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& 5 FREHRATIEERK h-index HTE

ERREREILG NI E K heindex KIFIIMEN 24, d1 BT WL EERHL 88 AUE L 5K h-

index 7340 AN4T, HoA h-index 7£ 10-20 X [A] A1 20-40 X A1 N %, 3505 8 N1 30%
fE Ay h-index>60 1 N Eise /b, HREANBN 5% A £ER¥#E h-index 20 A = B A 7 A
X, "0, 7ERBENLAs NS TR A A LB = .

AMiner & F & F T H AT W EARIRSC, R RENLES N WU L AT IR AN T2 3,

F 422 HEORH O B RN 52 1) 7 55508 T GEAT HEF AN 0328, HEP A1 4 R 32 22 225 4 5K h-index
paper. citation. & Z k4G K SRE . ARRNIAHES . TGRS A 2 FEESE . T
PLER T2 F% DL a5 PR 1, F HIR T AR & R iE, Asew e 5 a5, R
AMiner $2 5 (1) Faf 108 B DL 27 2 i i SR 41 .

2.2 EfFFEHE

Danica Kragic

Danica Kragic

# 47 | ¥ 138.15] Bl se.33] 2l 7179 B 281
&= Professor
il KTH Royal Institutet of Technology

Robot Computer And Information Science  Computer Science Robustness  Visual Servoing Shape
Image Segmentation Computer Vision
l&a Research Interests

@ Robot Computer And Information Science @ Computer Science
Robustness @ Shape

— =9

1999 2005 2010 2016

Danica Kragic »2 5t it i 78 2F /K BE 2 5B T 22 (KTHD MIHREALBHA#0R, AR RgT

OEF, B HRESREAME K A 2 S KA T ] A
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Danica Kragic - 1995 4F345 v &' i W7 HLHR R H AR K U TRl 2247, 3T 2001 4F
313 KTH tHENURFEE 220, FRIAE hr 32 22 B H TR () s 2 1 22 6 o WU BTF 7T
ZEi4e (ERC) #MZEE A IEEE Hlés N5 B B IR 3k, &5 2 X F}
R S E ERE BRSO . PSR EAE LA TE BN R RIS S

Danica Kragic f 7CSUR AL E N THENLALSEANLAS 22 5] Mt seplas AN 5 [ 36
AZHL AR A S g 7 BRI H i . db i) B AR B2 — R AL — D ARRI R 4L
EALAS N5 AR BA ST SC B B AR 8o AEA— DN SHLE AT m i & 5, b
5 FAE U R TR A i “RORBLES R s ML E R A4, HLas i)
AR AN SO R OB R o A, Wl AR H L. S A T Fe iR R AL
N, BRI TR R R AL s N, S A T AT UK R LA N o o ROk B AR
PO IXAE A . HLas ARSI E1E, e AR = A B A+,

Danica Kragic #13 / 2007 4 IEEE Hl#& A5 HMM S B IH RPN, i E+F T
IEEE RAS THENANLEE N 1R ZE A 22, FF4H4E IEEE RAS AdCom H(fA . T 2012 4
15T ERC A3 T B, MH, Whiwtsiss s 7 EKE . Knut fI Alice Wallenberg 42>, i
BRI BIT T 4 e AR BT T2 R e I SCH, IR T 2016 SRR AT A AU L 1 AR Hh 2
(IEEE) W5t .

L T Danica Kragic J U A /SR ME 1L

(251
Data-Driven Grasp Synthesis—A Survey @
Jesnnette Bohg, Antorwo Morales, Tamim Asfour, Danica Kragic
IEEE Transactions on Robotics
Cited by 300 & Bbiex @ hitp:/weexplore.icee.org/document'6672028
Dual arm manipulation - A survey. @

ian Smith Y s, Xavi Gratal, Peng Qi Dimas V. Dimarogonas, Danica Kragic
Robotics and Autonomous S
Cited by 236 & Biteex @ hitps //www sciencedirect comiscience/article/pi S052 188501200 108X
Survey on Visual Servoing for Manipulation
Danica Kragic, Henrik | Christensen
USENIX Technical Conference (20(
Cited by 214 & Ebeex
Minimum volume bounding box decomposition for shape approximation in robot grasping Q
Kai Husbner, Steffen Ruthotto, Danica Kragic
ICRA ( 5)
Cited by 169 & Sbicx @ hitp://dx doi.org/10.110%ROBOT.2008. 4543424
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® Dieter Fox

Dieter Fox
T 102 | PV 20905 BB o | B 50000 A 216
=& Professor

it University of Washington

Mobile Robot Mobile Robots Particle Filter Object Recognition Probability Navigation

Computer Science Path Planning
I Research Interests

@ \cbile Robot Mobile Robots @ Particle Filter Object Recognition
@ Probability

O

1987 1990 1895 2000 2005 2010 2015

Dieter Fox /&1 FE HLAF AN 225, H AT N SE E AR BRI 22 PEHE B ) B SR 5 TR
RHI

Dieter Fox £ [ BUR 2 3R/AF 7 iFENURH A I L2240 AR 0T 7O %l 3 B e A
TR R, JCHR MRS THAILAS 272 S R ILAENLER N 22 53l 3R T R . BRikz
G, AR SE TR T T T AR RO EE SR . FAE 2009 4 Dieter Fox $HAT AR 2K PHHE K SE 56
FERTINN, FEPLEE A N TR RE LR HLEE 2 2] 5 T BRI 70 st R RF /K T A STk 1 AR A
BT R o At R A BAEAT T A T LR SR RN A BT ) 24X, FLE5 R AROR (1090 B
Yyt T B . CRVE H AT E B TFHLURHEC % 1 GPS, AT e 4 REd i A AT X £ v 4
SR ECHE 30 e HY 7 0 s B AE PR IR E 2 7 i it 75 Pelia P HLAS AN BORBUve ) Al o At
K, WIRBEWICIE R BENLE NI R, 4 Intel 7EAREIZ NG AT B 442 S
. S, TR, FSAEY], PLEE KRR EA VIR S KA T R ML G
TE A H

Dieter Fox CL& R BT 150 FEARME . FE, Al LA NS s i E (R
HL#E N) (Probabilistic Robotics) HIFL[FEERF, XA 42 Ay 28w MR Ry Ak
ZAE, BRI TR IR LA NS, ARSI £ BE VRAR T BLES A 1] R A ok g
% . Dieter Fox [F%# AR AR 1t SR TR SN (RN TT o Al % 40 “ The Journal of Artificial
Intelligence Research” ( N & et 7 4% &) LU IEEE L8 Nk g2z . HAT, il AAAL
1 1EEE Fellow.

THEEL T Dieter Fox JUE AR IERIB

[ Robust Monte Carlo localization for mobile robots @
Sehastian Thrun, Dieter Fox, Wolfram Burgerd, Frank Dallaert
Artii. Intell. (2001)

Cited by 1991 & Bibtex @ hitp://dx.doiorg/10.1016/S0004-3702(01)00069-8
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[2 Monte Carlo Localization for Mobile Robots 0
Frank Dellaert, Dieter Fox, Welfram Burgard, Sebastian Thrun

ICRA (1999

Cited by 1612 & Bibtex @ hitp:/dx.doiorg/10.1109/ROBOT.1999.772544

A Probabilistic Approach to Concurrent Mapping and Localization for Mobile Robots @
Sebastian Thrun, Wolfrem Burgard, Dieter Fox

Auton. Robots (1998)

Cited by 1183 & Bibtex @ hitps://link.springer.com/article/10.1023/A%3A1008806205428

Markov Localization for Mobile Robots in Dynamic Environments @
Wolfram Burgard, Dieter Fox, Sebastian Thrun

CoRR (2011

Cited by 1132 & Bbtex @ htip://arxiv.org/abs/1106.0222

o EHESE

Toshio Fukuda
7 15 A N N 0 < 1328 | lll 49
Mobile Robot Genetic Algorithm Rabot Kinematics Chemical Vapor Deposition Robots

Temperature Measurement Mathematical Model Dynamic Model

|#a Research Interests

@ Mobile Robot Genetic Algorithm @ Robot Kinematics
Chemical Vapor Deposition @ Focused lon Beam

——, A

1988 1990 1995 2000 2005 2010 2014
EHESE R HANSEANLTEK, PN “WAPEHEAZRL” .

i FH AR Bl T g R 2N LRk, 75 R s KRS U LR 1 22 A . fth e T
982 HEFE 1989 FE AT H T AR AL K%, 1989 42, E4 1 E KFEH: 2012 FE Nk H
HHE “UhET AR BER TR R TR,

[ELEEs S RN R et (RIS YN KEa I YN P = /A PN e s IS 3 e
PENLAS NS T P03 F 5| 95 . EERAS 7 OURBETURMA: (1) JF8I T BRIUKE 1Rl
BTN, FEIT FEGRAL IRAS AR SRS 25 BB TT, NI R8s N R Gt FCB0E 1 24
(2) FEHEEFIAER A T DB M BRIENLAS N RS, AT L 4R =R PR 0 A
AR R 26 A (¥ SR I 5 A ) AR A A R . (3D S BF T8 A M AE A R 1] PR 48 957
S T PR AS, SO RAEILEE N AT DAAERS 7S LM BR R B AR T IE 3, AbLEs
NE B SRIB AR RE42 6 B ST 21 1 AR 1S 1

i B 2 AR TR Fe -+ (2003 4F)  HHERABLAMERE 1 (2017 42D o T 2010 4F
3k IEEE #l.28 N5 H3h{k % (IEEE Robotics and Automation Award) . 2015 FE3M0 H AL 47
TR,

T S URAT AR PRI S
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o

Approach to the dynamically reconfigurable robotic system @
Toshio Fukuda, Saya Nekagawa

Joumal of Intelligent and Robotic Systems (1988)

Cited by 236 & Bixex @ hitips //link springer com/article! 10 1007/BF00437320
Feedback Control of an Omnidirectional Autonomous Platform for Mobile Service Robots o
Keigo Watangbe, Yamato Shiraishi, Spyros G Tzsfestas, Jun Tang, Toshio Fukuda

Joumal of Intelligent and Robotic Systems (1998)

Cited by 216 & saxex @ hitps /link spnnger com'articiel 10 1023A%3A1008048307352
Sliding-mode velocity control of mobile-wheeled inverted-pendulum systems @ @

Jian Huang, Zni-Hong Guan, Taxayuki Matsuno, Toshio Fukuda, Kosuke Sekyama

IEEE Transactions on Robotics (2010

Cited by 166 & Bitiex @ hitp /liesexplore lese org/document/5512655
Human-walking-intention-based motion control of an omnidirectional-type cane robot

Kohei Wakite, Jian Huang, Pei Di, Kosuke Sekiyama, Toshio Fukuda

IEEE'ASME Transections on Mechatronics (2013)

Cited by 111 @=wsex @ hittp //apn elsevier com/contentabslract/scopus_id/84866516644
® Manuela M.Veloso
Manuela M. Veloso

82 2% 163.83 | [N 84.27 | Bl 31156 | B2 749

== Professor

I Carnegie Mellon University

Mobile Robot ~ Robot  Real-time  Artificial Intelligent ~ Machine Learning  Multi Agent System

Humanoid Robot  Algorithms
/& Research Interests

@ \Vobile Robot Robot @) Real-time Artificial Intelligent
@ Multi Agent System

1979 1980 2000 2010 2016

Manuela M. Veloso s& — 7 Z25H F N TR Re LALAs N 225 5K, BT R SR Mg K2
FH5ENLRERAF .

Manuela M.Veloso - 1992 5 M AT Eu A [ K2 Bl SRAG I SHLREHE Ll il £ 22 47
YV 5, o R AR RN AR R, MO Z R R RS L R, BUIT AR IR
B ST G I B ENEN, DSt AT KIS .

Manuela M.Veloso T 2003 £/~ AAAI Fellow, JF7EHEIAEE&EE, EHE 2014 4F
EHIE; T 2010 &% A IEEE Fellow il AAAS (American Association for the Advancement of
Science, FEEFIZEEFHZ) Fellow; T 2012 F2i# iy ERM=BE “ % KB H B 2%t
X7 R — 5 T 2016 FE RN ACM  (Association for Computing Machinery, 32 [EvFEHL
23) Fellow. M4, AliE 2L as At A0 B BIa8 N AT AR %
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Manuela M. Veloso {4 B EHL a8 A TSR R kN2 —, 3PP AN TE G A RS
NRZIFRAR —EHRR R REAT RN N T E 1R R 2 A ORI 2 (19 4F 55 L
ARG A L3 RIS ) SRl At 50 M2 55 AR OR N SRAREEL S B B0 BB o M <5 7« A
AR R . 2016 5 Manuela M. Veloso FE4% 32 KT, 88 T AR I R4 BORBIR N
WS 5B H & LGS, Jai B sh B R Oy NSRRI 2%, HERESIRFA
FHATRIHE TR S o 1008 1 RENESKBLIX — i, Ml oy B ATHIE FC (0 2 A2 A dn ] {3 A
TR BEARGIRIEEE T N MR RE R B R 7 AP [, b
PrESKIAEE B EA R IEA K. EXFRET, MEELR . NTEERGMASK FLLT
LA RmGirh, I IO AT G E TS UESS « TR TR RN L e 20K BB N\ 2B e IF K 4t
BRI, MRoRE e, SRR BT, AT R A SCE SCR A
BERER, A AP TR RE SNSRI &R .

N &R T Manuela M. Veloso JLks AL :

739

A survey of robot leaing from demonstration Q
Brenna Argall, Sonia Chernova, Manuela M. Veloso, Brett Browning

Robotics and Autonomous Systems (2009
Cited by 1732 & Bibtex @ htips:/www.sciencedirect comiscience/article/piiS0921889008001772

Multiagent Systems: A Survey from a Machine Learning Perspective [ E1)
Peter Stone, Manuela Veloso

Auton. Robots (1996,
Cited by 1289 & Bibtex @ htips:/ink.springer.com/article/10.1023/A%3A 1008242012299
37

Fast and Inexpensive Color Image Segmentation for Interactive Robots 0
James Bruce, Tucker Baich, Manuela veloso
RCS (2000)

Cited by 784 & Bibiex @ hitp:/dx.doi.org/10.1109/R0S.2000.895274
[3 Task decomposition, dynamic role assignment, and low-bandwidth communication for real-time strategic teamwork m

Peler Slong, Manuela Veloso
Artif. Intell. (1999)

Cited by 533 & Bibtex @ hiip://dx.doi.org/10.1016/S0004-3702(99)00025-0

® Oussama Khatib

Oussama Khatib
Al 58 | [i15934] [3113.99] |21 15461 [ 308
= Professor

M Department of Computer Science,Stanford University

Robot Control Motion Planning Dynamic Simulation  Mabile Robot Adaptive Control Path Planning
Robot Motion Robotic Manipulation
|#s Research Interests

@ Robot Control Motion Planning @ Dynamic Simulation Maobile Robot
@ Adaptive Control

- < o
1986 1980 1995 2000 2005 2010 2015
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Oussama Khatib & i TAURIE IOBLE A5, DLW ARAC S0 1 SEBLRL ¥

Oussama Khatib F~ 1980 5= 175 B 45 7 [F] [ 37 i 25 i 25 i % 27 Bt R 18 b 2 A6 o T DY+ 4F 2K,
M T R R P EL ) 1 2R TR RN N R A EIS . BEAER, DUEAE R 013
NS AT S 22 Bt B e g il

Oussama Khatib {EAZENLEE AN SR TFHE, Jefmit 7 2 DR HEIS, T 7l
AN AR R I 2 AN AR TR DT AR 1978 IR H T N Tk
(Artificial Potential Field Method, APF) , %5128 Ja K Ja & i A2 KR (0 1 P 7 2. H R
2 B H AR LS NS08 == 10 AT, AR I8 2 HiH AR K5 SR 0 H Bio-X AR s i 2
AT IFRR (International Foundation of Robotics Research, [E Frbles AW 744 £,

23 IEEE Fellow.

Oussama Khatib 3 FHL &% A AT 2 AT LA BAE A A 22 FRIHTF 78 7 SR 2R Tk 5
b, I ET AR SZ 1 A TR VTR W — 3. 2013 48, 4452 T IEEE Jj S DL N %
P SO E R o J IR, A2 52 7 AR AR I AR HLES N 52 10 o BRI IETE HEAT 1Y
WHARBE, MK E: EIZEEFERREET, BREEAE. K, 5 NEIRE
ZIH) A TR B S . R AE 55 NE RABATTHE 78 B PR EE 24 15 JLF 52 A Al REF
55 ABARIAIY IE R FE — A 3B AN AT RE Bt 1 HLEs NI R g s fEIX A
R, MAZKE SABEIFE R AT BER Oussama Khatib A 2 i 7t P i EZL 1 R UK.
IR, AR SRS N 2 B R IR TTRI BT “ X2 — DR A, 2
NP, X e IR R AR B FATIE K 12 5 AT KT8 B BRI FHY, I
FEIERBATRT FUZE D KIS % o 222, XEHLAS NS BRI T A — Tl B R A AR B T R 3L
T ERZ I TAE” .

N #EEL T Oussama Khatib JUjks A AR ML
@@

Springer Handbook of Robotics @
Bruno Siciliano, Qussama Khatib
Springer Handboak of Robotics (2007
Cited by 2548 & Bbtex @ hitp://dl.acm.org/citation cfm?id=3002858&preflayout=fla
A New Actuation Approach for Human Friendly Robot Design @
Michael Zinn, Bernard Roth, Qussama Khatib, J. K. Salisbury
I. J_Roootic Res. (2004)
Cited by 501 & Bibtex @ hitp./journals.sagepub.com/doful/10.1177/0278364904042193
[@ Inertial properties in robotic manipulation: an object.level framework 0
Oussama Khatib
J. Robotic Res. (1995)

Cited by 418 & Biblex @ htp./fjournals.sagepub.com/doiuli10.1177/027836499501400103
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® Roland Siegwart

Roland Siegwart

7 88 A\ 48286 = 31795 [« 37402 [ 835
& professor

I Swiss Federal Institute of Technology

Robot Navigation Mobile Robots Motion Planning Fault Diagnosis Robotic Mapping Path Planning
Robot Localization  Visual Odometry

|#a Research Interests

@ Robkot Navigation Mobile Rebots @ Motion Planning Fault Diagnosis
@ Robotic Mapping

1989 1995 2000 2005 2010 2015 2017
Roland Siegwart & Hiii 1 2 44 L85 N F5K . DT IR BRI BE T2 B H 3 RBHR

Roland Siegwart T 1983 3K 15 | 7R B2 D BE T % e LA T RE Bl L2747, 1989 “FE3k45
A R AR RIS Bt R AR T . 1996 4, Al i SR HE T2 P 4
HRAHZ, WFAH EMARGAILE N . 2006 G, AhfHATTREL IR T 5 5t 3 2h R A #H%
B4 MEE AN 2, WRBHNE AR S B, HEIZ . AN E .
BN R B EWREESE. 2002 4, MAENSSR =R 7R B iae st
TN HET, Wi E T m R AR N TR e pLEs AT A e v, BIEwE RN
MRS TN N AT ERIALE N . 8L A 3 AT 3 DL B B4 Bl R 445

Roland Siegwart {F A3 1 &L 75 FIRH 22K 2 —, & EURON (European Robotics Research
Network, KRIMHLAF ABFFCRILE) 22 il bt s 8 AE 2004-2005 £E[A]4EAE IEEE £AR TGS 7 [
BIERE . HAr, My rar i TRER PP+, RIEEZ DFG (Deutsche Forschungs
Gemeinschaft, {5 EREEE) WK 02> 5k Rk 0L

Roland Seigwart £ &b 7R BEH B BE TR 22X — 50— BRER S ML A FE LA,
i AT FE > TAR 2 fE 2 M. AR H AT FE AT ST T AL A8 A Re % B AR 04T SR I H e
W ERIEB), 98D 55 Bl IR IA) ) [RS8 AT PARRAIC A, R B AL AT 5. i siie = &
i, A, BT FE 2 A RS B Ak AR T D ALES A AR A sExT A
KTAEE R, MRR AR “Hha a2, HARZ TGS
BNE WERTELRES, HMNZHEOR L ANE AR R 2 m @ .

FTHEHEL T Roland Seigwart JUj A 1R R M )18 3
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L #15 ]

Introduction to Autonomous Mobile Robots @
Roland Siegwart, /llsh R. Nourbaknsn
ntroguction to Autonomous Moblie Robots (2004)

Cited by 2758 & Bibtex

BRISK: Binary Robust invariant scalable keypoints m
Stefan Leutenegger, Margarita Chil Roland Y. Siegwart,

CCV (2011)

Cited by 2159 & Bibtex @ hitp:/idx doi.org/10.1109/1CCV.2011.6126542

PID vs LQ Control Techniques Applied to an Indcor Micro Quadrotor @

Samir Bouabdaliah, Andr * @ Notnh, Roland Siegwart
ROS (2004)
Cited by 1082 & Bibtex @ hitp:/idx doi.org/10.11091R0OS.2004.1383776

Backstepping and Sliding-mode Techniques Applied to an Indoor Micro Quadrotor @
Samir Bouahdaliah, Roland Siegwart
CRA (2005)

Crted by 918 & Bibtex @ http://ox.do.org/10.1109/ROBCT.2005.1570447
® Vijay Kumar
Vijay Kumar

2 74 | ¥ 4401 B50 1106 B2 22176 | B 330

2 Professor

I University of Pennsylvania

Robot Control Motion Planning Dynamic Simulation Mobile Robots Path Planning Virtual Prototyping
Dynamic Systems Mobile Robot
| Research Interests

® Robot Control Motion Planning @ Dynamic Simulation Mobile Robots

@ Path Planning
\\\ -

1994 2000 2005 2010 2015

Vijay Kumar 52— % H &R ETEEHLES N5, DUERE R A ER T RERTHENISE R
BHEHIR, I 2015 S BOIZAN U BB K -

Vijay Kumar 3R Z MBI LKA U AR L2240 )5 . fifE 1998-2004 48] 11 5118 F
TEA R JE K24 ) GRASP 236 %, #4738 SCERHINLER N SONENRTE 7. Halr, s 7%
HEEER T 2P ARG CATES, B A T 0 R TE 2 HLAS A 2 DA 1 42 1 A B
W T -

Vijay Kumar - 2013 £’y ASME (American Society of Mechanical Engineers, 3% [E /L

ik CARIT222) Fellows 2005 4, &4 IEEE Fellow; 2013 4Fph 3 EE K LA L. 5
I, ARl 2 AT TR SN S Bk, ARl E TR IR MZE:

FE AR TR AU BT B HIM S P N B i ARA% = L& AN St

(Springer Tracts in Advanced Robotics, STAR) Z&&EHIZZE. 2018 443k ICRA IEEE RAS
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S, M AIE CCF-GAIR K&, JF1E N CCF-GAIR2016 s #3251k 3% 2017

K&

EAERERR, XA N TR R TE N A ENTE N AR (7 R 5 9F %A B At ()
ARSI KA T . AR, AB7E 2012 4 TED b @7 B BAHT 975 55 B3 H & i i gl it
400 73, %9 TED s3Z V0GR AR 2015 4, Ml b TED MR G, 7R 1 808 m—
—A[PLE ERATHE GPS HLas A, Wit A as RATHLE AR R K & 7 1A o KT At A 9 2%
TR 2R, MERIAR AR E: “PLARR—RERN . KEE I 2 BEH A
PR, EEAERINEXEETREASE 5 F. 10 FlFERERMRR. ROEELE,
AT RER 2 N LA N ST FE I e AN T AR, SARA ARG B — DU R, i1 f
AT B AF R T — S IR o X R BRI 77, W SRR — B NS IX T TH I 9T, R RE
X — I S VO .

T T Vijay Kumar JL AR RIS
[ 320

Modeling and control of formations of nonholonomic mobile robots 0
Jaydev P. Desai, James P. Ostrowski, Vijay Kumar

IEEE T. Robotics and Automation (2001)
Cited by 1159 & Bibtex @ hilp.//d.doi.org/10.1109/70.976023

[2 Controlling Formations of Multiple Mobile Robots @
Jaydev P. Desai, James P. Ostrowski, Vijay Kumar
ICRA (1998)

Cited by 859 & Bibtex @ http//dx doi org/10 1109/ROBOT 1998 680621

[ Robotic Grasping and Contact: A Review (E1)
Antonio Bicchi, Vijay Kumar
ICRA (2000)

Cited by 823 & Bibtex @ http://dx.doi.org/10.1109/ROBOT.2000.844081

Minimum snap trajectory generation and control for quadrotors. 0
Daniel Mellinger, Vijay Kumar
ICRA (2011)

Cited by 642 & Eibtex @ http://dx.doi.org/10.1109/ICRA.2011.5930409

® Wolfram Burgard

Wolfram Burgard

T 100 | B¥ 25674 5 131.25| i 52683 | I 505
&= professor

I University of Freiburg

Mobile Robot Meobile Robots Path Planning Simultaneous Localization And Mapping Navigation

Computer Science Probability Robustness
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|#a Research Interests

@ Mobile Robot Moblle Robots @ Path Planning
Simultaneous Localization And Mapping @ Navigation

1972 1980 1880 2000 2010 2014

Wolfram Burgard /28 [E LA N L5, B RFTHENR 2, ZRANERR
I EM TN

Wolfram Burgard T 1991 S 3R1F BRI L2260, M 1996 SFTF4G, Al 44T 5 B
K¥FHERPEAN LR =W ATIN, BRI R — EE P EN TR I8
NPT T, JUH A N FRIE 1 & 78 BN 2 A7 5 B A9 & ( Simultaneous Localization And
Mapping, SLAM) J7 XS AL A 2 B TTHR . 1 —HORK H BZ IR T HLE AAEARFIIA N ME
L AR R S R % i A Bl A R SOOI 3] £ M R R E A B A B AR R T,
TR B S AL B AL I P, DT SIS o7 A0 Pl g 2 ] I AT

Wolfram Burgard P 5% A/ 70 R o R iH R R AR W SCHIE 250 G722 A, ik
A5 Al 1) 2 R b AL 52 21 T EEAS RO T 2t SN AT . 2008 45, Al ECCAI (European
Coordinating Committee for Artificial Intelligence, KK AN LFGEEEE 2 ) Fellow; 2009 4,
fli i~ AAAT (Association for the Advancement of Artificial Intelligence, 32 A T8 GEWH2)
Fellow, JF [Fl4E# 152 748 5 T 53¢ =y 2 Gottfried Wilhelm Leibniz Prize ( 347 75 B4 -
BRE-SEATJER¥%) ; HAG, fB{H/E IEEE (Institute of Electrical and Electronics Engineers, HLS
FHF TFE)fiHr4 ) RAS (Robotics & Automation Society, HL2% N5 HEMLFES) EF.

2017 £, AAAI-17 SSGRSCRMUK ST 1 dft 5T SCRRE A 43 211 Dieter Fox e HAth =
FHIFEEGEN (FR R MHEIE R S)  (Monte Carlo Localization: Efficient Position
Estimation for Mobile Robots) . X518 HET 1999 4 frie i 1 505 -R 2 A 3 A Fr ket
P RS BALAR N )8 AL 1] e 7 R 2 1 LA R A ey 56 RIS, X SCER IMERIRTE T
AAAL REWEEINA] . “ CED JFE T — MMt (7)) S, B2 7 — NI
TR R, VTS T HTABORT )7, 0l 1 RERS AN T U0 S ) FE ok .

Wolfram Burgard F- 2018 447 (1Y) 7 5 8 K22 [ BA IR AT ICRA S HEALER L BE 18 3L, 183C
“Optimization Beyond the Convolution: Generalizing Spatial Relations with End-to-End Metric
Learning” #2175 20 J5 27 5 DUAE Ji& 3] 2 1) 5% 2 1R A o 38w 7 vk o AL AT BA A
&R, KR =4 i s RO R ], JF R s AR 1R J LA A 7R i 2 2 ]
RARPUNE, HPRHE AR BT T —FYIRE R 2R R, RAERAESE Sz

FHEH T Wolfram Burgard JLR A RGR MR 3C:

[3 Robust Monte Carlo localization for mobile robots @
Sebastian Thiun, Dieter Fox, Wolfram Burgard, Frank Dallaert
Artif. Intell. (2001

Cited by 1991 & Bibtex @ hitp://dx.doi.org/10.1016/30004-3702(01)00069-8
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[@ Monte Carlo Localization for Mobile Robots m
Frank Delaert, Dieter Fox, Wollram Burgard, Sebastian Thrun
ICRA [1939)
Cited by 1612 & Biblex @ hitp//dx doi.ore/10.1109/ROBOT.1999.772544
[ Monte Carlo Incalization: efficient position estimation for mobile robots 0
Dieter Fox, Wolfram Burgard, Frank Dellaert Sebastian Thrun
AAAIIAAL (1999)
Cited by 1229 & Bibtex @ hitp./Awww.aaaiorg/Library/AAAI1999/aaai99-050.php
A Probabilistic Approach to Concurrent Mapping and Localization for Mobile Robots @
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) THLas N BRI S Boa A R R e Horb, BLESRHIE. Btz TRRGIOEF
AN PR AR N TR e T UM B, A 2 B REML A% A5 DL Bl 20 e i)
B rie N Rescbr B AR BEIR 45 Foft TR, AL s AU DR A 1 8 e AL 4 it
T MREF 7 A 5B

Recent Heat Global Heat Technology § >

humanoid robots IR

autonome mabile systeme
service robot
grasp planning
robot programming
motion planning i
abstract task knowledge
ogramming by demonstration
control architecture |
control system
flexible controller

position control
neumatic anthropomarphic hand |
force position control |
comparative analysis |
behavior modeling
motor control

grasping and manipulation |
adaptive motion planning

E 10 Hl|AEKIARIES

Robotics )& & 3= EFl %% mobile robot. humanoid robot. human-robot interaction %54f 4>
A A 7T FE T, Fi b mobile robot A1 humanoid robot — B & K 2 FUiF 7 & I E X7 IR, T
A= X AL %87 R human-robot interaction. path planning. control system F reinforcement
learning IR 78 @K SGE . BB EIFRATAT DLE )& BIHLES N BRI T A8 b 8z 3
PLES N BRI SR AR e NI, AR B BTHLES AR O HER BN 52220 #ikl 5 o
B AN BERTIE—NH.
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3.1 BRA5%>] (Perception and Learning)

1992 1998 2004 2010 2016
& 11 1990-2016 £ EZ I RHEE

ST RGN 5 22 S B 7 A2 A 1990 SE U6 /HT, Manuela M. Veloso. Minoru Asada. Marco
Dorigo~ Cynthia Breazeal 552% 3% B15€ [ Z LK & . B, J5#d 275 Darwin G.Caldwell %
F2 RN AH S A3k AT 92

BREHLE NN 22 S BORGZ H RTHLAS NSO LR, BEZR M TR R
ARIEER, AN THE BRI BERAPLEE NGILIEE &, WA, FPER SR, A5
TGN 3] 55 A LT R AL N R R B BT AL, (EHLEs B A s SR e SRR, fE
fig 5 J LTt

BEENLER NS A HLE NS5, DURHLES N Z AT AZ L S Al o fi] Bt S I
K07 R EE Zh AP AR o XN BRI T 2T AR B . B e X LA At B R i T
REMANTE, X PABE A FHTAA S, DA A2 S ST i A0 o7 B 3t BRAS U210 76 225 LI 3 B 3 g
PLES A FE AR AT BRI . ARG RS, DM RENE X H H N RIL T 58 6 X 05
JaRfENLAS NRERS NS AR NRAT S, I NRERS 5 NRALF I %1
MELEFRHER] LU Y, EEIEARVE A AT R 1 — 870, SR RS N Nb . 2305
ThReSEOLAR R B O BRI, HLAS AR RNIE ) 5 205 B 25 R A s 10 5 iR AU A3
WIRHE, WML uE . ks WL LA R Bl

MBRITEA I 5 — R X 7“3 A0 HLas NS 28 =407 HLas ARG iA, A
PLEF NI E SCHP oD ZAERUE T 52 ST I B AR I LES 5% 23 FIHLAS 27 28 S A5 s
PLEF IR 31 fe Vel as N 5 5] SR IRBOHT H BE sl N A I Bk - 3@ id =251, HlLds
N BE RN I e AR IS BB RE S HLARE LA A 5 BRESS s X Ah 2 S bl LUl B A
WIRR LI, Wr L AR IR Sk L. A N TR M Pod R R, HLas A%
DR BB H R i, SSEMMAA A R N T BEE B — B AT AT . 2018 4
4 711 H, A MANTEREN BT CE, R omib s SIHEGIF T TG
] UL SE DRI REIRL A N, H AT A AR AT FUSCR I B BLER N S BORTERRAS
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ICREMS RN AT IS A3, 3R AT REAE R SUh i R A 57 b KT

3.2 ;XI5ARE (Planning and Decision)

1992 1998 2004 2010 2016

& 12 1990-2016 FEHEEZMRIAZTHEH

BEAEFRIMN 1990 FEFFUG & e, H 2005 Fidt N &R s, K8 R =38 AR #4
TERNAZAT AT 98, T2 Howie Choset. Manuela M.Veloso. Sebastian Thrun 25 A\ . H
", Howie Choset % 2 A3 EU1 T B A2 RIS B 72, FEAE H D3 s 1 i 2R

111 B A RN SRS N 22 R 5 SRR Z R — 3. FFSE b, Ml 5 RS
ARXFTHEENR G D A EVERSCB B RE R Heb) il v, X P 3R e Hlas NFETo N
PERPIRES T I8 I SEAS B 2 R 8 LR SR B e L DR SR AR 15 T I B . S X R AR B
L AR T TN BTG 1 S R A A R B AT A R I 45 10 £ K )
B, AHESTE RIS SE N, R AR AR B s, EUE ST LRI B AT IR — B
PR s T3 SB[ B FH 0 B AN IR R0 2 B BE IR, el A AE N TENLAS A #2830
BT EEZ IR ARGEL, EECTsm A OB N TR RE R 7k, EHsr. fl
WNTARULEN 7350 TEh AL A AFEAE o Bk, H AT SIS e S0 88 32 24K
FEN M, HPEANER O AN THRESE. DWE, KA EZE TR IPLEA
AT FCRIAGR T B M A e I SRR HL s N AT AR AL, h e s E SE I
RIFN S (I RE A SRAG RS 15 S e RENS LA I A S0 A B0 7 Ul e 21 2
RIIPLER RSB S, HIXER RN B S N R SR A P4 1t P HIE SE A PRAIE
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3.3 i hE5¥EH] (Dynamics and Control)

Miomir K.Vukobratovic

1992 1998 2004 2010 2016
& 13 1990-2016 FEhHZF SR HERE

B N3 12 s ML ds NG5 i g NS 8 2 1)k 3 5 T AT BIF FE i 22 R, 2l
ML N BB AR R IE R L BIF TSI DL E LA N AL X ) 1) 3 2 i 3 7 5K
MALA AR, 38 K2 N ERL a8 A 58 e P AE 55 A 1E Fraf AT i % Fz il 3B, BR et
HRREIE RS, X EES A RS

B 20 a8 70 ALK, B T HOR S RENBA AR, HENLE SRR KRR &
T FSAS AN B, SR o A AT R B A A e 25 25 FE L 28 N 3 g S B Y F) T AL St
FERT 5, VTR RAR O 58 RO AT 55 TR TH A5 H A 8 AT th 0 &5 53 AL a8 AP
RIE . Bk, ENLER AR TTT, EBH RGN C BAMRKGERESE, SO RSP
PERE 1 RBRE IR R

B LA AR A ) 5 2 A TR R R, Bl v LR SOR LML
AR EIDIRE, JERAR B BREEI D7 . H ATHLES NI HHoR iR R B fef, &
LGiie RSP T . ZEREE BR G B REAT PR SR BOR#R AT LU SIPLAE A
Hoke ME 2L AN VERE I SCBERR 73, Hlas NI R GiAE — e RE L B 255 HLas NBOR 1
Ko IRMALGRINLE: NG RGAFAELA B T ThRel € . REFRMEZE . wTHEMTEZE. §;
ZIAT I EECENUR] L AL BT R AR S IR A AP 5 Sl a0 A I 7 A Rl T A
2. PC. NJRAN . SRl S BRI NI HI R SGE, Ww . Thatds. RE s, JFig
B bR AEAL . BLELE . B REAL T TR R o

HReALIEE ) RGO LA NI ST RE B E T Al . 2016 4F, AR RIKZERIA
T e (A1 AR FH R 52 2 =) I it Ak, 2 >0 SRS [ 475 1) 2004 it BUD By 40 5 A IR S i, A — AN 44
N BRETT (Berkeley Robot for the Elimination of Tedious Tasks )45 5 ) HIAL#s A i)l it 2
SIRIBTH O K SHRE. XN TR e SHLE N 38 iz a5 RAE B Nt —
MESHHAGMAE T B 5 —MES T, ML N 268, MHREEREEL
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3.4 AHL3ZEH (Interaction)

1992 1998 2004 2010 2016
& 14 1990-2016 £ AH X E 4 Ri#aH

ANLAE BRI N SHLE8 AAHBAEH B8 7e, Hot st B 2 K& &M EE IR S8 A
wit, DMEANSHLEE N EE HR . o dhhl . &R IFaE0T 78 AHLAS B H R s 2 Al
A B BB AR VT Qo) 4 IR N S BT SEHLET 995 57 18, BRI B T ANL LR 2= 15 .
1969 4] iH & ANLI I 52k Je s i AR A, X —FERESIM R EI THE - m AL RR
br K&, FESE %Ik E IMMS (International Journal of Mechatronics and
Manufacturing Systems, EFrAHHIFL) QT 2T 20 4l 80 FACHIM, EFfE R T
ANALE, WIRRASZEMA AR T AN BRI E. 20 thad 90 ARG ALK, &
RS . ZEHAROR A HIBM E R RS K, AN B IR & R eI 7 R &
X —FOR U H it T BN S 1a) L bt o (EAS— 3R HI 2, 2018 4 ACM i
— A& Interactions, H FEME AWA BHAA B E, B HAR—K, E2EEE NI
W, XU ANLAE BRI FT A WriR A JF ok a1 2 A .

NP BEARKICAT LA DA BB BASZH. BIR A . 1535 U8 AR R AT
H (RIEZH) o FEARZTHARME EAAERIFEIEIEPRE, NSHLEEKRRNIGEN TFIHA
Epla b 2 BRES, i B i g ST AL S A Y RS LI T B o
I A6 T, DL RBE . AR HONAR &, 7R Al B R BOAJHIL B 8 185 58 BT
Ghe L m ), BIE = R, WRDGR K EE F R RS, 5 R Cortana /MK, SER
[ Siri LA & Google A &[] Google Now ZEH 1 Ho [m] 52 H. ¥ BE &2, SEIL T AHLXLA1E 3 4 1 5
e, BEE M ETHLES N R Rk R 5 1 28 BRI & Re Al RIEE B O AR RS R
(R 7 0] o AT B B N B 35 BRI R 5E N T LA I B3l 202 id 38 R4t
BN ST = e[t 5, RIS H N5 18 2 TR BE B S0 (0 K/ e BRT, 288 K B i) fil
PR A DA LI TR A B Rk, KRS B M BN il S MR &, AR
Irghaie . BERA EEIRA. VR FHOR, A AER AN B, miLEA
B AE AR O AT B B .
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1 transducer

& RkeR AN




4 HEREESBEAR

bt T LEs NFE AR AW & €, AGV (Automated Guided Vehicle, #atIL#s AN) 1E N
Fefiti iz T A IEAE AR STUEGZ 3R A BV E G . WO T KA ™, TG &
WEZ AT BT, AGV C& BN & B AR m 77, Y0 E sk &
Girb i A T — T . TSR UL E AL O RR L —, B2 AL .

FRIRAT R — PRI E, BES I A2 I & 145 B 4% I8 U AL el ) i i A 5
LA R AE B AR AR BE AE A on D SORIEE I ER . AL A IREUE B R 25
KT ANIE”. BEISNERRURER ARG, LikEENaEA EhLaENiE
R HEHLERN, A7 EEROR Z Hfif B A% SR B B 5 AIA R BT (10 25 Fh S 8324k, i
AR R SRR S 2 e N B PRS2 5 AR TRER BOR IR, (LA AL & 136
NBHIBETT, FPLEE N R BEAL I TARSEOL 72l AR T A05E . bt W A
BRI A IR FARAENLAF N L 1R AR DLEAT 1] 3

4.1 M (Vision)

RIA (Robotic Industries Association, & [E LA AN T2 ) XIHLEA G E LN HLARH
B2 B I ' 2 P 2 R ARk A KBS st B R AL B — N B SR i R, LAIRAS A
FE BB TEHNEE NS RE . &M E 2, PLEsPu 2 R P8 IR T &
AW FENLZRAL O R G, A5G I8 DOB AT ¢, Bal e U B, FH DA I i
XTRIALBAVIRES, 5 50 EUR AL R 2T IE R 5

REDIRE S NSRS, HLas WL oE 5030 FOB BN SRR 2 &b B SR RATE, A
HR AP BE 2R AR PR, A5 e 8 R B R P AT TR S R B RS TR BT 0 2 — S~ LA AT B
H2 BN, PG AT LLE B Tk 8 N 2 S5 SR PR FERS I K TR0 5 T
SR DTG AEARZE R R, HLAS L S KA s i Is sh AR, X s Tolk
PLEF NAETRK L BN JEHAT R s B Jm R ARA, HLAR AL SEAE Tk A 7 rpo NS B AXRT
CASEHLESE T A, Mt KR m 1 TARRCE, BERE 195 A

FARIT S, AL IR A8 2 18 T SRR MLIA 5 2 10 B R AT BB AR ], ORI 50 24 1
Frbs (EA. Hl. KE. MES) , I EE RO W 8O R ML a8 . L feikas B
MR R O 2k 1 B LA T T R 2 o R 037 AN 20 JRURE B8 5 0 R R AT, DA
BRYERRS. Bk, L B oKk sBUE K, HRGHEE “G 27 0B Hix
K% . FEIRE B 2 ), PLSE AR AR 0 T ORISR (5 B 5 P A7 P IR S E BB AT LA, DA
M o3 e AEN SRR R AL B 2 (K15 SR, DL A% AR R LA LI 2R 58 24 Z M Lo o

IR, WL At BB A TR TR P R 3 2 — o LML PR B tH LT 20 it
4050 ARG, T 60 GEIRTFAA B A2 A TRRUR HEAR, B R R FUALFE 57, 1 7
BITEE N, RIS SNOIIS . 20 14 70 UG, LA SFIERIHLEA
PUSERGTFAA I, PR TSR PR A R L T B OB R 2 O R 0 B
Brdf. EEAR, fEdol, T, BESUUR, HLEAMSEEICIERA . SEIEH . REIERG

42



PPt T-Iae /1o R AL A & 2 AL, A8 TN

g iy BB AL AR 7T 72 9 CCD A1 CMOS W26, iR S L% T2 A e, CMOS P
RN TAEREAR. MERefe I AW E 20 90 4FAR 4 WA X EUR AL R 2R 1 T 3%
F o HIXFhAL LS A E R R BR A . HH TR0y SN ) R, BA A G AL B 75 25 i b
B, GG R AN THE R, TR R A R B ORI T R X SRS R s B R ik
IS H R . il JLEE HBL) DVS (Dynamic Vision Sensors, S5 AL EES ) T AR KA i
) AR JE B A 15 21 J3 A, 38 05 P DX IS o 28 5% 435 1) 1) o8 46 ) RS ik 2 A o 2 1R 80 Aok 4
TAE S mim g T, ORI A2 iz 30 B )R B BE 45T W40 £5 0 S i 8. ROk, X Fil
B A AL B A 0 B K e B3 RAT S LA A PERE, v B ATHLSS A K 1R it
AT RE

4.2 fise (Tactile)

fih o A SR A A2 P T AL AR fik 5 T RE ) A% I o A b A2 ML AR AR IBUA B2 45 21— b
ACRT AL B BRI 3, T BRI R AR (4 2 A P R AL o i R ) T A ST
R NIRBON R GRS, DLy TE A S5 T L as N 555k 5. SRR EAE HIIN i) — &
G BRRAAL EREATAR I . | SORE, Al AR AR . RYE . v T A IR, X
I U R LB T 5 06 SR e ft = 1) R

B N i o A% A 1K) 1 ZE D REp AP 55— 2 A N Th g, B R AR RAVIRES . L
BT S 1R AR R AR AR S DL R A0 R A SOt AT Rl s 5 — Ao RO TR, BIAERE
I ER) 2 it _E SR HUERA RS RIFLAR S K IR SR RFAE N LA A H AR R

XF T AL N i A% A I SR B LS NI B, (BAE R e o e Bl vk s, 50
AR A P A EOIC R AL . 20 T4 70 SEA0TG, HLas AWHst e fon 2 fl, (2
SRS 6 i A T S RO BIE FE A PR T S B AR, i i A% IR BT R A B AR R D B 80
FA R BRBEAWITT KRR PRI, WA AR vt BRI 5 ARt AT 1
KERTTT, FBT7 1AL A B B 1) 3& BTk H S K s 90 FAES, AlvifL
TR MW ST AR S R FFAE PR SE I, IFIT IR TR 2 et R e . #ENGBT A, BHAFRAMEE 0 4
JEEE, 2 M8 NS BV P4 S5 PO B0 B IR o At fih i ML %, AR R EL A RE, WL N ik
RN AR T T R BORRS . 5 NSRBRAN R B2, BLAE (1 i o e L 2 AN (e 5 K
MRS IR ) P SRR S By sNARIE R, 3 T DA B (3 3R AS Ok 2 I IR e

TSR, HLAS N A b N 2% A F 90 PR W R, TR S AU ) N AR A 3 T AR R
2002 4, = EBMIFA G 7E N BB T AR 1) T8 TOHR 2 25 fil i A% JE6 3 , M A I8 4 4 I B
MR8 ZH 2SR 3R T N & 1 0 2, ORUE TR AE I 224 2008 4F, H A Kazuto Takashima 5§
NBEUE T B =2 D ful b A RS, G e e E LA N R I F 480, FEg S 1 RS,
HAERFEE A 1T LLd i AL AN R IG5 F I8, Bz R A SO 5 B, AT H A AF AR,
2009 4, FEEFEST B F MG B AT R AR TR 1 E e - BL R B BT A Ak R 4
1) 2 K T HLAR N, AR B B RN RS IR B, T DL B 30 58 B S PR BE 1 B A s 2016 4,
3 1 R ORI R B B AR BT Rk, RR AL A8 N BRI 2 th IR 5] S B AR A R B
BCE RS O BERE S, ARRIGE T L2 B TE I O ML L R AL AR SS .
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2018 4, WRAHL AT Cheetah (F550) Hlgs NO&LLF] 728 =48, LLEATES], Cheetah3
BOREIR I TH 2%, vl REst R A K BERAG L T, EEMN A E B e e . NE=EEM Y
AP HIHBTET, 382 € A it LAk AR BRERG, 'e #RAT DAAK SR 3 A 5 FR I

THERFHRHARS R 50 E 5K E 25500 = F AGIE ek e it 7L Be B A AL it N L% e
LA BT O AE 5T N AN B R 1 T X LA A S i R U AT IR AT
H A2 BB IR FERI A IR 77 i B0 45 . P8 B8 AR BT, AT DA% ZE5K [R] I e B 21 41 Ja&
W ARG . A AR AR SR, TR 2 3AE UR ML . Baxter HLES NI A RIS
TR e Ay, WL R IKEN I PP R 2R TR, RN E AT 2 B fid A IR AR A 2
EITRRE,; R TE, LR ARSI EM RS EIN+EE N ERE L, FRNiEE
w A FE R, URERB AR TE LTS R E LESER, RITRIERS, 4
B ANLEBEBOR G HLEF NEARIF R, o] DA A 7 2 s i kB 1) B 3 B [

BRI HRE .
4.3 5 (Auditory)

VIR YN L oue- 2w S D N L N A AL P NS P AR s SN 3 e WA= U WX 1A
F R O TR SE, (EHEAVR RIS ME. BT A EE S ATHERE, I B amk,
BT UHE . WOESEH AL S 51 5 A 7 B E AL, X T 75 2 AT LA i b 5 4
BOGEAN A RIS T AR B AR AR 3 B 2

W i SRR A5 A2 — FlaT AAS I I8 JF 7 7 5 R A A S s, T2 o KL 2 AR A3
HAEMAZ T MEE (EZRO , ARIZEEGE . Sonm SRS ER . RS,
HLAS N 7o B 0175 5 10 R AT (X0 e A e L 2 i BRI W P K K B0 s A7 285504
Ty LA AT E S N SGHATIE F 20U R, W A% A8 (047 75 BENE A HL AR N SE 45 3 58 X
EEAT 55

1958 TAR AR A, 7B AR IRARTE it 2 80 AR H A, 36 B AR 2 07 55 [l 4 5 FE AR
R IR s IR AT] B B — 5 5 D e BT AL N BLAE I 22 ThRE SR A 1A, L A5 Ae g Il & Mg 7 o
&\ Fo A S AR AT AL . XA, SRS EMA R SR K.
AT S IAT (R % 4% 5 2R B VG Bl ik 178dB, MoRHbdR & 7 H RSV, ix —HAR RN
THLA AT R G BE T RAF (A

IRL4F 7 3, — I8 RA (Robot Audition, HL&R AP ) 921 i 614 W 55 5 65 £ 557 5
130 ERBU RS SE . S, B RIS A IR ) R DAL, B S
VAL (LB 5 51 P 075 DB RS G, LU AR SR R L 6 18 28 8
“YFAREL” U 11

FEFRFHMEEN I, B 1995 5 Irie 55— UK A E M HAR TR RIS ALK, 2
N ZHENKRE, HlQ2RE TIRZ HAMR . Hh, ITLJUFRE 2 M6 R PLa A%
ik, Hlas N BRLIT 58 A2 SORKIHARME FE SO HT IR o X —BORBENE RN a5 N\ FEIA 5
B R B, iy HL B 8 [R] 58 ARALGE 32 06 HET PUR T 58 52 20 75 T PUAG R e, A 9 3
G R HARN R e LA NS R EALRE ST 2017 4F 12 A, B & B0 IT L2 ALERYIE
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AR AT, AREHE MR SS HLE NI BEALIL I 1B ) e

How can

& 15 YLOTHLERA

FEIEE R D7 1, 1952 4F DURSEE Ak o 75 B35 — AN ReiR a0 10 Dot k&
ISEE RGE, JaRIX — i A & N TR Ae R e i s 2 AR A . 1960 47, % [E B 7t [ B\
i FCH S — AN ELE B O RGBS, &S R S LI N AE 1997 SF4 36 [ Fr 8 A 0F
ATFEVUR R T RFE L —. fEE 4, iEEHAEARRS T RZEED, Bl seinE
F T . 2009 ELISK, EBINLE 5 > SUBER = S AR N, 1B H IR ER 13 1
KRR AR E. 2016 F, 2K EBRRHE B LA A 215 5 R AR 2 IS R
IBM [¥] Watson X154 C2MNE 6.9%, UEHI N L2 B BN R & Ad AT 0 15 & 00 &
AR N 5.9%; 11 E N E E Deep Speech [FEE R A A5 17 B & 3.7%. H ATE & IR 5
FORAIRAE R AE IR AR RE” X —FEAEP B, AR SRAE B IR A B R AE H AR 37 5 1 B I 75 L
SUARZHER . PR —HORFENL &8 NS0 S A6, ZSCILEE N5 N HIE & 58 5 BRI,
MEA LR S A, REE AT AT W A AL 28 N FRAEH P 755K, S A AT RG T 1) N A4 E
MRS, ARIEHIRKR I EE.

4.4 HNEIE (Lidar)

IR RN A BIHL a8 AW T IR B SR 22— o AL N Bl A5 45 B nT DU R 0
BRI AT RE R AT 55 o JRIUIX o5 S5 ) A% R8s B 75 2 2 08 RO R 78 i AN AR X, R
E i SR SR A AR DLORUEAE 32 B0 (1 A 85 P e g R St )15 2

LR, WO IEABSHLE N SAH R H g 2 . X EER R TR T RO
BB FATAR 20, R )2 FL BAT R v A B, 38 0 4 il = 4t 4 38 O SR 06 1 1
WOt F L RENS LR AR SR R R HER LS (S B . S e B REAL, BOLH
IE BENE [F]IN 25 RE G B BRI S 2K, X — R A ] T A2 hpLas NS shsth, otk
AT AEATIA B B DL N AT, ] DA RR IS o A, i ELAE SRS v 0 OR BEA

WOt TR IR AT 2 MR R AU, Bl SOR AR AT RRAS 1 AR, H ATV IERLES A
TN TEN 25 Bl 5 AU R F Ty 1 O T 32k 1Y) B Ak . AL o 1) 7 3, ot ik
() J@ P AT — 2 MR —— X R AR IR AE R R ALAE, 1 HBOEHIAAE R EE Xk
BT IR KR, R BA L

FHHLEE AL H ATHOL R BN &) Z I, #OtHIER S SLAM (Simultaneous
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Localization And Mapping) %%, 0] CLikHMIALAE AAE D5 A B ScHL R geis A, SHNgEH
i, SER AR R RITFHL APP, BUEH P AER, WALl FHL APP BEIE G,
DA 2 H A 5 76 4

& 16 BEBABNEENAMIZEA

BB SRR RT3 N AT DL AL IR BRI . 0 H AL AT A
2 B I T RE o DR DA H L E R A IR B BCR BB, AT A T S 0l T ) vy S AR AL AR
SR BT, AR B, LR, £ R L B, REAES
fil. B2, WOtHBEMHAMEL G, W AL NS N fE .

46



5 applicati

N R




5 NAR
51 TASR

Je NS, RIJC R I8 2 3 2 g AT T e vl B v EAL SRR L R TRAT R ) —
BRG, HARRF B F R %2t UG T B D6 B NS IR 4 &t 2 84E
IR GURFNE BRI EL, B B RRIAT 25 B8 2 P ) G2 BIA TI0E H AR B BEIRE . B AN BTN
PR 2 384T IR R B N 22 ) BRI, TR AR BN P 3R A5 (1 38 % L 2R A BN R AS 15 2
P LA e ) R BT, AT AT ZE SRS 22 4. AT SEHDAEE B BAT 3, REAIEH . AR
ik, NLE#RE. Wit HEERZHEART A, 2i-ENFRE . BRI Re i flH AR &
PR I8, 2l i — AN KB SE A Tk K — AN B AR &, 78 [ B A E R &5
SUREA T R N A5t TR RAEAILPIE ST @, Jo N 25 RE8 SN E ge k- 2 HE R 4
PER VA ST A8 N JTRAS, 45 e 72 3R15 5 i AR AT R 5 . B [ RHE 2 B 50T (Cologne
Institute for Economic Research) 24T & 7~, 2010 H4 2017 £ 7 HIA], Jo N2 34 fr B
TE A 5839 Wi, HApi - RERMEAE S, AN REELSIRE) .

& 17 Google T ABHSRE

5.2 ZARS

NS N NEIRS RN, Be B N K E RS TAE. & afET
HEEEE . BRASEE. BINCEE. REEE. BHIEE. PITEE. FHEE. THBEES,
BT I N 26 B AR R AR IR B RIS B E A 26 E, HHIEERAMITEE
OB R, FEREATR I AR A I DA MR . e KERR. R
WAL, LA . B A K H ST TAE. IFR MR, 2020 X — 735 Pk 1
K& 691278, 2016-2020 4 )T K835 =ik 27.9%.

MR R ERE, HAME AT A L8 A BT R B3 AR &R R IE I E 5
Z—, {EFHVESAREE EREAHEAREE . SRR, HA 2010 &5 E RN A 7E
mCAR 4 55, A58 HR 50%.

ARSSHLES N ASIMO 52 A H A FIWEA I — 3 Hlas Ao ASIMO J&— KR AR AR =i
NIEHLEEN, AT BURIN T3 F e, R AT PAEAT HH ) f iz TAE. 4528 T 9ok
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TR RS, ASIMO w UL B & Fr B AT DI REREAT Ex G YRR 0], T ULE T T A, |
T iR AR RIS, BOSENUR BT Al ge 1 L5ETt, ASIMO IR sk EEIA 2 1
6km/h, R CAHEAT SRS R [BI4T3E o 9K ML b A% I 4 55308 T 10 70 A% I AR AL ASIMO /]
MR LRI B HE S . LA H B K BE D B BN ], ASIMO AT LAARAE i 45 (1400 4 W 4
a5, R B B S BT, FRARYE A R A B S AR AT Bk . T IAL S
MIAFENILE ASIMO W] LUR B 2 FREIIHES ), DR SR RN Gd s, —dnrdt—id
7. [ B PIPRATS, ASIMO & BAT IR I AT 7, EAECE F S HES.

& 18 AHEHXFEBRSHLER A ASIMO

2017 FIK, HAREA " EAmMEE H&F R LE8 Aibo, FH 0T 2018 4 1 HIEAK
. RIBARRR, KFMEMT] 5 5KEE RS R TY S BRAl s, [FR AT k%2 . 15 B
Je A7 A BRI — N R AR PR 7 o BAT 2 RS BISIAE FRRRR 1 S S AREAE , 3 R AL 38 J 3k 2
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