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ABSTRACT

A tele—existence master slave system for remote manipulation experiments is designed and
developed, and an evaluation experiment of tele-existence is conducted. By conducting an
experiment comparing a- tele-existence master slave system with a conventional
master—slave system, efficacy of the tele-existence master slave system and the superiority
of the tele—existence method is demonstrated.

1 INTRODUCTION

Tele—existence aims at a natural and efficient remote control of robots by providing the
operator with a real time sensation of presence. It is an advanced type of teleoperation
system which enables a human operator at the controls to perform remote manipulation
tasks dexterously with the feeling that he or she exists in one of the remote anthropomorphic
robots in the remote environment. This concept was proposed in Japan in 1981 [1], and the
first feasibility experiment was reported in 1982 in Japanese [2] and in 1984 in English [3].
Tele—existence has been researched and developed as one of the key technologies for the
national large scale project of the Advanced Robot Technology at the Mechanical
Engineering Laboratory since 1983. This technology has successfully implemented the
ARTRA Demonstration - Underwater Robot.

In the previous reports [3,4,5], the principle of the tele-existence sensory display was
proposed. Its design procedure was explicitly defined. Experimental visual display hardware
was built, and the feasibility of the visual display with the sensation of presence was
demonstrated by psychophysical experiments using the test hardware.

A method was also proposed to develop a mobile tele-existence system, which can be
remotely driven with the auditory and visual sensation of presence. A prototype mobile tele—
vehicle system was constructed and the feasibility of the method was evaluated [6].

The principle of active power assistance was applied for controlling the visual display with
two degrees of freedom [7,8].

In order to study the use of the tele—existence system in the artificially constructed
environment, the visual tele—existence simulator was designed, a quasi-real-time binocular
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solid model robot simulator was made, and its feasibility was experimentally evaluated [9].

In the recent papers [10,11,12], the first prototype tele-existence master slave system for
remote manipulation experiments was designed and developed, and a preliminary evaluation
experiment of tele—existence was conducted. Impedance control method for the tele-
existence master slave manipulation was developed and was applied to an experimental
master slave system [13]. The same concept is called telepresence in USA, and several
researches have been conducted [14,15,16].

In this paper, a tele-existence master slave system for remote manipulation in hazardous
environment has been constructed, and experiments have been conducted to demonstrate the
superiority of the tele—existence concept.

2 TELE-EXISTENCE MASTER SLAVE SYSTEM

The tele—existence master slave system consists of a master system with a visual and
auditory sensation of presence, computer control system and an anthropomorphic slave
robot mechanism with an arm havmg seven degrees of freedom and a locomotion
mechanism.

The operator's head mov_ement, right arm movement, right hand movement and other
auxiliary motion including -feet motion are measured by the master motion measurement
system in real time without constraint. The measured head motion signal, arm motion signal,
hand motion signal, and auxiliary signal are sent to the four computers, respectively. Each
computer generates the command position of the slave head movement, the arm movement,
hand movement or locomotion of the slave robot.

The servo controller controls the movement of the slave anthropomorphic robot. A six
axis force sensor installed at the wrist joint of the slave robot measures the force and torque
exerted upon contact with an object. The measured signal is fed back to the computer in
charge of the arm control through A to D converters. Force exerted at the hand when
grasping an object is also measured by a force sensor installed on the link mechanism of the
hand. The measured signal is also fed back to the computer in charge of the hand control
through another A to D converter.

A specially designed stereo visual and auditory input system mounted on the neck mech-
anism of the slave robot gathers visual and auditory information of the remote environment.
These pieces of information are sent back to the master system, which are applied to the
specially designed stereo display system to evoke sensation of presence of the operator.

Measured human movements (head, arm, hand, and auxiliary) are also applied to another
computer which is in charge of the generation of computer graphics (Silicon Graphics IRIS
120GTX) through a dedicated computer for measurement. The graphics computer generates
two shaded graphic images which are applied to the 3D visual display through
superimposers. The measured pieces of information on the human movement are used to
change the viewing angle, distance to the object, and condition between the object and the
hand in real time (10-20 Hz). the operator sees the three dimensional virtual environment
in front of his view, which changes according to his movement.

He or she can interact with either the real environment which the robot observes, or the
virtual environment which the computer generates. The virtual environment can be
superimposed on the real environment. Figure 1 shows a general view of the tele-existence
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precisely enough to ensure his/her ordinary head movement. Maximum measured inertial
force is within 5 kgf. The master arm consists .of ten degrees of freedom. Seven degrees of
freedom are allocated for the arm itself, and an additional three are used to comply with the
body movement.

A stereo visual display is designed according to the developed procedure which assures
that the three dimensional view will maintain the same spatial relation as by direct ob—
servation. Adding to the fundamental design procedure, an optical system using polarizers
and analyzers was introduced to eliminate the unnecessary reflected image caused by the in—
ternal mirror. In the new model, a helmet is used to fit on the head. Three sizes are available
and can be changed easily by a buckle mechanism. Six inch LCDs (H720 x V240 pixcells)
are used.

Two mirrors are arranged so that the LCDs can be placed on the upper side in front of
the operator. These made possible the compact arrangement of the display system suitable
for the manipulation master system.

3 EXPERIMENT

Two experiments which demonstrate the typical characteristics of the tele-existence master
slave system were conducted.

(1)The most important features of the tele-existence include the natural three dimensional
vision (close to direct observation), which follows an operator's head movement in real time.
Another feature is the natural correspondence of visual information and kinesthetic informa—
tion, i.e., an operator observes the slave's anthropomorphic arm at the position where his/her
arm is supposed to be. This allows the operator at the control to perform tasks which need
coordination of hand and eye quickly as in the case of direct operation. Figure 3 shows a
general view of an experimental manipulation task of inserting a bar into the torus shaped
targets randomly placed against a natural background under natural lighting condition.
Insertion of a bar is usually done within few seconds without training, whereas conventional
teleoperation using the same master, the slave and a conventional two dimensional TV as
a monitor takes training. A trained operator takes a minute to attain the same task.

(2)The combination of fundamental tele-existence technology with other advanced
technology such as virtual environment display and impedance control makes it possible to
use robots in hazardous environments. Figure 4 shows that the robot works on the
supposition that a pipe of a chemical plant is leaking and the plant is filled with toxic gas.
The operator analyzes the situation using a virtual model environment of the plant generated
by the computer accordmg to the blueprmt of the plant while the robot goes to the plant. The
model environment is displayed by using the same display which is used for the tele—
existence operation. When the robot arrives at the plant, the operator observes the situation
through the robot's sensors as if he/she were at the spot. The operator conducts the
emergency action by closing the valve and pushing the switch of the exhaust fan. The model
environment can be superimposed on the real scenery. Impedance control of the slave robot's
manipulator helps conduct quick manipulation tasks like closing valves and pushing
switches.

By conducting these experiments, efficacy of the tele-existence master slave system was
verified and the superiority of the tele—existence method was experimentally demonstrated.

— 328 —



"9861 19q0R(Q ‘eurjore) yuoN ‘M [edey) ‘T1-1°dd ‘somydery (g 2anoeIau]

uo doysyIop 9861 OV ,‘Wshs Aejdsip juowruonaus [emmA, “Te 19 1USI'S'S [9T]
L 1861 ‘S.—19'dd ‘T ou ‘c—yy'[0A ‘UonEWOINY puR SONOQOY JO [BUINOf

A ,‘SWI[qoIJ UOLROMINUIIO)) pue ‘[onuo)) ‘Ae[dsiq :So10qo1a[oL,“T1e 10 y1e1s T [S1]
, "L86T 199000 ‘a0UBL] ‘SIY[IeSIdA ‘€/S—-£95 dd

(gVDI) $O10QOY PAVUBAPY UO 90USISJUO.) [BUONBUISIU] /8, 3y} JO sSuipasoolq ,‘s10qor
souewioprad—ySiy 03 yorordde puqAy v :30ussarda[a],, “Te 19 ureds { g ‘omoySiyar [v1]
"066T Sunf ‘VSN ‘sexd], ‘uoisnoH ‘¢ I'cd-1°Tcd dd (06, 4DWSI) $onoqoy ur

[OIIU0)) pUe JUSWAINSEIA U0 winisodwAS TeuoneuIaiu] 1T 9y Jo s§urpasool] , ‘uone[ndiuew
90UQ)SIX9—9[9) 10] WIASAS JAR[S IdjSetl pafjonuod douepadur], ‘TeyeS L pue 1yoel's [¢1]
0661 ‘Ioquiaoa( ‘VS() ‘TemeH ‘ninjoucH ‘06-58'dd

“I'[0A “[0UO)) PUE UOISIA(] UO 20UIAJUCY) THHI UI6Z 2 Jo s8urpaaooid , ‘(1)) uonendiuewr
OJOWIdI IO WISISAS 9AB[S I9JSBUI QOUDISIXO—I[3L,‘BpoeN ], pue lery'H ‘moel's [z1]
0661 ‘8rc—cyedd

“06,S049D sme;s&s pue s1oq0}1 juaSioiu] uo doysyiop [euoriewIaiu] gad] ,‘uonenduey
JJ0WaY I0] WRISAS GAB[S IQ)SBJ| 90UIISIXH—9[3 L, ‘BPaeN'L pue Tery'H ‘moel's [11]
‘8861

‘bzL-61Ldd ‘(gg SOYD SHISJSKS pue s10qoy 1uaSiaju] uo doysyIop [RUOTIRUIU] FHH] oU)
Jo s8uipaadoig ‘- s[opow prjos Suisn Ae[dsip [ensIA Ie[noourq & JO UOHEN[BAd puB UFIS(I—
Y1) Anpear [eoQIIE YMm JOJR[OWIS 90USIX9—-3[3L, ‘BPIR'L Pue IBIV'H ‘moel's [01]
'6861 KB ‘uede[ ‘0AYo], ‘06c-s8¢ dd ‘(AVOID)

SOTUOIRYOIIA pooumpv U0 90UQIOJUO)) [BUOLRUIAU] oY) JO SSUIPI00I], “10qOI IAR[S
0U2)SIX0—379) orydrowodomyuy ue Jo juswdo[aas(g, ‘epeN L pue ery'H ‘Tyoel'S [6]
6861 ‘€ZT-9T11°dd ‘T'T0A ‘SOTUOIRUDIIA pUR SOTI0QOY JO [BUINOf ,‘30US]SIX9—2[9)

10] wasAs Aedsip pordnoo—peay passisse—1omod Jo jusmdo[daas(,‘yor],'S pue rery'H [8]
6861 ‘0ST—cZ1°dd “Z-ou ‘C oA ‘SO10QqOY PIJUBAPY ,‘I0JOW IALIP—03Ip & Juisn wo)sAs
Kerdsip pajdnoo—peay passisse—1amod e Jo juomdo[osa(q “ewIzeAT '] pue IYoe 'S ‘rery H [£]
‘9961 IOQUISAON ‘BI[ensny ‘ASUpAS

‘(MISI W6T) s10qoy uo uopnsodxy pue wnisodwiAG [RUONBUIU] Y], , TUI)SAS 20USISIXI—I[3)
olqowl ® uUO sjuoWIadxd  AN[IQISEO], 1995’0 pue OJOWLON] ‘leIV'H ‘yoel's. [9]
6861 1090100 ‘uedef ‘0AY0], ‘bep—LzH'dd (MISD) 1090y [esnpu] uo

wnisodwAg [euonRWINU] YIOZ oY) JO STuIpasooly ,‘oouasard JO UONBSUSS SWIN) [BAI B UM
uore[ndiuew sjouwra1 10y AB[ASIP [BNSIA 90USIXS—9[3L, BPoRIN'L pue 1eIV'H ‘Wyoel'sS [S]
"6861 1oquadag ‘ueder ‘0AY0, ‘Tse~-Svedd ‘(AVOI $8)

$O110QOY PAOURAPY UO 30USIOJUO)) [BUOIRUIAU] oY) JO sTUIPaaoolq ‘— 2ouasald JO UOTjesuas
yum Aefdsip 10700 [euoIsuawIp 221y, — (J]) 20U9)ISIX0—2[d) U0 ApmIS, ‘TeIy'H pue yoeL's [¥]
"¥86T sunf ‘Arei] ‘ourpn) ‘WINOLAI-INSIO ‘vST

—spz'dd ‘(38 ASueoy) siore[ndiuely pue S10qoy Jo 9onoRI] pue A109y], uo wnisodwis
YIS o3 Jo sSuipaaoolg ,‘—ooussard Jo uonesuss Y Ae[dsip [enslA B JO UOPEN[BAD
pue uSisa(q— (]) 9OUASIXO-9[0], ‘OFOUER'N pue eluowlod ‘omel ¥ ‘moel's [g]
'z861 Anf ‘uede[ ‘0Ayo], ‘g97-,91°dd

‘HOIS ISTC oy Jo sSurpaodold ,(]) 90ujsIxo-9[e) uo Apmis ,9qy'IN pue TyoeL's [7]
1861 ‘p1 Arenuef ‘cozQSHT Jualed assuedef ,‘oouasard Jo UONRSUIS

e ym Joje[ndruewr ajowal B Jo poyrowl uoneradQ, ‘eAuowoyy pue auel Y ‘woel’s [1]

SHONHIAAHT




o -

pomeorphic

Fig.2 Master station with sensation

of presence.

Fig.4 Experiment in hazardous environment.
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