2017.
Traffic sign occlusion detection using mobile laser scanning point
clouds. IEEE Transactions on Intelligent Transportation Systems,
18(9) : 2364-2376 [ DOL: 10. 1109/TITS. 2016. 2639582 ]

Huang T C, Tao BY, He Y, Hu SJ, YuJ Y, LiQ, Zhu Y F, Yin G
Q, Huang H Q, Zhu Q K and Gong F. 2018. Waveform processing
methods in domestic airborne Lidar bathymetry system. Acta Agro-
nomica Sinica, 55(8) : 64-73 (WAL, FH—, ¥, BT,
MR, FWl, Rakk, FHEG, SEEE, R, #£77. 2018.
E P HLREOL TR MR R RN BOE LRI k. Bot S 1o
PEE, 55(8) : 64-73) [ DOI: 10.3788/LOP55. 082808 ]

Ikeuchi K, Oishi T, Takamatsu J, Sagawa R, Nakazawa A, Kurazume
R, Nishino K, Kamakura M and Okamoto Y. 2007. The Great Bud-
dha Project: digitally archiving, restoring, and analyzing cultural
heritage objects. International Journal of Computer Vision, 75(1) :
189-208 [ DOI: 10.1007/511263-007-0039-y |

Jiang S, Sheng Y H, Li Y Q, Liu H'Y and Dai H Y. 2007. Rapid sur-
face modeling of large strip objects based on vehicle-borne laser
scanning. Geo-Information Science, 9(5) : 1923, 30 (VLK , k&l
16, ZEKam, Xz, WARR. 2007, BT HEFFEOCHMAR
YRR E . HER(F BB, 9(5): 1923, 30) [ DOL:
10.3969/j. issn. 1560-8999. 2007. 05. 004 ]

Kanani K, Petit A, Marchand E, Chabot T and Gerber B. 2012. Vision

based navigation for debris removal missions//Proceedings of the

27

© h H R B AR AT A



28

PEERERFIE

JOURNAL OF IMAGE AND GRAPHICS

Vol.25,No. 1,Jan. 2020

63rd International Astronautical Congress. Naples, Italy: HAL:1-8

Kang Z Z, Li J, Zhang L Q, Zhao Q and Zlatanova S. 2009. Automatic
registration of terrestrial laser scanning point clouds using panoramic
refiectance images. Sensors, 9 (4): 26212646 [ DOI: 10. 3390/
590402621 ]

Lehtomiki M, Jaakkola A, Hyyppid J, Lampinen J, Kaartinen H and
Kukko A. 2016. Object classification and recognition from mobile
laser scanning point clouds in a road environment. IEEE Transac-
tions on Geoscience and Remote Sensing, 54 (2): 1226-1239
[ DOI: 10.1109/TGRS. 2015. 2476502 ]

Lepetit V, Moreno-Noguer F, and Fua P. 2009. EPnP: an accurate
O(n) solution to the PnP problem. Intemational Journal of Comput-
er Vision, 81(2): 155-166 [ DOI: 10.1007/511263-008-0152-6 |

Lerma J L, Navarro S, Cabrelles M and Villaverde V. 2010. Terrestrial
laser scanning and close range photogrammetry for 3D archaeological
documentation; the upper Palaeolithic Cave of Parpallo as a case
study. Journal of Archaeological Science, 37(3): 499-507 [ DOI.
10.1016/j. jas. 2009. 10. 011 ]

Li Y. 2013. Contour and Edge-based Visual Tracking of Non-cooperative
Space Targets. Changsha: National University of Defense Technolo-
gy(ZEM. 2013, BETHEERANL LR 00 25 (6] 5 F H AR LS8 BB
Kb EPiR AR RE)

LiHM, Li G Q and Shi L. P. 2016. Classification of spatiotemporal
events based on random forest//Proceedings of 2016 International
Conference on Brain Inspired Cognitive Systems. Beijing, China:
Springer: 138-148 [ DOI: 10.1007/978-3-319-49685-6_13 |

Li Z Q, Zhang L Q, Zhong R F, Fang T, Zhang T and Zhang Z. 2017a.
Classification of urban point clouds: a robust supervised approach
with automatically generating training data. IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing, 10(3) :
1207-1220 [ DOI: 10.1109/JSTARS. 2016. 2628399 |

Li HM, Liu HC, Ji XY and Shi L. 2017b. CIFARI0-DVS: an event-
stream dataset for object classification. Frontiers in Neuroscience,
11: #309 [ DOI: 10.3389/fnins. 2017. 00309 ]

LYY, BuR, Sun M C, Wu W, Di X H and Chen B Q. 2018a. Point
CNN: convolution on y-transformed points [ EB/OL]. 2018-11-05
[2018-11-10]. https://arxiv. org/pdf/1801.07791. pdf

LiHM, LiGQ, Ji XY and Shi L. 2018b. Deep representation via con-
volutional neural network for classification of spatiotemporal event
streams. Neurocomputing, 299: 1-9 [ DOI; 10. 1016/j. neucom.
2018.02.019]

LiHM, Li G Q, Liu H C and Shi L. 2018¢. Super-resolution of spatio-
temporal event-stream image captured by the asynchronous temporal
contrast vision sensor [ EB/OL ]. 2018-03-16 [ 2018-10-25 ].
https ; //arxiv. org/pdf/1802. 02398. pdf

Li H M and Shi L P. 2018. Robust event-stream pattern tracking based
on correlative filter[ EB/OL]. 2018-03-17[2018-10-25]. https://
arxiv. org/pdf/1803. 06490. pdf

Liang B, He Y, Zou Y and Yang J. 2016. Application of time-of-flight

camera for relative measurement of non-cooperative target in close
range. Journal of Astronautics, 37 (9): 1080-1088 ( F&xit, fiuf 5,
4R¥T, . 2016. ToF AHHLALAS 8]k A1 H AR B W i v
MR . FFdRk, 37(9) 2 1080-1088) [ DOI: 10.3873/j. issn.
1000-1328.2016.09. 007 ]

Liu J N and Zhang X H. 2003. Progress of airborne laser scanning altim-
etry. Geomatics and Information Science of Wuhan University,
28(2): 132-137(XIZ 8, Tk/NEL. 2003, BB H A /Y
RSB FIUKE AR (5 BRI, 2003, 28(2); 132-
137) [ DOI: 10.3969/]j. issn. 1671-8860. 2003. 02. 002 ]

Liu S J, Chan K C and Wang C C L. 2012. Iterative consolidation of un-
organized point clouds. TEEE Computer Graphics and Applications,
32(3): 70-83 [ DOI: 10.1109/MCG.2011. 14 ]

Liu J B, Zhang X H, Liu H B and Zhu Z K. 2013. New method for cam-
era pose estimation based on line correspondence. Science China
Technological Sciences, 56 (11). 27872797 [ DOI. 10. 1007/
s11431-013-5361-8 ]

Lu X S and Huang L. 2007. Grid method on building information extrac-
tion using laser scanning data. Geomatics and Information Science of
Wuhan University, 32(10); 852-855( /575111, ##&:. 2007. 3T
WOCH R BAR 1 A S 15 B PR IO k. iR 2 4R
5 BB/, 32(10) . 852-855) [ DOI: 10. 3969/j. issn. 1671-
8860.2007.10.002 ]

Lyu F and Ren K. 2015. Automatic registration of airborne LiDAR point
cloud data and optical imagery depth map based on line and points
features. Infrared Physics & Technology, 71: 457463 [ DOI: 10.
1016/j. infrared. 2015. 06. 006 |

Miao X K, Zhu F, Hao Y M, Wu Q X and Xia R B. 2013. Vision pose
measurement for non-cooperative space vehicles based on solar panel
component. Chinese High Technology Letters, 23(4) : 400406 ( fij
By, AR, ARE, R, BT 2013, SEFORFAREMAR
FRPER S )R S AR TOAT AR L B0 A0 I T . RO IR,
2013, 23(4) : 400-406) [ DOI; 10.3772/j. issn. 1002-0470. 2013.
04.011]

Moorfield B, Haeusler R and Klette R. 2015. Bilateral filtering of 3d
point clouds for refined 3D roadside reconstructions//Proceedings of
2015 International Conference on Computer Analysis of Images and
Patterns. Valletta, Malta; Springer: 394402 [ DOI: 10.1007/978-
3-319-231174.34]

Monserrat O and Crosetto M. 2008. Deformation measurement using ter-
restrial laser scanning data and least squares 3D surface matching.
ISPRS Journal of Photogrammetry and Remote Sensing, 63 (1) :
142-154 [ DOI: 10. 1016/j. isprsjprs. 2007. 07. 008 ]

Mottaghi R, Xiang Y and Savarese S. 2015. A coarse-to-fine model for
3D pose estimation and sub-category recognition//Proceedings of
2015 IEEE Conference on Computer Vision and Pattern Recognition.
Boston, MA, USA: IEEE. 418426 [ DOI. 10.1109/CVPR.2015.
7298639 |

Murphy M, McGovern E and Pavia S. 2013. Historic building informa-

© h H R B AR AT A



S05% /5111 /2020 4£1 B

12, Mg, RE8, BRE, &, XL, XEK
MRIE RN SRS IEHE

tion modelling-Adding intelligence to laser and image based surveys
of European classical architecture. ISPRS Journal of Photogrammetry
and Remote Sensing, 76. 89-102 [ DOI. 10. 1016/j. isprsjprs.
2012.11.006]

Najafi M, Namin S T, Salzmann M and Petersson L. 2014. Non-associa-
tive higher-order Markov networks for point cloud classification//
Proceedings of 2014 European Conference on Computer Vision. Zur-
ich, Switzerland: Springer: 500-515 [ DOI. 10. 1007/978-3-319-
10602-1_33 ]

Nishida S I, Kawamoto S, Okawa Y, Terui F and Kitamura S. 2009.
Space debris removal system using a small satellite. Acta Astronauti-
ca, 65(1-2): 95-102 [ DOI; 10. 1016/]. actaastro. 2009. 01. 041 ]

Opromolla R, Fasano G, Rufino G and Grassi M. 2015. Performance
evaluation of 3D model-based techniques for autonomous pose initial-
ization and tracking//Proceedings of AIAA SciTech Forum. Kissim-
mee, Florida, USA: ATAA: #1426 [ DOI; 10.2514/6.2015-1426 ]

Orts-Escolano S, Morell V, Garcia-Rodriguez J and Cazorla M. 2013.
Point cloud data filtering and downsampling using growing neural
gas//Proceedings of the 2013 International Joint Conference on Neu-
ral Networks. Dallas, TX, USA: IEEE. 1-8 [ DOI; 10. 1109/1JC-
NN. 2013. 6706719 ]

Qi C R, SuH, Mo K C and Guibas L J. 2017. PointNet: deep learning
on point sets for 3D classification and segmentation//Proceedings of
2017 IEEE Conference on Computer Vision and Pattern Recognition.
Honolulu, HI, USA: IEEE: 77-85 [ DOI: 10.1109/CVPR.2017.
16 ]

Rangel J C, Morell V, Cazorla M, Orts-Escolano S and Garcia-Rodriguez
J. 2017. Object recognition in noisy RGB-D data using GNG. Pat-
tern Analysis and Applications, 20 (4). 1061-1076 [ DOI. 10.
1007/510044-016-0546-y ]

Riveiro B, Gonzdlez-Jorge H, Martinez-Sanchez J, Diaz-Vilarifio L and
Arias P. 2015. Automatic detection of zebra crossings from mobile
LiDAR data. Optics & Laser Technology, 70: 63-70 [ DOI. 10.
1016/j. optlastec. 2015.01. 011 ]

Rodriguez-Cuenca B, Garcia-Cortés S, Ordsiiez C and Alonso M C.
2015. Automatic detection and classification of pole-like objects in
urban point cloud data using an anomaly detection algorithm. Re-
mote Sensing, 7(10) : 12680-12703 [ DOI: 10.3390/rs71012680 |

Sattler T, Torii A, Sivic J, Pollefeys M, Taira H, Okutomi M and Pajdla
T. 2017. Are large-scale 3D models really necessary for accurate
visual localization? //Proceedings of 2017 IEEE Conference on
Computer Vision and Pattern Recognition. Honolulu, HI, USA.
IEEE: 6175-6184 [ DOI: 10.1109/CVPR.2017.654 ]

Siebert S and Teizer J. 2014. Mobile 3D mapping for surveying earthwork
projects using an unmanned aerial vehicle (UAV) system. Automa-
tion in Construction, 41; 1-14 [ DOI: 10. 1016/j. autcon. 2014. 01.
004 ]

Su H, Maji S, Kalogerakis E and Learned-Miller E. 2015. Multi-view

convolutional neural networks for 3D shape recognition//Proceedings

of 2015 IEEE International Conference on Computer Vision. Santia-
go, Chile: IEEE: 945-953 [ DOI. 10.1109/1CCV.2015.114]

Sundermeyer M, Marton Z C, Durner M, Brucker M and Triebel R.
2018. Implicit 3D orientation learning for 6D object detection from
RGB images//Proceedings of 2018 European Conference on Com-
puter Vision. Munich, Germany: Springer: 712-729 [ DOI. 10.
1007/978-3-030-01231-1_43 ]

Theiler P W, Wegner J] D and Schindler K. 2014. Keypoint-based
4-points congruent sets—automated marker-less registration of laser
scans. ISPRS Journal of Photogrammetry and Remote Sensing, 96:
149-163 [ DOI: 10. 1016/j. isprsjprs. 2014.06. 015 ]

Wang J, Xu K, Liu L G, Cao J, Liu S and Yu Z. 2013a. Consolidation
of low-quality point clouds from outdoor scenes//The Eleventh Euro-
graphics/ ACMSIGGRAPH Symposium on Geometry Processing. Ge-
nova, Italy: Eurographics Association Aire; 207-216 [ DOI. 10.
1111/ cgf. 12187 ]

Wang J, Yu Z, Zhu W and Cao J. 2013b. Feature-preserving surface re-
construction from unoriented, noisy point data. Computer Graphics
Forum, 32(1): 164-176 [ DOI. 10.1111/cgf. 12006 ]

Wang H'Y, Wang C, Luo H, Li P, Cheng M, Wen C and Li J. 2014.
Object detection in terrestrial laser scanning point clouds based on
Hough forest. IEEE Geoscience and Remote Sensing Letters,
11(10): 1807-1811 [ DOI. 10. 1109/LGRS. 2014. 2309965 ]

Wang HY, XuJ T, GaoZY, Lu C and Yao S. 2016. An event-based
neurobiological recognition system with orientation detector for ob-
jects in multiple orientations. Frontiers in Neuroscience, 10: #498
[ DOI: 10.3389/fnins. 2016. 00498 ]

Weinmann M, Weinmann M, Hinz S and Jutzi B. 2011. Fast and auto-
matic image-based registration of TLS data. ISPRS Journal of Photo-
grammetry and Remote Sensing, 66 (S6): S62-S70 [ DOI. 10.
1016/j. isprsjprs. 2011.09. 010 ]

White J] C, Wulder M A, Vastaranta M, Coops N C, Pitt D and Woods
M. 2013. The utility of image-based point clouds for forest invento-
ry: a comparison with airborne laser scanning. Forests, 4(3) : 518-
536 [ DOI: 10.3390/f4030518 ]

Wohlhart P and Lepetit V. 2015. Learning descriptors for object recogni-
tion and 3D pose estimation//Proceedings of 2015 IEEE Conference
on Computer Vision and Pattern Recognition. Boston, MA, USA
IEEE: 3109-3118 [ DOI; 10.1109/CVPR. 2015.7298930 ]

Wu Y H, Tang F L and Li H P. 2018. Image-based camera localization :
an overview. Visual Computing for Industry, Biomedicine, and Art,
12 #8 [ DOI; 10.1186/542492-018-0008-z

Xia J Y. 2012. Researches on Monocular vision based pose measure-
ments for space targets[ D]. Changsha: National University of De-
fense Technology (475, 2012. 43 fia] H AR A4 5. H AL 7 % 0] 44k
JREmFE (D] Kb EBTRA AR RE)

Xie Z, Zhang J H and Wang P F. 2018. Event-based stereo matching u-
sing semiglobal matching. International Journal of Advanced Robotic

Systems, 15(1) [DOI. 10.1177/1729881417752759 ]

29

© h H R B AR AT A



30

PEERERFIE

JOURNAL OF IMAGE AND GRAPHICS

Vol.25,No. 1,Jan. 2020

Xu B, Jiang W S, Shan J, Zhang J and Li L. 2016. Investigation on the
weighted RANSAC approaches for building roof plane segmentation
from LiDAR point clouds. Remote Sensing, 8(1): #5 [ DOI: 10.
3390/1s8010005 |

Xu W F, Liu Y, Liang B, Li C and Qiang W Y. 2009. Measurement of
relative poses between two non-cooperative spacecrafts. Optics and
Precision Engineering, 17(7) : 1570-1581 (#:3CH&, X5, 92k,
ZEI, HROC. 2009 A TEMT R AR A AR (L 2 . AR
BITRE, 17(7) : 1570-1581) [ DOIL: 10.3321/j. issn:1004-924X.
2009.07.012 ]

Yang B S and Dong Z. 2013. A shape-based segmentation method for
mobile laser scanning point clouds. ISPRS Journal of Photogramme-
try and Remote Sensing, 81: 19-30 [ DOI. 10. 1016/j. isprsjprs.
2013.04.002 ]

Yu F, Xiao J X and Funkhouser T. 2015. Semantic alignment of LIDAR
data at city scale//Proceedings of 2015 IEEE Conference on Com-
puter Vision and Pattern Recognition. Boston, MA, USA. IEEE.
1722-1731 [ DOI: 10.1109/CVPR. 2015. 7298781 ]

YuYT, LiJ, Wen C L, Guan H, Luo H and Wang C. 2016. Bag-of-
visual-phrases and hierarchical deep models for traffic sign detection
and recognition in mobile laser scanning data. ISPRS Journal of Pho-
togrammetry and Remote Sensing, 113: 106-123 [ DOI: 10. 1016/
j. isprsjprs. 2016. 01. 005 ]

ZaiD W, LiJ, Guo Y L, Cheng M, Lin Y, Luo H and Wang C. 2018.
3-D road boundary extraction from mobile laser scanning data via su-
pervoxels and graph cuts. IEEE Transactions on Intelligent Trans-
portation Systems, 19(3): 802-813 [ DOI: 10. 1109/TITS. 2017.
2701403 ]

Zhao H J and Shibasaki R. 2005. Updating a digital geographic database
using vehicle-borne laser scanners and line cameras. Photogrammet-
ric Engineering & Remote Sensing, 71 (4); 415424 [DOI: 10.
14358/PERS. 71.4.415]

Zhang S J, Cao X B and Chen M. 2006. Monocular vision-based relative
pose parameters determination for non-cooperative spacecrafts. Jour-
nal of Nanjing University of Science and Technology, 30(5) : 564-
568 (TR, WEEE, PRI 2006. dk5 7R & B A i %
B H LSS BT E ST, P RUBE TR 224, 30(5) + 564-568 )
[DOI: 10.3969/j. issn. 1005-9830. 2006. 05. 008 ]

Zhang Y Q. 2016. Research on Vision Based Pose Measurement Methods
for Space Uncooperative Objects Using Line Features. Changsha:
National University of Defense Technology (KiK. 2016. 3T H
LRAFAE 23 ARG F BAR GRS AL SE M B 5 A5, Kb By
FHR A, 2016)

fEEE N

FRE 1975 AR 5 R, FRA T A
WOLH BN AL B3 HERLHE | 25 A KB
ﬁ*ﬁo

E-mail: cwang@ xmu. edu. cn

WRIGE , 55, 1, 32 SIS 5 1) Sy 2 A R B AL 15 19 T
E-mail; chenfengl05@ gmail. com

S, B BB, FRESE 5 10 s R | [ R
EIE Mg 2] o E-mail; jinjian. wu@ mail. xidian. edu. cn
BB 5, R, BT T5 i o (0 AR AR SR B
E-mail : nudtzhy@ 163. com

I W, RSy 1 R Ak B SRR R
E-mail ; leihao@ opt. ac. cn

X280, B WIFE G, FEESET5 16 R K s AR AR | B
(S5 FEHE S AP, E-mail ; 1jy@ mail. ioa. ac. cn
DI, 55 WEFE 6, R ZEESET5 1) b 28 DG 2 g Ho R Ol
HUSARBOR (PR S A B

E-mail ; ven@ opt. ac. cn

© h H R B AR AT A



	封面
	目录
	20200102
	组合
	1
	2
	3
	4


