BA4&EE 100 (4) :294~298, 1999

SElE RENDER
9. Xy MNT7—o0OKRF 197 ZAOBIRETE

. ARES

IN=F X V)TN F AR REOZ vV A2 b o7
ANIEEZERTADOTHY, OKRFT 47 AT
VAT IARY VAL IERE—MELRT. N—=F v
TUF44E, T 3Ia—X XY NOFETCORFELT
L7225, EESEICALND LI ITREICHROBRY
THAHEME~NOBAPEHINGBO TS, ZDOX
F3%H, Fy bT—2 L 0XRF 4 7 ARHESEED
BERTOANBFPLOT VA VYRS v 2AH 2% BT
T—=Fa—TBEIRESN TS, T—IVvFa—
7 (Real-time Remote Robotics : 2 B [ 3% F& #l # o
Ry VWD Ay V- BREZFEA LNV F
VT LA T TRy v A% S LR ER
EEDODERMFEMNEITOND., £DOT— N
Fa—TOEEHVIRETABBRALFROR Y ]
DR BEL DEENFEM 70y =7 bEL
TISEDLRES N, AHBouKRy heEh %
BETHL-ODOIy 7YY VEREL, FNbE—1E
DTy "7 =L LTHEADIGHICHRATREE S
AFERRETH L. FHROAIPITELIHEDF Y b
T— o B EEOEIDDETERAL DV D, KR
XTEHFUVATIRIT VA, T—=VFa—TBIFA
BRI TRy FOBIREIFRICOWTHET 5.

LILIJUME

FUVATIRI YA, N=Fx V) T7V)74, AIHER, 7—-VFa—7, AHETHEy b

FNERANOMEZBELDIZEDFENDSETNHK
ORy eIy 7€y F2EELIY NT—7 THESR
T=NVFa—T7REICEERL TS, ZOuXy b
DEMHRE VI RET -V F 2 — THEEIL19954
ICHEREE & B KEFED L& % o TRE S ML19964F 1
BICARIN?. ZOBBEO—BL L TI98E )5
W TAEBRALFM o Ry b @ HRP (Humanoid
Robotics Project) 2SER 77UV =7 b & L THIRS
ntwa,

Ry FOLASEDS, B—HA L BT EBE,
B, MANL TR ETHRNOEERETH o 72015t
L, B=ERTL, 5o —F 28I
KL72, &S5 T7—VFa7TREShLENERD
ORy T, FEZABMERFETARETOTRY
FOFIHEBRELTBY, B ECEERSBTOIGH
BELEFEINSG.

AT, 7VORT 47 ZOBIRE IRz 3
FYNITIFA, TVAT IR VR, T—NVFa—
7, ABEITRy b %2R OICBE T 5.

. w17 x5%>X

EZRoRNy PORBEEZNICHESER 70V =
7 b [BRAEET Ry b ORB»S15EU E0EA
BRNBIE, FARLORT 172 A0EENF Y b
=2 0RFAZAELTHN=F ¥ VYT T4
(VR) O=ZF4@MATHETERLDOH A, TDIR
Wik, FVA VAT Y 2AOBETH Y, BIEIE,

A AR T2 RHI R

294

FTUA T TAEY R (telexistence) & &, ARAT
FOHFIIWL LD, ERTEHLORY V&2, HEDS
FOUuRy bR o) LhEEOEREEREE
LCIERL, Z2OB2FRRLEAELOOETOTED
I)IWBEFEICE -, THRELETTHEMTHAS. 0
Ry VOFTAFRNBE - Ea—-F57—%
N—ZDOERZ E2MHELL T VREEZBRK L, £
OFWETF VATV RAFT VALY, HAHVIEVRHER
PHERFICVANICEERLORLAATAZEHT
BT, BEPPEMFLA FT XY X (Augmented
Telexistence) & WA TW 5,

FUAZVRY v AFI980FEICEFICL DIREB S
N, RVETE - -5 Ch Y, KT TV s bAE

BENBESMTE F100E 45



v U= 0KT 4 7 AORREIER

B1 FLAZ7YR5 Y ZBOARBORy b [51
Y] OEBIE RAZ)

RIEET Ry M REROKRE LREOKRE 2HH - 7.
BIETIX, ZOTHFMEBRTEEIERIIICD, F4-
EBON-F Y27 VAT A BEE,S DEIES
h, BRVATLAORFHESHEICE-oTWS., 85
2, RETaYxs POBERITBEEEOETRICD
HAFNERIESWTWS, B, BNOFRERE
X, 19RE I BEHMMEESTT LN, FFE
181EICHBEINTwE, II1KTFVvATFVAI VA
Ry P OEERRERTY.

. 7—iF¥1—7

T—NFa—7HETE »owiEHEOTRY b
R, 0Ky MERL, FRHHT A AMODO Yy
Y PR T —AHAVEVRAV IV 2E#EE Y b
7 — 7 THE. ZOBEFERTNIG L, FED
KEONYV A YHEVRABIF/DO VRSV 2 /127
D, ZhEZHWTBISDN#¥0DOE#EL Y N T — 2%/
LTHFFROY AL MNITF VAT VRSY VY ATHIEN
WREE B, KEND/SY a2 |Zid/S—vFraRy
PR 2 — Y OEFMEROL ) ICERSN, TV
Ya—FDRFTHESINZY, FLL VRS VR
E—-NCTRFEHAEOB LD HFE o THRELFAH
L, FHEDEDT TIZFHD L) ITET 5.

KEZTCR%L, 74 291, Wbk, F4,
PIERE, =AMEE, AR, HEE, 732 —X XV h¥—
IhEBHLWHLEZAIL, FLAFIAY AT Y
Ay MERESN, NIREFPLTHF 74 AR5 T
b, HOLVIIEREFEDL I BRART NV F a7
T=2ARay 7¥y pLHFEROT -V F 2 —T 1
Ry Ve EZORFOL)ICRHTEDILRS. Th

SNBSS £1008 £4S

FROIEAZE, BRICECABELTWTHITS
N2 ERBEFND, EroFHbL—H#
KA, BADRENVELRICR-720T52,

S, AT 5B LIS LTV B,

TohFa—T T, REMICELZTRY g
BELICEL-ORY FEWIRBTELOBEND
Ry b3EbN S, ZRiEb ) LYEEELDT IO
V—TELALNED. LI OUEBEEREES
E— 7 VHHBETH S L) IERNS T4 BT
BIV—=INVET —VFa—TTHENPLTHE. &
ERON =y Fvu Ry MIBEEL EERT L L)1
BRFCHETE, KEKBHOAM Ky MLk
RF, BEOFFIIEBAT L v o BTN TEE
LB,

ZLTCICTHRDEREL ZLIEMPRENMETD
5., WEFTRRITHITORY M eERomiEIzA
MOBEOKRH ZHPRELBEIRILIELLT
BELCEZ, LAL, 7T—AFa—TicBnTidn
Ry POMBRAROREHOFIMLER 2B XML
BUEE R, LA, ZRIZFAMORLEES
HETHY, ABEZOWAZZEN TGV DD
5. FLTEPELZERTLHIHIICT—VF -7
Ry P REBHET S, LAL, BEIELIRZY T -0
Fa—7uRy MAMEDHE L TAMSBREL 2R
RERTLDOTHL. TAFREMETHS.

REMEOERET VETOT Ry b 3 RE L F—
Thsb. Thbh, NMURLTREEZMATREZS R
W, BRAERTAILTABRIRERZSATOVY
v, a5 2 2V ERTABOMS I, EL
T, MO 2HERLZVRY UKy FELOREER
FHRTMERLEW, 2% ), AMFELOERL
HETC7 = V%2 —7uRy bEFLALATVRY VR
THY 25, NHORELLERETARY FOAT
DIEICF = v 7T HREMERSHROT A Y M
KRR =72 /00 —D—D2L7257. 23
EDHHAPE:ZE ) ODATD, BIZIEHEE I
BUET 5 ENTREL BB LV T F 2T DR
FRO—PIERL T 5.

B, ZORBEHFETHHROML (7— N Fa—
TRIFER) LBEHMTS T 2D RCTP (7— 0
FaMEET T b aN) OMEHREIETE > T 5B,

V. ABEEOR Y k
TRy PEAMETH B URER W2 LITERD

295



3y hI—270RF 4 7 ADBIKE Gk

2 T—NVFa=—T7HEEIIBIAT—IVFa—T7TELDOEEE?

H3 —REFEFAEAAMMORy f P2 (KH
BT )

296

ZETHAH LA, FOLNTICIENIATER
W ORBORFT 2T RETHE. LrL—F, AHE
DEL L TABRZERT S L2 HERT 2HEAN S
WZEHELHETHAE. Lod, EHETIUIARE
RETHRBICIRLDBLTVS, EWwHnix, AE
MED BT ATHIIABICEbE TRESNTWE S
EWETHLEPLLTHA.

TDEH) BRI b, BERLZABEOTKRY b
PR SN T &A%, BREBROE CROEM L &
NTW2b o2 2 BHRTHdH o7z 2 BATIE, 1960
E/RD O BEMERFEE POICHES R, 1970FER %3
o, B, BEAHHEMETIHEBGROZ KOS
A% KR TIBOERBIEITEWVIZED EAss72. L L,
1985 D [ EHERE] ICHRI-22aKy b
B2, EEASIZPFNETELERTIEIRW
ZENHEOHICLHALNIRY, FORAENELS NG
H, BRyr —7 )V LICHY L THRER5 2 B&fro
Ry MIATEEE EZEVA ShBFITFRIEM 2
Tiro 7.

ETAR, T=VFa—THEEPARINI—ER
DI9I7EIE (Bf) AHEFM IEITLENL THREZH
BLEHEICKREmS 2 EHfTuRy P2 (K3) %
FRRET L, Uy P OWFRICHEIGE S 729,

- BANBIZZMEE £100E £45



Fv FI— s URT 4 7 AOBIKE R

K4 WMELZOERTTY 7 I HRP THIFEHRE X
NBE7—NVEa—7 a2y 7y (BLERFREM
et v v —)

—FFHIATRETCI E S A BN TV ELHIAD 2 2
BATOEETH A2 & O [FAHH] 2R EET 2 S
Nl bThs.

BEATIE, ANMBEOERy bod oML 4 >3
ZrEVWEROED, AHBOoRy P2 7I v b
T —AELTT—VFa2—THEZREIE LR
{, NBWHALXER Ry rOMEREOER S0
V7 PRI9SENP LD SEFECTHBLIDOTH
5. ZOIGHEREMMIERAZE 2 =27 FTIE, ®

BFRNBESME £100E $£45

279y b7 =2 LTOABE TR Y AR,
ZDOYIalb—%, ROFORy NMIF VATV RF
AFhlzoDay 7y FOREEERITY, BEICEH
D7D DEERFRET). K4 ICHEREINL T —
VF¥Fa—7 -3y r¥y NOBBREZRYT. At
Bz i Cadiere 512X o TIRIBENTWAERED

NBFHOTy 7y PPEEBL TV A Z LA

LI E ARG,
[w.ﬁbUK

Fatoo Ry POMIRARELTT7T—VF 22—
TOWBIEEIN, FO—BELTABETRY b
% RCML O EMEIED SN TnDH. 7— I F 2 —
THABMBMORY bD L) AR ZORY M2 5
NR=VF Ny FOKy FETERY NI —2 T
W, Iy s ¥y b, TR, AVIVREFHELT
L 6Th, WOTHHFFOT Ry I % BEIH
HTaZxHIET. DAL, £2REEXDEEEIC
EESHT, GLAH I REERPEELH - UXERE
DEIRFEELILEDV>TBY, SHOEEILZ WITH
Fasnhs.

Xz Bk

1) & B, NEAE 3Ry b, BHE
HlfE, 21—12:1140—1146, 1982.

2) BEBT V¥ a—TMEE . 7T—NVFa—7,
HFITEH A, 1996.

3) 8 OB M TLATYRY CRAORRS 15,
$5211\ SICE ST #E BRI © 167—168, 1982.

4) http://www.star.t.u-tokyo.acjp/

5) S. Tachi: Projects in VR, IEEE Computer Graph-
ics & Applications, 18—6:6—9, 1998.

6) AEFEMITE:: AMBoXRy +, HEu Xy M5
KF, 16—1: RREHE, 1997.

7) http://wwwlap-surgery.com/

297



3y PI—=7UKT 4 7 AOBIRE §3k

NETWORKED ROBOTICS : ITS PRESENT STATUS AND FUTURE PROSPECT

Susumu Tachi
Graduate School of Engineering, The University of Tokyo, Tokyo, Japan

One of the most promising technologies today is the integration of virtual realty and robotics on a net-
work. This is called networked robotics in general and R-cubed (real-time remote robotics) in particular. R-
cubed is a Japanese national R&D scheme to realize augmented telexistence (tele-existence) through various
kinds of networks including the Internet. Telexistence is a concept named for the technology that enables peo-
ple to have a real-time sensation of being present at a location other than the place where they actually exist,
and to interact with a remote and/or virtual environment. They can thus “telexist” in a real envir_onment that
the robot is present or in a virtual environment that a computer has generated. It is also possible to telexist in
a mixed environment of real and virtual which can be called augmented telexistence. The concept of telexis-
tence, 1. e, virtual existence in a remote or computer-generated environment, has developed into the national
R-cubed R&D scheme to create an advanced and comfortable life for the network society of the 21st century.
Based on the national R&D scheme of R-Cubed, the Humanoid Robotics Project " (HRP) was launched in April
1998. This is an effort to integrate telerobotics, network technology, and virtual reality into networked telexis-
tence, and significant results are expected. ' k
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