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IR, Z2<onRy NOBRERNA—T A TBY, vy hOF =71 A )X
—varyNEHEIN TS, 512, ROS (Robot Operating System) <°, 7 7 7 KX—
ZDuRy MY —EZDOBRGITLY , 2o 0BEFEFHIEZENL, #E7T 7>y b7+ —2u1k
TOBESPERILL TS, ZHUE, vl y hOF =T A ) N=2a U, EVFRAL
NAT T2 AT DI DOWESL, DFED RI T U T =% T 7 F YLD 7 = — A ~B ol
ZEERLTVND., ZO7 2 —RIRWVTIHE, VAT AMEEN B YR AT CHERL
SNDARENIEFICE V. BTREOrR Y FEESL, I—7AMbee xRz Tofic /e
O AR S RN & B VR ZDOHAAEAE D TREFITIBVIAEND.

2013 4 2 A, Willow Garage fHIZE YR AETFNEEEZHFKEL, A—F vV —2ADaR
v MFERFEAZ Y — FLCEZ20&RE %2, vy hoA—7 Y —AFKTHS OSRF

(Open Source Robotics Foundation) ~5| &k 72, OSRF D #5925 ROS (%1%, A
JR_X—= g VIR S I LoD H 5.

ARUAR— T, ERomnzidsic, ROS & InaMizEdT 2622 WmETH. £,
IT EXEOEGZ b, FEEEEOEEDOC, Y7 U =T 7Ty b7 — L ~OEFA
MIEFICHERBEWRAZFFOZ L 27, &6, RT I Ry =7, RSied, HBEOR
Ry N7 Ty b7+ —LOEICHOWTH oM L, Hfl &Mk oBs»6, RT X B
VT ERSIZMAE LT Ty M7+ — LIS 2R R T 5.
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1 [FLCHIZ

ROS (Robot Operating System) 1%, 2007 LV apE) L7cA—T Y — A0 RT 4 7 ZAD Y
T hyTRE TRl NTHDH. EEHIE, ROS &, ZTiLETROS T X7 KEH
? Willow Garage tHIZHER A YT, wRy MINHIE L A —7 bzt L7z B 2R
Lﬁﬁéﬁﬁﬁﬁ%muﬁﬁﬁlﬁok.%:T,WMW&m%ﬁﬁ,ﬁ~7VV—Xm
AT 47 ADFEEZBHE LT, ROS DZNETOREIIA =TT 4 T LoT&ERT
L aRWE LT

& <IZ, 2009405 2011 AE12 1, Willow Garage thiZ 2> 7 A Mo F vy Lo Y7 m s 5
LATHD PRZ X—27n 77 h%REL, Zhzxthie LT, ZEORFHEZPLE L
Ry MFFERREEZER L, ROS DK & Wiki BRIk D F¥a A MEfE T2, &
HIZ, aIa2a=T 4 HEICL 2 LADLODIEE IR ZEF T, ROS OMAELFM % 7w
— Vb oL Lic, Z2LTC, 2012 £ 4 RiITiE, A—7 Y —2uRy MR (BLF,
OSRF) %, FEEFIMIEE L TKRED LT # V=T MHLL, ROS Fud =7 h& AL
TU LT

£7-, TNETIT, Willow Garage 1%, DR v FETEMIZES B K OIS 2 A &
YT UL, KEWNEERE¥EHFLE BHEEL T2, £ 1L C, ROS IIM2E5BF 721 T
<, E¥EHmRy b8, KiEeRy b~OREM, A% —%y 8777 R58H~D
EHHIZLE->TWNA.

2013 4£ 2 H, Willow Garage tHiZE VR AT NEREFEEL, I—TF vV —ADuRy
NMFZEBE A U — R L CE 2 0&EI %, 58421 OSRF ~5l & fku /2. BIfED ROS IE, A
EEYF 2SR E 2T 0 200 5 KEEE, FrICREELZIMLEN S ERN~D 7 b
T 5 KENMRS®, A3~ KO v R v FBUK Téd 2 National Robotics Initiative (NRI) &
HHEL, F72, DARPA EEDRRT 4 7 AF ¢ L U V~OEAHRHEZIT ) KEFE T m ¥ =
7 hERDOOHD.

IHI, BINEARICE ATy =27 FTHDH FP7T TH ROS 28T 57w =7 |
W%, OSRFIL, BKINDZ F 0 FrRT 4 7 AHIATH % RoboEarth @ pE3ERK[Z B0,
KelH & RN O RN ERE L7z ROS FE¥aL Y —3 T ANBBIMLTEY, Zu—3r
RERBITONA TN D
AREEIT, 2012 4£D Willow Garage £:7 5D ROS D A 7 w7 b D, OSRF DIEEHIC
ERZYTleuRy MEIFOA—7 AvBIAIC BT ikl & DO ®mE Th 5. 2 T OSRF

Z WA SCHR[33].



AL DTEE Z /R, 3 HETIE, 3.1 B CTKEDORR Yy MBUR, 3.2 ETHINOSE 7 Ik FP
7uYx s PO ROSHIHIZOWTIRY EiF5. £/, 33FTIXIROS DEEM AR Y b
~OWMAE RFEEEOHEEE LT, ROS E¥aL Y —U T AIHONWTHHEL, B RO
#5 L7z ROS ¥ K HEME O H#MNT 28 5.

4TI Ry MEARBRREORERE LT, 41 TETrAR Y hOEMKLIC OV TR, 4.2
BETE, uRy b7 MU 2T OF—T 2V —ZAHIKIZOWT ROS & DR A& T
#T 5. 43 ETIEX, vARY b~OT J7 U NEROBEHAFEHZHS, A4 —xv /277
v RarFovbLTorRy M—ERXEMZ B LT ROS Z#F 17 2 0F7EHH% 2 1Y
EFS. 5 ET, ZNETORME S LICHARDEREY A7 OFELEL AARD IRy hif
BRI ~DIREZ1TH. Z2TlE, ZBEOEZF oY 227 b THY, AAEOA—T
VY — 2 RT 4 7 AW THB RT 2 R =7 (RT-Middleware, RTM) (25T & 33
T4 6mAFELDEL, TRICFERSRURZ BT 2.



2 ROS

201342 H, ZNETROS VrY =/ hEaRNWTEZRMAEFETH S Willow Garage ft
X, EVRAETAOEL LRI Lz, =TV —ADuaRy MIEREZY — KL T
2 DEENETERIT OSRF ~BIEfE, — L LTHARREZBILL TW EEHEER
L7=DOTh%. FFEZ, OSRF 1X, KEFrmAR v MiER Th 5 National Robotics Initiative

(NRI) 206 DXAEZ R LIS EFEMEICONTIE, 3EICHERT 20T, UTFTRET
ROS OEEE Ak, Pf Tt 1 40> OSRF N DIEFEYZ DWW CREdi T 5.

2.1 OSRF MD&%3L

OSRF X, A—7> v —2xuiR v M/ (Open Source Robotics Foundation) DR TH 5.
2012 4= 4 A1z, Willow Garage ££:7>% ® ROS (Robot Operating System) 'm ¥ =27 FDA Y
YT MIEORNE LT, KEA Y T A =T IMIEEFIARIENCALE ST B, U
2N X - TR SN %% OSRF ™ CEO T % Dr. Brian Gerkey i%, OSRF 5% [E.f% @ | Heart
Robotics D1 > & B a—|2% %, OSRF =27 2 vy a L, [afy O - %FE -
PRI, A=Y =AY T MY =T AT 5720 - B - BADZE] Lk
_RTWA F72, ROS O H#M: (ROS Compatible) (22T, #ilz1X ROS FEXER K Dk
EDRAA L TE—DOOERITRDLTHAI L LTND.

OSRF (%, 201342 HEFHC, DA /N—THEK S 1% . CEO 1%t Willow Garage #1:™
Brian Gerkey, Hifiz & L C, RA Y DT T A TNV T KF%F#% Wolfram Burgard, Willow
Garage ft: CEO @ Steve Cousins, Clearpath Robotics #1: CTO @ Ryan Gariepy, iRobot D&%
# »— AT CyPhyWorks t: CEO @ Helen Greiner, &% Yujin Robot 1> Sam Park T& %.

F72, 201342 HRERO AR U —(%, BOSCH LT hVHiffiifset v & —, KEE
EAEEZEEHE R (LLF, DARPA) , Rodney Brooks (2 W Bi%E & 7= BAXTER @ Rethink
Robotics #:, KE == F /X —ENEEEST 507 « TESAHFSERT, Willow Garage £k, F#[H

2 UPDATED: Willow Garage to Shut Down? Company Says 'No, Just Changing'
http://spectrum.ieee.org/automaton/robotics/robotics-software/willow-garage-to-shut-down (2013.2.11)
-Willow Garage is changing,
http://www.willowgarage.com/blog/2013/02/11/willow-garage-changing (2013.2.11)

3 http://www.osrfoundation.org/blog/ros-at-osrf.html

* OSRF ® Web ¥+ MIUTEZHDOZ &.
http://osrfoundation.org/

® Open Source Robotics Foundation Interview,
http://www.iheartrobotics.com/2012/07/open-source-robotics-foundation.html (2012.7.20)



@ Yujin Robot 1£ T % .

F£72, Willow Garage #tDE VR AETNEFHRERL, 7 AV WHLEFHF : NASA, K
E T 35 2N oA SE IR FIFZE B3 HE RS o Southwest Research Institute 0 =Ru % ROS PE ¥ =
VY=Y T LB AR Y =it R, § 8 HAENIEL TS, 7 A Y BRI TR
<, F—y/NEEEEEOSMMAFITIER 5.

2.2 OSRF M;EEN

2012 & 4 H ARSI R S/ OSRF o 7' vy =7 M, [ROS] & [GAZEBO]
Tho. UTT, 78 Y=7 MIOWTHIBIT 5. £72 OSRF THlfks o4 -7
—ABRRT 47 ADHD ROS YT 4 7%y NU—2 |, 2012 LV BRGA LT
[ROS =27 A k), 2013 ST ED [Google Summer of Code] (ZOWTE D HiF 5.

221 JavzsHs b

» ROS

ROS i, Robot Operating System D& T 2. £k Willow Garage fEDH 7R — Mz kY, &
RNy NOA—=T 0V —=2ADHET 7 v F 7+ —L & LTRCKZ R OICREIC 2 — P&k
RUTE 72, 2012 ¢ 11 ARFRUTIE, WFFERERE & i 170 B2 OBEES B A2 FH L TV %
EE&Nb. X112 ROS ZFIHT R D44 % .

X 1: ROS #| B D434

Hidl : https://maps.google.com/maps/ms?ie=UTF&msa=0&msid=209668390659853657363.00049¢608b78bc7779683

6 ROSFE¥E L VY — T AZOWTIE, 3.3 FEICHER.
7



2008 2009 i) o1 w12

X 2: ROS 22— Ry r— U oH## (2007 4£ 11 H~20124 4 A)

Hi# : R. Hickman, D. Kohler, K. Conley, B. Gerkey “Cloud Robotics” ,
Google I/0 2011 Sessions & ¥}, 2011.5.13 X v /N T

ROS & 137> 2 125\ T, 7t WillowGrage #- O Bk T v, Hi{E OSRF ® CEO Th 5
Dr. Brian Gerkey (%, [ROS = i#{g (plumbing) +> —/ /L&t (tools) +FB§HERE (capabilities) + —
a3 AT A (ecosystem) | EEZTWAT. ROS X, WY AT ARAITHY, Fv hT—
7 EBRMED WL SO A v —VBEE1T D .

£, VAT LARE, BE=Z VTR0 TG, TNy T w7 O Y — L OREHAT
S>TW5. &bIZ, ROS 1%, BE) #(E iz hLe L, oy by 7 hu=707
A7 7 VHEELL, ZhvbE, “Xvl—T (Packages)” , & LT “A¥ > 7 (Stacks: /¥
=y Datyar) ” L LT Wik EATERAML, BRHIZT =7 TEHMA L LT
ROS-Wiki # &7 %.

ROS-Wiki X, 1 77 AN Lb_DT7 17T AN OILFEIRL A DY 7 F o =T /8y
=Dy 2T ETHR—MLTEY, MADONRy 7 —UEEH AT A, Y — LE O,
NTHECHKAERRE R, ERLAY A FORABITY. K212 ROS 22— RNy 7 —VHOHE
BaoRT.

ROS (X, "=V a VEFHINEZAX v I DYy e, T4A M) Ea—var e LTH
FHLTWD., ZHiE, Linuxk DF 4 AR Ea—var LRIUMESETHS. REANHNIZ,
BEERYy Falitfid 5. BT 4 A M) Ea—aif, 2013 4 1 Hi) V—Ashi
ROS Groovy Galapagos T 5. LA FIZROS DF 4 A h Y B a— g r&Rd.

e 201043 H 2 H : ROS Box Turtle (ROS1.0 iitfH¥)

e 201048 A 2 H : ROS C Turtle

e 20114 3 A 2 H : ROS Diamondback

" Brian Gerkey, “What is ROS exactly? Middleware, Framework, Operating System?”

http://answers.ros.org/question/12230/what-is-ros-exactly-middleware-framework-operating-system/
(2012.12)



201148 A 30 H : ROS Electric Emys
e 20124 4 H 23 H : ROS Fuerte Turtle (OSRF 5% 7 [H.1%)
e 201341 H 1H : ROS Groovy Galapagos (BiHFHOFH/N\—T 3 V)

» GAZEBO

GAZEBO ¥, OSRFO7 Y x”7 h®O—>THY, ROSEZHR—r$2%3DD~LF R
Yy hvaIb—¥—Thsd. BEVIOKIERT 4 — K v 7, B OrRy NOWIEDHE
HEfAZ3D Ty al—varth52L0TES.

AKY—/iE, DARPA DO Ry hF ¥ L POARY —/LE LTEHRHASATNS. 5
F£ 1V, OSRF 7% DARPA DZFtBARZ#{T-o T\ 5. TO—EB L LT, GAZEBO %7 7 vV Nk
L, 777U NIv I 2 b—%— “CloudSim” & L CH— b XM 2 B A & 1T L T
%. GAZEBO IZ DWW TCIL DARPA IZ L 5 FE L b, 3.1 FEICFHERT 5.

222 E#
» JAa—nN\)avHILTa U Ry RT—H

OSRF TiZ%, A—7 vV —RAuaiR7 47 AD, a VL7577 —v 20tz i L
LT, 101 OEFEXRMEANZEKILE LTHEELTWD. BEERIZERMN &7 27
oI TH D, £72, OSRFFRILZ Y)Y IZ L7z 2012 42 Willow Garage LD a2,
fFFE5y 87 M OMFFIEE OFEMBI 72 A B 7 7 R 238 5 7%, hiDOF 1% Willow Garage £1:2> 5 A &
YT RN Ty —REDO—DTHD.

FLOSRFOavH LT 4T Xy NT—2

24K OME A i Web ¥4 MEZ
Arkapravo Bhaumik New Delhi, India http://mobotica.blogspot.in/
Clearpath Robotics Kitchener-Waterloo, Ontario, http://www.clearpathrobotics.com
Canada
Fraunhofer IPA Stuttgart, Germany http://www.ipa.fraunhofer.de
Heuristic Labs Cambridge, Massachusetts & http://www.heuristiclabs.com
Oakland, California, USA
hiDOF Menlo Park, California, USA http://hidof.com
(Willow Garage tEmH AT T 1)
| Heart Engineering Brooklyn, New York, USA http://www.iheartengineering.com
Lorenzo Riano, PhD Berkeley, California, USA http://www.eecs.berkeley.edu/~riano/
LP-Research Tokyo, Japan http://www.lp-research.com
(A F RSB T2l i P AP e &




GBS
Robotnik Valencia, Spain http://www.robotnik.es/
Shadow Robot London, UK http://www.shadowrobot.com
Company (FP7-ICTHANDLE 1 ¥ = 7 ~ZEM)
Southwest Research San Antonio, Texas USA http://robotics.swri.org
Institute (ROSPE¥ oy Y — 7 Lk FH)

Hidh : http://www.osrfoundation.org/consultants-network/

» ROS VTR MDEE

ROS =27 A RE LT, 201245 A 19~20 HIZHT CTKE I RV T, ROS Con2012
NEEEINT-. Zoar7 A X, Willow Garage #3289 24F 78 H 2 R » b PR2 (ZKTF
L7gWy, ROS Zffio7cu Ry FRABORRERTHD. a7 A MEEZBERPRES,
ROSBH¥EED I v 77 Lo AL LTSN S.

ROSCon2012 T, 1% 5k (Google, General Motors, Aptima Inc, Yujin Robot, BOSCH )
&, RFHBHESK (D FURY:, bRy MRY, ZI9A4TNTRY:, T—NURS, A
— 32X —A K% (MREC)) , KO Willow Garage (ZfTJE D 18 ADFFEE 1 %3, PE
FHPEIC LY ROS FIHIZOW TR T 2% L o7z, LFOR 21T R T A% RT. M,
A= —DOREFEMZ OV TIZROS Con 2012 D' 77 A2, BT A L—E—LRT
A RERIRAR ST 58,

# 2: ROS Con 2012 71 7' A

Date | Time RRE ZA kv BT
5/19 9:15 Brian Gerkey Opening Remarks
9:30 Morgan Quigley Keynote: ROS: Past, present,
and future
10:30 | Break
11:00 | David Lu!! URDF and You Ty NRF(T AV H)
11:45 | loan Sucan, Motion Planning in ROS Willow Garage
Sachin Chitta
12:30 | Lunch
2:00 Damon Kohler Introduction to rosjava Google (Netty Project)
2:45 John Hsu, The Gazebo Simulator as a Willow Garage
Nate Koenig Development Tool in ROS
3:30 Break
4:00 | Jonathan Gammell, Using ROS on Field Robotic hry FRF BENFEH=
Chi Hay Tong Experiments in Remote RT 4 7 AfgEE (I F4)
Locations
4:20 | Armin Hornung ROS for Humanoid Robots TITATINTRKE(RAY)

8 nhttp://roscon.ros.org/2012/?page_id=33

10




4:40 | William Woodall “Moe” The Autonomous TN RF (T AV D)
Lawnmower
5:00 | Ken Conley ft Lightning Talks (ROS B % —
~VENMP LT O b—7)
6:00 Fin
5/20 9:15 Matt Williamson Opening Remarks
9:30 Stephen W. Hart Keynote: Architecting General Motors R&D
Real-time Control of Robonaut | (GM & NASA o #:[aI#F55)
2 using ROS and Orocos http://open.nasa.gov/
10:30 | Break
11:00 | Tully Foote Understanding tf WillowGarage
11:45 | Jeff Rousseau The current state and future of | Aptima, Inc. #*U.S. Air Force
multi-master, multi-robot (ta—~rkBU Y vs
systems using ROS FH7)
the MM SIG:
https://groups.google.com/gr
oup/ros-sig-mm
12:30 | Lunch
2:00 Chad Rockey Writing Hardware Drivers National Robotics
Engineering Center 77— %
F—AvrURFEN (T AY
7)
2:45 Patrick Mihelich Understanding the Kinect WillowGarage
3:30 Break
4:00 Daniel Stonier ROS on Windows Yujin Robot
4:20 Melonee Wise The ROS wiki how to make the | WillowGarage
best use of it
4:40 Benjamin Pitzer Measuring and Tracking Code | BOSCH
Quality in ROS
5:00 Bill Smart Teaching Robotics with ROS: T v hUREREY MLA
Experiences, Suggestions, and | A%
Tales of Woe
5:20 Sarah Osentoski Robot Web Applications BOSCH
(given by Benjamin http://ros.org/wiki/remote_lab
Pitzer)
5:40 | Michael Carroll Using Open Sound Control T=NURFE (T AV
Hardware and Software with http://opensoundcontrol.org/
ROS
6:00 Ryan Gariepy Closing Remarks

Hidl : http://roscon.ros.org/2012/?page_id=33

ARATARME, 20BELRESNATND. FIFF AR ¥ —IF, BOSCH 4, rethink
robotics #1: (IH Heartland Robotics f1:) , CLEARPATH I, Willow Garage #t C&H v, Z—/L K
AR W —IZ, Googletl, FA Y OWFFEREES T 25 Fraunhofer IPA 23> - 72 2 & 13K
i d%. 2012 4F & 2013 ED AR —% X 3 12 f#iT 5.

11



ROSCon2012 ROSCon2013
Platinum/Founding Sponsors ROSCo Platinum/Founding Sponsors e Bo’-;‘
) BOSCH @
) CLEARPATH (=] BOFSMCI[;I bttt CLEARPATH
HEARTLAND © . @
| Yl S —
robotics. ==
- Gold/Organiring Sponsars
Gold Sponsors -;Fraunho!er Google
oroWare m YUIN & RoBoT (’ e o i
Silver Sponsors L 4 YASKAWA YUIN ‘ ROBOT
--\»,'@= e P —
2 @ ~—*sRobotnik

3 : ROSCon AR ¥ —
HYEL : http://roscon.ros.org/ K 0 —FRANT.

» The Google Summer of Code ~&1I

The Google Summer of Code (GSoC) %, 200545 H /x5 8 HIZHID THIME X4, LI,
HEBE SN TS, Google BIRELIZ7 Y —Y 7 Ny T A —T =27yl
hC, MIMFICHREZ 2 V7 LEEEANOFPAEICESEZ A OHETHD. ZhHETICD
PCL <> OpenCV DRy NOBEREIOA—7 0 —ZAFERSIM L TN 5.

OSRF /%, GSoC M7 =2 MIXtL, LAFOMEZ %L T D
. (GAZEBO 7’2 2=z F) ©Va v VHOL UV ADELRD YR 2 b— b JBEE

— DU T VAT = RERAEREDTZ D GPS By I al—va
v/ ab—va v (SDF) OxF 4 & AT T vF— ik %S
Google v v /A VX —T = A A

. (ROS 7’r Pz 2 F) ROS v AT LOAKAFIEZ RS 2720 DML L= ROS 74 7
ZUVOHE, ROS 7 747 FNHOHE LWwIZ A—5& API OBH%

. (CloudSim 7’1 2= 2 F) AmazonWebService |Z[RE S N/eWBp 57 Z 0 K7 nm
NAZ DD LA ¥ —BA%, CloudSim ®—f%{t. (python, javascript),” 7 7 v KA
VAR UADERRE a Y a = 7O ® Vagrant & Puppet DT T A R—
k27 2% KT CloudSim Z#|H 357 DA—TF 2% 7 /CloudSim & /787K %
A L7=#6BA%,/ CloudSim (2 L 5 HEhT A Y — LEE%

12



23 FEH

Willow Garage 235 CT/Z ROS &9 A /) R_R—3 g 0%, ZOHIFIESICEDL S, 4
— =AU RT 4T ADIE I 2 =T L LTHERL, WERHWALE LY H .
ROS 1%, RFHEACMDOA—T v —AMEDOaRy vV 7 b7 =7 OWFEAMSR % ROS
M FICID AR, ZHBEFEHOA—T v RsRET L E LTRET S, £2, A—
Vo7 URA MR ETOEERHEMIZLY, Z<orRy FFEELZ ROS L) F—TU—F
D EIZEDTE.

AREETIE, Willow Garage tL/xH DA 7 7 M %D OSRF OIEF#E & LT, ROS D R—
MEBLE L CoOarv LT 4T xy U= OB, 2T AN, KWV, a— K27
Y rOREEH T, ZhiE, FAIRELHEE I 2=7 1 DIKREERT L4 —7 Y
—AMES LWilEEOMIE THDH. 7272 L, EOCSMEGD-a 7 X Mg, ~oF

¥ — I K D ROS YR — MEBIZM L TV 5 a0E, ROS OFElz B IV L
Bl & G OMEAERZFERT 2B ATHY, EHTREHRLNZD.

—77, KEZKOEENOrR Y h~DOEHLA L OSRF & OBRAEME L7-%A, ROS
DIERIZIE, WAy FEFEE R Y FOE VR REHZ I ISV < O
2 5. Willow Garage 4D BV X AT /VOEE, FEAKMROBILIZZ DO —HIz T 720,
VgD T, EZFMRS Y A & OBJEMEICE L LR35, OSRF KUY ROS D)
IZDOWNWTIRR 5,

13



3 BRBFO ARy MEK & RFEEES

2 EHIH T8V, Willow Garage fEH A4 —7 > Y —20aRy MIFEHEEZ U —
RLTCEZD0&EE Z5IHW\72 OSRF (X, 2013 45 2 AIZ, KkEFEaRy MK Th b
National Robotics Initiative (NRI) 7»HDOXZEEAFEEK L7-. Z1UT LV, ROS X, —RMEHE
DEHTLITuT =7 Mpb, KEOEHEFTHMBMOER 70 =7 hOHNF LR,
£, BRMEEG ORI T r 77 A THDH FPTIZEBWTH ROS 28 HT57rY = |k
W%, 62, Y, BFTHOMETzGaOREE(EELPLE LTcar Y=V T bk
T 2708 7 a— Ui k3T A TN,

LI, 31% T, KEBFOuR Y Mi%k & LT, NRI (National Robotics Initiative) &% O,
DARPA ®u Ry FEH oY =7 MZHOWTik5. L <IZ, DARPA FEORRT 7
ATy Lroral T MIBITAEMNHEY I = L—F—% OSRF N5t 217> T\
L, TORRBEMLLEESMED Y I 2 L—F —DFAEEICO W T HLRE#HTS. £
72, 2013 4 3 HiZwERINT, KErARy MEFEDOr— K~ 7 &, Robotics Virtual
Organization (VO) (Z®fitivs. 3.2 BT, BINEEDO Ry MEkiZfiliil, ROS ZHH
THFPTAO T n Y =2 MRl 5. 33ETRMEAMEDH M E LT, ROSEHE= Y —
T DOIEFENZ DWW TIRRS.

3.1 KXEBFOARY FER —NRI & DARPA—

» NRI (National Robotics Initiative)

20114F 6 H 24 H, KEA NV KHEEII I —RF— A v RFACBIT HEHBICT, KED
HEXoHEEILEZD I L, LmE N— ) —2 v 7 (Advanced Manufacturing
Partnership: AMP) Z#fiitk & L CRE L. ZOHR AMP O L LT, ®itftoR vy k
FFZEBASEICEL Y e 7812 %65 L, National Robotics Initiative (NRI) 7’1 7' Z A% D S
7210,

NRI (%, K[ESZFFS28F (the National Science Foundation : LLF NSF) 23 &M L, frZes

S AMP DR T A "D ZAERFEMCHOW T T 22RO Z &
http://www.whitehouse.gov/the-press-office/2011/06/24/president-obama-launches-advanced-manufactu
ring-partnership

W NRIDEYT A ST ARRFMIZIOWTIUL FEZ SO Z &
http://www.whitehouse.gov/blog/2011/06/24/developing-next-generation-robots

U R cdh 5 NSF 1%, 2012 42 FHIZIHBVLT 3,000 5 R/LZ NRHCHLE L TWnb
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H/R (NASA) , KESZEAMZEAT (NHI) , B LORBEE (USDA) D4 4 HEBINETHE
WP C U m AR NFFERR RS & 7,000 5 RV E CHLHT 5 & L, JERITTASEEFEM L T
WA, NRI X, A EHIZ@E AN ZAR— T2 eRy EBICHZINLTEY,
RUESEOEFEMEN E721F TIE7R <, 4BDOS 2 OFS I CIEHR CTE 212 Ffou Ry
T A B HEFICVI DY NRI 7 1 7T AOFMIZ, [RH, NSFOCEE T nsfl1553 (2 &
D3RI NIZE

T, kitRoe Ry RO ® T & “Co-robots” & LTWA. Zhiie R
v NOBBOT-DIC AR Ry N LBETIEXET 5 ET A TIER L, AMOETHEEE
ANx DVEEZTR LD ORI 5 MiEZ2 b om@ i o Ry hOERBEZBEKRT 5.
NRI O 5 BFFEHEI A A — T #2412, JSHERA A — V%X 5 I12RT.

Cognition: Learning,
Knowledge representation,
Planning, Navigation

| Smart structures and |
envirenments

Sensors &
perception

Intelligent
Co-Robot Human-robot interaction:
Networked physical & social, language &
communication
Multi-Agent

Manipulation:
Haptics, Tactile

Cognitive prosthetics

HW/SW Architecture
platforms = Mechanisms,
Control, Modeling

Mobility:legged, wheeled, aquatic, aerial Exo-skeleton Soft
augmentation  structures

X 4: NRI OHF 2258k

Hi#t : http://iwww.nsf.gov/pubs/2012/nsf12607/nsf12607.ntm  (Fig 1. Representative NRI Technology Space)

http://nsf.gov/about/budget/fy2012/pdf/fy2012_rollup.pdf
R AMBOBEMASB CHERTE58 Ry hELTUTALITFLNA TS,

o BUEZEEF O G O A REME D k-

o fEMRDOEEMTEICB T D FEEMIT LOXEESE

o B OB A ERIE S OMEH AR R O SR

o TEMNC L A5 Rl e HIC L D 'S 022w
http://www.whitehouse.gov/blog/2011/06/24/developing-next-generation-robot
BNRI 712 Z LOFMIIL FESROZ &
http://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf11553&org=NSF

W, AK7'w 7T AE2012 49 H 11 B, CEFHF S nsfl2607 (2 L0 EHRAFEIT STV D,

RHRUILA T 22 Mo Z &
http://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf12607
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Co-Defender Co-Inhabitant

Monitoring Intelligent @

Inspection Co-Robot
Human-\ Manufacture

= 4 Robot|& Automation
1 Interfaces| Macro
Intelligent
Transportation 'Manufacture
& Automation
ticra/Nano
Unmanned
Vehicles Medical
Rehab Surgery
Orthotics
Prosthetics

Co-Worker
X 5: NRI 0 )i F S8

Hidh : http://www.nsf.gov/pubs/2012/nsf12607/nsf12607.htm  (Fig 2. Representative NRI Application Space)

Co-Explorer

I 56T, 2011 42 8 A 3 H, KEPG#4E (Department of Defense : DOD) %, the Defense
University Research Instrumentation Program (DURIP)% i L C NRI O Fr4a #F L=,
DURIP (%, RZHEINIFEICHR T 5 ERFEICEE L SBORAER IO P =THEFD
s kA B &5 4,000 5 RAHRLDO T 0 7T 5 ThD.

DURIP /%, the Army Research Office (F2EEMF7EFH50T) , the Office of Naval Research (Vf
HAFSEHT) , the Air Force Office of Scientific Research (22 H R} ¥ A=) , 38 L U the Office of
the Secretary of Defense (EIRFEET) ICL - TSRS D, 2012 FFEEDAFETIE, R, o
RNy M LFRE T R— T 52 EET 2 -DORELEH L TV D.

W, N OREZeiE Kk OVEIE ] O & AV AT A E G RAFE O EIRE, kO
IS FBFSE IR B T CH D & SN DD, BIHE TIE, DOD 1T K 25 B 73 pe i
~NEORLAMELEDE THROS b D.

Mg« CKRERFHERIE

ZOXIRERT R Y =7 NI R y MFZERFE OMEHE & FEE U <, 201149
A 16 H, The Leanhy-Smith American Invents Act (AIA) & FR S5 KERFFRSEIEN 43~
RIEFENT Ko TEA SHURRNL LI2P, KESRSEFET, ERPAEFE LR OEEERE~BITL,

4 DOD ® NRI SZFFDOREFHEMILL T 2SO Z L
http://www.whitehouse.gov/blog/2011/08/03/supporting-president-s-national-robotics-initiative
http://www.whitehouse.gov/blog/2012/05/17/robotics-initiative-gets-dod-boost

DURIP 7’1 7' T WMZHOWTIFLL F 22D = &
http://www.onr.navy.mil/~/media/Files/Funding-Announcements/BAA/2011/BAA-AFOSR-DURIP-201
1.ashx

B F N REEORFFHR DR YT A T ZAFRITLU T 2RO &
http://www.whitehouse.gov/issues/technology

16



FEFFHERIECRRAAC IS U D T 7 2 EE 2SR T B 7™,

» DARPAOORY FFOTTH K

DARPA CKEP; @ &M FEEHER) 1%, FERREEH O 72 6 OB HEAMT B I K OWFE 217 5 K EH
Pise B OB TH D, K & EPRE OEEM#ETH Y, HICKXDEENRTHEZS
RN, HERH A R TOIL TV D L nbitd. DARPA X, ZHLE TIZWL 20
ouRy N Ta 7T A EMEL T,

E<IT “DARPA 75 RF X L7 LIMEEINS ARETHEICL SRy M —L—2X
DENAFEITE <, 2004 4, 2005 4F & Ak IZ B <4, 2007 21T “DARPA 77—/ N F
Y LY LLTHicoOr Ry M — L —2ARRgEINT. 2D 2007 FOF ¥ LY
TlE, AX 74— RFRFOHBETETHS  “Junior” 23, EE®MRE T AT L2 ROS
DR ZA7ZVEFHALTEY, ROSDHBETHES~OBEHEF & 72> TnD.

DO DARPA D u ARy MEAFET 1 7 T AIIE, 20002 HE DAE L /c~v = o L —
Ta VDD “ARM (AUTONOMOUS ROBOTIC MANIPULATION) *®” a5 A
Rd&V, ROS & OpenRAVELZFIH L7~ =t 2L —3 3 DO DMAEREN, H—3F
—ABYRPZIVRBESNTWDED, 72, uRy oD & EBEER Eo-do “M3

(Maximum Mobility and Manipulation) 2" 71 277 A b, HELEITHFTHS. 51T,
2012 4= 10 A X v BH%A L 7= DARPA Robotics Challenge & & %. LI, OSRF O#2fft4 2 1

18 KEFFFFHESIEIZ DWW T T 22 B I L
w EAS “2011 AR ERFHEUOE O | FFFF0TJE PATENT STUDIES No.53, 2012.3
(http://www.inpit.go.jp/content/100488243.pdf )

17 http://www.ros.org/news/2010/03/robots-using-ros-stanfords-junior.html

B ARM 7’0 7' KZHOWTIE, BLFE22ROZ &
http://www.darpa.mil/Our_Work/DSO/Programs/Autonomous_Robotic_Manipulation_(ARM).aspx
http://thearmrobot.com/aboutProgram.html

https://sites.google.com/site/moslemk/home/arm
http://www.robotshop.com/blog/en/darpa-develops-affordable-robotic-hand-217

19 OpenRAVE (Z2W T, 4.2 (6) (ZFfub.

20 ZBSCHR[3]

A M3 T ST AIONTE, UFEBROZ &
http://www.darpa.mil/Our_Work/DSO/Programs/Maximum_Mobility_and_Manipulation_(M3).aspx
https://www.fbo.gov/index?s=opportunity&mode=form&id=7977e4d033fe1362h836537285d9aae8&tab
=core&_cview=1
http://spectrum.ieee.org/automaton/robotics/military-robots/darpa-wants-robots-that-are-20x-more-effici
ent-so-do-we
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Ny MY 2L —%— “GAZEBO” (2L <IZ#%H L, DARPA Robotics Challenge % & ¥ &
F5.

» DARPA Robotics Challenge

DARPA Robotics Challenge & I, KFERAEESL OHEREREE F CAORD 0 IZHY CIEE)
TRy b, OFVIFMERE CIEB R KESSH Ry NHE TR Y27 M TH
5. 2012 410 A6 27 w» HiZbleo TS LD, KEFEBRL TOFEEIOD, AR O
FEHRHAERZ D Z 0, BBHRIEICL > THFEMARL—F—TbrARy FEEIETE S
AV BT =AMz T-aRy N AT ABREEDI LTS,

IHIZ, M TRHALLTWY 7 by =T ZEBL, vy MEBOa A NETIT D
ZEELHMET S, DARPA X, K717 T LADOEAE L THREE 3,400 5K R/LE CHLHY
T5.

Z @ DARPA Robotics Challenge (LLF, DRC) 2B\ TlE, ROS =21 —F—Thd
GAZEBO 7%, BffifiE (Government Furnished Equipment : GFE) + 2 = L —# —& L CTERR
hi=%2. ftk, GAZEBO i%, Willow Garage ft3A—7 vV —2D v I 21 —4—L LT
ROS ZH AR — T H7DIZiBt L TWeb o THY, BIFEIX OSRF D7 ey =2 hO—D
ENEDIT BTN D

DRC v Z/'Z A H® GAZEBO %, DARPA ERIZAEDOETHAF v AL XEINTEY,
DRCY' v/ Z ANORAy MEEEH DT A by MIfEST b5, Fiz, GFEV I =
L—4%—%, DRC a2/ 7 ALNT, VI —=ZAEHZHITHLEENTWS., ZHITEHED
R ZEA L72EAT A MT, GAZEBO #3617 7 v a7 v 7 LT EWNnH e T
HA9.

£<IZ, DRC 707 T hDHH 7 = —XiF, ¥ Ial—var7=—XEMESTbN
TkV, GFE ¥ I =2 L—% — OB BEFHMBIFIZ72 5. LT, DARPA-BAA-12-39
AMENDMENT 12X ¥, GFE ¥ 3 = L — X —OiEE A RIZSIHT 5.

2 DRC 7’177 5D DARPA REZIILL T2 BROZ L
http://www.darpa.mil/Our_Work/TTO/Programs/DARPA_Robotics_Challenge.aspx
https://www.fbo.gov/index?s=opportunity&mode=form&id=474a97a4e8echfa007d2f805a23e13cd&tab
=core& _cview=1

2 g DARPA-BAA-12-39 AMENDMENT 1 pp.16
https://www.fbo.gov/index?tabmode=form&subtab=stepl&tabid=da874be53bfcd352abeeObedblchbalb
(April 30, 2012)
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FExpectations for the GFE Simulator include the following:

(1) Models the three-dimensional environment

(2) Allows developers to import kinematic, dynamic, and sensor models of a robot

(3) Allows users to send commands (identical to those sent to a physical robot) over a
network to and receive data (similar to that received from a physical robot) from the
simulated robot

(4) Uses physics-based models of inertia, actuation, contact, and environment
dynamics to simulate the robot’s motion

(5) Runs in real-time on the ‘cloud,” Iikely on Graphics Processing Units (GPUs)

(6) Cloud computing resources will be funded by DARPA for up to 100 teams

FREGIHOEI) Iy FU—ZHM, HE) 277U FETOU 72 A LFT, HE)
ZiZ7 70 Finb D) Y —Z BN L SR TWD A, 20 GAZEBO © 7 77 FEiZ>
WTIE, BEEBRAATR, EERGE L7oBIE CIIBRICER I TV D F, Bk, —fka—
#m\F CloudSim 73 AmazonWebService (AWS) L~V UV —2&j, 77U Ry I alb—HF—
7 Web H— B R 2L 2 BAR L TV 5.

W, DRCZaZ 7 hl%, b7y 27 ANSEDO AODBBEIEEND DN, GFEL I 2 L —
HZ—DERIZOWT, F7 v 27 B & CORBEFICILGFE v 2 L— ¥ —TOHENEEN
IF 54T (Required) W5, hT7 w7 AL D OBHEEIL, FHNPEEND (Desired) & X
N5% BEFTIC, DRCTFB VT LDAOOEHFEAZLUTICELDS. M, FFv 7 A
12, ISK ODHFEFELIZED2F— 2705, ME—KEHNDA U N—THEREND FT 7 A B0
F— b LTHEIRSN TS,

e FIVIZAMADYAT A ON—K&Y TN BT S, Z0) LHEAHEE L @A
L7 KRB F— LIkt L, DARPAN 1 F— L5 7= H K300 77 R E TELENT 5.

e Iy B:#HAY 7 NORERREL, YIal—TalTHRETDH. &K 12 F—
LIZxt L, DARPA 2N 1 F—Ld72 0 ic kK 37 75 5,000 L& TEEEINT S

* 7 v 7 C:DARPA O&&EML LICHIEHY 7 F 2B L, v I = b—3 a3 VB

24 http://gazebosim.org/wiki/DRC
%5 http://gazebosim.org/wiki/CloudSim

% Wi DARPA-BAA-12-39 AMENDMENT 1 pp.9-11

https://www.fbo.gov/index?tabmode=form&subtab=step1&tabid=da874be53bfcd352abeeObe9blchbalb
(April 30, 2012)
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N4 5. DARPA 135K 100 F—AIZxfL, 79U FarEa—F7 470U J—2A
ok T B

e FI79 7 Din—FRLYT R NEFLERRY AT A% DARPA OB &7 LICBF L
THEICSINT 5. FRIOSINERFEZELHLENH 505, @iL DARPA 7 E&E &5
B3 55 —LLRICEKMETEHEECTES

» A Roadmap for US Robotics: From Internet to Robotics

HAFE S v ARy MEEFEEEY (Congressional Robotics Caucus) O&=E T, vh - Mif
%2« AR K OEEICHTOH LWAEE T AV BZBT R T 47 ADu—RKvy 7
A HF—Fy " uaRT 47 A~ (ARoadmap for US Robotics: From Internet to Robotics) |

, KEvRy NEERNSREINTY. ZOWREEITELMEEO—F 2 > TER S
nNTEY, TAVIOuRy EHBEOBFHEHRSCRIEE - EROFICET o0l y bk
FNZONWTENNTND.

Flo, vRy FPNERT L THA O EHORRTRIL, A%ouRy Miily, BEEEE
OFHEN, ANHAEEOEOR I ED XS REENDH D72 IO THin TN,
Zonr— K<y 7 2009 FICHEEINTZ LR — FOBETHRTH Y, NRI OFEHIIESNT
W5,

n— R~ 7™ 1% 410 fii “Cloud” Robotics and Automation for Manufacturing (2351 C,
Google ttD HENEL A 7 T RuART 4 7 AL LTHIR. £, 77U KaR7 47 A
IZE DT =< A\ EIZHONWT, 5 HADEMA®H Y, ZOH T ROS T2\ TH 5
HRLTND.

5 HHEIE, 1) &7k MG RE HOE b0, g, #X, WEkTr—207a—nN
NTATZYORME, 2) BTN ZROFEFHIET U 7 LEMERROLOA T
R CTOBIFIEE, 3) #ul, @ERIERY o —, #REO Ry MEA, 4 ROSD L5
BARE 27—V 22bb, A—T vV —RAa—F, F—%, 7arJ I 7k, W
AERESR, N— RU TR, AfES Lodts, 5) BEEZMRMLT, A7~ RTA
WZZWr A ERkT 5, FThDH., £, FEELTUL, X2V T 4, 7740 —, @E
REEIZHES QoS VAT Ui NhHiFonTnd

27 Hidi The Road to Cutting-Edge Robots
http://www.whitehouse.gov/blog/2013/03/20/road-cutting-edge-robots (March 20, 2013)
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» Robotics Virtual Organization (VO)

KEDORRT 47 A — Rvy TORIA ST RFERIZHDOHE, NRI 12X 5 Robotics
Virtual Organization (VO) #2333 S iz, YmEix, NSFIZL-THEEINS. VOII, Lit
B— Koy TORTETD, SHIC, TAYBCBT 0BT 17 A8, LR, &
R, RIENAI2=FT 4 LOORNY, Fue—a OEREOET, RS T
HHEOIL, Fy NIT—=F 0T« 7Ty hT7r—rERMHEL, BE.- 2 v=T7Y27 .
T - BB S CHEZD ST L LTV, VO ORKHREEZ L FIChiTF 5.

o KEDvRT 47 An— vy TOHEF, YLK

o wmARy MIAIZET R - ¥ ~Dar P LT —a s

o K12 (UHERED O EmEFKAEE TOHEMW) o0, vy N LFE2EDIKE
PR D12 O D NMBE R ZAT 5 BEMMIAKS. BEF Y — izt ~—2 7 —/L DB
e ol

o N OMEET TV T —va r SBITT OO ERANT T I T 4 AD
SR, Zhicid, B, LE7 7y F 7+ —ADEMICB T 2EE G

o HMRITE<BRT 4 7 AFREEHL, TRTLODRA T =X LZHH, kT D

o MW N E w7 ADOFHIEEOELE D, Special Interest Group ¥4, XEL, VYV —
2 e T 5. ZHUTIERRS, Web Blfili, A—V 27 URXN, TRy arsTt
— 7 LD ERB T D

o BUMIE L, FEXER - FH - —BHEeEa—T 4 X — MDA S 21T H

28 http://www.robotics-vo.us/ (Robotics VO 1 )
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3.2 ExpESEDORY FE%k —FP7 & Horizon2020—

2007 FEN BB S EU ORFZERRR 7 1 77 A FPT WThH, 15 HE(E i B
(FP7-ICT) DA T, FET AT A& mARy L% (Callenge2 : Cognitive Systems and
Robotics) Z#ftHE L, vy MIELZEAMEL TS, WESHFET 120 K0 DRy M
wTOT el NRRELNGEI—aOEENBEAIIZ. FPTIX, 2014 4 LIREIIAFSE 8T
7' 77 A Horizon2020 ~5 EfENI D Z ERBRINTEY, 2014 HF~2020 FFDO 7' 7

LRRO T HBIITA 800 fE1—r THD.

201249 AT, MRMZEESRIE, BREETORR Yy MMyl o S 572 2 Bkl 2581k (PPP)
ZRERLTEY, FM 150 Eax—eHEon RNy MLz RINEENEET L2 2R
T eI, VAFa—, X2 VT4, ZV =0 aBICERL, EUNOT R T =y
vaF - RAuRy FOSEEER O 40%MEE THIL TV 2%

LIFe, FPTINTROS Z8HT5rARy MIET R Y =7 b0 3 HlE 7T

» RoboEarth 7O> x4 k 30

RoboEarth |%X, 77U Rarva—T7 47 %FHLE, vARy ho7=H@ World Wide
WebZEHL LI L T2H7 TV a7 4 7 AD7ay=r N Tho. FPT-ICT 7/ ry =/
FATIE, EMRREET ) 7 ST FE OO OM#MN— A0 Ry MNiEA % B
L, 2009412 A~2013 4 11 H& 7 ey =7 M E LS, 6 ALK SN D.

A=TAFR—L =L, TA LV PR=T =V ITRRE (FF70%), ZNEE, a2ty
RAVRRFE(RAY), L2~y IRRE(RAY), Fa—U v BETRRY (R A),
Y7 IAYRTE (RAA ), EEFRDS Philips =17 hr=72ATH5.

RoboEarth 1%, RMEMEZEMA TR SN2 ERHHEZRREZA L, FPT OMSEAZE X 72
rua—siparyy =7 LAHEE LTHIFEB LTS, ZERO A 3—IF, Aethon 4t
CTO @ Spencer Allen, KUKA fL® Rainer Bischoff, Philips ~/L" 2% 7 @ Caspar Garos, -

2 FP7-ICT & Ut Horizon2020 ® 2 AR v s ~OEFLAILL T E SO Z L.
http://cordis.europa.eu/fp7/ict/home_en.html
http://europa.eu/rapid/press-release_IP-12-978_en.htm?locale=en
http://ec.europa.eu/digital-agenda/en/news/commission-and-european-industry-commit-bigger-and-bette
r-robotics-sector

% RoboEarth AR A1 MILLFESHOZ L.
http://www.roboearth.org/

81 FP7 N RoboEarth 7’2 ¥ = 7 h OFEMIIILL F & SO Z L.
http://cordis.europa.eu/projects/rcn/93278_en.html
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WilloGarage ft: Director © OSR ff ] CEO @ Brian Gerkey, Google U #—< ¢ Ryan Hickman
& James Kuffner, Adept 72~ / v 2 —® Paul James, ABB v 77 ¢ 27 2 Volker Miegel,
P —rZ2a R v kO SCHUNK £ Christopher Parlitz, Demcon £t CEO @ Dennis Schipper,
KIVA & 27 5O Pete Wurman TdH 5. 2% U, RoboEarth 7w v =7 N, R 1Y
=7 MifkEB¥Ea Y —2 T AR 2 EIEEZ FF.

IROS2013 (2013411 H H ALBA{#) TiX, RoboEarthiz L5V —72 v a v 7S5
AL EREE, AA ZAELTRRFT =2 — U » KO Dr.Markus Waibel TH Y, U 7+
V=T RFEN=7 L= CKEH) , AV =2—F VELTRRY (AU =—7V) , FPT HH
TuY el MIBMT L0 T AR (AA ), Fa—U v e LRRF (A1 X)
WillowGarage #1: CKE) O&MEENFMEE L LTSINT 5.

RoboEarth X, 7 7 7 REMOGET — 2 X—2AAFIC LY, BERFEHEEE L, 1
Ry e R VBMRZ A7 ICHEATHZ L, HONTDFHBEILTWRNWY X7 ETE
AL 95 2 L ZHIET. RoboEarth 7 —%7 7 F v #[X6(Z/77". ¥, RoboEarth?d Y 7
Mo x7 arR—xr MIFHFmHm= Y “KowRob®” , 770 Ry e LTo “F
B #3” | “RoboEarth 7 —# X—2R” SN H 5.

&dﬁﬂﬁés

Databases
Objects, Environments, Action Recipes

janag

Services

. 4
@ *
: : =
Abkon Exrecition Environment Modeling 5o
o @
Sa
Semantic Mapping 2 2
Action and Situation &
Recognition and Labeling Learning
v (B) <A
Skill Abstraction Layer Skill Abstraction Layer

ayseds
logoy

XN

(c)

X 6: RoboEarth’s three-layered architecture

Hi# . M. Waibel et. al. “Robo Earth “, Robotics & Automation Magazine, IEEE, June 2011, pp.69-82, 2011

82 http://www.roboearth.org/iros2013

33 RoboEarth OHtim— 2 > “KnowRob” 122\ T, 4.2 (5) (2R,

* RoboEarth 07 7 K=y “TEa 4™ (2o T, 43 ¥ “RoboEath 7 77 kv v
VS X” OIEICEER.
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» HANDLE 7O<z4H k 35

HANDLE 7'm &= 7 132009 42 H ~2013 42 A IcfThodn, @ik & 78 L #Heam &2 fias
b, FERMICIEFRT & LTCOFAHBHEEFICWNIZ AOFITEBI L7za ARy by KB
FEBEFELTWS., Yry=7 MIEUNMBEEORFHE, REME¥E, BUFHEEIO 9 k)
bR END.

a—F 4 F—F—I%, KFHBEO UPMC (77> R), SMEE, KEHEE LT, 4L
TuRE (AT =2—F2) , UCIM (A1), aA T IENRE (R sHnr) , IST

(B FFV), KCLEEE), TV TR¥(RAY), PEFEFRD S Shadow Robot Company

(FEE) , BUEBEE LT7 T U ADFF ) - =¥ —F (CEA) BBMT 5.

Shadow Robot Company % OSRF @7 o — L3 YT 4 7 Fy NU—ZIZH 3L
THEY, FFIZROS & BEAEE. 20124510 A 7 H £ Y Bl X472 IROS2012 ¢l Handling
ROS Tutorial] & LC, Willow Garage ®D#f%t# & HANDLE 7’1 = 7 - ~OSMHIE & D
AT, ROS ZHW-uRy " ROV U7 a s hAoFa— Y TURBES L
7-3%.

HANDLE 7'm ¥ =27 N TA SN TWD FEIEMLZ M 7 (R d . HFHIERO FTALOHIIE 7
TR L, ROS OEFEE 7, EERM, BREMMNMED o2 A7 Tatw 2%
FIHLTWS. LI, FRRCEBHEEIC 3D SR PCL (Point Cloud Library) 3% i
AT 257D ROSZHHLIZENZ 5.

% HANDLE v ¥ =7 hOFEMITLL T 250 = L.

http://www.handle-project.eu/

http://cordis.europa.eu/projects/rcn/089250_en.html

% Handling ROS Tutorial DFEAMIZLL F 2D Z L.

http://mrl.isr.uc.pt/events/iros2012tutorial/
http://mrl.isr.uc.pt/events/iros2012tutorial/download/leaftlet-ROSTutorial-IROS2012-forDownload.pdf

37 3D ASEELEED “PCL (Point Cloud Library) 7 122\ T, 42 % (2) ZFfb.
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HANDLE manipulation and in-hand manipulation structure version 0.4 2012-05-10

|Enwmumenr5ensmg | I Environment analysis (Point Cloud Analysis!
| ————-__\
Pcl. mb.” ;‘s:lf ﬁH:urﬁMn:h:dDhI | SointCloud2.mag objdetect objtrack
| ucam Rm ucaM ucsM
Tabletop_complcte Tabletop_object recognition | reconstruct vfn
_—_ - — - - - — = - —_ — — = Bos o Store u

- — — — A

14
ﬂbiec!_wgurhhnsz

|simp4e abjact reoognilion‘ | KCL Viz
Primitive Mt =T LPMC + KL
ORU J, [FGUT & RVIZ

yberglove Mapper| Grazp Ranking
AU UPHC

; [ o] i
|cn==u Mdtn‘c| |';yn=n;_ycr-=ping‘ = . e0bj=ct Drawer
IsT UPMC o *Fake Tracker

SR controller manager | |
ROBOT SIMULATION | § iy |
SHADOW + IST [tactilel *pr2 controller manager slistcontrollers |
| egazebo arm and hand moter ellipsoid | emixed position velecity controllers |*Load unload switch |
| osr_arm motor |
[ psr_tactile il
| | Am Controllers Impedance Controllers |
‘ LPMC UFMC |
| learn controller manager efake inpedance controller manager |1
| [*position controllers ls2mpedance controllers |
| KEL zenzorz SIMULATION lejsint contrallers
‘ PN | |
‘ |
|
\ |
|

7: HANDLE manipulation and in-hand manipulation structure ver.0.4

Hi#t : http://www.handle-project.eu/index.php/project/software-architecture

» ClLoPeMa 7o<oz4H k 38

CLoPeMa & X, Clothes Perception and Manipulation ®lI§C&H Y, v =727 MAMIX 2012
F2H~2015H1HTHD. 7L OKRMPOME L v = 2 L—3 3 VHBIEIC
IRy hP—ERAONHILEZEBE LTS, a7 ML 450 EUMMEENLD 5
MABREK S, =—F 1 F+—& —I%, CERTH (¥ VU ¥ v OMRAIZEHER) , &I
NEOVISION (F = a2 OB EHMAE) , Fxa LRHKYE (Fxa) , FLAIT—KPE (&
EH) , Y=/ NKFE (A ZVT) BENT5H. HY58E, CERTH A7 uy=/ NEH L
HRET 7 =27, NEOVISION WY AT LA VT 7 L—ral, FxalRRENEEM
Ry FOFE LEET —ZEN, L AT—KZNRID EV g O — Ry TR, U
= ) NRENTE T ORN 7Y v =B EAT D . R 5 5B ONFEREE Y —
STVl MIBML, vRy M—E2BREHETS.

¥ CloPeMa 7’'m ¥ =7 FOFMIILL TEEBOZ L.
http://www.clopema.eu/
http://cordis.europa.eu/projects/rcn/100800_en.html
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7 — A%, YASUKAWA MOTOMAN #¢> MA1400 T o
EWWMAADE (K 8) , “haiErsty BaT P .
IZ ROS-I®ZFIH L, ROS #X—R L L7z C++l
Python (Z X BBH%Z21T> TV DY, T4 —7
V= ATYY—ATETDHD. . B

W, ZoO7rYx=Z MX, FPT-ICT NOR|7 v v 8: MA1400 o X Fi|
=7 hTRARy MO TS AT T8 http://rosindustria?.jtﬂfrﬁblr.com/post/z9802
L ORBHBFFEICHLY #iTe ROBOSKIN & iz &  285320/dopemarproject leverages-ros-indu
%4,

33 ERHTEXEH —ROSEXIVY—VTFL—

ARETE, BEA¥42T0LE L0 e — LR EEORAE LT, “HE¥HAoR v
K @ ROSFIHDOERLATHD ROSEE L Y —2 T AIHOWTCit#HT 5.

» ROSEXaVY—LTL

ROSFEH = Y — T AE, “PEEMmAR Y B O ROSHHDOEHA TH 5. ROS HEHE
Ay V=7 A, KET X RN OB IEE I SEER R EES O Southwest Research
Institute® (P 7 27 = 2 MIFZERT : BLF, SWRI) 23HUL & 722> THEEE L, BRINND RA >
O Fraunhofer HFFCATAEPERAN « A — F A —2 3 U (IPA) 35 L T\W5. %72, OSRF
t, 2013 4E2 A @ Willow Garage #ED B Rr AT I/VERER (OF Y, NRI D OSRF ~D
TEFEOERK) 1T, ROSEHXaL Y —v T A~DERSINEFH L2,

ROSPEFH Y Y —T T AE, 201242 HIZHRINTZROSEX T V=7 MPDRREL
7. M7 ey ME, ¥l ROS %R\ TUW /= Willow Garages 1 &, KEDEX R v k
=3 Adept Technology, Inc. (77«72 /mY—) , SWRI @, H{FE7ar=s k&

¥ ROS-I L1E, ROS #FE¥H ARy b~ L7cA—T v Y —=2ADTA T T VHTH L.
ROS-1 {22\ T, 3.3 B ROS-1 DIE|ZFEIR.

% CLoPeMa 71 ¥ =7 K ® ROS-I fIHIZOWTiE, LTFZ&2BDZ L.
http://rosindustrial.tumblr.com/post/29802285320/clopema-project-leverages-ros-industrial

' ROBOSKIN 7’1 ¥ = 7 hOFMIZLL F 2SO Z &,
http://www.roboskin.eu/

2 OSRF M ROS £ Y — 3 7 ABIMBEELFIIUTEBROZ L.
http://www.osrfoundation.org/blog/osrf-to-participate-in-ros-industrial-consortium.html
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LR L7223, 2012 4F 8 HEHIZ, ROSFE¥ D YV —3 T A EAFREATE L, BRI,
ROS-Industrial open-source software (LA, ROS-1) \Z X B EEREESITEERT D200
F—h A= a VEROEER Y hT— Mk ENLEST SN TV DR,

ROS FE¥ar Y —o 7 MY, EXEHArRy hObOEEEE, A—7 v aia=740
FHMEZ MG DT, ROS ICLbuaRy 7Y r—ra VBRIV EERrR Y k
BRZRSICL, BBEaA MEHIRT 222 BB LD, BIFEIE, &< IcEkon R
Y NV RATLAREZDORFEY —ARaIa=T 1L, ROS DV T7 =TT A7 7 U DfH
D7V v R, K, a7 ARL—raroooEmo T L—AU— 7 kAT 5 L
%. ROSE¥aL Y — 7 AORAMIIUTTH 5.

o PEEHuRY FOMFEALHME DI 2= 4255

o  JEXICEETH ROS TV —a v E—EHHCHOD DY (one-stop location) %
7t )

o EXEMEO=—XZT, BETEEEOSWY 7 Ny =T ZRFET S

ROS OEFTEBfFOERTINZMAGDLE S, HlZiX, ROS O LA L~ Loihe & i
M=y ba—F O FAL LV OEEESCE e EMAG DR D

s AUHTxz—ADERIZEY, "= FU=TIKFELRZNWY 7 b =T 2 RETS.

« ROS @7 —x7 7 F v ZHM LT, KEWMOEXEMT 7Y r—=a vz Rz
95 F1£ (an easy path) Z 35

o DU, OENRT, Lo & RERa Xy MeEie APT 223 5%

ROS pE¥aL Y — 7 AOHUHO BIRIFEEHA— A=V a U BHOSE/~= =
L— gt FOENISSZ, ROS HERBICEV /70 AT Ty h 74— R— 352
ETHDH. B BEL LTE ROSE¥XRr— R~y 72 R LTEY, KIDBAHINT
W5,

B ROSPE(aL Y —L T AOFHMIIUTE2SBROZ L.
http://rosindustrial.org
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ROS-Industrial

\ision'of I hel0pen’Solutionifor Advanced itomation Software

INTERFACE

CONTROL

MOBILITY

CODPERATIVE

.J), '
.. 2 Is}

DYNAMICSENSING

ok Bemaing | Detection
b &

M 9:ROS E¥nm— vy

H L : http!//www.swri.org/4org/d10/msd/automation/ros-industrial-consortium.htm

» ROS-|

ROS FE¥D Y 7 U = 7 HiffiE# % ROS-1 LMES. ROS-I 1, BSD 7 A By A& HAL
THROSY 7 F =7 —RTHDY ROSIITIE, EEXMHRRY =R =7 DD R
SANR, V=, FATTVHENRHD. ROS DA 5T, OpenCV =° PCL Thib L7~ 3D /
2D OHFABEHMNGRL T4 77V HFHLTEY, ROSI| OEFré LTLLFRHIT bitTwn
5.

« ROS OIFH : WEEI AR Licv=alb—ay, GER 2%t (HE) & 3K
gt GRRE) AT, BARERE Va2l —2— BRIy — 1 oFFE

* ROS-I DFEAHIE, ROS-Wiki (ROS DEASEEY A F) WNICABEN TN,
http://www.ros.org/wiki/Industrial

ROS-| ® Y —Aa— NI FIZAR IS TW5.
https://code.google.com/p/swri-ros-pkg/
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o WHSEOILK: vR Y FOEEE —Z (robot work pieces) ZakBld 5 HIR ALH H Al
ZRIH L CIEEEOBIMNRRE~E L, 70 —X K7 10— Ry 7§l X 5Bk
FEEHE A ATRE L 5

o HRZ UL OuRy N r T 7 a2 R & BoR A T, Fal A
X, EAEE2D5Z L TAHBEIRL, MERBAITS. £, 7 e s 7 I 70
HiZ#H LT\ d

e XLOHNE : BSD 74t A &wA. EEXMAnRY hOT T v b7 — A4, KO
LoD BT 2 — R EFEREAL

A BT 2 — ZADFEHEALIZ OV T, SWRI OFZEE Shaun Edwards H1Z2 LY, FE¥H~=
o L—#® ROS AHIZONWTIHER 5TV D, ROS-I| OFRUERE & EFEAFR 312, AR
— NEEOBDHPFEEM~ = o L — Z R EHRE 2 R 4 IR T,

& 3: ROS-T DiRftHeE & E&

T8
VaA s  NOMERAy  r—F AN —I T ENS. BEEEX, =
Yhe—FICLVEESIND
BN EOEEREEN 2 e —F Il v re—Ra&hb., avrie—7
OHEEIZHHENDHBE LD D
BUEA Y b —F A M) =7 &5, BEFEEN 2 o —F 124
a5 2kE, MBAN—I 7 EHTWD
M7 a<y RiE, ary he—JICEBERESND. ZHUZY T A A
VE—T2—AThD (F77ROS W TIIYR— STV
TRy MEFOFELMEN, T AT g oy r— U L BT

HerE 4
(LA R —3 7

WEX v om— R

LUEA U —I 7

kv il

T—AFEH— g

Ny lr— LN TERINDILERH D, ZOERIT, REFEEFEBT =y 7DD
WEHEIND. £rRy PETADTZDITERENTNDR, RIEOER Y
MK U CEER T 2 MERH L. FHERIC OV TIE, BliEF=— kY
TIVESR
HiH : http://iwww.ros.org/wiki/Industrial/supported_hardware
#F 4 ROS-TDEFEMA Ry MMRAEER
A—DH— S RVAN NLE HLE L1 b1:] fvy | == a2l —% Arm
r—7 | AM)— | Fyrm | ARY— | il Nav.
N —F SN Pkg
Motoman DX100 YES NO NO NO SIA10D YES
SIA20D YES
Other NO
Fanuc r30iA YES NO NO NO m430iA2F YES
m210iA YES
m16iB20 YES
Other NO
Adept CX, CS YES NO NO NO Viper 650 YES
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Universal URS5 YES NO NO NO URS5 YES

Robot

ABB IRC5 NO YES NO NO IRB-2400 YES
IRB-5400 YES

» ROSEXHI7LUR

Hi L : http://www.ros.org/wiki/Industrial/supported_hardware

Fraunhofer IPA[Z X ¥, 20124£10 A 17 HIZ, ROSEXEICET O 77 LU AN KA Y

THfE S =™,

KA, AZVT, FTo~v—20, FILXR OKRIMNEE L KEDD SWRI &

YASUKAWA KEEADS I LT-. #5413 Fraunhofer IPA O Bkt @ Alexander Verl 73, 1

1TIX R4 Ulrich Reiser 232 & &7~

YHTHT T LhZRK5ITRT.

*£ 5 ROSEEXH 77 L AR 7T A (20124 10 A 17 BE)

wEE | 54 b iR s
8:30 Coffee Break
9:00 Alexander Verl | Welcome and Introduction Fraunhofer | Director
IPA ,Stuttga
rt
9:15 Shaun ROS Industrial - Open Software Components | Southwest Manufact
Edwards for Industrial Automation Research uring
- The ROS Industrial Consortium, commercial | Institute, System
support for an open source solution Texas, USA | Departme
- Overview of the open source Robot Operating nt
System
- Open software components for industrial
automation
10:15 | Alexander Model driven engineering: A Way to Handle Fraunhofer | Project
Bubeck Complexity, Quality and Processes in IPA, Manager
component based Robot Systems Stuttgart
- Introduction to model driven engineering
(MDE)
- Application of process and component models
to ROS
- Development of ROS systems with the
BRICS IDE, an Eclipse based MDE-toolchain
10:45 | Coffee Break
11.15 Christopher Industrial Gripping Technology and Schunk Product
Parlitz Components for mobile Production Assistants | GmbH & Co. | Specialist
- Components of mobile manipulation KG, Mobile
- Robotics as "science of integration" Lauffen/Nec | Gripping
- Example applications kar Systems

- ROS as possible enabler

® T rT NFEME, UTESROZ L.
http://www.ros.org/news/2012/09/11/ROSIndustrialWorkshop.pdf/Flyer_17-10-2012_eng.pdf
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11:45 Florian Accelerating Technology Transfer through Fraunhofer | Project
Weillhardt Open Source Components IPA, Manager
- Exisiting open source components Stuttgart ROS
- Description of application and hardware Industrial
components
- Experiences on system integration und
application development
12:15 Lunch
13:15 Lab Tour at the Fraunhofer IPA facilitie
14:00 Benjamin ROS for Product Development Robert Senior
Pitzer - ROS - A platform for academic research Bosch LLC, | Research
only? Palo Alto, Engineer
- Analysis of ROS quality of code compared to California,
code developed according to industrial USA
standards
- Customization of ROS to industrial
computation architectures
14:30 Cristina New Challenges for Mobile Service Robots Loccioni Research
Cristalli conceived to Work in Industrial Environments | Group, Italy | for
- Service and industrial robotics: two different Innovatio
worlds? n
- Application case: Mo.Di.Bot: Mobile Manager
Diagnostic Robot Loccioni
- Hardware setup, software architecture and Group
system capabilites
- Validation in real-world scenarios
15:00 Robert Developing Industrial Applications with ROS Siemens Corporate
Eidenberger - Robotics at Siemens Corporate Technology: A | AG, Research
survey and application examples Minchen and
- The Active Perception Framework and the Technolog
impact of ROS ies
- Key requirements of ROS towards industrial
applications
15:30 Coffee Break
16:00 Erik Nieves Why Industrial Robot Manufacturers Should Yasukawa Technolog
Care about ROS Motoman y Director
- ROS speeds time to market by acting as a Robotics,
force multiplier for development USA
- The implications of ROS for peripherals and
associated technologies
- ROS Industrial as an enabler for wide
adoption
16:30 Kurt Nielsen How to Work with Innovation, Automation and | Danish Team
Research when being a Manufacturing | Institute of | leader
Company? Technology Robot
- How to select and implement strategic | Institute, Technolog
automation solutions Odense, DK | y
- Project examples (videos)
17:00 Final Discussion
17:30 End of Conference

Hi g« http://www.ros.org/news/2012/09/11/ROSIndustrialWorkshop.pdf/Flyer_17-10-2012_eng.pdf
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» ROSEXaVY—ITFLXVYIFAITII—T425&FTP

201343 H 6 H2H 7 HIZNF T, ROSERA Y Y=V T AXw I AT I—=T 4 V7N
SWRI IZ TR & iz a2 —F 4 x—&—%, SWRI TH 22, Bk, FA >
Fraunhofer 1% IPA, 17 & [ELWF5EHT, OSRF, {3 & L CTid, Boeing, Edison
Welding Institute, HDT Robotics, Intuitive Research and Technology, Kawasaki Robotics,
Rockwell Automation, Spirit AeroSystems, UT Austin Nuclear Robotics Group, Willow Garage,
Yaskawa Motoman Robotics D Ff 14 #lf#kCTH 5.

Xy I FTI =T 47T, SWRIDOWIFEE XS v 7HEIZLHDROSEHE Y — T L
OB, Willow Garage £t Dr. Sachin Chitta (2 XV, [RfEOVR— N34 HiEEhEHH 7 L—
LT —7 T 5 Movelt! <° Yasukawa Motoman Robotics @ Erik Nieves K2 L 2 pEZEFA v R v
k@D ROS ks D IRIEI DN T DIFEN T,

Z DA TIE,  “Focused Technical Projects (FTP) 477 23 #E/ &ivi=. FTP L1%, ROS
EDOBINEET, FFEDOMIET —< I L7 V=T 2T 5. 2O FTP 7 —7'T,
PRI BT DR N B %, TNV —T A R—TH#H L TAMHEL, AL
YN=T, WIERCREILAE TS,

ROS-I %, A= vy —2ATrV=7 "D, BETIETRTOT—2RNARIN5.
7208, FTP CHEME L 72WFZERURIZOW TR, 4% FTP Vv —7 DBMA o N—DHFHIC LD,
WEFERRR D U Y — AR DOIRE (IR ABRZELE L) X, FrED Y YV —ARLFHRITON
TRAAFETLHZENTED. ZOXDIT, ROSI T~ XY AL F~DEGA D
Bas L T d.

34 F&H

KETIE, BUFO OSRF ZHEIZ L D &R oM L0 ke R > S BRFSIAH Z2 58
b, —FHOBINES T, FP7 & Horizon2020 (2 XV iRy MFZEEFFEICHEHE L T 5.
TSNz, oLy — 7 MO & B KE & RN O RFEEEE L IERE L T 5.

ARETIE, InboBmAzERe L, KEBMEKE ZOor RNy FEBE TR T 4, £
noo7r 7T ANO ROSFIH & OSRF OZFER%E, FP7 HLFE~7m P =7 ~o ROS HIH,
KEIRNTIEE FIRFIEREB SWRI 23 FEH 3% ROS fE¥ oy VY —v T Ax LV BT, Zhb
D, ROS %3z 2 kAARKRHI 3 2 2 TL 5.

% http://rosindustrial.org/ric/announce2.htm
A7 http://www.rosindustrial.org/ric/focused.htm
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OSRF ® AR v —EAfRZ thuins, MRk D223 0 2K 10 12777, Z Z Tl OSRF I
T —HAL, FPT kFE 7wy =/ FNOBEIZHIEOTLOEIKT 5, ZOKEY,
OSRFIXH &L RE D72 CSAA v e LTHRET 2 L RIFIC, EEEER~OEKRE > TS
ZEDDND.

Bl ZIE, 2B THIFTZ, OSRFAMEZ D ROS a2V IvT ¢ v 7 ¥xy MU —7 R
% —4r3¥To % Shadow Robot Company (JE[E{EFE) 73, 3.2 HOKM FP7 Vv =7 NANT
RESCBUHEREE & LRI 21T 2 70 &, B EROMAEIEMRIZLY ROS v T —7 %1k
FTHAHT RS TS,

F£72, OSRFAEFEMEEADZITIE L TOXEEIGERRNDIZH L, ROSHEXA LY —T
APBEFO R AR v MO R O T MoEEH Z b o2& b2 5. DFEY, OSRF
X, BEONRS T EMET D LRI, AR —LAb KFRBAE, BFEORR Y b
¥, S HIT, ROS IZXH2FEMITHBUCT MIr X F v — %L & D Wiz, RfEE
FEOERRE DR L, HER] OBSEHMORIRA A M & LTHIET 2K TH D
ZERbND.

= ROSERIV—37 L (£14581)

REBFF i ' Lo
5 Advanced ManufactuLng partnership (AMP) i?tfzﬂo?ijlc?ﬁ?‘%%%gﬁéﬁ
~_ = .
National Robotics Initiative: i DARPA FBeHEP7
NRI 095 A | 7’;:375& i HETOS TS~
SRS IR | (AdEm) |
GREHEIAR Y 5E) oy e b
- - - | S —
NSF NASA USDA NIH DARPA D?E Earth
| ’
Defense University . 1 7 CLoPeMa
Research Instrumentation | P p—— /
FOI3A: DRI | ; HANDLE
i AN g ';'
SR ] / A !;(
e
YERH Open Source Robotics Foundation : OSRF - E .
o ALl 1 4 F |
= I +1 F,

A Tv—TREEZSD
ROSOHILT =%
bRy hO—2

KIESE
B
mE14E
TRELAT
A 211t
A2 Bt
[SESE

{ Open }
i Perception
i Inc

- (RE) MTZTIFEFLE AT A T A BT | SWRI
- (F-r¥) Traunhoferfsx IPANISFR

- (hFS) hFSETETHEE : NRC

- (M%) Boeing, Edison Welding Institute, HDT

Robotics, Intuitive Research and Technology,
Kawasaki Robotics, Rockwell Automaton, Spirit
AeroSystems, UT Austin Nuclear Robotics Group,
Yasukawa Motoman Robotics

- (ROSEMFEMA) WillowGarage, OSRF

T RE ——
BRI (R B
X110 : OSRF OfEfkM D223 Y
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4 ORy FMRITEFEORE & ROS

ARETIE, ROS ODRIALIFZFRI UK IEBAT S, A—7 vV —2uaRT 4 7 AHiE, %
DEY X ARBERIFICO B AZRZ D, 41 FTaRy FOKMiEL, 42 =T
ROS & BHHAMED H D OSRF LS DA —TF v —ZAMKIC L 5 el v N EHEHINFO R, 4.3
BETrRy haD7 T7U Rara—7 4 2 7 HiEH OB ER ZHE0 3 5.

4.1 EMEEARY

ROS 7w v =y hOH#ITERFA R U< L TH#AT L TWZRflifs ~N— R = 7 ORISR & L
T, Rethink Robotics t: BAXTER Bi%¢ &, A% 2 7 #+— K K% Dr. Morgan Quigley 515
fik&AFZEM e A > RBAFEZ & D &IF 5. M, A D Rethink Robotics #3EL(E OSRF D A 7R
YH—=THY, thHE D Dr. Morgan Quigley iX, OSRF O A L N—ThH %.

» BAXTER

2012 45 9 H, Rethink Robotics £1:¢> Dr. Rodoney Brooks*
23, KAtk =R > b BAXTER 2%#& L7z (K11 2M1) .
W7o dtitkl, 114 22,000 Kk KL Th 2. BAXTER [3FEHE
EICHB T 21EE), AMOWLZEMTOBBZ ERE L
AR Ry hTHDY, BEMKE TH D Bezos
Expeditions <> Charles River Ventures @ 6,200 /5K KL HY
FIZE VKI5 FERINT TR S L.

UY—=2FEKTIE, KEDOY a7V 7Oiiim ¥ 11: BAXTER
CE#Eh, &<IOREAOTNGERETOIRMA S e s e e o e
b Tng. EMRITA 75kg, 7 el < rilE &% 2012.10 pp28-35
%7 —22.25kg, 5ODOWET AT, #fE/ SV LCD,

BRERAMOTZDOY T R —2 b0, RAREEIT 1.0m/sec Th D AERD & #ME % 8
RKLUIZHOTIEAR.
s 2 EH S 5720012, Zon— FilmallAaahbE Tl S, FlxiE, 7 %%

8 Dr. Rodoney Brooks (%, 7 H o7 v ar « T—X7 7 F vy OREFTHY, MITa L Ea—
Z B N TERENFEFT CirE, KO, MIT 2RT 4 7 2D 0HE Th 5. £7-, iRobot 1
DOILFEIAIFREFH CTO & LT Roomba # U YV —2 L7-. HifElE, Rethink Robotics #% 5% 7 L,
£ FEHCTO & LT BAXTER DB Z{TH> T\ 5.
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KD 55O 1 OMETHRELIZESIND., o, HLD T5%IKENTHZEL WS, 7
—AIZI%, SEA (Series Elastic Actuator : ELFIHHNET 7 F 2= — &) & IR3I 2 PR TSR 408
HEIZEINCHES L2 A LT 5.

V7 by =7 BEEIZIE Linuxk X—A® ROS #FIHL, ZHHEMHEoO—KEWVWZS.
BAXTER 1%, 7077 IV TITHE 2N » FARRNBRIZ L D Z0RD W RETH Y, £ D
G P& R & LT DA%, ROS A0 SDK
LU U —=Z2FETHY, BAXTER D=HD A
— V= AT L — LT — LRSS
TW5H%,

> EfEEHARARRY b

WIHAD ROS 2L HE TH Y, BIE OSRF @ A

VN—=THLHDHAL T F— RKFD Dr. B 12 Effik~v=2t =2l —%
. R A Higl : Morgan Quigley, Alan Asbeck, and Andrew Y.
Morgan QUIg'Gy 5 6i’ = k H%O)jé':&?ﬁ: Ng, “A Low-cost Compliant 7-DOF Robotic

Manipulator (Fig. 1)” IROS 2011, 2011

RICIHEAHE ~ =2 L= BRI R TH D
&L, IROS201LICHEVT ARy hOEAhE{LEZ BFE L7 7-DOF v =2 E'a L —X 2R L
7=,

RETIE, Ay P TAFRETEDN LI N A = PSR Z, ERRICTREE CLRICE
BESELDOOFTEEMAIRIE (OFY, APESIZVTHRELE WA LIRME) & %R
EDNRT =< A2 AL TN D.

HR Ak DBFHE 4135 K VLI L TRV aX M UroTRE LT, Kifitko
ATy BT =ZIHA I T b =T AR EZRBEDE TNy 7T v abd
REERILTWD., £, aARE FL—RETTHDIN, 337 Mol s 5
L7 —AERIIREDTH D,

7 — LOFHF IR 4-DOF (213 BAXTER & [AARIC, EAHIFMEORMBZ AL, bl

49 How Rethink Robotics Built Its New Baxter Robot Worker,
http://spectrum.ieee.org/robotics/industrial-robots/rethink-robotics-baxter-robot-factory-worker
(2012.10)

S0 A SCHR[10].

SUSCHR[10] L 0, EBALAIRE G5 4,135 >k RALVOWNFUL, BIFE7e%.

Motors 2,035 >k K/ (Steppers 700 >k /L + Robotics servos 1,335 & K/1) , Electronics 750 K K
)V, Hardware 960 >k R/, Encoders 390 >k K/b. 72721, ZiUFimOBEHATHY, FEEEOIK
ROLEIX, BN UREBIMT YA V&M, T2, akEnlzn, 50 LENITE
Bl D L OFRHENH D
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3-DOF (2 /% Dynamixel fd#—RE—% RX-64 #4145, & bICHIET ([CE— X (%
HEFFT 2 2 & TT — LD ZRBE A FUNRIC L, A~DOREMEE B LB L L
LTWa. M121C, 78 hEA TERT. 7 b2 A 7FEETE, SEE114kg, FIHRE
B 2kg, RORHE 1.5m/s, 0 R LACERDFEE 3mm ZE L T» 5.

4.2 ORy FERERTOA—T >V —XHIK

ROS DJ&ENIZIE, ROS L L7z Ay MERELATBHFE 217 5 R AR 0 15
DA =TV =AY T Ny =T RRDOTES RS H. Zib OFERE, Wi BRI
X600, 7Ty M7+ —LEROHKETH LD, ZhboEiaFfM+T5Z &
TRy NRATLEREETX 5.

AETH, oRy FOBERA T Y =7 FOMBEMANER#ED “OpenNI”  “OpenCV”
“PCL” , mARy FBEIOLO OZEMMKIERD “OctoMap” , #fwm= > ¥ D
“KnowRob” , 7—2A E Ny ROBLEFHE T YD “OpenRAVE” , WillowGarge £ED -
A—h3 5 Movelt! &0 HIF, FEMICONTHET 2.

(1) OpenNI *2

OpenNI [Z, “the Open Natural Interaction” DO TH 5. Kinect DIRE ¥ YV ZBF L7z
PrimeSense fL23H0x & 72 5T, 2010 4 11 AICIEEFIFMAR E LT S 4L7z. Kinect 213 U
» &35 NI (Natural Interaction) 7 /34 ADI@EA > X 72 —AL LT, 3D 7D
V7 MU= TRRBT L— AT — 7 R T 5.

OpenNI OffEk A > 73 —1%, Kinect &£ & > ¥ % BA% L 7= PrimeSense t:2 X U & LT,
Willow Garage t:, PCL % ¥R — 3 2 3= FIHI{ATEH % OpenPerception (A% (2) HIZT
#%iR) , Kinect & XX R OILHAGEE & > 4 Xtion & %858 L 72 ASUS #H%E THERL S L 5.

Kinect & 1%, Xbox360 ®%7'—A = hr—F—& LT Microsoft 7» HFEE STV D AT)
WETHD. RGB # A7, WEEGE Y, R (IR) ¥, ~AvFTrrA~A7,
IEEE o, FARNE—Z R EEEETH. LI, TNETEMEZE s mEEE o Hn
150 K RAVRRFECRICAD KD o 7= 2 EIIFFEICET 5. 24U, OpenNI 12 X #2{H
SN DERBRBEMNAMAEDLEDLZLICED, NOFRYV AT ¥ —REF—Ta L 7
v xR 7%, NOMERI A2 ZO I ERET —2FHOT 7V r—a VEREN AR L 7

%2 http://www.openni.org/
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-7z,

IS Web BIREHE 2 HEUDIAA TS RIZ2723 0, Kinect 13X, JLAGHRE Y L KGR
WEIRIC T VA 7 A= bTeb Lz Wb TWa. 72720, 207 LA 7 2 —Hdif
DA —7 AbiE Microsoft |2 & » THEME X 7= D Tid7e <, Kinect DA —7 Atz LD
HZFTFHMNEDOT I a—FIC Lo THEBLI .

ROS (% OpenNI W5 B 7R — K L, ROS 2>5 OpenNIl ZF 4253w - — DI 38ED
FH T 5% £/, Willow Garage f:1%, ZffiZg/S—yFraRy k- Fv h¥L LT,
Kinect & fiitt i 24741 “TutleBot” & L THRGELTWA (X 13) ¥, ZouRy
M EBARIE, Microsoft #1:00 Kinect 23 1 AR v ~ O - FREMEREZ V>, iRobot £1:0> “Create”

(At o N EREOBBIR R Y ) &, ASUSDT 7 hy TRy o, BHAR—R
THER SN TS, £z, 2—FRBES THGEWHNZ THAZ T 2 b ESNTE
0, N=YERIEHIToTND.

72, 2012455 Hi21E, BEE - X—> @ Create %, Yujin Robot t (#[E) @ “Kobuki”
([CEEH AT “TutleBot2” BRI NP, WRMTDOITWD. UL, 77 - BINE A~
DOEHFHIEDT=H DYV —2 L T 5.

13: Willow Garage “TurtleBot”

Hili : B. Garkey et. al. “Robot Developer Kits"IEEE Robotics & Automation Magazine; 2011.9

% ROS-Wiki ¥ FPN® OpenNI #tBIZLL F 2SO Z &
http://www.ros.org/wiki/openni_kinect

% ROS /Ry RIS v ~ “TutleBot” OFEMIILL F 2SO Z &
Brian Gerkey and Ken Conley “Robot Developer Kits” Robotics & Automation Magazine, IEEE,
September 2011, pp.15, 2011

%5 http://turtlebot.com/

% TurtleBot 2 Prototype Unveiled at ROSCon; IEEE Spectrum 2012 455 A 21 H
http://spectrum.ieee.org/automaton/robotics/diy/turtlebot-2-prototypes-unveiled-at-roscon-2
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OpenNl SDK2 7 —X%7 7 F v % [X 14 /-7 .
Middleware & & L C, PrimeSense f:23B8%& L 7= NITE &
WO RBRTA T TV RHESN TS, NITE 12X
D, ATNVKI T oX T, N RFT X7,
VAT ¥ —iBik & WV o T HERE SR FTREIC 72 D A3,
NITE (ZEE< &N THY, PrimeSense thi%, AR
T =T — BRI L TEDNE —

LS ZANEOFIETHERMALZEH T2 5K,
Z DS — B, REEEE O BT T Va2
I % J750 22U R USRI LT 5. Devics |

%, OpenNI i, NWE%@%b%NWE7wﬁuxA Bl 14: OpenNT SDK2 #i X
ZRIHL TS 7=, FEEEOBIERE CIENITE & B His : http//www.openni.org/about/
ﬂmbkw%éf%,NWEﬁugm&é.§4ﬁyx

—IIAHESNTEY, BRICHAMETHD.

Application

Hardware Abstraction Layer

Device Drivers

(2)  PCL (Point Cloud Library) 58

PCL (% “Point Cloud Library” DB TdH b, KEUEZ: 3D REEALEE, SF Y WED 3 RILE

WL ZEIEMZ MO | D TedD T A T T VEETHSH. PCL 1T, 74 NZ VT, Fr
HELH, —KRA 2 M, =720, LR ML —Y 3y ((CEAEDY)
NT 4T 47, ®RZ7AT—vay, BRER, BEGOLERRE, nRy FOmMER
REREIH S LT v T Y AL EE Y 2 —L e LTRET 2. EBRENSORET —4 0
ALY — L DR BT o TEBY, ZOY—LEI~LF ALy RRBEIZHS LTS, %
TV 2 — VOB & X 15 (TR T

5" PrimeSense ££:® NITE BH#AFFICOWTIILL F 2SO Z &
http://www.freepatentsonline.com/y2009/0096783.pdf
http://www.freepatentsonline.com/y2010/0118123.pdf
http://www.freepatentsonline.com/y2011/0052006.pdf

%8 http://pointclouds.org/
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X 15: PCL OB

H{# : http://www.pointclouds.org/about/

PCLIZROS ICHA SN THY®, & 5T Kinect 7>5 OpenNI R TY 7L Z A LT — 4
BRI D007 L— AT —27 T D OpenNI Grabber Z #2925 72 & OpenNI & O ¢,
HY, HEEDPEESTWDH. AR —IX, 201246 HIZ Willow Garage tE72H A&7 &7
kN L7=FEERIMIATH 5 OpenPerception®% X U, Willow Garage £k, NVidia £k, Google

(GSoC 2011) , TOYOTA, Trimble, Urban Robotics, Honda Research Institute & T& %

(X116 Z2f) . Fleara—FEVarnBOnRT 7 A58 e S < O
K-> THFERFE T TV D (K17 2/ .

C@r B ek Google TOYOTA @ Trimble Blrdssncs
e = mﬂ@ Sandia NationalLaboratories wgg” FOTONIC @9cULAn @
Velodyne == OPTRONIC Licoms'""m NS,

. — il e e ety and toahsiagy

X 16: PCL @ & & ) —#&pg

gt : http://www.pointclouds.org/about/

% ROS-Wiki ¥4 hN®D, PCLEHNILL TE#EMOZ L.
http://www.ros.org/wiki/pcl

http://www.ros.org/wiki/pcl/Overview

http://www.ros.org/wiki/pcl/Tutorials

IROS2011 TRt S/ PCL F=2— R U 7 MZHOWVWTIE, UFaZROZ L.
http://www.pointclouds.org/media/iros2011.html

80 OpenPerception & i, 3 WITHIE Y 7 b U =7 OB EITV, PCL OF—F vV —ATm Y
=7 MY R—=bT2HY) 7 NV=TNIEEFIARIENTHSH. 2012 F1Z, Willow Garage £t
FoArv 7o ML, PCLVBY =2 OV AR—MEBEE LT, PCLTZA 77D RFa A
MEXPTF 2a— I 7V eRT 5. Fl, IRERPE(LOa—FAT Y b eEfiL,
PCL D K iE#) 21T > Ty %. OpenPerception @ CEO %, Jt Willow Garage f-OWF7EE TH 5
Radu B. Rusu, 7~"— KA /3—(%, Willow Garage fEO{RE % Td 5 Steve Cousins, URC
Ventures D A% ¥ 3 CEO T& % David Boardman, NASA O N THIGETR RT 4 7 AFFEDT «
L7 X —"Tdb 5 Terry Fong 2 CHERR S 5.
http://www.openperception.org/
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2 iversity
CarnegieMellor Ponrum'ru/e T E
%/ Fraunhofer © @[}I_‘J'“QD @ -

ARG UST s W
=" MITRE 220 @;_:.ﬂ:::u.,nu% .”*“
== OPTRONIC -““LAWWE ‘0@ :::“‘a:; £
ps QU D & 155N

TOYOTA

SPECTROLAB

“‘"Tﬂmble ,LRSS’(A);{ICS =5
Velodyne 2" &

17: PCL BA%ZIN%EE

Hi#i : http://www.pointclouds.org/about/

PCL %, BSD 74 ATHY, HRLBEHONGICTHATE S, CHIZHISL,
Linux, Mac, Windows, Android/iOS %% H~— h3 5. 77 A N7 —xFEAiX, PCD (Point
Cloud Data) & WHMBED 7 7 A VERZEM L, 7477 VITIZPCL A D HHET — 2T
XTHDped 77 A ARHEESN TS,

(3) OpenCV 62

OpenCV (% “the Open Source Computer Vision Library” O CTédh 5. 1998 H2A > 7 /4L
DA Z X U, 2006 4 "
ppo
Versionl.0 3 Y U — 2 X 7. FO _penCV Overview: >500 functions nll

f(ﬁ &j: , Wl I IOW Garage $j:7j§ Fj‘ I % ;%L?I“/ \ General Image Processing Functions | Lmage P:,-rj.mlds
Geometric g
THELCEa s Ea—sEys m | Slinee G

calibration,

YIATZYTHY, miRy ML
LR A AR — R LT\ 5.
H{G A Z P LT, IR,
Bk, Y AT v —Fik, TV
a VAT & IRIBEE, RZ — R,

Utilitiesand
Data Structures

HEEARNT, 2D X T3D DA AT F v 18: OpenCV DHEEMEE
U j Lr—y3 :/, F&W?g%@%ﬁ‘é it : http:/opencv.willowgarage.com/wiki/

U TrANT vy MIHETLHEMIIUTEZS RO Z L.
http://pointclouds.org/documentation/tutorials/pcd_file_format.php

62 http://opencv.jp/ (OpenCV AW A +)
http://code.opencv.org/projects/OpenCV/wiki/WikiStart  (OpenCV-wiki 1 )
http://opencv.willowgarage.com/wiki/  (WillowGarage £5:® OpenCV -1 |)
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bbb, 2500 LA EDT A 7T Y ZFFD. OpenCV OieiE 2, X 18 (Z/R7 .

OpenCV %, ROSIZHEA I TW\5D. F7-, OpenCV 2.3/ 51F, E/L RKEZ OpenNI % 7
HLTa v A NT 5472 a ARENAIREE 72D, OpenCV O A > & 7 = — A5 Kinect
DOEEEHEg, ©F7 40 A ZHEEIFIAREE eofe. £, AT R =2 FOEV 2
—/b'h, OpenCV LKFRRP HDLEY 2 — VDD 5.

OpenCV (%, BSD 74 B XA THY, FINLEMOMGIZTHRIATE LS. C++, C,
Python {Z%fis L CE Y, Windows, Linux, Android, Mac Z %R — F4%.

£7-, 2013 4F 2 HIZ, OpenCV2.4.4 T Android % &rfe JAVA (% L7z,

(4)  OctoMap 63

OctoMap (%, FAY DT LA TN T RFEODHFEEIZL > TIRESN TV D, 3RILEEE
FUV T DDA =T ) —ADT L—LhT—7 ThbH., viry bOBEZEMICHT D
3RITESLAM DT 7 u—F T, Octree 7 /L= U XL ZHIH LIZHERET VI X 53E2EM
DT — 2SR, KR OEBREET L, Ay — L2t 2. HliEE el
L.

Flo, vATFHGBEICLVFATHX A7 UG UK OREET Ve, MBEEZZbLS
HCHEICIREETE 2 “Fik S (Flexible) 7 &, FEMEHANIC LD AE Y ROT 1 A 7 fHIK
SONFRAZ2RAFM R OHR 2 B[ LTz “# X (Compact) ™ Z4HEE T 5.

201148 H 30 HIZ VU U —RA Z#17= ROS Electric Emys ¥ Ti%, ROSI|Z LY EEHEIn T
7273, 2012 4F 4 A 23 HIZ Y U — A X417z ROS Fuerte Turtle LI, ROS [EHA D E /L R —/)L
ARA LR THEREMGEL Y, IE ROS BETHHATE L9tk F477 Y
1L C++IZktIiad 5. OctoMap 17 BSD 74> AD % & T, E=2—7 d octovis 13,
GNU-GPL Licence (Ver2) oH & TU U —RAIb.

83 http://octomap.github.com/  (OctoMap A4 )
64 ROS-Wiki N OctoMap OFiIIZLL F 2S5 Z &
http://www.ros.org/wiki/octomap
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(5) KnowRob 65

KnowRob 1%, I = >~ TEKZO Dr. T
Moritz Tenorth &3 ERT 53—V F 11 'M“.“‘ ' Mm =
RNy OO OHGMEHRO 7 L— LT — == [P [ s e
JThDH. TL—AU—7OaT 3k '_Wﬂ o
TV THhY, BREEMEITH DS Prolog =
EAvhuY—TEEIND. . -

YT AEEER 19 ISR, Bk K T Ho
TEHOBAFIZIE ROS KO PCL ZFIH L, - s ] ——
Sy s =y b O MR TR -l [
RoboEarth & 3##E L TV 5. KnowRob 1%, B 19: KnowRob 03 25 AMEE
A H—Fy b O, aRy NOB 8L : httpsi//ias.in.tum.de/research/knowledge

R T A n Ry b OB EHR, AMITEIOBIE L I & - TER S LD M,
HOMUDE X b — R ERA L, FEMHROWREZIT O 2O DOFERERZH D .

HRERBLO TRy bA~DOBEHICHOWTIE, BEENZRT 7> a 70 (K 20) NER
NTEY, HRINTETYIT o T7REMEAEREEC PRy MU= 088 Yy F OISR
WA REMAEDE T, EOX A7 7T U BRIRT D E HIFL T\ 5.

SatTable-1
[
e —— 17--.
=" ELEEvents ,“éubEvents  subEvents -, subBverlE-.
a " | | . cthi "y
| ] I ]
L 1 L 1
e 1 T el -~ H .
P H SUDEwENtS ~~. “
FickingUpanokbi-3 H PuttingDownAndbi-3
r 1 ! I
1 ! - 1
1
7 B ! K .
I
Reaching-14 i ing-14 Moving-27 PuttingDown-14 Releasing-14
don:Cup-2 don:Cup-2 fromiocation: Flace-17 | | ablactedOn:Cup-2 abjac 1=dGn c p 2
nan:E)’.FIo'I:'hi danesyFloran-4 toLgcation: Place-4 doneEyFloran-3 doneByFlo
edyPartsUsediLeftband-| bodyPartsUsed:-LeftHand: bodyPartsUsed:Lefthand-| | bodyPa _..J-.==d Leftiiand-

TTT il A s A T“TTT‘TTT‘I‘l

Molion Segmentaton: CAF, GFDI M

num Il

20: KnowRob D7 7 ¥ a VBT )V

High : M. Tenorth, M. Beetz, “KnowRob -- Knowledge Processing for Autonomous Personal Robots”, IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS), pp.4261-4266, 2009

Human pase vecior
{E1 DOR

8 http://ias.in.tum.de/kb/wiki/index.php/Main_Page (KnowRob-Wiki 1 )

8 ROS-Wiki ¥ kPN KnowRob OFBIELL N2 & O = &
http://www.ros.org/wiki/knowrob
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(6)  OpenRAVE ¢7

OpenRAVE [ “the Open Robotics and Animation Virtual Environment” OHB% TdHh 5.
OpenRAVE %, 2006 #{Z Dr. Rosen Diankov (N Y68il) 12k » T, I—FF—A v K%
2 RT 4 7 AWFGEHT TR S 4u7=. Dr. James Kuffner 73 1995 4212 BH 3 % 13 U b 72 RAVE ¥
2 L—Z =Nl oTEY, HERKFFRY AT L LFENEE (SK) (128 > THEBAYIZ
YPR—bSNTND

aATIEIRITEV I 2 b—Ta ik D

"l pg@m ! OYRO-3 ROSOSOE IVZaL—8

l':ll‘:‘r e ;, :i

TFAmEﬂ%Iyyyf%é' e B i o o e oMy icy. A
OPrRAVE | a s masos Foer P
Tal—vay ewﬁ BAEB T | meem e GEew |, |
W, IR T AN, SBIER, Bl ;’:::_%:?i e, | B
AT NERERETAOR Ry byt m- m:| a

AT NEDORGRIAFNAETH D &
68 X 21: OpneRAVE DO#E4A K
s 7, ROS E*ﬁf&) Che Hig AR B Vst o@Ef : ROS + OpenRAVE @fﬁ¢~7 // A
OpenRAVE OBGRIAE 21 (A, MR o e
X 211%, AFD 4->THRESND.

o a7 TEMEHENCME /A VX T 2 — AEER. TIUTK D, BIIFRRFHEOE MR
H, BEZEA~ORIG EO NMroOEERI#EIChT bbahd Z &el, Moz =z
77RO ME Z ENTED

o RO~V al—ya VEMEDO Y I a2 b—ra s, FHENE, EEBMEEE, WEEYE
5 (ikfast) 077 74>

* Python TOTEERE & A7 U 7 FE%EREE. Matlab & Octave D72 DA ¥ 7 = —
A

s BRY MNKREMOT—H =R

Dr. R. Diankov i%, B> b7 — ADORABBREEREK 2 [X] 22 T/R L, OpenRAVE O Ak ~—
AD, KFarR—32 FOEFREAKREZRK 23 & L TORLTWAS.

67 http://openrave.org/ (OpenRAVE AXAA )

8 ROS & OpenRAVE D HHAIZSOWTIILL FE2EHo Z b
http://www.willowgarage.com/blog/2009/01/21/openrave-and-ros
http://openrave.programmingvision.com/wiki/index.php/ROS:Index
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Wt A B, CEIERNET , ROCREERIEBE N R LA ER TRk 28 AR R AR B — Y = v DU R T LB 4[],

H 18 HX Y —#BINT, httpsi/code.google.com/p/rtm-ros-robotics/
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WHEENIF R E Y 2 —/L (ikfast) X OpenRAVE O 77 74 CTHY, 6 HEHEDT — LA
(ZkF UEEY R A AT O T — L TH H%®. COLLADA iz LV vRy b7 — A4k
NUR, ESEMEIEET S &, BB TREM B BB M AR L, % C++7
7AW T 5.

p HEA COFEEE COHDEZREL TEY, ZOHSIZIE ROS EELIER LT,
W, ROS FEFIZI\U T, OpenRAVE O ikfast € ¥ = —/ /L%, OpenRAVE E#i72 LiZ ROS E
THAT 2 HIENABR ST 5.

2011 4 7 H 121X OpenRAVE ZFIH L7z m AR v X F ¥ —{R%E TMUIIN] 725 B A TEXAL

7z, OpenRAVE @ 3D ¥R = L—& —IZ X 57 — A#EFH R HEM 2 v, EEArR
T —=F U TEED AR N EHIL, T4 —F 7 TIEREERAESE (B2 1300 ie A > b
IZ K21 OBERRZ b ARRICT S22 HEEL TV D.

dhd LC “THABIERE S A7 A7, “EimRy MCRDBEIEAR Y 2T 47,
“mARy MEOR#EL” ,  HERERE S X7 A7 2B, £7-, COLLADA, IGES,

STEP, IVIVRML, STL, DirectX ® CAD 7 7 A VEHUTKHE L, FFED CAD Y 7 MIKAF
LARNWZ xR ET 2™

MUJIN I, 20124F9 A DB KFT > V% ¥ B X /W 825 7,500 5 OHEICL Y, 2013
FICH/NIERER ARy by Rapd 2908w & iE sk 2175, 777 K&
FIFALEEEAOR Yy F AT L E LT IMUIN 22 he—F ) ORGE?. Zicky, A
— A= LB R LuRy NI A HE DL, 1k, BA»NLEERTWD T
07T I EEUEETLEE RIBICEMRT 2L 75, MUIN 222 ha—F DY AT L
Rl & X 24 |\ R

89 jkfast ¥ 2 — L OFIHICHOWTIL, U TFESROZ L
http://openrave.org/docs/latest_stable/openravepy/ikfast/#ik-typesOpne-RAVE

0 jkfast € = —/L D ROS AHIZHOWTIE, UTFESHOZ &
http://ros.org/wiki/Industrial/Tutorials/Create_a_Fast_IK_Solution
http://kaist-ros-pkg.googlecode.com/svn/trunk/arm_kinematics_tools/src/ikfastdemo/ikfastdemo.cpp

" http://mujin.co.jp/  (MUJIN AY1 k)

2 CFR KPR T v —OBREHMUIIN, 75 GO Y ) —X ABEE TR KFT v VX
¥ v &/ (UTEC) »HFiEE”, 2012.09.19,
http://www.ut-ec.co.jp/cgi-bin/WebObjects/1201dac04al.woa/wa/read/139dc82123a/

45



oRy ~ \
¥E3L—23> [— = =5
{ e
Doty MR o ——— | RV RDB
IWL 7O \,_—
 mEe )
=2 MUJIN
1-YDB :uH:l 5 ‘
https://controller.mujin.co.jp -
(IS 6 a1—HPC
o ITL (A4 R U TSR EHE) P
 me < e NIHET
[ oReF %/ RETTN \ 7 Dyk_ ﬁ;:#;yw;
\ :I‘/I?Df / \ DJI'VI:I > / \ JDEEI—:r i 9—"/‘;’—91—7
éag % R Zman
_" =Y B

X 24: MUJIN =2 b a—F DT AT LER
Higl : http://mujin.co.jp/products & v ZEEH T

(7) Movelt! 73

Moveit! %, WillowGarage & CRIFE &K O AR — h SN TWHIERFE 7 L —AT—27 Th
D, FAARFTHRBEINTY T I RXR=Z2AOEEFHEB T VI XALDT74 77 VR
T % OMPL (The Open Motion Planning Library) “%, WillowGarage t£/3 7 L — A7 — 71k
L, &blg, T—AFEF =y a VIZOWTEEBZTTHLNTND

Movelt! 1%, BZR2FHOE ARy FOEEBFHHE & FITIZHIS L TRBY, Ty 7Y —,
ALY —v, Ry F~v—o kGt EEXATIIBITHMAELITHOIL TS, Movelt!
X, ROS Con 2012 THFII, X HIZ ROS pEE~DiEHA, DRC mR » h<° NASA O
Robonaut ~ i ] 23 FERRAYIZAT i T 5.

3 http://moveit.ros.org/wiki/index.php/Movelt!  (Movelt! ¥4 )
4 http://ompl.kavrakilab.org/
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4.3 ORY bADY S RaVEa—TFT 4 VI BiHEROHERFEES

R, ROTh &R ZAT O KRR EI2L Y, ROS ZHMM L7zu Ry b~
D7 T U RHEA, KO Web BAfrOmE AOFZENTERIATOATWD. LIRS, A2 —xy
M/ Ry NU—=7BETOrRy barT oYM E B LTUMEBR R0 250579 5.

» Google DEHBTUOUEFALIZY Y FR—XOKRYy FOIBHF 7

Google tt& v 7 KRFEOILFMFIE S L—T73, Google = — 7V CEFIH LT=4 7
=7 MR TE T E 7 TU RIH#fiLizcrR Yy M P—E R % ICRA2013 IZ TRE L. &
B HE 12 PCL (Point Cloud Library) 77, #EfE Y 2 —/ L & LT GrasplT!”™® & OpenRAVE™ %,
HA =T = AT 2 FOY T MU =T EY 2 — VARG DR TR L, Willow
Garage 8> PR2 (270 b ¥ A T HFEIEL T D, T—F 77 F v, Offline 7= — X &
Onling 7 = — X & TRk & 5.

25 |2 Offline 7 = — X% /~x7". Offline 7 = — X Tix, XEMEDT )L~ 7 %R
T AR = IZEE L, AR PCL O 5> —/1 & Kinect ZFIH L Txl4:
YR D 3D-CAD ET NVDBIRT — X AER #1795 .
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Google Googl CAD Model
Object Recognition =oogle Grasp
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25: Offline 7 = —XD7 —%7 7 F ¥

Hit B. Kehoe et. al."Cloud-Based Robot Grasping with the Google Object Recognition Engine”, ICRA, 2013, Fig.2

s ZECSCER [17].

® Google F—7 L bLiE, AT TRELIEEEERICLIRKET L7 7V r—rvarThh.
BIEL, ENANAT TV r—vare LTARSRTWS.
http://www.google.com/mobile/goggles/

T PCLIZDWTIE, 42 (2) IZFfR.

B GrasplT! 1%, a2 ET7 REORRT 7 AFREIZLD, 2Ry bV ROTDDOA—T
VI—AVIab—E—OTu T s N ThHD.
http://www.cs.columbia.edu/~cmatei/graspit/

" OpenRAVE |22\ T, 4.2 (6) IZ#fR.
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Hit B. Kehoe et. al."Cloud-Based Robot Grasping with the Google Object Recognition Engine”, ICRA, 2013, Fig.3

» RoboEarth 7SO kKT DY :SEaAR 8

RoboEarth8! ®» 27 7 R P b LT “FJ8a4% 3, Fa—U vk THRRKF¥O D.
Hunziker K 51Z X > T, ICRA2013 IZCHEXINZ. FE2 XX, VIV KaRT 47 AD
D, =T —ABD PaaS BlOT7 L —ALT—7 ThbH., uRiy hOoa—ANVEREET
IEmAM &R DB Z AV EE 2 T FMUITIT) 22 AT, Zn—rXN—2XFF
JNZEDWTHEEINTEY, #eRNy O 70 R~OHAEERZH I7.

7T R~ snigaRy ML, VAT AL a—rE27 77 R .
7 a—0%, Linuk 27 FCERESNTEY, #5121 WebSocket 7’1 k= L2 FIHT 5.
rRy e 77 FHOT — X EFEIZISONTH Y, ROSA v ¥ 72— AL A} THD.
A%, Google @ IDL T& % Protocol Buffers ®4 7R — K, &KW, ROSLSHNDT T v~ k74—
LEDAEDTELTWD. M, FE2ZDARRIONTIE, BIREEESO [ REOHT &
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JH—eRELTOrRAR Y M—E R, Google & Willow Garage -0 [fiffF 7t3 D (7] B %
ELTRESNTWVWASR, Zo Android TO Ry h—E2OFEE T, 1Ry b/,
Rl D —FE L Wz 5.

2011 45 H @ Google I/0 Ti%, [Cloud Robotics, ROS for Java and Android *] t#EL, 7
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7. [FIRFIZ, ROS i #D pure-Java 323k & 72 5 rosjava (2 & % Android & DT £ 23T
i, L—t—KkWrosjava 7 A 77 U BNARNI TS,

» USHRARTFAIVRADEHD T L—LT—% : DAVInCi 9

“DAVINCi” 1X, ROS%Z 7 70U REE~EHATLHZ & T, 77U RudRT 47 ZADFEB%
HIEL7=7 L —LAU—2 Thd. 7L—LU—I %K 2T IIRT. ZOT7L—AT—7 (T,
VUAR=NDT—H X —ThHDH “A*STAR” @ R. Arumugam 512 X > THRE I,
277 7 R Hadoop 7587 7 A V¥ AT Lk Ry k%, ROSIHEIFICL D HTTP B#tic &
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— XX =AU REOUBIZTHY, Google D=L P=T V7 + =x—=Vv—Tbbb
Dr. James Kuffner @, 1EEE ICRA2010 ® WorkShop®* ¢4 51 & T 5.

[ Storage/Compute Nodes ]

Hadoop Distributed File system {HDFS) '_

Background Map/Reduce Tasks

ROS Master Data Collectors/HDFS client
node (ROS Subscriber Nodes)

DAvinCi Server

Wi-Fif

e

X 27:ROSZHH L T FudrRT 4 7 ADT7 L—2bU—7f

Higt : R. Arumugam et. al. "DAvinCi:"A Cloud Computing Framework for Service Robots: Fig.2
Architecture of the DavinCi Cloud computing Platform " IEEE ICRA2010, 2010

% https://code.google.com/p/rosjava/
% BTk [20].
% STk [21].
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4.4 EX 2

AETIE, OSRFLSDRMERLRAEBEO T ES 54— V=AY 7 by =7 HIE, »
Ry NEFHAE, Thbo ROS Lo, KO, ©YRRARMEZEOIIEZACONT
BT
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fTLooHDZ Enbhnd.
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5 BROORY FEFRRTORKERE
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> 0S @ Windows Tbh 5.
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& %. s Android really free software? (2011.9.19)
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»  Windows
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RT I Mvo=7, KOV, @t7aey=r NIEZYvTHLED, 7Ymnyc7 RRKET
FTHUZTFE L IRET 5. BIED ROBOSSA DR — MIEMRIFO—EOHFFEHE O T4
LoTHbhTna EbM<. 2FY, RT 2 My =7 OfkRHZ2ERE L, BUR CIIRE
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