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—- 5024 TREX
— Y=—Eal—3>:0penRAVE
- t‘")a‘/-OpenCV
— &= :ManyEars —
NERDA—T ) — Z7477'J’EHRU =24
77')2$L'L’C'**5‘1i‘*
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OROCOS

http://www.orocos.org/

ionaL nstiute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 40



OROCOS

EUZOS 4 CRIH(2001-2003)

— K.U.Leuven(N)L¥—)

— LAAS Toulouse(772X)—-0RCAN
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MIDDLEWARE

OROCOS

Lock-Free, thread- Methods Commands Events
safe, real-time
data exchange:

buffered and )
—_— unbuffered _— when and why

o AVR—RUMETIL o S
|:> C/C++ Dynamic ‘:>

Execution Flow:
control what
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functions: functions:
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, ; D - | \N— I\ Callbacks -State Chars
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\_D O_ — scripts _O |:>
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Configuration
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I — z -Open architecture t’ |__I_| ’_|_| -Hard real-time
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: A ) 7 4 #“ | :/ 3 A S *%!ﬁ ﬁb state charts 7 ‘ Run-time configurable ‘ \\ console access
& Public Implementation
Interface

- :—)L/ {\yb&_xd)nt) I ; - React | e {e’““ State Machines,

| ] Programs,

{ 7 /i ’ — — 1 : R-W Functions,
\y % 1T D -[A ; '; | Exgutmn | Attributes, [ > Commands
o oW | | Properties

R-W
] Executes
State Machines, |
Programs and . Sand | Queued
Functions | »| Commands
running in |
Peer |
map o
Task Contexts | call [ o P
[ | Methods
. | C++ Class Methods
" Read/Write
B | Data ) Data-Flow < Read-Write ( R-W )

Ports

IZIZRTCERIL(T%?) — e —

Peers Browsing getPeers(],
& Managing : | addPeer(),
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OPRO0OS

(The Open Platform for Robotic Services)

http://www.opros.or.kr/

OPROS
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OPRO0S

J
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I THEINT-

TR IH—L

— ETR| Electronics and Telecommunication Research Institute)

— KIST, Kanwong Univ., etc..

OMG RTC((&(&)E%L
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J—IL3

T

VidE BRI

Ay

( U RC(Ubiquitous Robot Companion
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AIST A~

Component Development Process Component Package

e ackagin
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Editor & — e E component | it
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Simulation & - omponent '
debugging v Component | _ ) \, Deploying
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Robot | ¢ | : packagifg Component| s == &= J
. 1 | H = L — — )
Simulator - . / Container : ™y
: " explorihg V4 _ |
5 v | J
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... |Component ! ™
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v 1 store - ’

azel & .
T2 l$--"l. = ﬁ
- f

Taraget robk

composite
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OF
© ETRI, OMG Infra. WG, OPRoS Component Tools
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MIDDLEWARE
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© ETRI, OMG Infra. WG, OPRoS Component Tools
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YARP

iCub, YARP and simulator -

/

http://eris.liralab.it/yarp/

NS
oo S " i 5
Martin Peniak & Anthony Morse e L 11/0§f @20, Plymouth
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YARP

(Yet Another Robot Platform

”T (Istituto Italiano di Tecnologia) —C“:Falﬁ%

SNTZICubD =L DV Tk

I7TIVhTH— L

—iCub: EUZ R Yk
RobotCub,

— 53DOFDFELADFRIFEL
—< /MK

YARP

-_I.:.:u:u:u‘j
T
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YARP

aAVR—R UM IL—LT—DIEEL

— MainhoEZ1RH S

—- [RAMTOER1ED2—)L
ZHRIGIEEARDT—FR—Z1H

— TCP, UDP, multicast

— Carrier: %k R%G<— ¥4 7OV EF| BRI EE
EETRPCYLHS
HWEDODI—¥% )T AR
/—FEDFAIZIER—LY—ERFFIFE
CUIYJ—)L: yarp

— BEESlE., B a—)L I
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AIST

ORCA

http://orca-robotics.sourceforge.net/

MIDDLEWARE

ionaL nstiute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

50



ORCA

FIFETT
— KTH The Royal Institute of Technology (Stockholm, Sweden)
— Australian Centre for Field Robotics (Sydney, Australia)
— University of Technology Sydney (Sydney, Australia)
— University of New South Wales (Sydney, Australia)
%;/Eﬁ—*yh%rﬁj ORYNRAREEYR— 54 —ToV—RDIL—LT—H
17~ -
JOozokOI—)L:
— ?‘éﬁl:iﬂ]ﬁﬁEIﬁE?E/r‘/Sl—?I—Z%E%Té:&I:J:U‘J?IJ?ITGDﬁﬂHi’é%IE

— MEWGLEEAPIZRETHIEICEY . VI IT7OBFRAMZRLEIES
— AVKR—RUMUIRVMIZRETHEICKYYIRNIITOBFAERET S
http://orca-robotics.sourceforge.net/

ORCAIZOROCOSTA T H ML DIRERKEY

— OrcaZaY Y MIEUMOROCOST OV I VMM LIRAE:
* Open-Source RObotic COntrol System.
— http://www.orocos.org/
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ORCA®D 45K

 CBSD (Component based software development)

¢ BPRATVIVRIRILDIT
— ORCA1: CORBA, CURDZ##I|FH
— ORCAZ2: Ice (Internet Communications Engine)Z I
« GNU Lesser General Public License (LGPL)D+ & TEE .

_________________________________________________________________

|
wostr | L[ etz || [ hewa

mmmmmmmmm

_________________________________________________

http://orca-robotics.sourceforge.net/orca_doc_overview.html

g g S S
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ORCA7 —*TUF~

Component
— orcaiceutil::ComponentZ ## &

— start(), stop() ZarHR—Rb o
F}ﬁ % % hﬁj_ o / ‘\_ 5 4 F\ - i Interface :i\ ‘mHBUffer o '} \\‘\,

] Vo Hardware/

tttttttt

. Implementation //_.- — . Main Loop Algorithm
Interface Implementation mﬁ (b ) /D

- \ P "'1'“

- :‘\/ 7I_€ _*\/ I\F}ﬁ%%h‘\ ‘\\ A’;I y
Slice(lceMA A —TT—RTE % i /

#=:5:CORBAMIDLIZHHZ) /5
ICEUEZL. RET 5. s =

http://orca-robotics.sourceforge.net/orca_doc_walkthrough.html
Buffers

Main Loop
Hardware/Algorithm
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AIST

Microsoft Robotics Studio

Robotics Developer Studio 4

http://www.microsoft.com/robotics/
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Microsoft Robotics Studio
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MSRS7 —FT7F¥

DSSP :Decentralized Software Services Protocol

DSSP: SOAPA—Z M T ORI THYBEEHH —

EXETIVZRET S,

DSSPIEFRT—FERDAyE—IFRL—23 %

HiR—k,

FTIVr—avld—EXRDEERELTER
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F—EREL. TTVT—23vDISATIA LB TH
L R IRE. E=RY Y BIBRAIREGREE ETS
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MIDDLEWARE

AIST
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Dmraresct | 0@

a5’ MSRS Visual Simulation Environment
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ORIN

http://www.orin.jp/
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ORIN

* ORIN (Open Robot
Interface for the Network)

— BAROFAORYMMESE

— FAOQRykarAO—5%HH
1t

— YITFAVFORYNDRT
LEB5IZEHAE

— AIN—:

* ORIN consortium

(FANUC, YASUKAWA,
Kawasaki, MITSUBISHI, |- l=s — 3 _ B |
DENSO, KOBELCO) . =y e
* http://www.orin.jp/

[Fanuc [YASKAWA R EKawasakiMTSUBISHI| DENSO KOBELCO)
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ORIN/—F%7DF%

RAO (Robot Access Object)
— ARykarra—3I12%9 5

H—Sh=-T—470+tE

T 47 iR 3

RRD (Robot Resource Definition) E&i;j’"ﬁf“m\l\
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RSNP

(Robot Service Network Protocol)

)
http://robotservices.org/ | {S l

. : Robot Servi initiati
http://www.robotservices.org/wiki/jp/ o oenioes e
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AIST

RSI (Robot Service Initiative)

* RSi (Robot Service
Initiative)7§““ E1EoT
EHHARYSHA L F—

*‘J I\-U- t Zd)j D I\: -_,'-.'}
L ,.,t J .
— RSi:20044 % 2 1 i T o
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© BKHEME, J“"%Hfhi%ﬁmi%
ROBOMEC2013 RTMEEZ =& ¥ LV
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UNR Platform

(Ubiquitous Network Robot Platform)

- 'Ndvanced
http://www.irc.atr.jp/std/UNR-Platform.html /—\ |— { g'see‘;?{,‘;,"}ﬁ;‘{ﬁﬁ'ﬁ{}ﬁemaﬁona.
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UNR Platform
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MIDDLEWARE

UNR Platform
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UNR Platform

RolS#gEa R—R U NEE
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Comparison of open frameworks

OpenRTM-aist Universal O/O C++, C, Python, UNIX, Mac OS X, O CORBA
GG ETE Java, .NET, Android Windows, ulTRON, -
QNX, VxWorks
ROS Uni I C++, Python, J LISP i iginal
niversa A/O M;;;by on, Java, , Llnu.x, (OS X, X ;rrcl)s:t;glil
WlndOWS) Free style
OROCOS Universal A/O C++, (scripting: Lua) Linux, O Ice, CORBA
Windows, Etc.. CBSD

OPRoS Universal O/O C++ Windows, Linux O Ori?inall
protocol
OMG RTC CBSD
YARP Humanoid/ A/ X C++, Java, Python, Lua, Linux, Windows, A Original
-- Mafe® \ac 05 X Free style e
ORCA/ORCA2 Universal A/O C++, Python RTLinux, O CORBA,
Other cBSD CURD, Ice
.NET(C++’C#,VB,etC.)
SOA
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AIST ~l

MIDDLEWARE

Comparison of open frameworks

OpenRTM-aist Universal O/O C++, C, Python, UNIX, Mac OS X, O CORBA

GG ETE Java, .NET, Android Windows, ulTRON, -

QNX, VxWorks

ORIN FA robots O/ X X C++ Windows N DCOM,
CORBA

ISO ORIN OOP
Internet O / X X Java A SOAP

Servi

UNR Platform Internet Java Java VM SOAP
Service O/O A A
OMG OOP
RolS/RLS
PlayerStage Mobile A/O C, C++, Tcl, LISP, Java, Linux, original
robot and Python Etc.. protocol
OPEN-R AIBO, C++ Linux original
OOP
Open Robot Universal A/ X X Java, A HORB
Controller Python
Architecture - OooP
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TERENDE?

RTSFILOI7 D BRI
+ ARDEITHRESNSIHBYINVITETIL
o F—TUEREIRGE
— HETLEETR-FEEDZHME
— EHRERTETHAENET-5BB
— % (OpenRTM-aist) : T H D Z U EREE
o RERMIEKRFEGTVINIITETIL
- BEDEE.OS. PEA TV IRSFILIITITREFELGWVWETIL
(PIM: Platform Independent Model)
o RELINT-IH
— OMG (Object Management Group) (21T 51Z# 1L
- A—TULEELTOER
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OMGIZHITH1E# 1L

OMG (Object Management Group)
— VIho I 7RERRRF

— UML. CORBAZ:E D11 #RZE E TEIE

« MDA

— YATLEPIMIET HIEICKY . HRIESNIZET IILOFWMHALEY
ETAREMER (mE. 3R Fandid) AR LI 5. (MDA:
Model Driven Architecture D&z A, )

PIM (Platform Independent Model)

- 759bT74—L(ZCTIE, CORBA, JavaRMI, SOAP, HORB% 45y

WA T O TV TA—LZEIRT  )ITIREFELGEWLETIL,
PSM (Platform Specific Model)
— TSI+ —LEBICPSMMASEBREINIZET L,
— CORBA PSM, SOAP PSM etc...

OBJECT MANAGEMENT GROUP

ionaL nstiute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 76
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OMG RTC #Z£1k

200549H

RFP : Robot TechnoIoFy
Components (RTCs) 2.

2006428

Initial Response : PIM and PSM for
RTComponent Z#E I2H
BEE : AIST(H). RTI(CK)

2006448

MBADIREZMS Ul ZIEER
2006594

AB(LT?‘E:U\ %%J:ODI _.R KEQE?%
FTEAO RIS S N X ELRIE
200748H

FTFORZODISENE T
2007498

ABICCFTFOERZ RS, R
2008448
UOM7G\ RTCIZ#E{TAR ver.1.08T

2010414

OpenRTM-aist-1.0U U —X
201249H

ver. 1.188E

_l

MIDDLEWARE

Date: September 2012
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Robotic Technology Component (RTC)

Version 1.1

Normative reference: hitp:f//www.omg.org/spec/RTC/1.1
Machine consumable files:  hitp://www.omg.org/spec/RTC/20111205/
Normative:
hitp:/fwww.omg.orgispec/RTC/20111205/rtc.xmi
hitp:/iwww.omg.oralspec/RTC/20111205/c.h
http:/fwww.omg.org/ispec/RTC/20111206/rtc.idl
Non-norma tive:
hitp:/iwww.omg.orgispec/RTC/20111205/rtc.eap
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MIDDLEWARE

P I M (Platform Independent Model)

pd RTC Packages /

«profile»
RTC

SDOPackage

Execution Semantics

Lightweight RTC

Introspection

(from External Models)

« OMG RTC {&#:1&3>
DIV — INSIERK
N5:

— Lightweight RTC

— Execution
Semantics

(from Robotic Technology Components)

— Introspection

narionaL instiute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

/8



7

LAVR—RURE |

?

eeip (200 ¢

c M

|

IREET Y

 Lightweight RTC

— aviR—Rbk, R—k aFR
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— ETaTEXbk

— AVR—R D AZEHRE
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« Execution Semantics
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AW SIRFELND/\2—
VEiRHT S
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MNICKYEREIIN S 24
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R R—— 2. Stimulus-response® &3
Data flow > > WMEARVRRYTORIDE
. 7247 (FSM)
.y b (B 3. EOHDE—RERDTS
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Multi Modal

0¥
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* Introspection
— AVR—R D ARE
e HEMFDI=HDA>
A—DJ1—REIREH
— ADOOMGEETHS

S DO (super Distributed Object)
RTC SDO "I_%m
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Keevws
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OpenRTM-aist
OpenRTM.NET
RTM on Android
H-RTM ({&#5)
RTC-Lite

miniRTC,
microRTC

RTMSafety
RTC CANOpen
PALRO
OPRo0S
GostaiRTC

OMG RTC J7=3!
T T

AIST
SEC
SEC
AHEHR&D
AIST
SEC

SEC/AIST
SIT, CiA
ELvVIk
ETRI

GOSTAI,
THALES

C++, Python, Java

NET(C# VB,C++/CLI, F#, etc..)
AndroidfRRTERILD T

OpenRTM-aistE #t, FSME! O R—R U hEHR—
PIC, dsPIC L (&t
CAN-ZigBeeZ# | AL 1A FARTCE %

HeaeR £ 25T (IEC61508) capableZzRTME%, B
CANOpen-RTCYYE VST EE&HT-CiA 1Z#
INYEA—T /ARDT=8HDC++ PSM E4E
BEERITODIVFTORERE

Oy EFE L TEFT HC++ PSMEE

Al — R RRICE OB HRAGEREITKY
» EE (Hm) O#IEZR:L

« EEMBTOHEEFEANLYRSIC

©
©
©

O(Fwd)
O(Fwd)

O(Fwd)
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23 | openrtm
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http://openrtm.org/openrtm/node/5451
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MIDDLEWARE
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Player/Stage and Gazebo

http://playerstage.sourceforge.net/ Player
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Player/Stage and Gazebo

« USC Robotics Lab
* Player
— ARyrARYET—TH—/\
- 2D —OBBTEUY-T7OFAT
—RNT IR TEH=HDA3—T
— AT IE M
- PIa_gger(i‘Zr(@Elf‘l':“JF/\—F\"717’é
HR—k

* ex. ActivMedia Pioneer 2 family

‘Player” (X E)0RyMFIEIDI=HD—ED @
A2 3—D1—RERMETEHT IV T+— L4
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Player/Stage and Gazebo

Stage
— 2RFTTDEYRTYIR—ADIREIZH
WT. BEORYS, 28 . FT00x

DhEE2al—h9 5.

=

— TIVFI— N RTLDY
=OIZEEETINTULNS.

“Stage” [F2RxDFBEIOR YL
VAL —La IRBEIRIET 5.
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Player/Stage and Gazebo

Gazebo

- BARED<)ILFAORYE
DI aL—alIREFIR
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— 3XRTIREOAORYE, £
H AT INENDIZa
L—la iRiEZz g9 5.

— IHEIZDARPAD X 18Z
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TOSRF: OpenSource Robotics Foundation

BRILBEARYL oL —LaVRIEZIRE.
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Player/Stage and Gazebo

Robot server

INRTS=25
1B 22 O] 5%

Y Ta—T3y RODOLA
YILFIT—T Ml fH
eetc... > b

b © Robot B

A—YHEFKT HPlayer7 547 k.

C, C++, Tcl, LISP, Java, Python
ZHR—Fh.
LA L.OOPTIL%LY.

7|'3 JI~ -t'/"ﬂ'lﬁ“}'d'é

¢ ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) o3

"~ RobotC

Simulator




Open Robot Controller Architecture

anionaL instiute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 94



ORCA (Open Robot Controller Architecture)

BRI HZ
62 RT-RM

(Robot Technology Reference

I\/Iodel)

Layer 6

DEATOTHRIRILHIT e
7.HORBJ:(:$%§§

Python/\“—ZOD ml L

1fE|] = l:ll:l E?EL\

Layer 3

Layer 2

Layer 1

Task Control Layer

Task to motion

Motion Control Layer

Coordinate, motion conversion

Joint Control Layer

Joint angle to motor angle

Actuator Control Layer

Actuator motion to physical value

|/O Link Layer

Physical value conversion

Physical Layer

Motors, sensors etc...
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HORB

Java D AT
53 ~)Lr717 (ORB)

f!: %’L\E}l: d __E]"E- 75\ Eﬁ

F
100% Java -
A= )—2R “
BiE BEUE—FA HORB
AN D) You can fly with HORB
— (Java®RMI, CORBA:

Visibrokerdt)£3EL )
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ApliAlpha

(Advanced Personal Robotic Interface Type a)

« WZHARFELI-R—L1—
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» TSUTURTLA
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ORCA®D %=k

« FA—TY—RT

— Java, HORB, Python

« PythonZF|FLT-

Ny IS 2R

— ZLDFA47 ") F|H A 5E
o OSH/N—FIZIEIKTF

— Java, Python

TODHEFR
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AIST

OPEN-R

_l

MIDDLEWARE

OPENR
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- HEE L ARSITE.2EST
B
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OPEN-R7 —=x%T7JF

— L S e S —
/\ I\ r7 L 7 — ‘/'—I_\ *‘/ I\ sampleObserver
CPC (Configurable Physical Component) \
— BAVKR—RUMNIBEHDHEE. ME. X M1FIVR
ING AR EDFEHRZABL TS,
— N—FOIT7BEERN)ILIT1II5HRET IR Cj’ﬂm

YOI F7aVR—R2k
e AV I4Fal—iavikiERE e
e AV I4F¥aAL—a IEkTERE

7]

R— R EA]

sampleSubject

Device Driver
(Virtual Robot)

|

Robot Hard
Components
(CPC)
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OPEN-R® #F15,

e IJE—FLE aOVAL U FRAFEIRIE
— A—FOR—2E T4 — PCLifliA A
Rr—3E)T4

1l
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. #83A RT LEPCRE o
- AVRT=DZNLI2AvE— o U0 — LIEKRTEHEDOFER

SR

- VIO T7DBEFHA e — o —
Color tracking User software :E y -1 7 IJ T ,r

module me”" User software .

Walking module \ mod"  User software — J\— P &Ik

module
™~ Vision output
module \ /

R eI

~Jtcp TCP
GW = GwW

Bridge
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AIST A~

MIDDLEWARE

OpenHRP
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O pen H RP (Open architecture Humanoid Robotics Platform)

o« FEMAH BX, JNIBAIE.
* OpenHRPY=alL—%
— BAFZIHRIZIaAL—A
- REFEHRIaL—F
- ETILIT4% (VRML)
« OpenHRPaFAO—7
- T34
— TS AUE2aL—AaLE
WCHEFI AREE
— aVALURERFETRE

=

Copyright © 2002 Yutaka lzubuchi & AIST
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AIST

IS E (Integrated Simulation Environment)

L4

o LNDOHMNDCORBAA T THMMLIERK

S:i&: Java & C++

Model Parser

Collision :
Checker Dynamics
Controller _ ISI_E _ Motion
(Integrated Simulation Environment) Planner
View Pattern
Simulator Generator
Input Data

narionaL instiute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

105



OpenHRPaVFA—57—FTUF ¥

 ARTLinux
— N—KU7IILEA LLinux#ikak /" hard real-time
— ERT(RELH) ORMENEF loop: Sms
© BARELUTILAA LEIEIL—T RIS
BFLI=T S5 A & AmEE Sensor input
o TITAVDFAFIyyA—T42Y !
« HBUTYLGHA L 5ms Plug-in
Al T
class MyPlugin : public plugin User plug-"‘]
{
MyPlugin(); I_ .
~MyPlugin(); Stabilizer
bool setup(state *, command *); .
void control(state *, command *);
bool cleanup(state *, command *); : ACtuator Output
L/

hard real-time
loop: 1ms
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