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Development of R-cubed Manipulation Language

Wei-Chung TENG™!, Dairoku SEKIGUCHI™,
Naoki KAWAKAMI™}, Yasuyuki YANAGIDA"', Akira NUKUZUMA"?, and Susumu TACHI"!

Abstract - R-Cubed (R*: Real-time Remote Robotics) is the concept and technology for people to

- telexist anywhere in the world by controlling remote robots as his avatars in real time base through

" the network. An R-Cubed system is supposed to allow people to control remote robots from terminals
installed on homes, offices, or any public booths connected to Internet or other dedicated networks. In
this paper some efforts devoted to the design of R-Cubed systems are shown, including the
specification of RCML (R-Cubed Manipulation Language) that describes remote environments and
robot characteristics, and RCTP (R-Cubed Transfer Protocol) that is in charge of network
communication between users and robots in real time base. Finally an experimental implementation
example and evaluation to the behavior of this system is reported.
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Fig. 2 Block dialog of RCML system

3.1 #7774 b

FEHICBNWT, BROAEDEZTIMEE LD =
Y NEATV S P ERER, ATVl MEEOBEE
PHRDIBIIHAEEIND,

— 882 —



20 - Il - 8@ - WMAFE - 8 RCML 7 —LF 21— JR{FSEDOBR

(1) System Object
(2) Input Object
( 3) Output Object

System Object 2 Server Object & Client Object
DLFEFELH . ZNFNY—NE IS4 72 hDE
BEEDN— R 72 7BL RML Y27 462KERT3
V7 b 7 EIET . Input Object KU Output Object
IXETEHEN OIERZeE & EH R & DAL 21T D $5E
FOI=w b TH B ROML VAFLIZBITFAAL - H
T EICEHEENOEBEREMEREL LTEL S, §
Rbb, HASFEALEBETHD., BfET 1 X7V A
BZEHEETH D, T, A7V 2V MIEBOEE
HBEZEAETHDTERL. HLETHELOLZ
v NEB{IE LTEZ S, PIZIEHNRZ7 4 — k)Xo
TED 3 WliBEHHEEIMEEZ AT S Input
Object T b. FBFIZHEZ M 3 Output Object
THh. ERZ 1 >OMETH > THERFIC 2 DDA
Tz b LTHEDNS,

Input Object/Output Object iZxd& & 32 A S1E
WHHXIS5ICMOSFEHEICHIIND,
(1) Video Input/Output Object
(2) Audio Input/Output Object
(3) Control Input/Output Object
(4) Text Input/Output Object
(5) Binary Input/Output Object

Ihe0AT7Ycy MVEIENZNE R, EEER.
ISR, XCFEERIE I 2 BEFEROARDIZTHANWS
Na, £/, FREE LTH—NEOTRTDOA TV =
DRNIIIAT U MUDITARTDF TV 2 b 1R
1 DHE DT REIND,

3.2 ARHEE

T EMADERERE BRI —T7 22—

ERBEEBOARNEBITZ DOEREFEREISRD IFE

DOREIZSFIND,

() N—Fvz7ER

(2)GUI =2

(3) )N—F ¥ )U3EHE
N—=RDxPERBIIVIPY 34 XT 4 V2

DEBDOTINA ZERFAT HERETH . GUI EE&Z

RY DI ) w7 7a—)LN—D RS wv Ty

b3 Ul MRFEBEEAVWTERETZILETT, ¥

oo N—=F v )VERELFEMREDODAHIZITDRH

HEBEEENETON—F v IV, Ialb—>a ik

KETH D, ROML O L L TIIEEEEEZXT S

LY —AVRIZES,

3.3 FSAL-—-%

N U AVL—F EIFIREDTNA ZRTF 4 A7 LA
OMBEIIRET AIBEREF Y b U —0 FlcihEh 518H#
FERDERORBICERETI 22y b ThH B M2
DY O RUE - BREEBERED I WT AT T INA
WL hEE LI (B BAEA) & Input
Translator {2 & b #ZEH¥ER 2 22 (F )V b g
1Z) WEHEIN, v MNT—U BB LT —)VEl~GE
55, FOEHRITO R Y M Output Translator
Ik h vt a L —% OREEICIRE L=HIEiE S EA~
CEHAND . BREERREAOFERETDZE. HXSH
5/ 5N T AHESIE Y —/ ED Input Translator
(Z 0BE1E Video Stream Encoder) o & b iZ#EFH,
DEFARA M) —LANEETHBEIN, 2y MT—TI2%
Hahsd, 2—VRITREINEZETZT X M) —AF
BUIRFICEBRENTT A AT VA ~EHAE N5,
oYXV —#%BLT ROML ¥ X5 M AHAEE
DN RR/ I LN TCEDREEI NS,

ROML ¥ X7 ATl AHNEBICZDEEICHINT
55 AV —4%zEdb¥ T—>20 Input
Object/Output Object &Rk T 2L %2 %,

3.4 RBAA-—T

ROML I K B ZEBRA A—VERKI S ITRIVRML 75
VU T DOGE & FERIC. WWW P —/Y_EIZ ROML & BV T
Lo fRy baed 7 PANVEHARL. CO77A
NWEWW 7SRO rao— R UTWWW 7S o
IS4 EINTNDRM 7Sy EEE T 5 .ROML
TP 7 7 A VOB R RAIAH. RIEERE
D IW/WTEF I, Ry NOME. HHERERED
ER. Eon. Hf/ S A —F BN AFAEEERIBIER
OFEER R T 5, ROML 7' 5 P I3 i 2 %
I s DERERTRT 5, 2—VhERNS &
T 7SHWERCIP 70 b2V ERWGERD R Y
M —NIZEREREITS, BRISELINH. 7
ZOPEHEHEHO DD L—Y A ¥ —7 = — X PHEIE
TR EOEBERTER Y 4 FOERERL. )7 A
LMZEBO R Y b EBEEITV. 22—V OIREEER

Fed

ottor s —i{
amykiAA

=yl

. A Iy /

- . /‘
i , OO

Dtk =i

A—tpapap

agyk#A8

3 RCOML IC L BRBA A -2
Fig. 3 How an RCML system works
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Fig. 9 Photo of robot crossing obstacles
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