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RCML 2.0: Development of a Networked Telerobotic System

Dairoku Sekiguchi*! Naoki Kawakami*! and Susumu Tachi*!

Abstract — The concept of R-Cubed (Real-time Remote Robotics: R?) aims to provide
a way to telexist anywhere in the world by controlling remote robots over the network.
RCML (R-Cubed Manipulation Language) is considered to be a bottom-up approach of
the R-Cubed concept. The design of an RCML system utilizes existing infrastructures
and devices such as the Internet and PC and, users of the system will be able to use it
easily and intuitively.

RCML is a language for describing the interface for controlling remote robots in an R-
Cubed concept. This paper proposes a new design of the RCML system called RCML 2.0.
In RCML 2.0, we introduced a language RXID 2.0 for defining Graphical User Interface
(GUI), which is used for controlling the remote robot into the system. Both RCML 2.0
and RXID 2.0 are XML- based languages. By using XML, expandability and flexibility
in implementation are introduced to the RCML system. RXID 2.0 has mechanism for a
one-way link to an RCML data structure, and this mechanism provides for the complete
separation of the control of the robot and the user interface. We also show the experi-
mental implementation of the RCML 2.0 system which supports PDA and celler phone
as a client in addition to ordinary desktop PC client.

Keywords teleoperation, internet, network, Self-Descriptive Remote Memory Model,
RCML, XML
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Fig.1 The R-Cubed concept
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Fig.5 An outline of the experimental system
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Table 5 Performance of the System
oooogo oo oooo |oog oo
Local | 00O00O0OO0DOOOOOO |0.44ms | 0.031ms | 0.41ms | 1.6ms
oooooooo 0.32ms | 0.026ms | 0.30ms | 1.5ms
LAN | 00000000000 0.73ms | 0.31ms 0.46ms | 2.0ms
gooooooo 0.64ms | 0.31ms 0.39ms | 1.9ms

00 0: Windows 2000, PentiumIII 700MHz, 256MB
0000000 Windows 2000, PentiumIIT 800MHz, 256 MB

pa B
[

[T Ir]

filt
[ [ [+]
zo0m

[ [ [+]

£.)| camera control

09 PDAOOOO
Fig.9 The control panel displayed by PDA

0000000000000000 Local00ODODO
0000000000 100000000001ms0O
000000000000000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000 100000000000 320ms O
000000000000000000000000
0000000000000 0000000

5.2 PDAOOOOCOO
PDAOODCOOOOJaval0 00000 RCML OO
000000 OWindows CE3.00 000000000
00000, Pocket PC, SH-3 133MHz, 32MBO 0 O
00 PersonalJava0 00000000 0OPCOOOO
0ORCMLOOOOOOOOOOOOOOOOOOO
0000000000000 90000

0000 PDADOOO RCMLOOOOOOXMLO
00000JAXP Ver.1.000000PCOOO RCML
00000000000000000PCOOOOO
00000000 URLOOOOOOOOOOOOO
0000000000000000000000000O
O000 PDAODODOD240x3200 0000000
000000000 PCOOOOOOOOOOOOO
O00000O00000 RXIDOOOOOOOOO
O000O0O000OPDACODOOOOOOOOOOO
O00000O0PCODOOOOOOOODOOOOOO

pan +5 | pan -5 |

tilt +5 tilt -5

010 Dooboooooboooo
Fig. 10 The control panel displayed by celler
phone

gobOoooooooboogwriteDOODOOOOO
gobbOooboooboooboooooooboo
0000000000 63msO000O00OPDADOOODO
goboobooooooboooboooobooooo
oopCOOODOOOOOOOOOOOOOOOOO
gobbO0oo0oooooboobooobodJavald
000000000 PDADOOOOOOOOODOODO
goboooooooboooboboooboboooooo
goooboooobooboon

5.3 0O0OO0OODOOOOOO

goboooobooooboboooooobobsaono
gbobobooobooooobobobooooooon
HTMLOOOOOOOOOOOoOoOOoooooooo
OO0 WebOOOOODODOOOOOODODOODOOOO
Os0000000RCMLOOCODOOOOOOOO
gobooboooooboooooboobooooboo
00000000 HTMLOOOOODOOOOODO
goboooboobbooobobooobooooo
00000000 RCMLOOOODODDO RXIDODO
oo0oobO0b0O HTMLOODOODOOOOOoOO0ooDOOo
OORCMLOOOOOOOOOOOOOOOOOO
gobooooooboooboobooboooooo
oooobooboooobo HrMLOoO0oooogooo
goboooooooobooobobobooboooooo
HTMLOOOOOOODOOODODOODOOoOoooOoo
goooogo

OO000D0O00ODDDODODDOWebObjectsd. 5000



ooooooo :RCML 2.0: 00000000000 DOOO0OOOO0OOOOOODOOO

O00000000000WebODODOOOOOOOO
go0o0o0OC0COCOOOOOOOOCOO RCMLOOO
gobooobooboboooobooobooboooooo
Oo0O000 1o0o0o0OwebOOOOOOOOOOO
gobooooooobooobooboboobobooboo
O00000ooooDOoO0OO0oOoooOgOg 9600bps
goboobooooobooobooobooooboooooo
goboobooooobooboooboobobooooooo
oboobooobo1oobooooooboooog 2.7
OO00oO0o000o0o00oDbO0o000o00 HTML OO
O0o000ooooooD 72KByteODOOoooOO
0000 96%06.9KByteO OO D OOOOOOOO
OO000O0O00O0OD0O0obpsO OO OOOODODOO
goboobooooobooboobooooooboooooo
oobooobooboboooboooobooooo
gboobOooooooboooooboooobooo
gboobobOoboooooboobobooocoooon
goboOoobooboboooobooobooboooobooo
gobooboooooooooobooboooooo
oood

5.4 go

POAOOOOOUODOOOODODO RCMLOOOO
O0JavaOO0O0O0O0ODODO OO PersonalJava 0 O
00Do0ooDoopooooooooooooooag
000000000000 JavalDO00O0O0O0OOOO
00000o00ooodoO0Javad0dDOOOO RCML
O0ooooPCOO0OD PCOOO LocalDOOO
00Do00ooooooooooooooooooag
O0write0O0O0OOO0OO0OO0DODOOODOODOODOO
ood0DoooooDooooooc++0n0o0ooa
PCODOOO RCMLOOOODO 0.44msO00000O0O
0000 14ms0000000O00OO0ODOOODOOO
O00OO00oo0o0o0ooooDo pCOOO WebOO
00000oo0ooooooooooooDoo 1000
00D0o00oooooogooRCML 200000
O00ooocGloonod JawvadOoooooog
OdbD0o00ooooooooooooooooog
O0Doo00oooooooooooooooooag
00Do00ooooooooooooooooooag
odbDodDo00ooooooonooooooog
ododooo200000000000D00000
00Do0doooooooooooooooooa
O00O0OO0OO0OOORCML 200000000000
odbDod0ooo0ooooooooooogoooog
0dbDoddood0ooooooooooogooo
00DoooDooooooooooooooooa
0doooooooooooooooooooooa
ooooo

6. god

goodooooboobooooboooooooo
O00o0oodoogooo RrRCML2.0000000000
O00O0dOogoRrRCML 1.000O0DOO0OOOODOO
O000OdoooooRCML 20000000000
gododoooobddoodgduoooooo
godoooobbuobooooboooooooo
OO00OO0OO0OORCML20000D00OO0OOOOOO
000000000000000000000000
goddddoooobuoooobooooooooo
godooooooooboobbobbobouoo
o0o0000O0O0OOOOOOOO0O0

e Self-Descriptive Remote Memory D00 000
e SDRMOODOOODOOODOODOODOOD
e GUIODODOOODOO RXIDODOO
00000000000000000000000
00000oDooOOO0O0OO0ORCML 100000000
oddddoooooooooooooooooo
000000000000000000000000
000000000000000000000000
O000ORXIDOOODOOOODDODOOOOoOooooo
Oo000o0ooooooooooooooopcOO
O0000OPDADDODOOOOUOOOODODODOODOO
000000000000000000000000
gooooad
gooooobooboboooooboooooooo
000000000000000000000000
ooooooooo

good

1] OOOO,000,000,0000: OOOOOO
0,000000000, Vol. 15, No. 7, pp. 983-985
(1997).

2] O0OO0O0O0O,0000: 0000000000 DOO
00000,000000000, Vol. 18, No. 2, pp.
185-187 (2000).

3] 000D00D0O00D00O0O0D (0): 0000000,
00ooooo (1996).

[4] Susumu Tachi: Real-time Remote Robotics-
Toward Networked Telexistence, IEEE Computer
Graphics and Applications, Vol. 18, No. 6, pp. 6-9
(1998).

[5] S. Tachi, K. Tanie, K. Komiyama and M. Kaneto:
Tele-Existence (I): Design and Evaluation of a Vi-
sual Display with Sesation of Presence, Proc. of the
5th Symposium on Theory and Practice of Robots
and Manipulators, pp. 245-254 (1984).

6] OW, 0000,0000,0000,0000: 000
gooooobobooobooooobobooooo, o
00000000, Vol. 19, No. 1, pp. 16-27 (2001).

[7] Yasuyuki Yanagida, Naoki Kawakami and Susumu
Tachi: Development of R-Cubed Manipulation
Language - Access Real Worlds Over the Network,
Proc. 7th International Conference on Artificial



8]

[10]

[11]

[12]

[13]

[14]

oooooboOoooooOooooon0 Vol.7, No.4, 2002

Reality and Tele-existence "97, pp. 159-167 (1997).
Weichung Teng, Akira Nukuzuma, Naoki
Kawakami, Yasuyuki Yanagida and Susumu Tachi:
Development of R-Cubed Manipulation Language
- The specification of RCML and RCTP, Proc. 8th
International Conference on Artificial Reality and
Tele-existence 98, pp. 152-162 (1998).
Weichung Teng, Dairoku Sekiguchi, Akira
Nukuzuma, Naoki Kawakami, Yasuyuki Yanagida
and Susumu Tachi : Development of R-Cubed Ma-
nipulation Language - Implementation and Eval-
uation of RCML System, Proc. 9th International
Conference on Artificial Reality and Tele-ezistence
99, pp. 79-83 (1999).
%00,0000,0000,0000,0000, O
RCML:00000000OO0O0OOOO, Vol. 5, No. 2,
pp. 881-890.
: The Web3D Consortium: ISO/IEC 14772-1:1997
Virtual Reality Modeling Language (VRMLI7).
http://www.web3d.org.
Dairoku Sekiguchi, Weichung Teng, Yasuyuki
Yanagida, Naoki Kawakami and Susumu Tachi:
Development of R-Cubed Manipulation Language
- The design of RCML 2.0 system, Proc. 10th In-
ternational Conference on Artificial Reality and
Tele-existence 2000, pp. 44-51 (2000).
R. Simmons: Xavier: An Autonomous Mo-
bile Robot on the Web, Proc. IROS’98 Workshp
’Robots on the Web’, pp. 43—48 (1998).
Patrick Saucy and Francesco Mondada: KhepOn-
TheWeb: One Year of Access to a Mobile Robot
on the Internet, Proc. IROS’98 Workshp ’Robots
on the Web’, pp. 23-30 (1998).
Matthew Stein: Painting on the World Wide Web:
The PumaPaint Project, Proc. IROS’98 Workshp
’Robots on the Web’, pp. 37-42 (1998).
oo, d: dbooobbooooooobooo-og
O-Wwwioooooooopooooooooao, o
20 J00O0O0OO0oOooooooog, pp. 114-119
(1997).
: The Object Management Group: The Common
Object Request Broker Architecture (CORBA)
specification. http://www.omg.org.
: Microsoft corporation: Distributed Component
Object Model (DCOM).
http://www.microsoft.com.
Hirohisa Hirukawa and Isao Hara: The Web Top
Robotics, Proc. IROS’98 Workshp ’Robots on the
Web’, pp. 49-54 (1998).
M. Mizukawa, H. Matsuka, T. Koyama and A.
Matsumoto: De-facto standard API for Open
and Networked Industrial Robots, Proc. 30th Int.
Symp. on Robotics, pp. 455—462.

W3C:Simple Object Access Protocol (SOAP)
1.1. http://www.w3c.org.
: W3C: Extensible Markup Language (XML) 1.0.
http://www.w3c.org.
0000: RCML 2.0 000 http://www.rcml.org
0000: RCTP/2.0 000 http://www.rcml.org
O0000: RXID 2.0 00 0O http://www.rcml.org

(20020 40 10000)

ooooogo

ob 00 ooooo

pr—————

2001000000000D00D0OO

00000oooo(oo)yoooooo
oboooooooboooozc02000
gooobouoboobodobdood ooo
oobooooooooobooooobobooo
gooooooooooooooooo
oooood

ob 00 ooooo

19 0000000000000OO0
00000oooOo(oo)yoooooo
goboooooobooooooobo ooo
20010000000000000O0C00
o0 ooobooooboooooooo
ooooooooooooooooo
gooooooo

0O BEooooo

1973000000000000000
goooooooooobooooooo
oooobocoooooooooongsg
oooobooobooooooooooo
oo0O1992000001994000000
goooob2o0100000000000
oooooobooooooooooao
goooooooo,bobbobboooboo
gooooboooooooooooooo



