Robotics Domain Task Force Final Agenda verl.0.5

OMG Technical Meeting - B u rl | n g am e, CA, USA -- Dec. 10-14 , 2007

robotics/2007-12-01

TF/SIG http://robotics.omg.org/
Host |Joint (Invited) Agenda Item Purpose Room
Monday: Robotics Plenary(am) and WG activites(pm)
9:00 9:45  Robotics Robotics Steering Committee Arrangement
Sandpebble B, Lobby Lvl
9:45  10:00 Robotics Robotics-DTF Plenary Opening Session Robotics plenary
openning
10:00 11:00 Robotic Localization Service - Initial Submission Presentation (1) presentation and
- Kyuseo Han (ETRI) and Yeon Ho Kim (Samsung) discussion Sandpebble B, Lobby Lvi
11:00 12:00 Robotic Localization Service - Initial Submission Presentation (2) presentation and
- Shuich Nishio (JARA/ATR) discussion
12:00 13:00 LUNCH Cascades, Atgrium Lvl
13:00 18:00 Architecture Board Plenary
13:00 18:00 = Robotics Robotic Localization Services WG (5h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio Sandpebble B, Lobby Lvi
Services WG(5h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi Sandpebble A, Lobby Lvl
Tuesday: WG activities (am) and Robotics Plenary (pm)
9:00 11:30 Robotics Robotic Localization Services WG (2.5h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio Sandpebble B, Lobby LvI
Services WG(2.5h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi Sandpebble A, Lobby Lvl
11:30 12:00 Real Wor_ld Robot Challe_nge in Tsukuba (RWRC2007) p_resent_ation and Sandpebble B, Lobby Lvl
- Takashi Tsubouchi (Univ. of Tsukuba) discussion ’
12:00 13:00 LUNCH Cascades, Atgrium Lvl
13:00 14:00 Robotics WG Reports and Roadmap Discussion reporting and
(Service WG, Profile WG, Robotic Localization Service WG) discussion
14:00 15:00 Robotics Special Talk: Introduction to Robotc Technology Component presentation and
Specification and some potential RFPs (Tentative) discussion
- Noriaki Ando, Takeshi Sakamoto and (Rick Warren?)
Break (30min)
15:30 16:30 Robotics Special Talk: "Open source software models for robotics" presentation and Sandpebble B, Lobby Lvi
- Eric Berger (Willow Garage) discussion
16:30 17:10 Robotics Contact Reports: Information Exchange
- Makoto Mizukawa(Shibaura-I1T), and Yun-Koo Chung(ETRI)
17:10 17:30 Robotics DTF Co-Chair election and Next meeting Agenda Discussion Robotics plenary
closing
17:30 Adjourn joint plenary meeting
17:30 18:00 Robotics Robqtic_s WG Co-chairs Planning Session . plann_ing for next Sandpebble B, Lobby Lvl
(Preliminary Agenda for next TM, Draft report for Friday meeting
Wednesday WG activity follow-up
9:00 12:00 = Robotics Robotic Localization Servi_ces WG (Sh) S discussion Evergreen, Atrium Lvl
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio !
Services WG(3h): Human Robot Interaction RFP draft Meeting discussion )
- Su-Young Chi Boardroom 4, Atrium Lvl
12:00 14:00 LUNCH and OMG Plenary Poolside Pavilion
14:00 18:00 = Robotics Robotic Localization Servi_ces WG (Sh) S discussion Evergreen, Atrium Lyl
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio !
18:00 20:00 OMG Reception Grand Peninsula Foyer,
Thursday
12:00 13:00 LUNCH Cascades, Atgrium Lvl
13:00 18:00 Architecture Board Plenary Harbour B, Lobby Lvl
Friday
8:30  12:00 AB, DTC, PTC Grand Peninsula AB,
12:00 13:00 LUNCH Cascades, Atgrium Lvl
Other Meetings of Interest
Monday
8:00 8:45 OMG New Attendee Orientation Grand Peninsula C,
9:00 12:00 OMG Tutorial - Introduction to OMG's meeting and Middlewere Specifications Grand Peninsula C,
13:00 17:00 OMG Tutorial - An Overview of UML 2.0 Grand Peninsula C,
18:00 19:00 OMG New Attendee Reception (by invitation only) Sclini's Terrace, Atrium
Tuesday
7:30 9:00 OMG Liaison ABSC Boadroom 3, Atrium Lvl
8:00 12:00 OMG Object DB Technology Users & Vendors Roundtable Grand Peninsula C,
13:00 17:30 OMG Joint Session on Ontology/Vocabulary Standardization & Management at OMG Grand Peninsula A,
13:00 17:30 OMG Tutorial - Introduction to the OMG Systems Modeling Language (OMG SysML™) Grand Peninsula C,
17:00 18:00 OMG RTF-FTF Chair's Workshop Sumac, Atrium Lvl
Wednesday
8:30 17:30 OMG Modeling Analysis of Real-time and Embedded Systems (MARTE) Information Day Grand Peninsla A, Lobby
Thursday
8:00 9:00 OMG Ottawa TM Infrormation Days Planning Meeting Bayside B, Lobby Lvl

Please get the up-to-date version from http://staff.aist.go.jp/t.kotoku/omg/RoboticsAgenda.pdf




Minutes of the Robotics-DTF Meeting --- Approved
September 26, 2007, Jacksonville, FL, USA
robotics/2007-12-02

Minutes Highlights

® The final report of Robotic Technology Component (RTC) FTF was approved in AB and
recommended in PTC. [ptc/2007-08-17]

® Several scenarios to evaluate proposals of the Robotic Localization Service RFP was discussed.
[robotics/2007-09-13]

® The Human-Robot Interaction Service was under discussion as a potential RFP.
[robotics/2007-09-14]

® Robotic Localization Service WG was set up for making a revised proposal of Robotic
Localization Service RFP.

® Additional DTF Co-Chair election was announced.

List of Generated Documents

robotics/2007-09-01 Final Agenda (Tetsuo Kotoku)

robotics/2007-09-02 Brussels Meeting Minutes [approved] (Yun-Koo Chung and Fumio Ozaki)
robotics/2007-09-03 Steering Committee Presentation (Tetsuo Kotoku)

robotics/2007-09-04 Roadmap for Robotics Activities (Tetsuo Kotoku)

robotics/2007-09-05 Introduction to HriAPI RFP (Su-Young Chi)

robotics/2007-09-06 A quick view of Robotic Localization Service Proposal (Kyuseo Han)
robotics/2007-09-07 User Identification for HRI (Su-Young Chi)

robotics/2007-09-08 Robotic Localization Service Proposal Overview (draft, in Progress) (Shuichi Nishio)
robotics/2007-09-09 Typical Examples from Tsubouchi (Takashi Tsubouchi)

robotics/2007-09-10 Scenarios for Comparison of Proposals (Kyuseo Han)

robotics/2007-09-11 Opening Presentation (Tetsuo Kotoku)

robotics/2007-09-12 Robotic Localization Services WG Status Report (Kyuseo Han, Yeon-Ho Kim and Shuichi
Nishio)

robotics/2007-09-13 Typical Case Scenarios for the Robotic Localization Service (Kyuseo Han, Yeon-Ho Kim and
Shuichi Nishio)

robotics/2007-09-14 Robotic Functional Services WG Report (Su-Young Chi)

robotics/2007-09-15 ISO TC184 SC2 Contact Report (Yun-Koo Chung)

robotics/2007-09-16 Contact Report (Makoto Mizukawa)

robotics/2007-09-17 Result of Flier Voting (Yun-Koo Chung)

robotics/2007-09-18 Closing Presentation (Tetsuo Kotoku)

robotics/2007-09-19 Next Meeting Preliminary Agenda - DRAFT (Tetsuo Kotoku)

robotics/2007-09-20 DTC Report Presentation (Tetsuo Kotoku)

robotics/2007-09-21 Jacksonville Meeting Minutes - DRAFT (Shuichi Nishio and Su-Young Chi)



Minutes
September 26", 2007 Wednesday, City Terrace 5, 3" floor

09:00-09:00 Plenary Opening [robotics/2007-09-11]
- Approval of the Brussels Minutes
.Brussels Minutes (Dr. Chung and Dr. Ozaki) [robotics/2007-09-02]
.European peoples and IEEE people interested in OMG standardization activation
AIST (motion), Shibaura-IT (second), Tech. Arts (white ballot)
.motion passed

- Jacksonville Meeting: Quorum: 5
Jjoined organizations: AIST/ETRI/JARA/Samsung/Shibaura-IT/Technologic Arts
.proxy: NEDO

- Minutes takers : Dr. Nishio and Dr. Chi

09:10-10:00 WG reports and Roadmap Discussion

** Robotic Localization Service WG (Dr. Nishio) [robotics/2007-09-12, -13]
- discussion summary

- 3 sample scenarios for comparing submissions

- next meeting schedule

** Robotic Functional Services WG (Dr. Chi) [robotics/2007-09-14]
- HRI Draft RFP
- discussion summary
- Issues to be discussed (on next meeting)
- user's view vs developer's view
- ISO standard study
- Roadmap
- Burlingame: discussion
- Washington: RFP 1st draft
- Ottawa: 2nd draft
- Orlando: 1st review
- Santa Clara: 2nd review / issue

** Robotics-DTF Roadmap (Dr. Kotoku) [robotics/2007-09-04]
- Dr. Kotoku suggest to change schedule for the HRI RFP

- omit the 2nd draft in Ottawa;

- Ist review in Ottawa, 2nd in Orlando

10:00-10:20 Contact Reports

** ISO/TC184/SC2 Contact Report (Dr. Chung) [robotics/2007-09-15]
- no activity after Brussels meeting

- next SC2 meeting held in Tokyo, Japan, 26/11/07-29/11/07

- advisory group (Mon):

- explore needs and new items for stand. in 'service robots'

- PT3(Tue): newly started

- revise ISO 8373:1994 "robots and robotic devices"

- original: industrial, add definitions for service robots

- PT2(Wed-Thu) Safety for Personal Care Robot

- International Robot Exhibition (IREX2007) in Tokyo, 28/11/07-01/12/07
- main focus on industrial robot

** ISO/TC 184 (Prof. Mizukawa) [robotics/2007-09-16]
- SC5/WG6 Oct 1,2 (Frankfurt)



- correspondence from CANopen (31/Aug)
- start development for a system specification
- application profile or additional specific device profiles ( for robots)
- chance to cope with them
- upcoming conferences
ROS (29/0Oct-2/Nov, San Diego)
ICCAS 2007 (17-20/Oct, Seoul)

10:20-10:30 HRI focus discussion (Dr. Kim; no presentation)
- short explanation on topics to be discussed on HRI-RFP at next meeting
- topics to be discussed
- UI(user identification) component
- output = user ID
- input = speech/image?
- capture/process/match steps inside the component
- Ul standardize contains developer view and inner module API comments:
- Normally, the word 'HRI' means focus on interaction; 'interaction' people are more interested in the output (user
ID, etc.) of the component, not what's happening inside the component. (Dr. Nishio)
- Our main focus is on the inside of the component, such as face recognition or speech recognition, and not on the
output. (Dr. Kim)
- As for the output, not only ID but gender, or other attributes might as well be concerned. (Dr. Nishio)
- It is still impossible to clarify the necessary output items. This is still under research. Thus, we want to start by
limiting functionalities, in a specific area. (Dr. Kim)
- The state-of-out for the facial/speech recognition for robotics, still seems immature. That seems to be the
difference with the Localization RFP (Prof. Tsubouchi)
- Still, making the API standard will be helpful. (Dr. Kim)
- In Korea, speaker/face recognition, user identification API, in URC (networked robot) environment is
standardized. (Dr. Kim)
- Is there any related RFI, related this item? (Prof. Tsubouchi)
- There is a summary of RFI report by Olivier. Person Recognition and Human Interface are one of the topics.
- If you need, new RFI can be issued. (Dr. Kotoku)
- We should concern the relationship with the Profile WG (Dr. Tsubouchi)
- Dr. Chi is thinking of this (Dr. Kim)

10:30-11:00 Publicity Sub-Committee Report (Dr. Chung) [robotics/2007-09-17]
- flier voting result
.9 votes
.draft 2 selected (the blue one)
- the front photograph doesn't look like a robot
.change photograph
- in Nov., the final version will be sent out
.substitute photo will be sent in the next couple of weeks
- information day
.targeted on Ottawa meeting

11:00-11:30 Plenary Closing (Dr. Kotoku) [robotics/2007-09-18]
- volunteer changes
- Dr. Pham , Dr, Kim and Dr. Lee resigned
- Setup new Robotic Localization Service WG (mission oriented WG)
-Co-Chair: Dr. Yeon-Ho Kim (Samsung), Mr. Kyuseo Han (ETRI), Dr. Shuichi Nishio (JARA/ATR)
* AIST (motion) ETRI (second) Shibaura-IT (white ballot)
- motion passed
- Dr. Hyunsoo Kim (Samsung) newly joined as Robotic Functional Services WG co-chair
* ETRI (motion) Shibaura-IT (second) Tech. Arts (white ballot)
- motion passed
- call for volunteer
- additional volunteer of the Robotics-DTF co-chair



- Co-Chair election will be held in Burlingame
- next meeting
- Mon: (AM) steering committee / RLS initial submission presentations
- Tue: (PM) Robotics-DTF plenary
- HRI RFP discussion Monday to Thursday

11:30 Adjourn plenary meeting

Plenary Meeting Attendee (Sigh-in): 11
Hyun-Soo Kim (Samsung)

Kyuseo Han (ETRI)

Makoto Mizukawa(S.I.T.)

Noriaki Ando (AIST)

Shuichi Nishio (JARA/ATR)
Su-Young Chi (ETRI)

Takashi Tsubouchi (Tsukuba Univ.)
Takeshi Sakamoto (Technologic Arts)
Tetsuo Kotoku (AIST)

Toshio Hori (AIST)

Yun-Koo Chung (ETRI)

Prepared and submitted by Su-Young Chi (ETRI) and Shuichi Nishio (JARA/ATR)



= AIST robotics/2007-12-03

Robotics Domain Task Force
Steering Committee Meeting

December 10th, 2007

Burlingame, CA, USA
Hyatt Regency San Francisco Airport

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Jacksonville Meeting Summary

 Robotic Localization Service WG:

—Typical case scenarios for the Robotic Localization
Service [robotics/2007-09-13]

* Robotics Plenary: (11 participants)
— 2 WG Reports [robotics/2007-09-12,14]
— 2 Contact Reports [robotics/2007-09-15,16]
— Publicity SC Report [robotics2007-09-17]

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Agenda

Agenda Review

Minutes and Minutes Taker
Publicity

 Roadmap Discussion

* Next meeting Schedule

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Agenda Review

Mon(Dec. 10):
Steering Committee,
RLS-RFP initial submission presentations(AM)
WG activities(PM)
Tue(Dec. 11):
WG activities(AM)
Robotics-DTF Plenary(PM)
Wed(Dec. 12) and Thu(Dec.13):
WG activities

please check our up-to-date agenda
http://staff.aist.go.jp/t.kotoku/omg/RoboticsAgenda.pdf

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




= AIST

Minutes and Minutes Taker

* Process:
— Make a draft with in 5days
— Send the initial draft to robotics-chairs@omg.org
— Post the draft to the OMG server within a week
— Make an announcement to robotics@omg.org
— Send comments to robotics@omg.org
— Approve the revised minutes at the Next meeting

* Volunteers for this Meeting

— Geoffrey Biggs (AIST)
— Yun Koo Chung (ETRI)

We have to post our meeting minutes within a week!

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

= AIST

Publicity Activities
* Robotics-DTF fly sheet

* Robotics-DTF :
Homepage: http://robotics.omg.org/
Wiki: http://portals.omg.org/robotics
Mailing List: robotics@omg.org

* Robotics Infrastructure WG:
Wiki: http://portals.omg.org/robotics/Infrastructure WG
Mailing List: omg-infrastructure@m.aist.go.jp

* Robotics Data and Device Profiles WG:
Wiki: http://portals.omg.org/robotics/Profile\WG
Mailing List: omg-profile@m.aist.go.jp

 Robotics Functional Services WG:
Wiki: http://portals.omg.org/robotics/Service WG
Mailing List: omg-service@m.aist.go.jp

 Robotics Localization Service WG:
Wiki: http://portals.omg.org/robotics/LocalizationWG
Mailing List: omg-localization@m.aist.go.jp

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Roadmap Discussion

Create new items
( we need volunteers)

Confirm the process of working items

Information Day (Seminar) in 2008 Ottawa TM

=> Cancel (no volunteer)

— IROS2008 (Nice, France)

Cancel 2008 Orlando TM

— January 25, 2008 Proposals for Tutorials/WWorkshops

NATIOMAL INSTITUTE OF

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

= AIST

Organization

Lﬂ fl‘ L-‘:’]

Robotics-DTF

Yun-Koo Chung (ETRI, Korea) |
Tetsuo Kotoku (AIST, Japan)
Call for volunteer

{

Steering Committee

All volunteers

Publicity Sub-Committee

Masayoshi Yokomachi (NEDO, Japan)

{Abheek Bose (ADA Software, Indea)

Yun-Koo Chung (ETRI, Korea)

Contacts Sub-Committee

{Makoto Mizukawa (Shibaura-IT, Japan)
Yun-Koo Chung (ETRI, Korea)

Technical WGs

Infrastructure WG

Robotic Functional
Services WG

Robotic Data and

Profiles WG

Robotic Localization
Services WG

1
1
T
{

Noriaki Ando (AIST, Japan)
Call for volunteers

Soo-Young Chi (ETRI, Korea)
Shuichi Nishio JARA/ATR Japan)
Hyunsoo Kim (Samsung, Korea)

Bruce Boyes (Systronix, USA)
Call for volunteers

Kyenseo Han (ETRI, Korea)
Yeon-Ho Kim (Samsung, Korea)
Shuichi Nishio (JARA/ATR, Japan)

NATIOMAL INSTITUTE OF

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Next Meeting Agenda
March 10-14 (Washington, CA, USA)

Monday:
Steering Committee (morning)
WG activity [Parallel WG Session] (pm)

Tuesday:

WG activity [Parallel WG Session] (am)
Robotics-DTF Plenary Meeting (pm)

*Guest and Member Presentation
*Contact reports

Wednesday:

WG activity follow-up [if necessary]

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Special Talk Candidates

* Report of RoboDevelopment 2007

 Introduction to JCX robotics project (Tentative)
- Bruce Boyes (Systronix)

« Someone from local area

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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. AIST robotics/2007-12-05

Robotics-DTF Plenary Meeting
Opening Session

December 10th, 2007

Burlingame, CA, USA
Hyatt Regency San Francisco Airport

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Approval of the Jacksonville Minutes

Meeting Quorum : 4

AIST, ETRI, JARA, John Deere, Samsung, Shibaura-IT,
Technologic Arts,

Minutes taker(s): » Geoffrey Biggs (AIST)
* Yun Koo Chung (ETRI)

Minutes review

* Localization Service WG:

— Typical case scenarios for the Robotic Localization Service
[robotics/2007-09-13]

* Robotics Plenary: (11 participants)
— 2 WG Reports [robotics/2007-09-12,14]

— 2 Contact Reports [robotics/2007-09-15,16]
— Publicity SC Report [robotics/2007-09-17]

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Agenda Review

Mon:
09:45-10:00 Opening Session
10:00-12:00 Initial Submission Presentation
Tue:
11:30-12:00 Volunteer Talk
13:00-14:00 WG Reports and Roadmap Discussion
14:00-16:30 Special Talks
16:30-17:10 Contact Reports
17:10-17:30 DTF Co-Chair election, Publicity,
Next meeting Agenda Discussion
17:30 Adjourn joint plenary meeting

17:30-18:00 WG Co-chairs Planning Session

please check our up-to-date agenda
http://staff.aist.go.jp/t.kotoku/omg/RoboticsAgenda.pdf

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




robotics/2007-12-06

Robotic Localization Service
-OMG Initial Submission

2007-12-10

Electronics and Telecommunications Research Institute
Samsung Electronics, Co.*

Kyuseo Han, Wonpil Yu, and Yeonho Kim*

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Contents

» Structure of Robotic Localization Service
» How to apply RLS for 3 Scenarios
» Conclusion

& ¥nfelligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

What will we need?

» To generate localization result without any
severe considerations

» To obtain optimal location estimate, when a
variety of sensors are cooperating with each
other

» To handle coordinate systems as automatic as
possible

» To attach/detach sensor

E1¥nielligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Basic Concepts

» Simple Structure
4 Basic components

» Supportable to various configurations
Providing various services

» Compatible with other standards
Supporting WGS84 coordinate system
Possibly migrating in RTC

E1¥nielligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Basic Component

Inte rfa'ce

« Whatever
you want -Data
Structure

}Eimglligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Abstract Structure

————> :Data Flow
---- :Reference

) eEntelligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

UML diagram for our proposal structure

<<DataType>>
RLS_SensorInfo

0..%

< <abstractz>
RLS_BasicObject

<<typex>
RLS_LocalizationObject

+5en: or<f0“=

<<type=>
RLS_Sensor

0.1

E¥ngell

+5ensorinfo

N

<<types=
RLS_LocationAggregator

v

<<typesz
RLS_CoordinateSystem

+Axis Tl..‘

<<DataType=:=
RLS_AxisInfo

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Classes Vs. Components

Localization
Object

<< abstracts 5

RLS_BasicObject

<<type>:
RLS_lLocalizationObject

¢

<<DataType>>
RLS Sensorlnfo

0..1

<<type>>
RLS_Sensor

+SensorInfo

Sensor

Localization

& ¥nfelligent Robot Research Division

2y

RLS_LocationAgagregator

<<typex:>

RLS_CoordinateSystem

<<type:>>

+Axis Tl..‘

<<DataType>>
RLS_AxisInfo

Location
Aggregator

Coordinate
Manager




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Coordinate System

» Basic Coordinate System

3- Dimensional Cartesian coordinate system
» Supporting coordinate system

WGS84

Local coordinate system (user-defined)

» Supporting transformation among coordinate
systems.

E1¥nielligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

UML Diagram

<<type>> <<types>
RL5_CoordinateSystem f50urce RLS_CoordinateTransfrom
+CShiame: string 1 +C5TransformlD: string
+HC5Type: string ) +sourceCS: string
+CSsubType: string +destinationCs: string
+limension: Integer %ﬂ
+0riginPoint: double[D..*] | +RLS_Transfrom{peint: RLS_Location): RLS_Location

L. * Axis

<<DataType>>
RLS_AxisInfo

+AxisMame: string
+AxisOrientation: string
+AxisUnit: string

& ¥nfelligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

RLS_CoordinateSystem
» To describe coordinate system

» Attributes
CSName:the coordinate system name(e.g.,mycoordl)
CSType:the type of coordinate system

Value

RLS_CS_CARTESIAN
RLS_CS_WGS84
RLS_CS_LOCAL

CSsubType:the sub type of coordinate system(e.g.,geodetic)
Dimension:the dimension of coordinate system
OriginPoint:the origin point coordinate value

E1¥nielligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

RLS AxisInfo

» Description of axis
» Characterization of coordinate system

» Attributes
AxisName :
specifies the name of axis
AxisOrientation :
specifies orientation of axis
(e.qg., “clockwise from true north”)
AxisUnit :
specifies the unit of measure
(e.g., degree, radian, and meter)

& ¥nfelligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

RLS CoordinateTransform

» Changing coordinate values from one
coordinate system to another

» Attributes
CSTransformID :the unique identifier
sourceCS :specifies source coordinate system
destinationCS : specifies target coordinate system

» Operation

RLS Transformation([in]point)

point: RLS_Location
Return value: RLS Location
Semantic: transform or covert coordinate value

E1¥nielligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

RLS Location

» Data structure for describing location data
» Including auxiliary information related with
location
Coordinate system
Measuring time
Confidence of data

Quality -

& ¥nfelligent Robot Research Division




UML Diagram

«<DataType>=>
RLS_location

+ID: string

+referenceCs: string
+positionDimension: integer
+orientationDimension: integer
+zonelD: string

+position: double[d..]
+orientation: double[d..*]
+qualityInfo: RLS_PosQuality

HmeasuringTime: DateTime
+measuringEndTime: DateTime

HawSensorData: RLS_PrimitiveSensorData

;
5
’
fo

<«DataType>>
RLS

+mean: double[D..%]
+stddev: double[D..%]
+confidence: double

:
;
2y

<<DataType=>
RLS_PrimitiveSensorData

+ype: string
+datasize: integer
+primitiveData: double[d..*]

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

» ID: Object ID

» referenceCS: reference coordinate system

» positionDimension: positional dimension

» orientationDimension: directional dimension
» zonelD: zone description

» Position: values of position

» Orientation: values of direction

» Qualityinfo: statistical confident values

» RawSensorData: sensor data

» measuringTime: time at occurring
measurement

» measuringEndTime: time at finishing
measurement

DateTime: UTC format (e.g.,20071102T143050.3457Z)

}E-ﬁmglligent Robot Research Division
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An Example of RLS_Location

» Possible representation for NMEA-0183
<<NMEA-0183>>

data type

) eEntelligent Robot Research Division

<<RLS_Location>>

data type

data type

B
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An Example of RLS_Location

<<NMEA-0183>>

data type

data type

== 0 0

}Eimglligent Robot Research Division
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RLS_Sensor (with UML Diagram)

<apers » Connecting with Sensor
RLS_LocalizationObject .
HocalizationObjectID: string hardWa re/ dr|Ver
Homl!zaﬁonobjech\lame: string .
i | . » Creating Raw sensor data
e b e g or position data
» Supplying Hardware
specification
+Sensor | g,.*

+5Sensorilame;: string +5ensorinfo ﬁ::ﬁgafgi?ti

+RLS_getSensorinfo(): RLS_SensorInfo |1 0.1 | HModel: stringl =

+RLS_getlocation(): RLS_Location +revisiontumber: string

+partiumber: string

) eEntelligent Robot Research Division




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

RLS Sensor
» Providing location or raw sensor data

» Attribute

SensorName :specifies identifier (e.g, name, number or
others)

» Operations
RLS getSensorInfo()
Return value: an instance of RLS SensorInfo
Semantic: obtaining sensor information
RLS getLocation()
Return value: RLS Location
Semantic: returning location or raw sensor data

E1¥nielligent Robot Research Division
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RLS Sensorlnfo
» Providing sensor information

» Attributes
Identifier :the unique identifier
Manufacturer :the identifier of sensor manufacturer
Model : the model name or number of sensor
revisionNumber : SENnsOr version or revision humber
partNumber : manufacturer’s part number

& ¥nfelligent Robot Research Division
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RLS_LocalizationObject,
RLS_LocationAggregator

<<abstract=>
RLS_BasicObject

0..*= | +RLSObjectType: string
+coordinateSystem: RLS_CoordinateSystem

0. : *®
+RLS_getlocation(identifer: string): RLS_Location
<<typesz <<typez>
RLS_LocalizationObject RLS_lLocationAggregator
HocalizationObjectID: string +aggregatorID: string
- HocalizationObjectMame: string +availableMethod: string[0..%]
HocalizationObjectType: string +currentMethod: string [
+RLS_getlocation{identifier: string): RL5_Location +RLS_getlocation{identifier: string): RL5_Location
+RLS_getSensor{SensorMame: string): RLS_Sensor +RLS_getlocalizatoinObject{ID: string): RLS_LocalizationObject

}Eimglligent Robot Research Division
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Hierarchical Structure

) eEntelligent Robot Research Division
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Example code for composite pattern

Interface RLS_BascicObject {
public RLS_ Position RLS_ getPosition(string Identifier);
¥

class RLS_ LocalizationObject : implements RLS_ BasicObject {
private ArrayList<RLS_ BasicObject> mChildObject = new ArrayList<RLS_ BasicObject>();

public RLS_ Position RLS_ getPosition(string Identifier){
// internal algorithm for obtaining location data

¥

public void add(RLS_ BasicObject object){
mChildObject.add(object);
}
¥
public class Program {
public static void main() {
RLS_ LocalizationObject object1 = new RLS_ LocalizationObject();
RLS_ LocalizationObject object2 = new RLS_ LocalizationObject();
//compose the RLS_BasicObject
objecti.add(object2);

b

E1¥nielligent Robot Research Division
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RLS_BasicObject

» The base class of RLS_LocalizationObject and
RLS_LocationAggregator

» Attributes
RLSObjectType :the type of RLS_BasicObject

Value Description

RLS LO RLS_LocalizationObject
RLS_LA RLS_LocationAggregator

coordinateSystem :current coordinate system

» Operations
RLS getLocation([in]identifier)
Semantic: virtual operation; retuning RLS_Location

& ¥nfelligent Robot Research Division
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RLS_LocalizationObject

» Core component of RLS

» Creating location data connected to
RLS_Sensor

» Including developer’s own techniques

» Delivering location data to external applications
or location aggregator

» Supporting flexible configurability by
Hierarchical structure

E1¥nielligent Robot Research Division
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RLS_LocalizationObject (class description)

» Attributes
localizationObejctID : the indentifier
localizationObjectName :human readable name
localizationObjectType :type of localization object

Value Description

RLS_LO_SERVIC It enables to provide location generated by
E using data from connected localization
Sensors
(e.g., A mobile robot in which laser range
finder is installed)

RLS_LO_ENTITY It enables to provide location generated by
using data from other connected localization
object or location aggregator. It has no
connected localization sensors
(e.g., A cup on which a passive RFID tag is
attached)

E¥n
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RLS_LocalizationObject (class description)

» Operations
RLS getLocation([in]identifier)

identifier: an identifier for localization object to be retrieved
Return value: RLS lLocation

Semantic: providing an instance of RLS_Location

RLS getSensor ([in] SensorName)
SensorName: an identifier for localization sensor to be retrieved
Return value: RLS Sensor

Semantic: providing an instance of RLS_Sensor with
SensorName attribute matching the value of SensorName
argument

E1¥nielligent Robot Research Division
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RLS_LocationAggregator

» Creating optimal location estimate of target
entity

» Data fusion techniques

» Supporting flexible configurability by
Hierarchical structure

& ¥nfelligent Robot Research Division
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RLS_LocationAggregator (class description)
» Attributes

aggregatorID : an identifier
availableMethod : identifiers of available aggregation
methods

currentMethod :current aggregation method

» Operations
RLS getLocation([in]identifier)
identifier: an identifier for localization object to be retrieved
Return value: RLS Location
Semantic: providing aggregated location data

RLS getLocalizationObject([in]ID)
ID: an identifier for localization object to be retrieved
Return value: RLS_LocalizationObject

Semantic: retu_rnin%an instance of RLS_LocalizationObject with
localizationObjectID matching the value of ID argument

E1¥nielligent Robot Research Division
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Proposal Vs. Mandatory Requirements

Mandatory Requirement Classes or functions in Proposal

1.1 specifying a set of data and/or their
Structure necessary to represent location
infomation

1.2 specifying a set of methods and/or
their parameters to access localization
information

2.1 specifying the interface for accepting
the request for localization result

2.2 specifying the interface for publishing
the localization result

3.1 conversion of location information
from one coordinate system to another

3.2 aggregation of multiple location
information

& ¥nfelligent Robot Research Division

RLS Location
RLS PosQuiality
RLS PrimitiveSensorData

RLS LocalizationObject
RLS LocationAggregator
RLS_ Sensor

RLS getLocation (function)
RLS getLocation (function)
RLS_CoordinateSystem

RLS_CoordinateTransform

RLS LocationAggregator
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Proposal Vs. Optional Requirements

1.Advertizing what types of entities can be localized and/or what entities are being
localized

No explicit operations. It is, however, possible to obtain similar
information through investigating RLS_LocalizationObject with
localizationObjectID or localizationObjectName attribute

2. Advertizing what kind of sensor data can be used and/or what sensor are used

RLS getSensor operation in RLS_LocalizationObject
RLS_getSensorInfo operation in RLS_Sensor

3. Incorporating additional information for localization or aggregation, such as for
notifying the LS about some entities that moved in/out of its range

No explicit operations. The combination of

RLS getLocalizationObject in RLS_LocationAggregator and
RLS LocalizationObject with localizationObjectID or
localizationObjectName attribute enables to identify entities

E1¥nielligent Robot Research Division
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Proposal Vs. Optional Requirements

4. Managing the difference coordinate systems and frames defined in a robotic system,
as well as their physical relationship

No explicit operations or managing mechanism

5. Managing the instances of Localizing Object or Localization Service in the robotic
system

No explicit operations or managing mechanism

6. Controlling the internal parameter for the location fusion algorithms used in
aggregating locations. With this interface, the algorithm used for location aggregation
can be implemented as a module. In this way, developers can easily exchange this
algorithm module by modules with other algorithms when necessary

As a module for location aggregation, RLS_LocationAggregator is
proposed

& ¥nfelligent Robot Research Division
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Proposal Vs. Issues to be discussed

1. Demonstrating its feasibility by using a specific application based on the proposed model

This proposal has already applied in various robot applications.

2. Demonstrating its applicability to existing technology such as RLTS(Real-time Location
System)

One of implementations has been using Zigbee network. The proposal shall support for
adopted to existing technologies.

3. Discussing simplicity of implementation

See an example code in page 22 in this presentation. Developers should ignore of how many
or what kind of component will be attached in future.

E1¥nielligent Robot Research Division
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Proposal Vs. Issues to be discussed

4. Discussing the possibility to apply the proposed model to other existing fields/projects of
interest that utilize location information, such as Sensor Network Project

This proposal has already been implemented based on Zigbee network.

5. Discussing the possibility of providing standard mechanism to access map data

None. Accessing map data and relating mechanisms will be next standardization item.

6. Discussing their relation and dependency to existing communication protocols or
middleware standards, such as CORBA or DDS

As using Zigbee network, the RLS has accessed to a Zigbee network server through TCP/IP
protocols.

& ¥nfelligent Robot Research Division
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Scenario -1

Landmark:
Relative coordinate is
given

y

Goal:

Relative c_oordlnate is Robot with LRF
given

V sensor

}Eimglligent Robot Research Division
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RLS(scenario 1)

"

X mappin
1
1
1
1
1
1
1
1
1
|

\4

RLS_CoordinateTransfor
m

RLS_Sensor RLS_Position.rawPositionData
(Laser Range Finder)

) eEntelligent Robot Research Division
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Scenario - 2

Reference
Coordinate

}Eimglligent Robot Research Division
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RLS (Scenario 2)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
RLS_Sensor RLS_Sensor RLS_Sensor
1 — — — N RLS_Sensor
| A
\ (Encoder) (Gyro) (Camera) (Pointer)
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Scenario - 3

space #2

}Eimglligent Robot Research Division
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RLS (Scenario 3)

RLS Localizatio

RLS_Sens
or
(ZigBee)

RLS_Sens

ens | O or
or or or
(RFID) (Camera) (Camera)

ens ens

(ZigBee)

e
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Conclusion
» Robotic Localization Service

Composed with 4 basic components.

» Supporting localization for robot or object in a
given environment

» Flexible configurability

£ Eniglligent Robot Research Division

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Q& A
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robotics/2007-12-07

JARA initial submission
to Robotic Localization Service RFP

10 Dec, 2007

NISHIO Shuichi
Japan Robot Association (JARA) /
ATR Intelligent Robotics and Communication Laboratories

Robotic Localization Service RFP

Purpose:
Specification of Localization Service that provide
* A set of common information to represent location

* Common interfaces for Localization Service to
transfer data and commands

2007/12/10 JARA initial submission 2




RFP example of Robotic Service

lam Cam2, | see 3 entities
table: ID=23, pos=(10,20)
table: ID=73, pos=(-23,72)
robot: ID=12, pos=(-53,56)

I am Caml, | see 3 entities
person: ID=14, (34,21)
robot: ID=25, (58,55)

sofa: ID=134, (93, 42)

I am RFID readerlon a
table, I feel the phone
ID=823 is within my range

I am Robot 32, my Laser
detected 3 entities:
table: d=32, a =40
table: d=67, a = 123
robot: d=99, a = 187

I am RFID reader2 on a
table, |feel the phone
ID=123 is within my range

A\ Where is my

Phone ?
Robot 21, bring it to
me !

Background / Scope of RLS-RFP

* Localization Service independent to specific

sensors or algorithms

 Robots may use info from equipped sensors as well
as those from other robots or sensors in the
environment (Network Robot)

 Robots may perform services to people
(Service Robot, not just industrial robots)

* Treat location information of people or objects
(not just the robot itself)




Key issues in JARA proposal

A) Generic and flexible representation for robotic
localization information

— independent to specific sensors / algorithms
— reorganization of various usage in robots

B) Framework for high reusability / easy development
— Interoperability with existing systems

— meta-level information for exchanging module
capability

— prepare for plug-and-play composition

2007/12/10 JARA initial submission 5

Requirements in Robotics (1)

multiple :
coordFi)nate relation between
sveterns coordinate systems
\ C_S_iaﬂ CShand target ID
position, // C ‘4?’ ' '/_TSII
pose, — & CSat CS‘;hi
7 ,
| - - - & /
S !
CSm
measurement - =
time of

multiple sensors

2007/12/10 JARA initial submission 6




Requirements in Robotics (2)

* Navigation or Manipulation requires High-Precision
localization

— Measurement Time and Error Information is
Essential

— Especially when mixing multiple sensor outputs

Robot position Sensory data

time X y 0 ;
time d

10 6 10 -\4
12 4 10 10 >

_ E < » 13 10
14 -4 2 -9 15 12
16 -3 0 1

Takeuchi, Tsubouchi, Yuta 2005
2007/12/10 JARA initial submission 7

Example: Effect of Time Error

TR0 T —T T — 7000 T T — T —
"Z0 L non_regist,dat" using 231 - "30_regist,dat" uzing 2:1 -
B0 BOO0
I. L P
sooo bV Al 5000 |
dono | 4000 |
2000 F ' i 3000 F
Ueda, Kawata, Tomizawa, Ooya, s b souo b :
Yuta, 2005 ﬁ
1000 |/ woo k4.
A robot measures its ;
surroundings using 2 sensors: ol ob
LRF and odometer. Map is
created by fusing two 1000 b P | I
. 1506 1000-500 0 Hoo 1000 150020002500 =
observatlons. 180e1000-500 0 500 1000 150020002500
B 0450,33, 470,02
No Synchronization With Synchronization

2007/12/10 JARA initial submission 8




Requirements in Robotics (3)

Interaction with people require:

* Positioning and Identification of people

* Robotic behaviors based on people position
— approach, eye contact, ...

2007/12/10 JARA initial submission 9

Related Standards

* OpenGlS standards
— Standards for Geographic Information Systems

— Define position / shape representation on earth

* SO 9283:1998 “Manipulating industrial robots -
Performance criteria and related test methods”

— pose = position (3D) + orientation (3D)

e SO 9787:1999 “Manipulating industrial robots -
Coordinate systems and motion”

— define a few coordinate system representation
(world coordinate system, etc.)

2007/12/10 JARA initial submission 10




OpenGIS coordinate systems

basically “referenced”
... can only treat absolutely defined positions on earth

* limited to 1D/2D/3D coordinates
* no relative/mobile coordinate system
* no error representation
* no explicit target ID representation
* repository of definitions
— allows automatic inter-coordinate translation

2007/12/10 JARA initial submission 11
[ ] [ ] [ ]
[ ]
Example: OpenGlIS definition
<Conversion xmIns="http://www.opengis.net/gml" ...>
<metaDataProperty>
<epsg:CommonMetaData>
<epsg:type>conversion</epsg:type>
<epsg:alias alias="Japan zone VI" code="725"
codeSpace="urn:x-ogc:def:naming-system:EPSG:7302"/>
<epsg:informationSource>Ministry of Construction;
Japan...</epsg:informationSource>... Coordinate System ID
</epsg:CommonMetaData>
</metaDataProperty> Transverse
<identifier codeSpace="EP
- Mercator
<method xlink:hre
<parameterValue> .
<ParameterValue> signed dEgree
<value uom="4 e>
<operationParameter xlink:href={urn:x-ogc.def:parameter:EP5G:8801"/>>
</ParameterValue>
</parameterValue> \ latitude of
<parameter\Value> origin
<ParameterValue>
<value uom="urn:x-ogc:def:uom:EPSG:9102">136.0</value>
<operationParameter xlink:href@:def:parameter:EPSG@)
</ParameterValue> \
</parameterValue> \ longitude of
origin
</Conversion>
2007/10/5 12




EPSG repository

query by fler retrieve by code EPEG Geodetic Parameter Registry Vessan 6 14
B Weicome guest! | (login of registen | heip
Ciicx 2. chusod Horth Lutits_ Wait Losgitude o~
Type: | BBax [ | _ Search_| S
Harrm of lhe e of wia 15 O] A Latiscie  Eant Longhide ._{"L . |r""
] — ] | Resat | .
|Conversion [Japan Plane Rectangular CS zone IIl] meadats = | Japan Plane Rectangular C§ zone
Code: EPSG:AT803 ) [vaLID)
Mame: Lpan Flane Rectangqeler CS nome W Remarks: Onginal transformation by
| Allagses Gauss-Knuger formula
Scope: Large and mesdurm scale
Ciparation is Roversibla: yes topographes mappng. cadastral and
. enginaenng suney
I' Aroa of Uss LJHPHH . Ill e Information Source: Mirmstry of
Code: EPSG: 1558 Canstruction; Japan
Hame: fapan - roos M hitp:Aidb. gsi go jp'sekuchi’datumdimage/n
Deacription: Jagan - Honshu wes! of approumately 133 deg 15 man Easl - Yamaguchi-ken, Stmane-ken, Hirostima-ken Dals Source: EFSG
Bounding Box Boundary Value (Decimal Degrees) Revision Dote: 2':_":'”5'22
West Bound Longtuda 130,75 Change I0: EPSG1999 570,
h 10: EFSG-2002.080
East Bound Longtude 13253 e
Harih Bound Latitude 35.35 | anaL |
South Bound Latitude 36T
HNobe [Hedenenon r CRE): WGES 84 geographical 70 CRS
|Paramater Valuss
Parameter Value or Parameter sign
Farameter Name File Unit of Measure Reversible
Latrbutde of natural cngn 35 genagesimal No
2007/10/5 13

Requirements in robotics

e Extend OpenGIS framework to

— allow relative/mobile coordinate systems

— allow incomplete location

— allow arbitrary dimensions

— allow uniform representation of related infos
* Retain auto-translation feature of OpenGIS

— can translate to GIS coordinates, if necessary

2007/12/10 JARA initial submission 14




Extensions for Robotics

* Definition of Information Structures

— Composite Robotic Coordinate Information Set
Representation of Error information and IDs

Allow Mobile & Relative Coordinate Systems

— Coordinate Systems are defined by transforms
— Transformation Parameters can be dynamic
Allow flexible Data Formats

— Data formats are also defined by transforms
Require modules to provide capability information
— for plug-n-play and easy development

2007/12/10 JARA initial submission
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Representing Location Information

e Location information
= coordinate system + coordinate value

— a coordinate system defines how information is
represented and may define what it means

* Coordinate System:
— map real-world features to some representations
 |dentity information (ID)

— allow coordinate system axes to be defined over
arbitrary set of symbols

2007/12/10 JARA initial submission
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Coordinate System

Coordinate
System

C
Coordinate
Value
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Measurement Data

Coordinate

/ System 5‘ n
l Transformation?" AN

= === Coordinate AN

% system 2

system2

‘ > 2>
/// & x;.,- F;@ Coordinate

=

=t =
-

=

Coordinateji B

Coordinate
Valu d’System 1

[ : H\ “,"f N Value
- ‘ -.;;A
A _ Error
_ U am Pl “Coordinate System
S Y
Error Coordinate Value
18
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“Location” is probabilistic

* Measured localization results are always probabilistic
— error information required

* flexible, extendable framework for error
representation required

— reliability / covariance matrix / MoG / particles...

* By keeping the trace of hypothesis history, post-
processing (smoothing) can be handled

2007/10/5 19

ID is probabilistic

e ambiguity in identity information may exist

* |dentity information shall be treated just like other
location-related information

‘ Taro? Hanako?

ID=Taro, p =0.7 .
' | ID=Hanako, p =0.1 J

2007/10/5 20




Structure of Robotic Localization Info

* Prepare a generic framework for representing
various robotic location information

— measurement time, position, orientation, ID, ...
* Explicit representation of information structure

— Coordinate Values are related to a Coordinate
System

— Coordinate Values may be combined with Error
Information: Coordinate Information

— Set of related Coordinate Information:
Composite Robotic Coordinate Information Set

2007/12/10 JARA initial submission 21

Composite Robotic Coordinate
Information Set (CRCS)

Coord uUTC Robo1l particle Robo1l 2D
. var. .
Systems time ID system error polar CS covariance

Treat various types of location-
related information in

a uniform manner

JARA initial submission 22




Structure of Robotic Localization Info

Composite Robotic Goordinate information Set

¢

0..%
RLS Coordinate System
-id:ID t

1..% | {ordered}
RLS Coordinate Information 1%
—-id 1 ID_t
1 1 1
1..%
RLS Coordinate Value 0.1
“id Dt RLS Error Value
—numDimension : Integer - type : String

-numDimension : Integer
-baseCoordinateSystem : [D_t

0.4 —value : Double [*]

Example: GPS receiver output

* Sample NMEA output

$GPGGA,123519.00,3601.038247,N,13631.32

4523,E,1,08,1.2,68.42,M,46.93.M,, *42

<data type>, <time in UTC>, <latitude>, <north>,

<longitude>, <east>, <GPS quality indication>,<number of
satellites>, <HDOP>, <height from average sea level>, <unit
(meter)>,<height from WGS-84ellipsode>, <unit(meter)>

coordinate system of RLS_cs_UTC
dimension: 1

coordinate system of RLS_cs_WGS84
dimension: 2

dimension: 1

coordinate system of RLS_cs_indication| |coordinate system of RLS_cs_number_of_sattellites

dimension: 1

coordinate system of HDOP| |coordinate system of RLS_cs_sealevel_hight
dimension: 1 dimension: 1




Data Formats

» Data Formats are defined by transforms to/from
existing data formats

* Format options
— descriptive, highly exchangeable format
* XML-based (can use EXL for efficiency)
— lightweight, binary format
 CORBA Common Data Representation (CDR)
— vendor-specific / traditional formats
* e.g. NMEA-0183

Robotic Localization Meta Language
(RLML)

* define a new format based on GML
* for easy data exchange
— can use existing parsers / XML-DB systems
— easy translation to GML
e EXL (binary XML by W3C) be used for compression




RLML format: example

<rlml:Point srsName="Test_environment:fmt131”id="KJLSDF234123413421">
<!-- time / no error info -->
<riml:PointElement name="time" value="20070925T062312.1231"/>
<!-- target ID / particle error -->
<rlml:PointElement name="id">
<rlml:value>LID_123121</rIml:value>
<rlml:EstimatedError srsName="urn:Test_environment:particle131">
<riml:particleList>...</rIml:particleList>
</rIml:PointElement>
<rlml:PointElement name="position">
<riml:value>123.121 312.121 1.2313</rIml:value>
</rlml:PointElement>

<l-- covariance matrix for position/velocity estimation -->
<rlml:EstimatedError srsName="urn:Test_environment:TT_CovMat6D">
<rlml:lowerTriangularMatrix>0.11 ...</rlml:lowerTriangularMatrix>
</rlml:EstimatedError>
</rIml:Point>

Framework for Reusability

* simple, generic module structure
— basic, common functionalities with extendablity
— avoid vendor / algorithm specific items

* machine-readable capability description
— components self-describe their abilities

* online module description repositories

— for ease of component-based robotic system
development

— prepare for plug-and-play and dynamic network
robot configuration




Basic Component: Measurement

2007/12/10

* native sensors, maps, etc.
hidden inside the
component

* treated as a ‘black-box’

Localization Module

JARA initial submission

Aggregation

_I
,*%

* the aggregator appears as

not important for users
* use the same interface as
basic component
* detailed aggregation

interface
* holds also input interfaces

basic localization component
* what’s happening inside is

parameters set by vendor

2007/12/10

JARA initial submission




Coordinate Transformation

‘. : * the transform module also

.
component (to application)

appears as basic localization

; * what’s happening inside is

_—__ not important for users

e use the same interface as
basic component
* detailed transformation

configuration interface
‘ * holds also input interfaces

i parameters set by similar

2007/12/10 JARA initial submission
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uniform architecture

measure fuse transform

” V=
i \

Homogeneous n-input, 1-output interface
*High reusability
*Allow recursive or cascading connection

2007/12/10 JARA initial submission
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Ability Exchange

* Provide description on RLS modules
— what it does (functionality)
— how well can it operate (capability)
— how it can be configured (parameters)
— input / output CRCS structure it can handle
— data formats it can handle
* Formal description of module specification
— machine readable description
— for plug-n-play and dynamic configuration

Ability exchange

Request:

<?xml version="1.0" encoding="UTF-8"?>

<GetCapabilities xmlIns="http://www.hoge.org/rls/1.0">

<Sections Section="All">

</GetCapabilities>

Response:

<?xml version="1.0" encoding="UTF-8"?>

<Capabilities xmIns="http://www.hoge.net/rls/1.0" xmins:rls="http://www.hoge.net/rls/1.0"
xmlns:xlink="http://www.w3.0rg/1999/xlink" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.hoge.net/rls/1.0 fragmentGetCapabilitiesResponse.xsd">

<Serviceldentification>
<Title xml:lang="ja">SICK LRF output module</Title>
<Abstract xml:lang="en">
output module for Laser Range finder xxxx series
Contact: webmaster@hoge.co.jp
</Abstract>
<ServiceType>OMG:RLS</ServiceType>
<ServiceTypeVersion>1.0.0</ServiceTypeVersion>
<Numlnputs value="1" />
<NumOutputs><max-value>3</max-value></NumOutputs>
</Serviceldentification>
<ServiceProvider>
<ProviderName>foobar corporation</ProviderName>
<ProviderSite xlink:href="http://www.hoge.co.jp/"/>
</ServiceProvider>
</Capabilities>




Online Module Repository

* keep coordinate / namespace definitions

— coordinate system translations, format definitions,
etc.

— Extend GIS definition repository : interoperability
e distributed, cross reference architecture
— based on W3C xlink

* enable easy or automatic translation between
coordinate systems

2007/10/5 35

Typical Steps in using RLS modules

1. Exchange module abilities

2. Configure module inputs / outputs
— specify formats, parameters

3. Setup initial location information values

4. Data passing
— receive localization outputs
— place localization inputs

5. Modify location information values

2007/12/10 JARA initial submission 36




Interfaces

Ability Representation
FLS_abstract module
+ getl ocal zationfesult (]
+ setl ocal izationfesult
[ RLS. measurenent module

+getLocalizationfesult ()
RLS_aggregation_nodu le

+getlocalizationResult ()
+ setlocalizationResult O

FLS_transformation_nodule

+ getlocal [
+setlocalizationkesult )

2007/12/10

V

Service Interface
interface
{mﬂgurat\m
+ getbiiities Cfescription :RLAL Siring &
........................ [>{ +getioduleDescrigticn (description : String) : emcods ¢
+getibodulelD (id * 1D_t, version * 10_t) :RetumCode_t

+setlnstanceld (in id :
+gatinstancelD (id :
+getindfInterfaces ﬂ'\mf!nwu

.t
Integer, MsOfOuTputs : Integer)  RewmCode_t

kmm(od! l
+ adjustCoordinateSysten (in index : Integer, In tai

roetT ne : Coort inateValue_t, in adjustentialue : Coordinateda
+ adjusthndRenesCoord InateSysten (in index :

lue.
Integer, InSargeTine - Coonlnateta ua 1, i ad jusmentfal - Cort e l.(ocmlnmsysm\b

10_t) : ketumCode_t

& interfacel
Data Passing

+getlocallzatlonResult (out NunOfbjects ¢ Integer, ol

fon_T)
+ getTargetiocal izationflesult (in targetld : ID_t out (oordlnmlllfolmlloo (wnﬂnlk \nfumat\ulL[\ Remm(od
+setLocalizationResult (in streanlD  Integer, | rdinatelnf

RetumCode_t

+ setTargetl ocal izationResult (in strean D : Integer, in target|

21D, r. i coord nateInfomatin : (mmlmaemrumum 1) : RetumCode_t

1) :Retunode t

interfacel
__________________ | Data Format
~smadwr lh streandirection © Smmlmtim 1. In strean D : Integer, In formatID : : RetumCode t
t, In strean|D : Intager, fomatlD : 1D_t) : RetumCode_t
& interfaced
CRCS Defin Ition
+ QetCRCSDeinition (In streanDirection : StreanDirection T, in steanlD { Infeger, n imien : Integer, coord TIDt, TID_L errorC 10U : Retumtode_t Kenmeration 3
+ get(R(Shunk lenents * Integer, nundfE lenents : Integer) :RetumCode_t StreanD irection_t
+ resetCRCSDefnition (in stresn irection : StreanDirection T, In smemlD: Integer) : RewmCode t =N
+ pushChCSDef nition (in streanbirection : scmmrenm . in streanID : Integer, coard inateInfomation 1D : 1. t, i 210_t, in emor 1106 :RetumCode t —ouT
in sty g, ionlD : 1D.t. XS 0.t : fetumCade t
+ rw\a(E(R(SDEll\lllm i rebirecton oo recsion %, In streaniD : Integer, in index : Integer, in 1108, in Dt in H T
K interfacel
Data Passing lethod
+ setlataPass inghethod (in stream irection : StreanDirection . in stream|D  Integer, n nethod : Passingllethod_U : RetumCode_t Kanumeration 3
------------ B+ gethstaPass ingllethod (in streamirection :Streirction & Inww-m Integer. nethod * Pisslnglrﬂwl ¥ : Retum{ode t e K
uesthz : Integer, accepthz : tumCode_t assinghathod
»qﬂﬂawisslngﬁwumcy (instromdirection S Ueamdlrection T, \uswnll}- Integer, frequency : Integer) : RetumCodet -PUSH
+ getExpectedLatency (in s teoaDirection : Streaairection.t, in streanlD : Integer, latency : Double) : ReturnCode.t -PILL
-MaTIFY
Kinterfaced
,,,,,,,,,,,,, 1 Wendor Extens lon
+ IcParaneter (In & In streanlD : Integer, In nane : 10_t, In value : String) : RetumCode_t
+ icParaneter (in t, in streanlD © Integer, in nane : 10_t. value : String) : Retumdode_t
Kinterfaced>
Adjustment
"""" T~ ag]ustCoordinateFalue (In index  Integer, in targetTie : Coord inateValue € in adjustaentialue - Coord nateValue ©) ¢

JARA initial submission
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Example

odometer =——

gyro

* position (2D)
heading (2D)
* speed (1D)

wheel
controller l:

—

— L

cont

* initial settings
* position
modification

2007/12/10

central

roller
trans.

* position (2D)

JARA initial submission
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independent to

Wlth RLS mOdUIES location format /

coordinates
used
RLS Module 1
odo-
meter -I"[I 1 trans.
wheel central
controller «. controller
gyro
RLS Module 2
L Module 2 :
| LRE Joemmmmn
— map i low dependency
map matcher 1] to data format /
. representation
2007/12/10 JARA initial submission — 49

Ex: RFP example

I am Caml, | see 3 entities
I am Cam2, | see 3 entities f:;i:n";[:;;“is(gz‘s’g)l)
table: ID=23, pos=(10,20) sofa: ID=134, (93, 42)
table: ID=73, pos=(-23,72) L

robot: ID=12, pos=(-53,56)

I am Robot 32, my Laser
detected 3 entities:
table: d=32, a = 40
table: d=67, a = 123
robot: d=99, a = 187

| am RFID readerl on a table,
| feel the phone ID=823 is
within my range

I am RFID reader2 on a table, 2 2 s > o
| feel the phone ID=123 is by —
within my range

Robot21

SN

(C132@tel.jp)
Robot 21, bring it to
me !

N
Where is my Phone ?

v

2007/10/5

40




example scenario step

©® N LA WDNE

R21 searches for entities with MS(in the target area)
R21 asks the entities to search for C132@tell.jp
RFID-reader 1 (RF1) replies that C132 is “nearby”
R21 asks RF1 for its position

RF1 searches for entities that can measure itself
RF1 asks the resulting entities for its position

Cam2 and R32 each returns 2 results

RF1 aggregates the results from Cam2 / R32, and
returns to R21

R21 translates the given locations to its CS, and starts
moving toward them for inspection

2007/10/5 41

sample configuration

translator translator

- -

Cam?2 R32

2007/10/5 42




RFP mandatory requirements

1.  Proposals shall specify a general mechanism for accessing location
information of physical entities to be localized.

— Proposals shall specify a set of data and/or their structures necessary
to represent location information of entities.

— Proposals shall specify a set of methods and/or their parameters to
access location information of entities.

2.  Proposals shall specify interfaces for modules that perform location
calculation.

— Proposals shall specify the interface for accepting localization request.

— Proposals shall specify the interface for publishing the localization
result.

3. Proposals shall specify the interface of a facility that provides
functionalities related to:

— Conversion of location information from one coordinate system to
another.

— Aggregation of multiple location information outputs into one final
location.

RFP Issues to be discussed

* Proposals shall demonstrate its feasibility by using a
specific application based on the proposed model.

* Proposals shall demonstrate its applicability to
existing technology such as RTLS (Real-Time Location
System).

* Proposals shall discuss simplicity of implementation.

* Proposals shall discuss the possibility of providing
standard mechanism to access map data.

* Proposals shall discuss their relation and dependency
to existing communication protocols or middleware
standards, such as CORBA [CORBA] or DDS [DDS].
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Robotic Localization Service
ETRIGSAMSUNG vs. JARA

10 Dec. 2007
YEON-HO KIM
Samsung Electronics

Module Structure

___Basic Structure | Model =~ _Mode2 =~ _Mode3
— (Application > ! i (Application > ! | (Application > : i (_Application
ﬂ i ' X i ' 7y i . 7y
X f \ . by v
Q_o : : - : : Locg;tion .
Localizati Locati o Localizati v po! —
% “Object || Aggregator | || “bject Ag/g;egat,{ . et
Cé) T AN .y i ' ! | |Localization | |Localization i E i
= Localization | | Coordinate | ! : Leeellzistrn ! | i = el i Coordinate
) Sensor Manager | 1 ! Sensor . T \ i ' Manager
T Localization | | Localization | 1
! Sensor Sensor v
— ( Application Application . (_Application . (_Application +
5 ¥ Do 5 Do 5 :
v ' : v i i v :
. T
> . L
g measure b aggregate Lo

measure measure




Data Type

DNNSWVSRBIYLI

<<DataType>>
RLS_Location

--------- * ID:string
referenceCS: string

* position: doulble[0..*]

» orientation: double[0..*]

_____ « qualityInfo: RLS_PosQuality
---l* measuringTime:DateTime
--1¢ measuringEndTime:DateTime

_____

o |H-------

” .|| *value ||||“value ||||*value value || Composite Robotic
> ! Coordinate information
; 5 error error ||||eerror ||||leerror || Set(CRCS)
"""" CS1 CS2 T CS3 T cs4
— Measurement Target Spatial pose
time ID coordinate
Coordinate System Representation
<<DataType>> <<Type>> <<Type>>
RLS_Location > RLS_CoordinateSystem RLS_CoordinateTransform
ID:string CSName:string CSTransformID:string

[ ONNSWVSWBIY1T |

VAVL

referenceCS: string
position: doulble[0..*]
orientation: double[0..*]

Reference Mobile

CSType: string
CSsubType: string
Dimension: Integer
OriginPoint: double[0..*]

sourceCS: string
destinationCS: string

coordinate
Origin
Room k Robot body

CS CS

value value value
body body arm

centroid heading position Set (CRCS)

CS1 CS2 CS3

RLS_Transform(RLS_Location):
RLS_Location

<<DataType>>
RLS_Location

ID:arm_position
referenceCS: Room_k
position: doulble[0..*]
orientation: double[0..*]

<<DataType>>
RLS_Location

ID:arm_position
referenceCS: Robot_body
position: doulble[0..*]
orientation: double[0..*]

Composite Robotic
Coordinate information




Service Interface(1)

| ETRI&SAMSUNG | | JARA |

Configuration Interface Configuration Interface

RLS_getSensor()
RLS_getSensorInfo() e
setInstancelD ()

RLS_getLocalizationObject() ®
RLS_LocalizationObject:: %
|Oca|I2atI0nOb]6CtID [ getInstanceID ()

l__. getAbilities()
_.
_.
—e
RLS_LocationAggregator:: { getNumOfInterfaces()

getModuleDescription()
getModuleID()

aggreatorlD &—— setDataFormat()

getDataFormat()
getCRCSDefinition()
getCRCSNumElements()
resetCRCSDefinition()
pushCRCSDefinition()
popCRCSDefinition()
replaceCRCSDefinition()
Depend setDataPassingMethod()
on data-passing getDataPassingMethod()
method setDataPassingFrequency()
getDataPassingFrequence()
getExpectedLatencey()
e setVendorSpecificParameter()
l——o getVendorSpecificParameter()

Depend
on CRCS

Service Interface(2)

| ETRI&SAMSUNG | | JARA |

Adjustment Interface Adjustment Interface

RLS_Transform() ® adjustCoordinateValue()
adjustCoordinateSystem()

adjustAndRenewCoordinateSystem()

Data Passing Interface Data Passing Interface

RLS_getLocation()® getLocalizationResult()
getTrargetLocalizationResult()
setlLocalizationResult()

setTargetLocalizationResult()




robotics/2004-12-09

Considerations for revised
submission

2007-12-11
ETRI
Kyuseo Han

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Objects

» To combine two proposals chemically as well as
physically

» To support both XML-like and WKB-like
representations

» To compromise between flexibilities and
restrictions

» Problem:

One proposal is mainly written by UML format in
PIM level, and the other by XML format

Hard to compare each other

ETRI




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Spilt Component or Not?

» getAbilities can be used for obtaining full
module abilities in RLML format
» Does we really need RLML format?
Should every robot have RLML Parser?

» We shall provide alternate ways for proper RLS
working even without handling RLML

Some operations or parameters are needed for
localization object or aggregator, respectively

ETRI

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Aggregator

With RLML Without RLML

----> getAbilities getAvailablemetho
d
getCurrentmethod

Aggregator getConnectedLocal

izationObject: -

Localization Localization
Object Object

(Measure) (Measure)

ETRI




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

One set of interface or not?

» The interfaces for supporting localization object
or aggregator can be one set of interfaces in
JARA's proposal

» Without support RLML format,

All component must have all interfaces when much
of them have been useless

It needs to separate interfaces

ETRI

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Localization Sensor

» Need to separate from localization object?

» Consider GPS receiver,
It provides some location data, such as NMEA data

Conceptually, the GPS receiver is sensor or
localization object?

ETRI




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Localization Sensor

\/i
\ 4

am Recog 2, I saw the phone at tam Recog 1, I saw the user at

=10, Y=20, z=-123 =10, Y=20,z=-123 FEETAIEE (G I

Recognition Compope|

from ACMF Compan
I am Hospi, My Laser detecte -
=, " Pl Ty Where is my Phon
A e-table atwl= ’
I am RFID readerl on th om meé

e table, I feel the phone
is within my range

I am Wakamaru, I saw the phone
at

X=0.70, Y=-0.5, Z=0.8

L= JLEA |

/7]

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Example I

localization
object

am Hospi, My Laser detecte (Ta b|e)

I am Recog 2, I saw the table at
X=10, Y=20,b Z=-123

ble at

localization localization
object object
(Camera) (Hospi)

ETRI




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Example II

localization
I am Recog 2, I saw the table at :
X=10, Y=20 , Z=-123 object

[ am Hospi, My Laser detected (Table)
something d=40,50,60,
rnd a=10,20,30
.
. \’

=

[40,50,60|
10,20,30]

localization
object
(Hospi)

localization
object
(Camera)

MRR)

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Localization Localization Localization Localization

module 1 module 2

module 1 module 2

H/W driver [ Localization Sensor ]

profile
H/W driver




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Separation of sensor

» If the data format would be CRCS, are there
any problems for separation?
In CRCS, we can add any type of data
» For future standard in Profile working group,
we need to make rooms for covering future
standard

getAbilties will make it easy to modify
implementation of localization object

ETRI

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Two ways of describing location

Soea « Almost fixed
e eger « Difficult to expand ??

=<DataType=>> < <DataT: ==
RLS_PosQuality RLS_PrimitivesensorData
ean e[0..%] —+ty i
+stddew: double[D..*] +datasize: integer
+confidence: double -+primitiveData: double[d..*]

| * Free to vary

« Easy to expand ??




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Considerations

» From the application view, do really End-users
have interested with various types of error
representation?

» For example,

“Position is [30,40,50], and its error is particle
format which values are ----- "

“Position is [30,40,50], and 90% confidence
Which one is better for end-users?

ETRI

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Robotic Location Descriptor (RLD) Definition

Pre-defined types of ulD

RLD Value_type

Measurement_time string (UTC format)

string ulD

int value_size Position vector <double>

vector <T>value Orientation vector <double>
ID string

(I;/Ieasurment_Tlm Position D

1 3 1

123456.890 [45.9, 34.9, 23.0]| test

ETRI




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Robotic Localization Descriptor(RLD) stream
format

Measurment_Tim Position D
Header e : !
numberofRLD 1

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Coordinate system

OpenGIS coordinate Robotic Coordinate
System System

Robotic Coordinate OpenGIS coordinate
System System




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Revised coordinate system

m

Parameter&value

usto

OpenGIS
Package

OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Revised Coordinate System

RLS_CoordinateSystem

+string description

+RLS C5_getOrigin{): double[D..*]
+RLS C5_getDimension(): int

/A

RLS_CSCustom

RLS_CSWGS84




OMG Robotic Localization Service WG meeting in Burlingame, Dec. 2007

Conclusion

» We have several considerations for revised
submission

» For better comparison and combining proposals,

we should explain PIM in single format, such as
UML

In XML, there are needs to display UML diagram
(see GML specification)

ETRI
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TS Intelligent Robot Laboratory

R . Yamabico PROJECT
University of Tiukuba SINCE 1977

Real World Robot Challenge in

Tsukuba (RWRC 2007)
- Tsukuba Challenge 2007 -

Takashi Tsubouchi, Professor

University of Tsukuba,
and

Makoto Mizukawa, Professor
Shibaura Institute of Technology

robotics/2007-12-10

e 53 e A\ A HgEOR Y FRE
v"#* Intelligent Robot Laboratory
University of Tiukuba Yamabico PROJECT

Tsukuba Challenge
(November 16 and 17, 2007)

The first challenge event in Japan

Funded by

New Technology Foundation (NTF)
and

Tsukuba City




2 A HgEOR I FRE
Intelligent Robot Laboratory

University of Tiukuba Yamabico PROJECT

Tsukuba Challenge
(November 16 and 17, 2007)

Organizers:

Chair: Shin’ichi Yuta, (U. of Tsukuba)
Makoto Mizukawa (Shibaura IT)
Hideki Hashimoto (U. of Tokyo)
Hirofumi Tashiro (NTF)
Prersons from Tsukuba city

2 vy ﬂﬁéﬂfl/‘ﬁ YMAEZE
?&ﬁib—ﬂ
Tsukuba Challenge

e http://www.robomedia.org/challenge/index.html
 Real World Robot Challenge (RWRC)

Real World Robot Challenge

HEFy Y

~ ABIORAEER (A5) 1B NAREO K AR E B AL T

=<4 F 4 L2 [Real World Robot Challenge (RWRC) ] (2. A% _ R
FEFELTWEZMOSRT, OFvrFRRIC. P 2ERNICHEE ST 4 .
W - HOBHRREFLITY,

.-—__

— It is not so called “competition”

— Generalization of robotics technologies by means of
“Development of methodology for the mission
completion and disclosure of technical information”




ALl HgEOR I FRE
Intelligent Robot Laboratory
- ) Yamabico PROJECT
University of Tiukuba e,

Tsukuba Challenge 2007 Mission

Autonomous run for 1km on the street for
pedestrians

The robot must stop at the goal
The robot must be self-contained

Environment as they are

— No special treatment for the surface of the street
— No postponed in case of rain

— There are pedestrians and bicycles

No CASH Prize

RN

k

L #A\

University of Tiukuba

Environme

ﬂzh Feplh

Epochal Tsukuba
(Int. Conf. Center)

{ I

HgEOR Y FRE
Intelligent Robot Laboratory
Yamabico PROJECT

SINCE 1977

i _-_-_-_-.-FEpochal
§ (Int. Conf. Center) |

AANK

Tsukuba

nt at the Tsukuba Challenge

> A | b \ = o —— % s 7 e
A [ L= e [~ %) | [Em [
» 1 —

W
ogle - MEAS— # @007 ZE




HEE
bot Laboratory
ROJECT

J i
LoD EN LA -
= -~ --_.-.__;
iy s i :'-'-"'uﬂ
('8 L e 0360 e =

wlav. I SHreaming

HgEOR Y FRE
Intelligent Robot Laboratory
- : Yamabico PROJECT
University of Tukuba e,

Environment on the Way

1
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» A T e _- '5_ -, J g Ty s

So Many Fallen Leaves N b
in Autumn

The leaves must be considered to avoid
detection of avoidance in error.

A HgEOR Y FRE
Intelligent Robot Laboratory
- ) Yamabico PROJECT
University of Tiukuba e,

Experiments on Public Street
e The street is governed by Tsukuba City

e Special permission is necessary from the police.
— The city received the permission. (Aug. 17 - Nov. 18)

* Test Running Days
— Sept. 2, Oct. 8, Oct. 20, Nov. 11, 14 and 15
— Nov.16 after Trial (only for the trail passed)
— Nov. 17 after Final




; = AL I TEE
Intelligent Robot Laboratory
University of Tiukuba Yamabico PROJECT

SINCE 1977

Regulation

* Robot size within 75¢cm (W), 120cm (L), 150cm (H)
* Robot weight within 100kg

« Maximum speed 4km/h

 Emergency stop switch

* Accompanying operator for malfunction when the
robot moves with power

* Design the robot in accordance with environmental
and ecological attention

University of Tiukuba Yamabico PROJECT

2 vy SO FEE
I ——————— IntelligentRobotLaboratory

SINCE 1977

Participants and Results

* 33 groups entry
* On 16 Nov. : Trial Run

— (100m from start within 12min.)
« 27 groups tried .~ 11 groups passed
e On 17 Nov. : Final Run

— (1km from start, within 2hrs.)

— 3 groups mission completed Bl f

Kanazawa Institute of Technology,

-

University of Tsukuba U. Tsukuba U. Tsukuba |
(Intelligent Robot Lab. 2 groups) “Hitotsubo” “Melos”
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T ‘I* i T Intelligent Robot Laboratory

R . Yamabico PROJECT
University of Tiukuba SINCE 1977

University of Tsukuba
“Okugaigumi” Trial

58 o 2 W B FRE
.'v.‘.:."l'*.g.':.' ﬁ & j(? Intelligent Robot Laboratory
University of Tiukuba Yamabico PROJECT
Robot “Hitotsubo”
ur n0po 1ITOTSUDO

DGPS beacon receiver antenna

DGPS receiver antenna

Top-URG laser scanner
IEEE1394 camera

e —

F o

= — 3

— ,&‘ — URG laser scanner
4 Master control PC

IMU




Crossbow
NAV420 IMU
RS232C R5232C|
“ r 1 . W -5 T !
DGPS ® B o v B E . b W Serial-USB Serial-USB

Beacon & Sony Camera USB

Antenna - A il ieee1394
Py : .'-,.;.it |1394 USB HUB —— USB
) _,__.' IBM
¥ .oy y 1% Intel Core2 cthernet
Duo 2Gz
USsB
A
Serial-USB
RS232C

SHSpur
%  For Locomotion
¥ Command System

| Motor Motor i
! Driver Driver |
NAVCOM votors | 2q07 2007 |
SF-2050M + ! .-. !
A Encoders ! '
£ 3 R P SRORANFRE
g Intelligfmt Robot Laboratory
University of Tsukuba Yamabico PROJECT

Navigation strategy (1)

e Considered attentions
— GPS is dependable when it is dependable.
— However, GPS is not always dependable.

— GPS measurement tends to include big error when
radio wave receiving condition rapidly changes while
GPS receiver moves.

— The robot must run even if GPS measurement worse.

— Position identification based on landmark is also
crucial.

— Put an ability to move along the street (sensor based
motion)

— Avoid collision with human and objects.
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o %4 :_- C Intelligent Robot Laboratory

University of Tiukuba Yamabico PROJECT

SINCE 1977

Navigation Strategy (2)

Map and Position Based Navigation
+ Sensor Interactive Movement along Street
(Sensor Based Navigation)

(Compose Algorithms Working Complementarily)
* Preparation

— Waypoint map using RTK-GPS stationary
measurements in advance

— Log all the laser scan point crowd along the
path by means of remote controlled test run

— Offline extraction of features from the point
crowd to define landmarks [Ohno et al. CRA2004 etc.]

e 53 e A\ A HgEOR Y FRE
1'“#““ R ——————— Intellt'gentRobotLabomtory

University of Tiukuba Yamabico PROJECT

Navigation Strategy (3)
* Basic ideas

— Move along line segments connecting waypoints based
on online position estimation

— Cumulative error of dead reckoning is adjusted (EKF)

* based on DGPS measurement if its quality is good.
* Based on landmark observation if DGPS quality is worse.

— Even if the robot suffers from big error covariance
and loses the position, sensor interactive motion can
be activated to avoid course out.

— Slowdown, stop or avoid if obstacles or human
approaches.
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Strategy of Navigation

prediction correction
Localization
(for map- camera
based odometry |+ | IMU + GPS |+ TOPURG
navigation)
find landmark
and correct position
Obstacle + road (free space) detection
Detection TOPURG camera create free space (local) map
(for sensor-
based
navigation) +| URG Do: Move along the way with avoiding
collision and course out until good
estimate of Localization is obtained.

Bt o me
University of Tiukuba . Yamabico PROJECT
Obstacle Detection - Target

An example of environment on the course of the
Tsukuba Challenge in spring
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Obstacle Detection using URG

*Transform coordinates of the
point cloud data from URG
and Top-URG into 3D space.

—

Check existence of obstacles in the
specified rectangular region. ~
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Sensor arrangement

URG only | Top URG ‘ camera J
1m ;'m
over 10m o max speed(1.1m.-’sl

safety speed (60cm/is?)

overdm o
?
slow SpEEd (3UCHI!S ]

over 1m

O0m o\_~

Chose velocity according to the obstacle reporting sensors.
Take avoidance motion if the obstacle is too close

~ obstacle avoidance (path planning)
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University of Tiukuba

Obstacle Detection

Height

Red line - land form based on
data form URG

Off street

—

Street

Lateral
Position

LN

University of Tiukuba

Obstacle Detection

SIS

Red line - land form based on
data form URG

Blue line - Moving average of
the height

—

Larger difference from the average in the
off street region
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So Many Fallen Leaves
in Autumn

st

.......

The leaves must be considered to avoid
detection of avoidance in error.

) = AL FEE
Intelligent Robot Laboratory
University of Tsukuba Yamabico PROJECT

Basic Strategy of Obstacle Avoidance

Obstacle
X IIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIIIII»O

Robot Way Point

l
|

by nea o |
(1]
free space detection

URG 2d to 3d flat spa;:e-.;ietection

'

flat sp-z;ce detection

TopURG 2d to 3d

Map of obstacles in the vicinity of the robot renewed continually
Judge existence of obstacles within the specified rectangular region
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Basic Strategy of Obstacle Avoidance

Scanning Area

N / Obstacle

))(. .}....f. R e afaTa e el ST D )

—

Robot Way Point

Map-based Navigation
4[m] 0.8[m/sec]
(Max Velocity)

Local Map

___;:':;___..'. A\ A HgEOR Y FRE
= "I*' Intelligent Robot Laboratory

R . Yamabico PROJECT
University of Tiukuba SINCE 1977

Basic Strategy of Obstacle Avoidance

tacle
EEEEEERN m'-l | L L J AN KL JJ2NEKL J 3] II”.I»O

I .
Robot Way Point

Sensor-based Navigation
(Obstacle Avoidance)
Start
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Basic Strategy of Obstacle Avoidance
[¢]
R4

R CEEEEE R

EEREERENR}|] ‘ % ~ ) @ 078 \ Ll A RKEL JANEKEL.J 2] I.'.I»O

Way Point
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Basic Strategy of Obstacle Avoidance

Obslacle
EEREEENR|] IIII IIIIIIIIIIIIIIIIIIIIIIII»O

Way Point

Robot

T E|
Sensor-based Navigation
(Obstacle Avoidance)
0.3~0.5[m/sec]
(Safety Velocity)
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Basic Strategy of Obstacle Avoidance

Sensor-based Navigati(%o
(Obstacle Avoidance)
0.3~0.5[m/sec]
(Safety Velocity)

anngpaansaaPpQ

Way Point

- NS

University of Tiukuba

HgEOR Y FRE
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Basic Strategy of Obstacle Avoidance

Sensor-based Navigati(gﬁo
(Obstacle Avoidance)
0.3~0.5[m/sec]
(Safety Velocity)

IIIIIIIIIIIIIIIIIIIII»O

Way Point

eon ]
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Basic Strategy of Obstacle Avoidance

Sensor-based Navigatic
(Obstacle Avoidance)
0.3~0.5[m/sec]
(Safety Velocity)

Cl
-vv ]

. 8] -'ZEL EEN l.l.=.l.l.I,>O

""’E Way Point

E.}-AE\

A (7]

- NS

University of Tiukuba
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Basic Strategy of Obstacle Avoidance

Obstacle

IIIIIAIIIIIIIIIIIIIIIIIIIIIIII»O

Sensor-based Navigatic
(Obstacle Avoidance)
0.3~0.5[m/sec]
(Safety Velocity)

PN Robot

""’E Way Point
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Basic Strategy of Obstacle Avoidance

[;stacle 5
EEEEEEEEEEEEEEER ‘ . %’:.&‘l’@

E T E "E Way Point
Sensor-based Navigation i INEEETS B
(Obstacle Avoidance) .
0.3~0.5[m/sec]
(Safety Velocity)

___;le 3 ol A\ A\ KIBEOR T E
= v'l*, Intelligent Robot Laboratory

R . Yamabico PROJECT
University of Tiukuba SINCE 1977

Basic Strategy of Obstacle Avoidance

[;stacle
EEEEEEEEEEEEEEER ‘IIIIIIIIIIIIIIIIIE,.I.I.‘I>O

)

Sensor-based Navigation Robot Map-based Navigation
< (Obstacle Avoidance) 0.8[m/sec]
\ End (Max Velocity)
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Basic Strategy of Obstacle Avoidance

Robot
Obstacle
lllllllllllllllII‘IIIIIIIIIIIIIIIIIIIIIIII X
Way Point

Map-based Navigation
0.8[m/sec]
(Max Velocity)

At the Tsukuba Challenge, this avoidance strategy

» could avoid collision and course off and continue the motion until localization
succeeded,

+ could take a roundabout course not to collide with stationally obstacles, and
» could let moving obstacles go past.

Intelligent Robot Laboratory
University of Tsukuba

sy A=
FYI: Dead Reckoning

SINCE 1977

* Odometry and Gyrodometry

200 1 1 1 1 1 1 1
Odometry
Gyro odometry
Gyro odometry
0 - =
E
-
-200 7
Odometry
_400 1 1 1 1 1 1 1
-200 0 200 400 600 800 1000 1200 1400

x [m]

Remote controlled test run on September 2.
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FYI: GPS Moving Measurements
(Seamless Dual Mode by NAVCOM SF-2050M)

Automatically selectable dual modes:
- Standard and StarFire DGPS Dual
- RTK-GPS and StarFire DGPS Dual

Evaluation as previous experiments:

e Environments: Open Sky
NAVCOM SF-2050M Under Tree
Three modes GPS receiver
Performance: Precision
*RTK-GPS mode \ Continuity /
StarFire DGPS mode

Standard DGPS mode

HgEOR Y FRE
Intelligent Robot Laboratory

Yamabico PROJECT
SINCE 1977

StarFlre

LR : H,
[niversitv of Tsububa MOVlng Measurements

Passing Under Tree Shadlng

No Obstacle Path:
Segments A-B & C-A

* Robot was pushed by hand
« Traveled path: A~B—C—A
« Total path: 350m (77m under
tree shading)

* Real Time Positioning
2+ NMEA Sentences:

» GGA: Positioning
 GST: Position Covariance

Under Tree Shading Path :
Segment — BC (77m) « Weather Conditions: Clear
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Moving Measurements (Dual Mode)
Measurement Covariance Ellipses

StarFire - DGPS Dual Hode Heasurements StarFire - RTK-GPS Dual Hode Heasurements
T T T —
L L L
28 28 i el
e kS
e i
"
=l 1}55&
A i
P ";‘x
ar e ; gt
E e
& i
: : % L
+ o5
A ; 5 o
= -28 % L = -20 i {
2 5 5
3 : B = E:
2 & h*'._ £ P {%L
' e i : % 3
o] 4 ': = + % _Pd-"d; S\
£ -a8 iy " S -8 [ 4 g
2 %& oy 2 P
] X i ] e
bl }" 1 el - L
= B > e £
AL =1 F
: %
& {rc — 3
-68 + i -60 _ s
> s =
z o SiK_Fixed_HDOP(=4_Sat>=5  +
& P ; dGPS_HDOP<=4_Sat<{=4
i dGPS_HDOP<=4_Sat>=5 + dGPS_HDOP<=4_Sat>=5 +
&8 | : dGPS_HDOP<{=4_Sat<{=4 ks i —g8 | RTK_fined_HDOP<=4_5at<{=4 o
dGPS_HIDl]P)=5_SatI)=5 Ed ) ) ) dGPS_HIDl]P)=5_SatI(=4 [m]
-88 -68 =48 =28 a 28 -8 -68 =48 =28 a 28
X {(Hest - East} in n X {Hest - East} in n

DGPS - StarFire RTK-GPS - StarFire

/

’

S -Covariance Ellipse of each

position information Covariance Ellipses using
NMEA Sentence GST

Loy = HREOF I FHE
s Intelligent Robot Laboratory
University of Tsukuba Yamabico PROJECT

Moving Measurements (Dual Mode)
Measurement Covariance Ellipses

StarFire - DGP5S Dual Hode Heasurements StarFire - RTK-GPS Dual Hode Heasurements
-18 ; ; : -18 — . ; ; :
+ dGPS_HDOP<=4_Sat>=5 + + RTK_fixed_HDOP<=4_Sat>=5 -+
T dGPS_HDOP{=4_Sat{=a + dGPS_HDOP<=4_5at{=4
A dGPS_HDOP>»=5_5at>=5  * 5 dGPS_HDOP{=4_Sat>=5 +
- £ RTK_fined_HDOP{=4_Sat<=d4 o
¥ Fa dGPS_HDOF>=5_Sat<{=4 O
-20 |- % : -20 s
it g !.._
+ Wrong Position e S
3. data with 2 :
-30 + bjg covariance \
4
I_'— e
= position
-48 | e 1 48 | small
* .
- riance
*
— Real
: | Path ™|
i
7
=
-68 + -68
-80 -75 -78 -65 -68 -55 -50 -45 -80 -75 -78 -65 -60 -55 -58 -45

/DGPS - StarFire RTK-GPS - StarFire

'Cova_”_anc_e EII|pse_ of each Covariance Ellipses using
position information NMEA Sentence GST
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NI
Encoders : 1 encoder >0dometry Muti process on
20thsec— 12 odometry globalL #l x for
2 IMU ouechBook PC
3 GPS >|Gyrodometry
4 Gyrodometr _I
5 URG 01 (raw) ) RF (URG) sensor]

6 URG 02 (raw) coordinate
7 URG 03 (raw) conversion [ ]
8 TOP URG (raw) _
9 URG 01 (fS) - Data Logger
10 URG 02 (fs) Landmark
11 URG 03 (fs) > Matching
12 TOP URG (fs)
13 URG 01 (bs) Y
14 URG 02 (bs) »| GPS > EKF |~

: 15URG 03 (bs)  _ Prefilter
R 16 TOP URG (bs)
Top URG > D” _____ 17 llfstl.n.lated _ | RUN >y Robot
osition Program
Yy AL HgEOR Y FRE
TR ﬁ: & j(? H Intelligent Robot Laboratory
University of Tiukuba Yamabico PROJECT

Map Data Display

Map after Kalman Smoothing
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Tsukuba Challenge Fina

(“Hototsubo” run)

; = AL FEE
R ——————— IntelligentRobatLaboratory
University of Tiukuba Yamabico PROJECT

SINCE 1977

Logged data view

Logged data display
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Summary and Lessons

e Official Record =>Mission Completed in 23min.

e Actually, the robot stopped before 80cm to the goal.
(Stopping 7m over the goal was intended)

« At the final, GPS condition was worse. Position error
collection based on GPS was not so much used.

 Landmark based position error collection was frequent.

* Sensor interactive motion appeared almost half of the
mission.

 More reliable sensing abilities are desired.

e 53 e A\ A HgEOR Y FRE
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SINCE 1977

Summary and Lessons

 Complementary combination of the
navigation strategy went well.

e Cooperation of the students was fine.

— All students were part timer for this project

— Only 4 months preparation with 9 students and
me

* We need much more opportunities facing
everyday situation in the environment
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Functional Services WG

2007.12. 11

Functional Services WG Report 1

 Candidate title for HRI RFP
— User recognition service interface (URSI)

 Mandatory Requirements

— 1. Architecture of URSI should be defined (diagram
or description for overview)

— 2. Classify the process of URS
— 3. Define the function of each stage

— 4. Define each API
» Description of function
« Name of AP|
« Data structure (option)
 Basic error handling (option)

— 5. Define PIM using UML




Functional Services WG Report 2

 Optional Requirements

— 1. |dentify additional information of user
(such as gender or age)

— 2. choice of input date type or data format
(including multi-modal)

— 3. consideration of additional sensors (RFID,
Bio sensors)

— 4. Implementation example for each APIs
— 5, Device profile may be included.

Functional Services WG schedule

 (unofficial)1ST RFP draft — 18/Jan/2008

« (unofficial) 2"d RFP draft — 8/Feb/2008 (4 week
before the next OMG meeting)

« Official 1st RFP draft and discussion on March
OMG meeting (Washington DC) — Make effort to

call more active members (Japan, Canada, US,
New Zealand, Korea etc.)

« Official 2nd RFP draft and review on June OMG
meeting (Ottawa)

* |f RFP approved, initial submission on
December OMG meeting in Santa Clara.

-4-
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ROBOTIC LOCALIZATION SERVICE WG
STATUS REPORT
‘ BURLINGAME MEETING

2007.12.11

® Co-Chairs: Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
SCHEDULE
© Monday

* 09:45-12:00 Initial Submission presentation
(ETRI+Samsung, JARA)

¢ 13:00-17:00 discussion

o Tuesday

* 9:00-11:30 discussion
o Wednesday

* 09:00-17:00 discussion

© Thursday
¢ 09:00-17:00 discussion




TOPICS IN THIS MEETING

Two presentations for initial submission
ETRI+Samsung, JARA

Discussion toward revised submission

Sensor Module / Localization Module separation
relation with Profile WG

Naming issue
Data abstract structure / data format issue
Necessity for the meat-level information (RLML)

ROADMAP

Washington D.C.  Revised Submission discussion

(Submit first version of the revised submission to OMG server)
26/May/08 Revised Submission due
23/Jun/08 Revised Submission presentations
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OMG Robotic Technology
Component Specification and
OpenRTM-aist

National Institute of Advanced Industrial Science and Technology
Intelligence Systems Research Institute

Task-Intelligence Research Group

Noriaki Ando, Ph.D.

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1

About AIST

» National Institute of Advanced Industrial Science and Technology
(RILATBUE NER IR ST AT)
— About 2000 researchers

« Intelligent Systems Research Institute (%1883 AT LBFZEERFT)
— About 80 researchers

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2




Outline

RT-Middleware and OpenRTM-aist
Demonstration

RTC standardization in OMG
Features of OpenRTM-aist

OMG RTC specification
Conclusion

rrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 3

What is RT?

 RT = Robot Technology .17

— not only standalone robots, but also robotic elements
(sensors, actuators, etc....)

OpenRTM-aist @ ¢

 RT-Middleware
— middleware and platform for RT-element integration

« RT-Component
— basic software unit in RT-Middleware

rrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4




OpenRTM-aist

Component frameworks + middleware library
Component interface:

— OMG Robotic Technology Component Specification
OS

— FreeBSD, Linux (Fedora Core, Debuan, Ubuntu, VineLinux), Windows
Language:

— C++, Python, Java

— .NET (implemented by SEC)

CPU architecture:

— 1386, ARM9, PPC
Tools (Eclipse plugins)

— Template source code generator: rtc-template

— System integration tool: RtcLink

— Pattern weaver for RT-Middleware

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5

The aim of RT-Middleware

Problem Solving by Modularization

~

Cost \ / Technical Issue \ / Needs \

The state of
~_the art

RTQOmponem m
ot 22 : :
!eusable modules Easy to customize

System developers

Various users

Realize Utilize Satisfy

K low-cost robots / khe state of the art j K various needs

Innovation by Robot System Integration

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 6
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MIDDLEWARE

Standardization Process in OMG

Darte Hcrvwmben 20085

« Atlanta meeting (2005.9)

— RFP (Request For Proposal) : Robot
Technology Components (RTCs) issued

*  Burlingame meeting (2005.12)
— Robotics DTF started Robotic Technology Component Specification
° Tampa meeting (2006 2) Final Adopted Specification

— Response : PIM and PSM for RT-Component
submitted ;:Ig it

—  Submitter: AIST, RTI
*  Sent Louis meeting (2006.4)
— Proposals were merged and re-submitted
*  Boston meeting (2006.6)
— RTC Spec. was submitted to AB (rejected).
*  Anaheim meeting (2006.9)
— RTC Spec. was submitted to AB (approved).
— FTF organized
« Jacksonville meeting (2007.9)
— FTF report was approved
«  OMG RTC Specification will be released

officially from OMG until Feb. 2008. L.'] ' :’;‘_[ﬂr

COUILET MAMAGEMENT GROUF

nanona mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 7

AIST _l

OMG RTC Spec. and
OpenRTM-aist

OMG RTC
PIM (Platform Independent Model) L piMs> SpeCIfI cation

level specification RTC Specification

PSM (Platform Specific Model)

e f o <<PSM>> |
level specification ] RTC ‘o ®
E i C++ model E
1 L —— 1
" —
RTM for other platforms
Extended interface ; '
for OpenRTM-aist ; <<interface>> <<interface>> ;
0 OpenRTM OpenRTM :
E ext. interface basic interface !
----------- i <<impleme:a_r;t_s->->- S
Implementation OpenRTM-aist Other RTM :
' ! ] i 00
| T E
' ~— 7

——
Implementation by other vendors

Implementation '
by AIST

nanona mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 8




Features of RTC

* Provides rich component lifecycle to enforce
state coherency among components

« Defines data structures for describing
components and other elements

« Supports fundamental design patterns

— Collaboration of fine-grained components tightly
coupled in time (e.g. Simulink)

— Stimulus response with finite state machines

— Dynamic composition of components collaborating
synchronously or asynchronously

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

PIM Overview

pd RTC Packages . !

aprofiles
RTC SDOPackage

Execution Semanlics l Introspection ]_

(from External Models)

Lightweight RTC |

Specification divided
into 3 packages:
— Lightweight RTC
— Execution
Semantics
{fromRobotic Technology Components) _ Introspection

rrrrrrrrrrr or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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PIM Overview: Lightweight RTC

P I Faciages

| o g

............
D Se

i

. .
. .
. .
ooooooo

component 3 ]

T ?

(=)

port

state machine

» Lightweight RTC

Stereotypes and
constraints for components,
ports, and connectors

Component lifecycle

Baseline support for
component execution

No reflection or
introspection for dynamic
system construction

Mainly used for static
component

NATIOMAL INSTITUTE OF
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. .
. °
° .
000000000

®__I| __________ r=-=—======="
Data flow > >
oSt~
FSM rsspanss 1 0
Multi Modal U
0

« Execution Semantics

Provides behavioral
design patterns
commonly used in robotic
systems

Periodic synchronous
execution (“data flow”)

Stimulus response/event-
driven execution (FSMs)

Multi-modal behavior

NATIOMAL INSTITUTE OF
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RTC SDO

component 3 |

T ®

(C=0)

port

state machine

* |Introspection

Query and modify
component
properties and
connections at
runtime

Based on Super-
Distributed Objects
(SDO)

Mainly used for
dynamic component
system integration

NATIOMAL INSTITUTE OF

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 13

RT Component Example

SDO interfaces

Port |  Port[

LWRTC |

RTC interfaces

| LwrTC

| LwrTC |

NATIOMAL INSTITUTE OF

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 14




PSM (Platform-Specific Models)

« CORBA IDL
— CORBA 2.x compliant IDL is provided.

 Lightweight CORBA Component Model
— A.k.a Lightweight CCM
— Distributed CORBA-based components.

» Local components

— Low-overnead communication in a single
process.

— C++ mapping is provided.

nanonaL mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 15

AIST

RT-Middleware & RT- Component

S

\ Logic/algorithm with common interfaces = RT-Component (RTC)

/

-device control
-algorithms
-applications
etc...

4 \

Execution environment for RTC =RT-Middleware (RTM)
K ¥RTCs can be distributed on network /

nanonaL mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 16




Joystick
software

Joystick

Control software

Robot Arm \\ / i

Arm and joystick which have .
compatible interface can be connected Robot Arm

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 17

Humanoid’s Arm
Control software

Joystick
software ‘

U

Joystick

Control software

Modules which has incompatible interfaces
cannot be connected Robot Arm

— s

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1 8




RT-Middleware

RT-Middleware realizes

interoperability between Control Software
separately developed
software modules

' compatible 7
e arm interfaces .
j Humanoid’'s Arm

4 ™

Joystick
software

JoyStiCk ﬁ :

e

Arm B /
onfrol software /

Robot Arm

Software reusability will be achieved.
Easy to develop complex RT systems

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 19

RT-Component

Advancement of software architecture

RTC-Application
Application RTC RTC
Application Object Object RTM
Library Library |:> Middleware (CORBA) |:> Middleware (CORBA)
oS O] oS

Conventional software to distributed objects  Distributed objects to RTC

* Object oriented development « Well defined interfaces
* Overcome difference among — Standard interfaces defined by IDL
languages+-0OS — Standard behavior defined by OMG RTC
— Interface definition by IDL standard
— Well defined mapping to various — Utilize as common unit
languages * Introspection
— Independent from OS, architecture — Meta-data available from I/F
* Network transparent — Dynamic changes of
— Easy development distributed systems connection/structure

» RTC provides robot specific functions

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 20
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MIDDLEWARE

RT-Component Architecture

Meta-data
— Profile
— What kind of component?

Consumer RTCQmpanEﬂt

Service
Proxy .

SDO Intmfaces RTC Intoraces RTCEx Inleorfaces
RTCS Consu | ‘ | RTComponent Service

Activity

Bivic il = Service poovpde
—_— Proxy
|
InPart 0 State-Machine OutPortd
Butler = = Buller .
pet subscribe
InPortn pul | OutPortne rogily
Pl — Buller g —— Hiillee
ey
InPort OutPort
naniona msrirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 21

AIST _l

RT-Component’s Meta-data

namg

P

« Meta-data A =
— RTC'’s specification B porid porid [__1—0OD
« Introspection C O—L_Tpont pors _+—C E
— Name, type S port2 ports [>
— Port (number, kind) PeriodicE4T
— Interface information >] port3 port7 [>
— Properties ExecutionContext
— Parameter
— Execution context RTC’s meta-data example
« For dynamic reconfiguration of Name MyManpulatord
SySte ms Type Periodic execution type
port0 Provide: A, Required: B
port1 Provide: C
Port2 DataPort: InPort, velocity, float x6
Port3 DataPort: InPort, position, float x6
Port4 Provide: D
Port5 Required: E
Port6 DataPort: OutPort, status int x1
Port7 DataPort: OutPort, velocity, float x6
ExecutionContext Period: 10ms
Parameter gainO(float x6), flag(int x1), dev_file(string)
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RT-Component Architecture

 Meta-data
— Profile
— What kind of component?
* Activity
— Execution of user defined
logic
500 Imerfaces RTC Inlerfaces RTCEx Interfaces

RTCS Consumer ‘ ‘ ‘ RTComponen! Service

: Consumer RTComponent Service .

(LAl onsim Service Prow e
— Proxy i
InPart 0 State-Machine OutPartd
’ Buftor Bufler .
gel, subscribe
lnPortn | . ﬂutpor‘tnq— raply
pit —E Blfted *El_ /—a- Bultui
] ]
inPor OutPor
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Activity

_ _ Arm component & -
* Logic Execution e &
« Common State Machine | 'itialization it
— Initialize
— Inactive (OFF) m
— Active (ON) Servo ”aCt'Ve)‘—’
— Error OFF [
Emergency
Sensor RTC Stop
(read data from sensor)

| |
Controller RTC

(calc. ctrl. output)
||

Actuator RTC

(drive actuator)

Execute independent components
sequentially in real-time thread

—Composite Component

ExecutionContext

rrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 24




AIST _l

MIDDLEWARE

RT-Component Architecture

« Meta-data
— Profile
— What kind of component?
« Activity
— Execution of user defined
logic
o Data Port SDOInlorfaces RTC Intorfaces RTCEx Intorfaces
— Data-centric interaction
btw. RTCs RTCS Consumes RTComponent Service
Consumer FITGDrnpnnent Sarvice
p —®
> Consumer PClivity i i
|
InPart O State qﬁﬁhiﬂe Ot Part®
e At
. Data Port | g
uffed "_q— —» Hul
ey
InPort Ot Pord
namonar mstirute or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 25
AIST M?E}EVV'AFZE
* Port for data centric interaction
Servo
« Data stream / [ ] DataPort \
e —> Data Flow
— Position control Position
« Ex. position, voltage Ref. pos.

— Image processing Voltage
+ Ex.image data

« Forlower level processing for robot

systems Encoder []

« Same data-typed ports are connectable

+ Dynamic connection/disconnection

Controller Aétuai‘:or

Component Pos Component Component

Image processing \

Image
Component A Component B D@;?:I Y = Processed
. . - f data
Activity Activity » |3
-~ Img. Proc. Position data
orod data data : rocessing Co(:poieit Component = "
buffer — F>]  buffer %D_ 6 ﬁ ':'9 3D depth data
Camera |mage Stereo Vision

; / \)omponent data Component /
Data Port

Data are sent automatically
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Meta-data
— Profile
— What kind of component?
Activity
— Execution of user defined
logic
Data Port SDO Intorfaces RTC Interfacos  RTCEx Intorfaces
— Data-centric interaction
btw. RTCs RTCS Consumer RTComponent Service
Service Port Consumer RTComponent Service
— request/response type .
interaction o SerV|Ce POrt s -
ox'Yy “"I A
nPor State-Machine
YRR S eeie " P
n n al Ou n
it —H Ia’:?ri ':'.:_n_.b i—faﬁﬂt%
InPort Ot Poad
nanonaL mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 27
AIST Al

Servic

The Port which has any kind of interfaces
Developer defined interface
Provider Interface

* Provides services to other components
Consumer Interface

» Consume services of other components
Service to provide accessibility to
Parameter setting,
Mode change,
Service request and response
etc...

Service Consumer Service Provider

Component A Component B
Activity
Service
Implementation
Service —— co — Entity
Proxy =
Operation invocatiol Actual Processing
Are performed herg

Service Port

MIDDLEWARE

e Port
P

Arm Interface

Service Port

*Mode setting
-Coordinate setting

- Ctrl parameter setting
-Jacobian acq/set

- Status acquisition
-efc...

Utilized from other components
and applications

/Stereo Vision

Stereo Vision
Interface

Position-
Velocity data

Data Port

A
AY
N
A\

*Mode setting
+Coordinate setting
+Calibration

- Cam. Param. setting
- Execution

- Param. aqcuisition
retc...

Service Port

3D depth
data

Utilized from other components

and applications
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AIST _l

MIDDLEWARE

RT-Component Architecture

« Meta-data
— Profile
— What kind of component?
« Activity
— Execution of user defined
logic
e Data Port 500 Interfaces  RTC Intorfaces  RTCEx Interfaces

— Data-centric interaction
btw. RTCs RTCS Consumer RTComponent Senvice

° Service Port Consumer RTComponent Service .

— request/response type >_
proves Bes Service eobis
« Configuration Y — oy 58, —®

interaction Consumar Activity

— User defined configuration P
InPart 0 State Mﬂﬁhfﬂ:e QutPort0
parameter s 2 2 ke
’ InPor pet CutP: ...;ﬂ' subscribe
, nEort n s . put utFart n Py
Pl —— Balhir -?ED—I‘ —hhmr«%
InPort OutPort
nanonaL mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 29
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. : :
Conflguratlon /PID Controller \
— Parameter management
. . . Kp
Configuration Set e
« Set’'s name. list of name Ki
value < S
* Two or more sgts Kds
» Sets can be switched

PID Controller Comp.

mOdeA namg Kp Ki Kd INmax INmin

Configuration SetA [name value0.6 [ 0.01/04 150 |-5.0
sets are value . - T |

namg p | Nmax Nmin
changeable | setp pame modeB |"a0.8 10.0 10.01110.0[-10.0

namg Kp K| Kd Inmax Inmin
N modeC Mae0.3 0.4 10.31[1.0 [-1.0
' PID gains and limiter parameter can be switched

according to controlled plants or modes.
KParameter can be switched any time. j
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RT-M based Distributed Systems

/ - . Robot C
RTM can manage Robot A ObSt -lﬂ
distributed RTCs ; L
implemented by . ""_;'&]g“
various languages V2 ._L:_i
or executed on : I\
various OSs RTC RTC RTC|RTC [RTC
on the network RTM RTM

Network Solaris FreeBSD ARTLinux

Linux Windows TRON

RTM RTM RTM
RTC RTC RTC RTC RTC RTC
. F | Connections
I : ,i Between RTCs

- ﬁ f —_ Can be established
E | dynamically
kAppIic tion Input device Sensor

N

/

nanona mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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rtc-template
— RTC code generator

— RTC’s template codes can be
generated according to given
RTC’s specifications

RtcLink

— System developer can construct
RTC based systems by using the
tool

i e I

Integrated Development Environment for RTC-RTM

for RTC design, implementation and debugging, RTCs integration on RTM
Are developed on Eclipse environment

nanona mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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AIST

RT-Middleware & RT-Component

4 )

~device control
-algorithms
-applications
etc...

K Logic/algorithm with common interfaces = RT-C

>

Execution environment for RTC =RT-Middleware (RTM)
\ ¥RTCs can be distributed on network j
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Introduction to
Robotic Technology Component

Takeshi Sakamoto —
Robot Business Promotion Group \ l

MIDDLEWARE

‘a TECHNOLOGIC ARTS INCORPQORATED

RTC packages

pkg RTC Packages
<<profile
RTG SDOPackage

Execution Semantics Introspection

(ot Covtarmsal Maala)

. .
Lightweicht RTC

[Fty Anfotie Tackmolngy Dompamasts)

®m Lightweight RTC
® A simple model containing definitions of concepts.
B Execution semantics

® Extensions to Lightweight RTC to directly support critical design patterns used
in robotics applications.

B Introspection
@ An API allowing for the examination of components, ports, etc. at runtime.

AP, TECHNOLOGIC ARTS INCORPORATED




Simplified depiction of components and their constituents from [UML]

class Simplified UML Component Model /

Cometaclasssx <cmetaclasssx
BasicComponents:: +oype +part | IntemalStructures:
Component L Property
o1 *
+Eeneral ¥ .
cametaclasss —provided crmetaclasss
Ports::Port N . Interfaces:Interface
+oanedPiort —tequired
-
* * *
+znd
2
<metaclasss
+oenedConnector | BasicComponents::
- Connector b
¥

m A component of UML2 is the basis of lightweight RT Component.
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Lightweight RTC Structure

class Lightweight RTC M Hlustration

<dnterface>> <ainterfacer>
Lo i L RIe

1

g isitializal - Ratumdada s
i fvalizal) - Raterfoda ¢

@ il 2] - £

o shttdeaif Execution Canta el £ - RatumnCods ¢
ot dctlicataiExacutlon Cantattada £ :J HatuinOoda t
it N ek ¢

fe sl - Bovlaas

start): Ratwslods ¢

sreld ; Resumooda &
gatsata() Doubla

sat sata(Doubia) : RatusCods ¢
il

N &
Ve compeast{ LSt e ATOMacE) - RarunCed ¢
Sctivata componart LW REtATOMECE) © RetunOodd ¢
daactivate_eomparant(Uataa bt ATOMRGE) - RstuwmCoda
rasat, Ohdact] - ‘el &

ot atal! Oifac)
gat b} Exacutionilid

3

o E bR

@ Hasactlia £
i At EvecutionCantay sl ¢) - Raswn o £
crprasetiCyacutinOantaxtHandia £ - RatumCoda ¢

class Lightweight RTG Stereotypes

bttt

<ometadlass>>
BasicComponents::Component

JiX

FE <anterfacel
Coenumerstion = . H I3 RIC-L ohfact
<Csterectypels Li = kg . b '

lightweichtRTComponent b itiairal) - BetusmCioda ¢
<Canumizy I +  dalizal) - RatunsCody ¢
ez . + g afvelCaecutionCantext) | Sooias
EVENT CHVEM PeadOnbd T el AerumGoda t
: ! +  aftacl, el - £
HITHER: feediniet . + datoci 2l ek €
i i + gt Haiiella £ 2
] 1 H H + gat owdad eoiraes() : ExacusionCantayecparasinna ]
1ghtweight tereotypes . b e
<cenumeration’> : : H + ieteditart. cutae) +
Lightmeight RTG: HE :
LifeCycleState HE H A
Seanumi> I E E H “Catatypesy
| . Lichtweicht RTC:
MALTIVE $eadinlut H ExecutionContextHandle_t
ACTIVE feadOnlvt H
EBROR feadOniv
—participant
Lightweight RTC:ExecutionContext E
* <dlightweightRT Components:>

—context  —ommer Lightweight RTG:MyComoonent

* 1

Lightweight RTC M1 Illustration
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=d Initialize and Start

ather ecl ExecutionTontesxt rtcl LightmeightRTObject

RetumCode_t= on nitislizel)

other ecl ExecutionGontext

rtel LightweightRTObject

step()

¥

on_shutdomn(zct handle)

on_shutdowntect_handle)

| FetumOode t=
lez .. Petumbodet=stopl

inalized)

-

FetumCode t= on_finalize()

|z FetumCodet=startQ - .
Initialize and Start Stop and Finalize
=d i ontextO] zzadd / sd Exeultionl::untextl:lnerntiuns::renm,oumunent/

add_componenticcmponent) o
-

attach contesdiontest)

attach contexdlect )

ExecutionContexdHandl
==

remove_component(oomponent)

detach contextiect handle)

RetumiCode t= remoe_componentipol )

add_component

AP, TECHNOLOGIC ARTS INCORPORATED

sd ionContexto]

reset,

ather ecl ExpcutionContesd rtel LightweightRT Object

sctivate component(rct )

onactivatelec! handle]

miCode. t= activate companentiitcl

sd ionGontextD) ions::

other ec ExecutionContesd| rtel LightmeightRTObject

deactivate component el )

deactivate _component

other

ect ecd
EsecutionContext ExecutionDontest

on_emrcelent handle)

il
LightweightRTObject

Mol participates ecl and ec2.

et component ststeltol) of !
-

iy

HikCydeState= gt component_stat
[

[LifeCycle$tate = ERROR_STATE]

reset componentcomonenty,
-

N |

opt

reset dompcnent(rel )

[LifeChycleitpte = ERRORSTATE]

onpesatl;

handle)

reset component
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StateMachine of ExecutionContext

stm ExecutionContext stm ExecutionContext—Managed Lifecycle /

Context mith Participants

s Participant Lifecycles ™
[Lightweight RTC]

stert Running
t /0 acti tart it/ tict st " -
exit / Domponent hcticnon_startup oo exit f Domponenticticnon_shutdoen Inactivell] activate component Activel1]
_________________________________________________________________ . entry # ComponentAction:on_activate
deactivate component exit & DomponentAction:on_deactivate
Participant Lifecycles
===

[RetumCode '= OK]
Son_aborting

¢ Emadl]

Stopped

stm Error Recovery

Errorli] [Lightweight RTS2]

Inactive[2] activate cnent Active[2]
. entry / Component Action:on_activate
deactivate component exit # ComponentAction:on_deactivate

[RetumCode = OK]
fon_abarting

/ Error{2]

Steady Error

do / Gomponent Action:on_sror

rezet component

Resetting L ight RTCn]

Inactiveln] activate component i [n]
;i entry / Component Action:on_activate
deactivate companent exit / Comonent Action:on desctivate

[Feturn Ciode '= OK]
fon_aborting

_—
. S

entry / Component Action:on reset

[ReturmCeode t = 0K]

[FetumCaode t = 0K]

B ExecutionContext manages the states of RT-Component

AP, TECHNOLOGIC ARTS INCORPORATED

Periodic Sampled Data Processing Structure and Sample *

class Periodic Sampled Data Processing Stereotypes /

<dmetaclassie
BasicComponents::Component

cmp Hierarchical Data Flow Component /
<ezterectypel
Lightweight RTC:: Sesterectipess

lightmeishtRTGomponent [ dataFlomComponent =]

<cdataFlomComponent >
MyComposite

Periodic Sampled Data Processing Stereotypes ccmaFiongarsenent> |y | «datap.wﬂmmenm@
MyContainedA MyContainedB
class Periodic 5 led Data Pr il M i / C|> é
<dnterfacall |
CaingoisitAction DataFloet omponantAction E
<dinterface>x tainedG
R ATO b RTORjace| |+ oiavecute(CracutionGantaxtHianda ¢ : Afunboda ¢ MyContaine <odataFlonCampanents>
+ i stata spdstelCxacution it tHanla £) ; RatumnCoda £ MyContainedD
+ o eatd clianped ExscutionContaxttinda £)  RatunCoda_t

A

E)
G

<dataFlowCompanant

MvDataF tomGomponent Hierarchical Data flow Component

Periodic Sampled Data Processing M1 Illustration
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Two-Pass Execution

sd Two—Pass Execution Example

ecl ExecutionContest <¥dataFlowComponents> <dataFlowComponents> <dataFlowComponents>
WhyCiontained A MyContainedE MyContainedD

=

on_executelect handle)

|cz - FetumCiode t= o execute()

on_executelaxe IJ1andle)

S RetumCode = cpoute()

ion_executelexec handle)
i

-
-
e e e RétumCodetmcnmeanted) | . H

on_state updatelect handle]

FetumiCode t= on_state updatel)

o _state updatelestec handie)

laz - - - . FetumCode 4= co statespdatelect handle) _______
onystate updatelesxec handled .
| | hl
Lz RetumiCade_t= on_state updatelec! handle) H
_________________________ e t= on state updatelecthandle) ..

B Primary business logic in on_execute operation.

B Delay any expensive operations or changes to shared state in
on_state_update operation.
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Stimulus Response Processing

omp Stimulus Response Execution /

class Stimulus Response Processing Stereotypes a

SafEmiE
My SM

Cmetadassi
BasicComponents:Component
L 1

famParticipants> —C{ b MyOtherCome Stopped
L Ssterectipen I MyStartGomg
om

Lightmeight RTC:: <I
lightweichtRTGomponent

start
AdyEtartComo

stop
FrtStopCome

CefsmParticipant > -
MyStopGomp Funning

Sosteractypel
P

Stimulus Response Processing Stereotypes

FSM Participant Defines State Transition Behavior

class Sti [ Pr Pa—— " /
cdnterface>> Compatiast Action P ——
SDOPackaga=SDOSarvica s CQ(‘n_t_e’ﬂ‘acz»
k ad + Hascila &) Aasuns o £

jl I i3 i

<dnterfaceX E E
Introspactioa-FamSarvica | --TF| <cfemizy - <cfemParticipant>>
MyFSH 1 #| MyBehaviorComponent

H i
| Introspection:F smProfile | “nterface>>
[ 1 L

‘} + sand a6 2 ¢
ok

Stimulus Response Processing M1 Illustration
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Stimulus Responding Processing Execution Example

=d Stimulus Response Processing Execution Example /

cther ecl <o <CfsmParticipant2> <<femParticipantz>
ExecutionDontext PP ShA hhyStartCome MyStepCome

ReturmiCode_t= send_stimulus(ztart, ecl handle)

gt companent state(vyStantCome)

il
|

LifeChvelpState= gat component_state()

opt_~

[LifefrvcieState = Active]

on_action(ec] handle)

cE:H:etuchde_h on _action( )

RetumCode t= send_stimulus(stop, ecl handle)

-

et domponent_state(MyStopCome)
L]
]

LifeC: tate= get component state()

g

g

[LifeCycleState = Active]

on_action(ed handle) -
T -

B T LR T [ R LTl EEEEE
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Modes of Operation

class Modes of Dperation Sterectypes /

<dmetaclass>>
BasicComponents::Component

<esterectype Costerectypes
Lightweicht RTG::

{j— multiModeComponent
lichtweichtRTComponent

Modes of Operation Stereotypes

class Modes of Operation Ml llustration /

<anterface>>
ModaCapabia
<dinterface>
at dautt smodial) - Modia
sa dafbuitnocdal): wods Wuitidoda Componant Action

ot ot moda by ecntart{ExacutionCantart O arstlons) : Meds
st paralin sdall - Aeda

A el oo B eneta il CracanisnQontayeOuaration ) - Moo
sat oo (Mo, Sociaan! © Mada

+  orpemods cfamged CxracutionCormtetHania £ - RetwrrJoda £

+ 4+ + 4+

<anterfaces>
Ml iMadathfact

A

5]

SZmultibode Component s> - Mode
MyhtultiMode Component

Modes of Operation M1 [llustration
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Set Mode Examples

sd Set Mode Non-immediate Example

5d Set Mode Immedeiate Example

other ecl <emultitdodeComponent=>
ExecutionContert i
e MbdiltibbdeCemponent ather ec <cmultibedeComponent >
ExecutionContext MytiltivodeCompanent
Bet_cument mods n sonbet(act ) = pet default medeQ) T T H
H get pending mode jn_sontesd(zcl 1= ril ! : H
i ot modinentode, flse) L : ! Eat_cument mode in_cantesdlzel ) = get default mode0)
H al H ! Eet pending_mode in_contextlect ) = nil
H( J set, modp(hewtiode true) -
: -

RetumCods t= on_mode_changed(ect )

Eet nending mode in_context(ect ) = ne

et sument mode Jn_contesd(ec! ) = get default madeQ)
e

cn e changed(ect )

Eet_cumment mode in_contexd(zcl ) = newhiode
et_pending mode _in_context(ect ) = nil

: . Brtmfiode Cenredecheresdl) ' : Bet_cument mode jn_contexd(zol ) = nemetode
= < ' ' get_pending_mode_in_contesdizel )= nil
H on_executelect ) - ! ! .

,,,,, Retumode 4= on pxoutel) . o exeoute(ect ) .

]

Non-Immediate Example Immediate Example
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Introspection Resource Data Model

class Introspection resource data model /

ComponentProfile PortProfile PortinterfaceProfile
+ instance_name: Sthng +  name String + instance_name: Sthng
+  type_name: String + interfaces; PortinterfaceProfile]] ¥+ typename: String
+  description: String hf———— +  port ref PortService +  podarity; PortinterfacePdarity
+  wersion: String 1 * |+ connector profiles: ConnectorProfie(]
+  wendor Strine + omner. RTObject
+ categony String + properties; hamevalue[]
+ potprofles: PortProfilel]
+  parent: RTObject
+  properties: Mametaluel]
ExecutionGontextProfile .
ConnectorProfile <Xenumerationzs
+  kind: Emecutionkind PortinterfacePolarity
+  rater double +  name: Sthng
+ omner ATObject +  connectorid Uniqueldentifier » SR
+ participants; RTObject(] +  ports: PortService[] 1
+  properties: Mame'valuel] +  propertiss: Mame'valuel] BEQIAREL fead0nlvt

FsmProfile

behavice profiles: FzmBshaviceFrofila[+]

0.

FsmBehaviorProfile

= action_component: FsmParticipant Action
— id: Uniqualdentifier
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Introspection Interface definition

class Introspection M1 Nllustration

Dempomantdetissg enterface
<xinterface>> Lighraalghs ATC ExacutionontaxtOparations
Lightoalghs RICLightoalght AT OMNact

<dnterface>> <dnterfacer:
E00Packaga- SO E00Packaga S0 Sarvica
<dnterfacaz <dnterface>>
cdnterfaces> 000 P = Exacutiontantaxifarvica FamEarvica
ATOAMact + g pardlla - ExvacutiasCota it Prslla + fﬂ{ﬂmﬁd?_‘ Fsmﬂ;w}%
+  zat femn pielafFamPrelia) - RatussSada £
+ gt compasdnt el - ComponastteTa

+  gad poeraf) - PaptSamazalT

___________ = <dnterfaces
,& PartSarvica

grad et vl - PowrBrfia

A cormacter sl el CovmsactoiifalT

A comacter a1 ikt ifas] - O ctorPreia
comidctilicut Sonectorioa) ; RetwsCode ¢

it comectinound ComisctorPofa) | Ratunoda &
afecmmactiiisualiostifar) - Ratunloda ¢

st ofeommmact inkaliartidan - Rotunfoda ¢
oot alfl - Ratumsooa ¢

2]

<<riComponent>>
MyComponent

PR
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connect example

sd PortService::connect Example /

cther Fortd : PortService Fortl : PortService Port? : PortService Fortd : PortService

connecticonndctor = CFO)

notify_connecticonnector = CFRO)

-

natify_connecticonpector = CRO)

natify_connecticonnector = CFOY

RetumCiode_t= notify_connect

RetumCode_tF notify_connect ()

e e mmmmeeem ot B SR :
RetunrCiode_t= notify_connecti ] ' :
--------------------- g ! !
v CionnectorProfle CFD
I FetumOode t=conneatQ) | pertzarvics {Port0), Portl, Port2, Porta)
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Conclusion

B The RTC specification consists of three parts.

B Lightweight RTC

® LightweightRTComponent

» basic component that has Lifecycle and realizes real functions or business
logic.

® ExecutionContext
» a logical thread of control

® One lightweightRTComponent can have many ExecutionContexts.
® Many lightweightRTComponents can participate one ExecutionContext.
® ExecutionContext manages the states of lightweightRTComponent.

AP, TECHNOLOGIC ARTS INCORPORATED

Conclusion

B Execution semantics — three kinds

® Sampled Data Processing
» Execution sorting
<> Execution order of data flow components is decided by interface direction.
» Two-pass execution
< Primary business logic in on_execute operation.

< Delay any expensive operations or changes to shared state in on_state_update
operation.

® Stimulus Response Processing
» FSM component decides FSM participant from FsmBehavior Profile.
» FSM participant defines a Behavior.

® Modes of Operation
» Switching between different implementations of a given functionality.
» Non-immediate type, Immediate type.

M Introspection
® RTC resource data model and Interfaces.
® Query and modify component properties and connections at runtime.
® Based on Super-Distributed Objects (SDO)
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robotics/2007-12-15

illo
rage

Eric Berger
December, 2007

Willow Garage

Goal: Have a positive impact through robotics

* Non-military

« Autonomous devices

» Open source approach

« Tool-building and platform development




The Car

- Build a car that can drive itself for
— Safety
— Efficiency of roads
— Efficiency of people’s time
* Near-term applications
— Self-parking
— Stop-and-go traffic
— Safety-assist




The Boat

« Goal: Autonomous Platform for Ocean-based
Science
— Unattended operation for up to a year
— Low cost




Jh4 '
57 20707




Personal Robotics Program

Hardware and Software Development Platform for
Personal Robotics




Software Goals

Make it easy to do robotics research

Develop open-source robotics tools

Barriers to robotics research

Integration is really really hard, but necessary
“Magic grad student” effect

Lack of reproducible results




Stanford Personal Robotics Program

Prof. Ken Salisbury
Eric Berger
Keenan Wyrobek




STAIR

Stanford Al Robot

Prof. Andrew Ng
Morgan Quigley
Stephen Gould
Ashutosh Saxena
Many Others

Personal Robotics Program

Develop, distribute and maintain PR-2
Hardware and Software system

Release 10 robots by December 2008




Barriers to research adoption

Researchers are not software developers
Researchers will not adapt to framework

Researchers are very quick to reject systems

Linux as a model

Ecosystem of users and contributors
Useful things come from many places
Support for flexible and conflicting standards

Deeply customizable




NON

(Robot Operating System)

Modular architecture
Distributed computation

Open Source
Flexible tool choice

Infrastructure
Communications architecture
Development Tools

Robotics libraries (modules)
Robot-specific functionality

Running demos and example code




Key Points

Separation between components

Support for different development patterns
Large, actively maintained and open tool-set
Major commitment to basic content

Many documented examples and running demos
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Contact Report

Prof. Makoto Mizukawa

mizukawa@sic.shibaura-it.ac.jp
Shibaura Institute of Technology
Tokyo, Japan

2007.12.11 Robotics DTF, OMG TM, Burlingame 1
(c) Makoto Mizukawa

Conferences

0 2007 IEEE/RSJ] International Conference on
Intelligent Robots and Systems (2007 IROS)
http:/ /www.iros2007.orq/

[0 Sheraton Hotel, San Diego, CA, USA
O Oct 29-Nov 2 2007

2007.9.26 Robotics DTF, OMG TM, Jacksonville, 2
(c) Makoto Mizukawa




Conferences: IR0OS2007

[0 October 29 (Mon)
m Workshops

O MW-2 Network Robot Systems: Ubiquitous, Cooperative,
Interactive Robots for Human Robot Symbiosis

Norihiro Hagita et.al

O MW-5 Measures and Procedures for the Evaluation of Robot
Architectures and middleware, Erwin Prassler et.al

O MW-8 Robot Semantic Web Tom Henderson, R. Dillmann et.al
B Tutorial

O MT-2 Building Ubiquitous Robot Systems: A Hands-On Tutorial
Alessandro Saffiotti, Mathias Broxvall

[0 November 2(Fri)

B Workshop
0 FW-2 Ubiquitous Robotic Space Design and Applications
Wonpil Yu
2007.12.11 Robotics DTF, OMG TM, Burlingame 3

(c) Makoto Mizukawa

Conferences cont’d

[0 2007 International Conference on Control,
Automation and Systems (ICCAS 2007)
WWW.ICcas.org

[0 the COEX in Seoul, Korea, October 17 - 20, 2007
B Organized by ICROS(The Institute of Control, Robotics and Systems)
B Technically Co-sponsored by IEEE IES, RAS and CSS
B FP02 OS003 RT (Robot Technology) System Integration
m Chairs
O Prof. Chung Yun Koo ETRI
O Prof. Ahn Hyo-Sung Gwangju Institute of Science and Technology
B O©papers

2007.12.11 Robotics DTF, OMG TM, Burlingame 4
(c) Makoto Mizukawa




Conferences cont’d

OO0 ICCAS 2007

0 FPO2 OS003 RT (Robot Technology) System Integration

m FPO02-1 Navigation of the Autonomous Mobile Robot Using Laser
Range Finder Based on the Non Quantity Map
S. Kubota, Y. Ando, M. Mizukawa (S.I.T.)

B FP02-2 Research on the “"Task Localization” for Distributed
Intelligence Japan H. Minamino, M. Mizukawa, Y. Ando (S.1.T.)

B FPO02-3 Testing and Certification Framework for URC Korea
Sangguk Jung (TTA)

B FP02-4 Software Testing for Intelligent Robot Korea
Yun Koo Chung (ETRI)

B FPO2-5 Indoor Mobile Robot and Pedestrian Localization
Techniques Korea Hyo-Sung Ahn (Gwangju Institute of Science
and Technology), Won Pil Yu( ETRI)

B FP02-6 Localization of Ubiquitous Environment Based Mobile
Robot Japan Yong-Shik Kim, et.al (AIST)

2007.12.11 Robotics DTF, OMG TM, Burlingame 5
(c) Makoto Mizukawa

RWRC (Real World Robot Challenge)
Tsukuba Challenge, Nov 16-17, 2007

0 1km Navigation in
Natural environment
on the pedestrian
road in Tsukuba City

[0 No traffic control to
pedestrians and
bicycles

[0 33 entries->11 qualified->3 mission completion

http://www.robomedia.org/challenge/index.html

2007.12.11 Robotics DTF, OMG TM, Burlingame 6
(c) Makoto Mizukawa




-

The Robot Award 2007 by METI*®

[0 To promote R&D and application of
RT(robot technology)

[0 13 robots were selected as First Prize
winners from 82 entries

[0 Software Division

B RT middleware:0OpenRTM-aist-0.4.0
(AIST, JARA, NEDO)

B ORIN 2.0 (Denso Wave, Co. LTD)
http://www.robotaward.jp/

2007.12.11 Robotics DTF, OMG TM, Burlingame 7
(c) Makoto Mizukawa

Coming conferences

[0 2008 IEEE International Conference on Robotics
and Automation (ICRA 2008)

http://www.icra2008.org/
[0 Pasadena, California, May 19-23, 2008

[0 2008 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS 2008 )
http://www.iros2008.org/

[0 Nice, France, Sep 22-26 2008

2007.12.11 Robotics DTF, OMG TM, Burlingame 8
(c) Makoto Mizukawa
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KIRSF - Robotics DTF (Burlingame Meeting)
Date: December 11, 2007
ContaCt Report Reporter: Yun Koo Chung

1. KIRSF Standardization
* KIRSF adopted 27 standards in 2007.

« Most hot issues:
— Performance Testing & Certification testing
— Safety guide of robots

— Communication protocols for URC

2. TTA Standardization
— 8 standards will be adopted in Dec. 2007.

3. RUPI (Robot Unified Platform Initiative) ver 2.0

— The second stage of the national project for URC will start from 2008 for 3 years.
— Standards for URC will be developed as RUPI v 2.0, which is a set of standards

selected from URC standards.

Robotics/2007-12-XX ETRI
KIRSF - Robotics DTF (Burlingame Meeting)
Date: December 11, 2007
ContaCt Report Reporter: Yun Koo Chung
Statistics of Robot Standards in Korea
Adopted Standards in Korea Standardization Projects in 2007
KIRSF
@ TTA
B KIRSF
. u TTA )
< o
2005 2006 2007 = £ /
0 20 40 60
number of projects

Accumulated Total number of standards, 2007 — TTA : 19, KIRSF: 51




Robotics/2007-12-XX ETRI

KIRSF - Robotics DTF (Burlingame Meeting)
Date: December 11, 2007
ContaCt Report Reporter: Yun Koo Chung

Statistics of Robot Standards in Korea

Classification of KIRSF Standards in Robotics

Hardware
Safety P
HRI

Profile

Protocol/comm. P

Service Modeling

Performance Measure P

Vacabulary

Robotics/2007-12-XX ETRI
KIRSF - Robotics DTF (Burlingame Meeting)
Date: December 11, 2007
ContaCt RepOrt Reporter: Yun Koo Chung

4. Standardization feasibility study for networked robot with
ITU

- Cooperated work will start with ITU for feasibility study of
standardization of networked robots from December 2007.

- Scope of the work will be network area of networked robots.

- International standardization workshop of the networked
robots will be held in April 2007.
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Contact Report:

1ISO TC184/SC2/AG1
Meeting Report

December 11th, 2007
Burlingame, CA, USA

Hyatt Regency San Francisco Airport

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

= AIST

AG1 Meeting in Tokyo (Nov.26, 2007)
Attendee

Experts(7 persons): S. Moon(Korea), G. Virk, O. Tokhi(UK), Y.
Yamada, Y.Ota(Japan), R. Gelin(France), S. Dryselius(Sweden)

» Observers(8 persons) : Young Sook Jeong, SK Jung, YD
Kim(Korea), C. Harper(UK), T. Miura, Morihiro Taba, T. Kotoku, S.
Hamada(Japan)

Agenda

Aims of the Advisory Group
* Review of resolutions from the previous meeting
* Report from the working groups.
* Proposal for scopes and definitions for PT1 and PT2
« Dates of next meetings

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




AG1 Meeting in Tokyo (Nov.26, 2007)

Topics:

AG: Definition and scope of PT1 and PT2

WG2: Performance/Safety Standards for Intelligent Robots in Korea
WG4: Robot and Animals (include pet caring robots)

OMG: OMG Activity Report

Next Meetings:

Feb. 19(Tuesday afternoon half-day session), 2008 in Wellington,
New Zealand.

During June 23(Mon)-26(Thu), 2008 in Paris.

During Oct. 13(Mon) — 15(Wed) in COEX, Seoul, Korea 2008,
before Plenary Meeting, to be held on Thursday and Friday.

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

TC184/SC2 Organization

AG1 (Advisory Group)

« WGT1 (Vocabulary): => PT3

« WG2 (Software):

«  WGS3 (Performance):

WG4 (Other topics):
PT1 (Revision of ISO 10218-Robots for industrial environments -
Safety requirements)

PT2 (Robots in personal care - Safety requirements)

PT3 (Vocabularies)
definitions - robot, industrial robot, robotic device, and service robot, in order to
define the scopes of PT1 and PT2.

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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Robotics-DTF Plenary Meeting
Closing Session

December 11th, 2007

Burlingame, CA, USA
Hyatt Regency San Francisco Airport

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Document Number

robotics/2007-12-01 Final Agenda (Tetsuo Kotoku)

robotics/2007-12-02 Jacksonville Meeting Minutes [approved] (Su-Young
Chi and Shuichi Nishio)

robotics/2007-12-03 Steering Committee Presentation (Tetsuo Kotoku)
robotics/2007-12-04 Roadmap for Robotics Activities (Tetsuo Kotoku)
robotics/2007-12-05 Opening Presentation (Tetsuo Kotoku)

robotics/2007-12-06 Robotic Localization Service - OMG Initial
Submission (Kyuseo Han)

robotics/2007-12-07 JARA Initial Submission to Robotic Localization
Service RFP (Shuichi Nishio)

robotics/2007-12-08 Robotic Localization Service - ETRI&SAMSUNG vs.
JARA (Yeon-Ho Kim)

robotics/2007-12-09 Considerations for revised submission (Kyuseo Han)

robotics/2007-12-10 Real World Robot Challenge in Tsukuba
(RWRC2007) - Tsukuba Challenge 2007 - (Takashi Tsubouchi)

robotic§/2007-12—11 Robotic Functional Services WG Report (Hyunsoo
Kim

robotics/2)007-12-12 Robotic Localization Service WG Report (Shuichi
Nishio

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Document Number

robotics/2007-12-13 OMG Robotic Technology Component Specification
and OpenRTM-aist (Noriaki Ando)

robotics/2007-12-14 Introduction to Robotic Technology Component
(Takashi Sakamoto)

robotics/2007-12-15 Willow Garage (Eric Berger)
robotics/2007-12-16 Contact Report (Makoto Mizukawa)
robotics/2007-12-17 KIRSF - Contact Report (Yun-Koo Chung)
robotics/2007-12-18 Robotics-DTF flier - DRAFT (Yun-Koo Chung)

robotics/2())07-12-19 ISO TC184/SC2/AG1 Meeting Report (Tetsuo
Kotoku

robotics/2007-12-20 Closing Presentation (Tetsuo Kotoku)

robotics/2007-12-21 Next Meeting Preliminary Agenda - DRAFT (Tetsuo
Kotoku)

robotics/2007-12-22 Supplementary Info on Composite Robotic
Coordinate Information Set (CRCS) (Shuichi Nishio)

robotics/2007-12-23 DTC Report Presentation (Tetsuo Kotoku)

robotics/2007-12-24 Burlingame Meeting Minutes - DRAFT (Geffrey Biggs
and Yun-Koo Chung)

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Robotics-DTF leaflet
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nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

= AIST

Organization

[¢] 114

Robotics-DTF

Yun-Koo Chung (ETRI, Korea)
Tetsuo Kotoku (AIST, Japan)

{

Steering Committee

Call for volunteer

All volunteers

Publicity Sub-Committee

Abheek Bose (ADA Software, India)
Masayoshi Yokomachi (NEDO, Japan)

Yun-Koo Chung (ETRI, Korea)

Contacts Sub-Committee

{Makoto Mizukawa (Shibaura-IT, Japan)

Technical WGs

Infrastructure WG

Robotic Functional
Services WG

Robotic Data and
Profiles WG

Robotic Localization
Services WG

Yun-Koo Chung (ETRI, Korea)

Noriaki Ando (AIST, Japan)
Call for volunteers

Hyunsoo Kim (Samsung, Korea)
Call for volunteers

Bruce Boyes (Systronix, USA)
Call for volunteers

{

{ Soo-Young Chi (ETRI, Korea)

Kyuseo Han (ETRI, Korea)
Yeon-Ho Kim (Samsung, Korea)
Shuichi Nishio (JARA/ATR, Japan)

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Call for volunteer

 Robotics-DTF Co-chair

— Not from Japan and Korea

— Election will be held upcoming Washington
DC Technical Meeting

 Robotic Infrastructure WG Co-Chair
 Robotic Functional Services WG Co-Chair
 Robotic Data and Profiles WG Co-Chair

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Next Meeting Agenda
March10-14 (Washington DC, USA)

Monday:

Steering Committee (morning)

RLS 2"d Submission Presentations (am)
WG activity (pm)

Tuesday:

WG activity (am)
Robotics-DTF Plenary Meeting (pm)

Guest and Member Presentation
«Contact reports
*Co-chair election

Wednesday-Thursday:
WG activity follow-up [if necessary]

nanona mstirute or ADVANCED INDUST




Special Talk Candidates

« RUPI 2.0 (Tentative)

» Report of RoboDevelopment 2007 and Introduction to
JCX robotics project (Tentative)
- Bruce Boyes (Systronix)

« Someone from local area

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Attendee

* Anthony Tarlano (DoCoMo) * Miwako Doi (Toshiba)
» Eric Berger (Willow Garage) * Noriaki Ando (AIST)
+ Geoffrey Biggs (AIST) » Roger Burkhart (John Deere)
» Hiroyuki Fukano (TSB « Shuichi Nishio (JARA/ATR)
Information) « Su-Young Chi (ETRI)
* Hyun-Seo Kim (Samsung) « Takashi Sakamoto
» ltsuki Noda (AIST) (Technologic Arts)
« John Rodell (OIS) » Takashi Tubouchi (Univ. of
« Kwang Koog Lee (Kaungwon Tsukuba)
National Univ.) » Tetsuo Kotoku (AIST)
* Kyuseo Han (ETRI) * Yeon-Ho Kim (Samsung)

« Makoto Mizukawa (Shibaura- *  Yun Koo Chung(ETRI)
IT)

nanowa mstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




Robotics Domain Task Force Preliminary Agenda ver0.0.2 robotics/2007-12-21
omG Technical Mecting - YW@Shington DC, USA _var 10-14, 2008
TF/SIG http://robotics.omg.org/
Host | Joint (Invited) Agenda Item Purpose Room
Monday: Robotics Plenary(am) and WG activites(pm)
9:00 9:45  Robotics Robotics Steering Committee Arrangement
9:45 10:00  Robotics Robotics-DTF Plenary Opening Session Robotics plenary
openning
10:00 11:00 Robotic Localization Service - Revised Submission Presentation (1) presentation and
- Kyuseo Han (ETRI) and Yeon Ho Kim (Samsung) discussion
11:00 12:00 Robotic Localization Service - Revised Submission Presentation (2) presentation and
- Shuich Nishio (JARA/ATR) discussion
12:00 13:00 LUNCH
13:00 18:00 Architecture Board Plenary
13:00 14:00 = Robotics Robotic Data and Profiles WG (1h) discussion
14:00 18:00 Robotics Robotic Localization Services WG (4h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
Services WG(4h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi and Hyunsoo Kim
Tuesday: WG activities (am) and Robotics Plenary (pm)
9:00 12:00 Robotics Robotic Localization Services WG (3h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
Services WG(3h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi and Hyunsoo Kim
12:00 13:00 LUNCH
13:00 14:00 Robotics WG Reports and Roadmap Discussion reporting and
(Service WG, Profile WG, Robotic Localization Service WG) discussion
14:00 15:00 Robotics Special Talk: TBD presentation and
discussion
Break (30min)
15:30 16:30 Robotics Special Talk: TBD presentation and
discussion
16:30  17:10 Robotics Contact Reports: Information Exchange
- Makoto Mizukawa(Shibaura-IT), and Yun-Koo Chung(ETRI)
17:10 17:30 Robotics DTF Co-Chair election and Next meeting Agenda Discussion Robotics plenary
closing
17:30 Adjourn joint plenary meeting
17:30 18:00 Robotics Robotics WG Co-chairs Planning Session planning for next
(Preliminary Agenda for next TM, Draft report for Friday meeting
Wednesday WG activity follow-up
9:00 12:00 = Robotics Robotic Localization Services WG (3h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
Services WG(3h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi and Hyunsoo Kim
12:00 14:00 LUNCH and OMG Plenary
14:00 18:00 Robotics Robotic Localization Services WG (3h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
Services WG(3h): Human Robot Interaction RFP draft Meeting discussion
- Su-Young Chi and Hyunsoo Kim
18:00 20:00 OMG Reception
Thursday WG activity follow-up
9:00 12:00 = Robotics Robotic Localization Services WG (3h) discussion
- Kyuseo Han, Yeon-Ho Kim and Shuichi Nishio
12:00 13:00 LUNCH
13:00 18:00 Architecture Board Plenary
Friday
8:30  12:00 AB, DTC, PTC
12:00 13:00 LUNCH
Other Meetings of Interest
Monday
8:00 8:45 OMG New Attendee Orientation
18:00 19:00 OMG New Attendee Reception (by invitation only)

Pl get the up-to-date version from http://staff.aist.go.jp/t.kotoku/omg/RoboticsAg

pdf
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Supplementary Info on
Composite Robotic Coordinate
Information Set (CRCS)

12 Dec, 2007

NISHIO Shuichi

Japan Robot Association (JARA) /
ATR Intelligent Robotics and Communication Laboratories

CRCS definition

l

Coordinate Value

Error
Coordinate Value

o

Coomilonte Information
(CI) Cl Cl

Composite Robotic Coordinate Information Set
(CRCS)

Definition
................ Repository

f-“ﬂ“ﬂ‘ﬂv_-ﬂ-_‘-*

2007/12/10 JARA initial submission 2




CRCS and data formats

data structure Cl cl Cl
(abstract) CRCS

data ETRI &

representation Samsung
format

data data data data
format format format format
definition | definition | definition | definition

2007/12/10 JARA initial submission

Transformation

~ application

output CRCS
CRCS gl definition

output data format
data format gl definition

transformation

CRCS
definition

b ot

input ; data format
data format definition

2007/12/10 JARA initial submission




Example: GPS receiver output

* Sample NMEA output

$GPGGA,123519.00,3601.038247,N,13631.32
4523,E,1,08,1.2,68.42,M,46.93.M,, *42

<data type>, <time in UTC>, <latitude>, <north>,
<longitude>, <east>, <GPS quality indication>,<number of
satellites>, <HDOP>, <height from average sea level>, <unit
(meter)>,<height from WGS-84ellipsode>, <unit(meter)>

coordinate system of RLS_cs_UTC]| |coordinate system of RLS_cs_WGS84
dimension: 1 dimension: 2

coordinate system of RLS_cs_indication| |coordinate system of RLS_cs_number_of_sattellites
dimension: 1 dimension: 1

coordinate system of HDOP| |coordinate system of RLS_cs_sealevel_hight
dimension: 1 dimension: 1




robotics/2007-12-23 ate: Friday, 14" Docamber. 2007
RO bOti cs _DT F Chair: Tetsuo Kotoku and Yun-Koo Chung
Group URL: http://robotics.omg.org/

Group email: robotics@omg.org

»Highlights from this Meeting:

Initial Submission Presentation of Robotic Localization
Service RFP:
— ETRI & Samsung Joint Submission [robotics/2007-12-06]
— JARA Submission [robotics/2007-12-07]

Robotics Plenary: (20 participants)

— 3 Special Talk:
+ RTC Specification and OpenRTM-aist [robotics/2007-12-13,14]
* Willow Garage (Eric Berger) [robotics/2007-12-15]

* Real World Robot Challenge in Tsukuba (RWRC2007) [robotics/2007-12-
10]

— 2 WG Reports [robotics/2007-12-11,12]
— 3 Contact Reports [robotics/2007-12-16,17,19]
— Preliminary Agenda for Washington DC [robotics/2007-12-21]

Date: Friday, 14t December, 2007
- Chair: Tetsuo Kotoku and Yun-Koo Chung
Ro bOtI CS -DT F Group URL: http://[robotics.omg.org/

Group email: robotics@omg.org

»Deliverables from this Meeting:
—Two Initial Submissions of Robotic Localization
Service RFP [robotics/2007-11-01,03]
» Future deliverables (In-Process):
— User Recognition Service RFP

»Next Meeting (Washington DC, USA):

— 1st Revised Submission Presentation
of Robotic Localization Service RFP

— 18t review of User Recognition Service RFP
— Guest presentations

— Roadmap discussion

— Contact reports

— Robotics-DTF Co-chair election




Minutes of the Robotics DTF Plenary Meeting — Draft
December 10-14, 2008, Burlingame, USA
(robotics/2007-12-24)

Minutes Highlights
. Initial submission presentation of Robotic Localization Service RFP by ETRI /Samsung and JARA
. 2 WG reports
. 3 Special talks:

- RTC Specification and OpenRTM-aist by Noriaki Ando and

Introduction to RTC by Takeshi Sakamoto

- Willow Garage by Eric Berger

- Real World Robot Challenge in Tsukuba (RWRC2007) by Takashi Tsubochi
. 3 Contact report (ISO/TC184/SC2, conferences, KIRSF)

List of Generated documents

document number:

- robotics/2007-12-01 Final Agenda (Tetsuo Kotoku)

- robotics/2007-12-02 Jacksonville Meeting Minutes [approved] (Su-Young, Chi and Shuichi Nishio)

- robotics/2007-12-03 Steering Committee Presentation (Tetsuo Kotoku)

- robotics/2007-12-04 Roadmap for Robotics Activities (Tetsuo Kotoku)

- robotics/2007-12-05 Robotics DTF Opening Presentation (Tetsuo Kotoku)

- robotics/2007-12-06 Robotic Localization Service — OMG Initial Submission (Kyuseo Han)

- robotics/2007-12-07 JARA Initial Submission to Robotic Localization Service RFP
(Shuichi Nishio)

- robotics/2007-12-08 Robotic Localization Service — ETRI&SAMSUNG vs. JARA (Yeon-Ho Kim)

- robotics/2007-12-09 Considerations for revised submission (Kyuseo Han)

- robotics/2007-12-10 Real World Robot Challenge in Tsukuba (RWRC2007) - Tsukuba Challenge
2007 (Takashi Tsubouchi)

- robotics/2007-12-11 Robotic Functional Services WG Report (Hyunsoo Kim)

- robotics/2007-12-12 Robotic Localization Service WG Report (Shuichi Nishio)

- robotics/2007-12-13 OMG Robotic Technology Component Specification and OpenRTM-aist

(Noriaki Ando)

- robotics/2007-12-14 Introduction to Robotic Technology Component (Takashi Sakamoto)

- robotics/2007-12-15 Willow Garage (Eric Berger)

- robotics/2007-12-16 Contact Report (Makoto Mizukawa)

- robotics/2007-12-17 KIRSF - Contact Report (Yun-Koo Chung)

- robotics/2007-12-18 Robotics-DTF flier = DRAFT (Yun-Koo Chung)

- robotics/2007-12-19 ISO TC184/SC2/AG1 Meeting Report (Tetsuo Kotoku)

- robotics/2007-12-20 Robotics DTF Burlingame Closing Presentation (Tetsuo Kotoku)

- robotics/2007-12-21 Next Meeting Preliminary Agenda — DRAFT (Tetsuo Kotoku)

- robotics/2007-12-22 Supplementary Info on Composite Robotic Coordinate - Information Set
(CRCS) (Shuichi Nishio)

- robotics/2007-12-23 DTC Report Presentation (Tetsuo Kotoku)

- robotics/2007-12-24 Burlingame Meeting Minutes — DRAFT (Yun-Koo Chung and Geffrey Biggs)

MINUTES
Monday, December 10, 2007, Sandpebble B, Lobby Lvl

09:50-10:10 Plenary Opening, Chair: Dr Kotoku, (Quorum: 4)
- Joined organizations: AIST, ETRI, JARA, Samsung, Shibaura IT, Technologic Arts, John Deere
- Burlingame Meeting Minute takers: Dr Biggs and Dr Yun Koo Chung
- Approval of the Jacksonville minutes
Jacksonville minutes (Dr Nishio and Dr Chi) was approved.



AIST (motion), Shibauru IT (second), Technologic Arts (white ballot)

- Bruce Boyes presentation not possible, replaced with presentation by Willow Garage

- University of Tsukuba scheduled to give presentation on Real World Robot Challenge in
Tsukuba

10:15-12:00 Robotics Localisation Service RFP submissions. (2 submissions)
1) Joint submission of ETRI and Samsung (Kyueho Han)
. Simple structure proposed: Localization object, Localization Aggregator,
Localization sensor, Coordinate Manager
. Coordinate system was proposed.
2) JARA submission (Shuichi Nisio)
. A set of common information to represent location
. Common interface for localization service to transfer data and commands.
. Robotic service scenario
. Requirements and structure for RLS

Tuesday, December 11, 2007, Sandpebble B, Lobby Lvl
11:00-12:00 Real World Robot Challenge in Tsukuba (RWRC2007) by Takashi Tsubochi
- Presentation of introduction Autonomous navigation contest of robots in real world, Tsukuba
- Experiments on public street
- Test running days (several days, final test on Nov. 17)
- Introduction of robot system, strategy of obstacle avoidance

13:00 — 17:30 Plenary meeting continued

WG Reports and Roadmap Discussion
- Functional services WG Report by Hyun Soo Kim
Candidate title for HRI RFP: "User Recognition Service Interface (URSI)"
Mandatory requirements decided
Optional requirements decided
Schedule:
1st RFP draft (unofficial): 18/01/2008
2nd RFP draft (unofficial): 08/02/2008
1st RFP draft (official): March 2008 OMG Meeting
2nd RFP draft (official): June 2008 OMG Meeting
Initial submission: December 2008 OMG Meeting

- Localization Service WG Report by Nishio
. Two presentations for initial submissions: ETRI + Samsung, and JARA
Discussion towards revised submission
Splitting of localization object
Sensor module/localisation module (relation with Profile WG).
. Naming issue (of data format)
. Data abstraction format issue
. Necessity for meta-level information (RLML)
. Roadmap
- Washington DC: Revised submission discussion (submit first version of
revised submission to OMG server)
- 26/05/2008: Revised submission due
- 23/06/2008: Revised submission presentations
- No report from Infrastructure WG

- Special Talk: Introduction of RTC specifications and implementation OpenRTC_AIST
by Ando and Sakamoto



. Introducing the RTC and RT middleware.

. Introducing the Features of OpenRTM-aist which is RT Middleware of AIST complying
RTC specification.

. Presenting the Implementation of RTC and its demonstration

. Introducing the RTC specifications.

- Special Talk: Willow Garage by Eric Berger
. Hardware and software development framework for personal robotics
. Modular architecture, distributed computing, Open source, flexible tools are introduced
. ROS: Infrastructure, communications architecture, development tools,
Robotic libraries, Robotic-specific functionality were demonstrated.

- Contact report by Makoto Mizukawa:
. Conference: 2007 IEEE IN San Diego, Oct 29- Nov 2, 2007. http://www.iros2007.0rg
Topic: Network robots, Ubiquitous robots, Ubiquitous robotic space design and
applications
. Conference: ICCAS 2007, Seoul, Oct.19,2007, 6 papers presented.
. Coming conference: ICRA 2008, Pasadena, CA, http://www.icra2008.org/
IROS 2008, Nice, France, Sept. 22-26,2008, http://www.iros2008.org/

- Contact report by Yun Koo Chung
. KIRSF Standardization activities in Korea were reports.
. The second stage of URC project planned to start in early 2008.

- Publicity report:
. Diagram and picture was changed
. Rabot picture will be selected and will be voted for selection.

- Contact report of ISO/TC184/SC2/AG1 by Kotoku:
. Meeting held in Tokyo on Nov. 26,2007, Attendee (15 people and 5 countries (Korea,
Japan, UK, France, Sweden)
. Topics:
- Definition and scope of PT1 and PT2
- Performance / Safety Standards for Intelligent Robots in Korea
- OMG Activity report
. Next meetings:
- Feb. 19, 2008 in Wellington, New Zealand, June 23 ~ 26, 2008 in Paris,
Oct 13 ~ 15 in Seoul, Korea

- Closing presentation and Next meeting agenda by Kotoku
. Calling for volunteers for Robotics DTF co-chair, Robotic Infrastructure WG Co-chair,
Robotic Functional Service WG Co-chair, Robotic Data and Profiles WG Co-chair,
. Next meeting Agenda: March 10-14 (Washington DC, USA)

- Adjourned joint plenary meeting at 17:00

Attendee : 20 participants
Anthony Tarlano(DoCoMo)
Eric Berger (Willow Garage)
Geoffrey Biggs (AIST)
Hiroyuki Fukano (TSB Information)
Hyun-SeoKim (Samsung)
Itsuki Noda (AIST)
John Rodell(OIS)
KwangKoog Lee (Kaungwon National Univ.)
Kyuseo Han (ETRI)


http://www.iros2007.org/
http://www.icra2008.org/
http://www.iros2008.org/

Makoto Mizukawa (Shibaura-IT)
Miwako Doi (Toshiba)

Noriaki Ando (AIST)

Roger Burkhart (John Deere)
Shuichi Nishio (JARA/ATR)
Su-Young Chi (ETRI)

Takashi Sakamoto (Technologic Arts)
Takashi Tubouchi (Univ. of Tsukuba)
Tetsuo Kotoku (AIST)

Yeon-Ho Kim (Samsung)

YunKoo Chung(ETRI)

Prepared and submitted by Yun Koo Chung (ETRI) and Geoffrey Biggs (AIST)
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