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Abstract:

"Virtual” is defined as existing in effect or in essence though not in actual fact or form. Thus virtual reality
provides a basis for the technology which enables humans to experience events and act in a virtual
environment just as if they were in the real environment. Tele-existence is virtually the same concept as
virtual reality, but takes a different point of view. It represents a new concept that allows humans, who are
assumed fo be emancipated from the restrictions of time and space, to exist in a "location” defined by
inconsistent time and space, or a virtual space. In this paper, present status of virtual reality andjor tele-
existence as @ tool for communication, control, creation, entertainment, experience, or elucidation (3C's and

3EY) is reviewed and future trend is prospected.
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1. Introduction

The concept of the tele-existence was proposed by
the author in 1980 and played the role of the
fundamental principle of the eight year National
Large Scale Project of "Advanced Robot Technology
in Hazardous Environment” which started in 1983
together with the concept of the Third Generation
Robotics. Tele—existence is a concept named for the
technology which enables a human being to have a
real time sensation of being at the place other than
the place where he or she actually exists. He or she
can tele-exist in the transmitted real world where the
robot exists or in a synthesized world which a
computer has generated. It is possible to tele-exist in
a combined environment of transmitted and
synthesized. Virtual reality is a technology which
presents a human being a sensation of being involved
in a realistic virtual environment other than the
environment where he or she really exists, and can
interact with the virtual environment in real time.
Thus tele-existence and virtual reality are essentially
the same technology expressed in different manners.

It was Howard Rheingold who defined computers as
"tools for thoughts." In this sense, the author would
like to define virtual realities as "tools for creation.”
Furthermore, virtual realities are tools not only for

creation but also contain within itself the possibility
of becoming tools which ar¢ useful for various
human activities which can be termed as "human
tools for 3C's and 3E's." Three C's mean control,
communication, and creation, while three E's
represent experience, elucidation, and entertainment.

In this plenary paper, virtual reality and/or tele—
existence is discussed from the standpoint of human
tools for 3C's and 3E's. In order to realize the virtual
reality human tools, fundamental researches must be
conducted. Sevefal projects for the fundamental
studies of virtual reality are being planned world
wide including the United States and Japan. Recent
research results in Japan for the realization of the
technology are also reported.

2. Tele—Existence in the Real and Virtual Worlds

Virtual reality or tele-existence may be divided into
two categories: tele-existence in the real world that
actually exists at a distance, and is connected via
robot to the place where the user is located; and
tele-existence in the virtval world that does not
actually exist but is crated by computer. The former
can be called "Transmitted Reality,” while the latter
is "Synthesized Reality." The synthesized reality can
be classified into two, i.e., virtual environment as a
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mode] of the real world and virtual environment of
an imaginary world. Combination of transmitted
reality and synthesized reality is also possible and
has great importance in application. Thus it might be
called virtual existence to clarify the importance of
harmonic combination of real and virtual worlds.

3. Human Tools for 3C's and 3E's

Three factors of virtual reality are as follows: (1)
Virtual reality provides a 3D space which is natural
to the user (Sensation of Presence); (2) Virtual
reality allows the user to act freely and allows the
interaction to take place in natural form and real time
(Real Time Interaction); and (3) Virtual reality
provides a projection of himself/herself as a virtual
human or sumrogate robot (Self Projection). Based
on this perspective, virtual reality provides human
beings tools for three C's and three E's, that is
control, communication, creation, experience,
elucidation and entertainment as mentioned before.
Figure 1 shows roles of virtval reality as tools and
characteristics of VR space in the form of matrix. At
each intersection, typical usages are shown.

Control;

In the field of remote manipulation of robots,
teleoperation technology, which appeared in relation
with development of atomic power plant technology
after the World War II, and prostheses technology for
the disabled such as artificial arms, developed in the
70's into the supervisory control technology. On the
other hand, becawse of the advantage of direct
operation, development of exoskeleton human
amplifier, which covers human body like an armor
and protect the body from dangerous environment,
while strengthen human power, was also seriously
studied. Tele-existence is the concept which
"aufheben"s the two technologies, i.e., the
supervisory control and the exoskeleton human
amplifier. It developed rapidly since 1980, Figure 2
shows a schematic diagram of the development of
tele~existence and related technologies.

Communication:

It is predicted that networked reality will be used not
only in the offices and factories but also at home
~ since the era of information highway is just around
the comer. Figure 3 shows an example of the usage
of the networked reality system for communication
including the application to communications such as
telemeeting, teletravel, teleshopping and virtual
community experience with a sensation of presence.
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This field has a close relation to multimedia and
internet, which means that provision of network
infrastructure is one of the keen issues. However,
what we must keep in mind is the fact that mere
quantitative improvement of the service is not at all
enough for the dramatic change of the conventional
media. In order to make the networked media a
success, it is required to bring about the change of
quality and to introduce technology which makes
what was impossible possible such as virtual reality.
Thus virtual reality is expected to be a great
incentive to deliver high-speed large-capacity fiber
network to each home.

Creation:

We can also see the development for virtual reality
in the field of design and production. One of the
important directions of future production system is to
supply products which are appropriate to the need
and individuality of each user without losing
exchangeability, expandability and openness.
However, it is not admirable to pursue the product
which is the most appropriate to each person by
designing and producing again and again because it
will cost too much, waste time and waste natural
resources and energy in vain. Virtual reality, which
enables virtual products, which is produced by
computers and evoke us the sense of sight, hearing

products, is expected to solve the problem. This
technology also offers us useful tools for the
amplification of human creativity. We can embody
very abstract ideas and concept in our brain as an
concrete object in virtual space, and show it in a very
concrete form to other persons by using virtual
reality.

Experience:

Experience plays an important role in leaming,
training and education. Application to education
includes, for example, an ultimate simulation
including an electronic experience simulat

Elucidation:

Virtual reality provides quite useful and powerful
tools for the elucidation of natural phenomenon. For
instance, scientific visvalization as a tool for
scientific-engineering research. Also the use of VR
as a tool for research of the functions of humans and
other living creatures is possible.

Entertainment:
It is not necessary to argue this usage too much
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because lots of products are now in the market. The
only thing to add is that virtual reality provides a
new medium that, embracing linguistic and picturized
expressions and going beyond them, would express
human ideas and concepts.

4, Recent Research on Tele-Existence

The author and his staffs proposed the concept of
tele-existence in 1980 and have been working for the
realization of tele—existence as human tools for three
C's and three E's. Recent research results include the
followings:

Evaluation Experiments of a Tele-existence
Manipulation System [18]

A tele-existence manipulation system was evaluated
quantitatively by comparing tasks of tracking a
randomly moving target under several operational
conditions. The effects of various characteristics, e.g.,
binocular vision and the effect of natural arrangement
of the head and the arm, are analyzed by comparing
quantitatively the results under these operational
conditions. Human tracking transfer function was
measured and was used for comparison. The results
revealed the significant dominance of the binocular
vision with natural arrangement of the head and the
arm, which is the most important characteristic of
tele—existence,

Experimental Study on Remote Manipulation
using Virtual Reality {19)

In order to control a slave robot in poor visibility
environments, an experimental extended tele-
existence system using virtual reality was
constructed. The environment model was constructed
from design data of the real environment. When
virtual reality is used for controlling a slave robot,
the modeling errors of the environment mogdel must
be calibrated. A model-based calibration system
using image measurements is proposed for matching
the real environment and virtual environment. The
slave robot has an impedance control system for
contact tasks and for compensating for the errors that
remain even after the calibration. An experimental
operation in a poor visibility environment was
successfully conducted. Figure 4 shows the schematic
diagram of the extended tele-existence system. and
Figure 5 shows the tele-existence anthropomorphic
robot used in the experiment.

Coherency of Kinesthetic and Visual Sensation in
Virtual Reality System [20]
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To realize highly realistic sensation of presence in a
virtual environment, it is necessary to provide
coherency between kinesthetic and visual sensation
by introducing virtual human in which a user is
projected just as in the case of tele—existence to the
remote robot. In order to construct such an
environment, an object-oriented virtual environment
description method using the class of C++ language
is proposed, which is flexible, easy to construct, and
efficient for image generation. A virtual environment
of our real laboratory with virtual tele-existence
manipulation system was constructed (Fig. 6). Using
the system, an experiment was conducted to
demonstrate the effectiveness of the use of virtual
human as a surrogate of the operator.

Calibration Method of Virtual Parameters for
See-Through Head-Mounted Display [21]
Matching of location and size between objects in the
real environment and in the virtval environment is
crucial when See Through Head Mounted Display
(STHMD) is used. A calibration method was
proposed to cancel both systematic errors of visual
parameters caused in manufacturing process and
differences between actual and designed location of
user's eye on STHMD. The former is required to be
calibrated only once after the fabrication of
STHMD's, where as the latier has to be calibrated
every time a user starts using STHMD. By the
calibration, the systematic error was reduced about 1
mm per target, which was less than one~thirtieth of
that before calibration, where the error caused by
individual difference of a user was reduced to about
2 mm per target, which was a half of that before the
calibration.

Compensation of- Time Lag between Actual and
Virtual Spaces by Multi-Sensor Integration [22]
Unconstrained measurement of human head motion
is essential for HMD. A method was proposed to
compensate the latency, which conventional magnetic
sensors had, and raised the effective sampling rate
through the integration of magnetic sensor and gyro
sensor by using the Kalman filter. A physically
consistent system model of human rotation described
by quaternion and angular velocity was derived and
the optimal prediction was made using the model and
measurements by both sensors.

Virtual Haptic Space [23]

A method was proposed to construct a virtual haptic
space driven by the same environment model of the
real world as of the visual space, and a haptic
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graphics system was constructed according to the
proposed method. Human limb motion was measured
in real time and the subspace of the total haptic
space, which was or would be in contact with the
human end effector, was constructed using the haptic
space display device. Its end effector was an
environment shape approximation device whose
shape was specially designed to approximate several
shapes by changing its sides of contact. Its position
and orientation was controlled by a pantographic
mechanism called an active environment display. The
shape of the haptic space was approximated by the
environment shape approximation device, and inertia,
viscosity and stiffness of the haptic space were
generated by the use of the mechanical impedance
controlled active environment display.

5. Conclusion

In the United States the Committee on Virtual
Reality Research and Development was established
by the National Research Council in 1992 at the
request of the Federal Government, and the report
was submitted in 1995 recommending a national
research and development agenda in the area of
virtual reality to guide govermment research and
development over the generation. In Japan the
Ministry of Education, which is in charge of the
academic researches in Japan, selected Virtual
Reality as one of the most important areas to be
researched, and started the three year project of the
Fundamental Study on Virtual Reality from the
academic year of 1995 (April 1995). The Japanese
Ministry of International Trade and Industry (MITI)
began a feasibility study of Virtual Reality as Human
Centered Media in 1994, and planning to launch a
National Large Scale Project on virtual reality as
human media. These actions in both countries and
other similar activities including in the United
Kingdom, France and Germany strongly indicate the
importance of virtual reality as generic technology
for the 21st century. Fundamental researches and
development are needed for the healthy development
of the technology, which includes not only scientific
and technological developments but also
psychological, social and ethical considerations.

References

[1]lvan E Sutherland: A Head-Mounted Three Dimensional Display,
Froceedings of the Fall Joint Computer Conference, pp. 757-764, 1968.
[2]Robert W. Mann! The Evaluation and Simulation of Mobility Aids for
the Blind, American Foundation Blind research Bulletin, no.l1, pp.93-
98, 1965,

{3)S.Tachi and M.Abe: Study om Tele—Existence (1), Proceedings of ihe
2lst Annual Conference of the Society of Instrument and Control
Engineers (SICE), pp.167-168, 1982(in Japanese).

28

ISMCR *95 Proceedings

[4]D.LAkin, ML Minsky &t al:Space Application of Automation:
Robotics and Machine Intelligence Systems (ARAMIS)- Phase I,
Telepresence Technology Base Development, NASA Contract Report
3734, 1983,

[5)8Tachi, RW.Mann and D.Rowell: Duantitative Comparison of
Alternative Sensory Displays for Mobility Aids for the Blind, IEEE
Transactions on Biomedical Engineering, wolBME-30, no.9,
pp.571-577,1983.

[6/R.L.Pepper, R.E.Cole und E.H.Spain: The Ifluence of Camera and
Head Movement on Perceptual Performance under Direct and
TV-Displayed Conditions, Proceedings of the SID, vol.24-1, pp.73-80,
1983.

{7]C.Schmandi; Spatial InputiDisplay Correspondence in a Stereoscopic
Computer Graphic Work Station, Computer Graphics, vol17-3,
Pp.253-261, July 1983.

[8)STacki, KTanie, KKomoriya and M.Kaneko;Tele-Existence (I):
Design and Evaluation of a Visual Display with Sensation of Presence,
Proceedings of the Sth Symposium on Theory and Practice of Robots
and Manipulators (RoManSy '84), pp. 245-254, Udine, Traly, (Published
by Kogan Page London), June 1984.

[9]S.5.Fisher,M.Mcgreevy, JHumphries and W.Robinett: Virtual
Environment Display System, ACM 1986 Workshop on Interactive 3D
Graphics, pp.1~11, Chapel Hill, North Carolina, USA, October 1986
[10]F.P.Brooks; Walkthrough - a Dynamic Graphics Systems for
Simulating Virtual Buildings, ACM 1986 Workshop ox Interactive 3D
Graphics, Chapel Hill, North Carolina, USA, October 1986.

[11]L Stark et al.:Telerobotics: Display, Control and Communication
Problems, IEEE Journal of Robotics and Automation, volRA-3-1
pp.67-73, February 1987,

[12]).D.Hightower, E.H.Spain and RW.Bowies: Telepresence: A Hy brid
Approach to High Performance Robots, Proceedings of the International
Conference on Advanced Robotics (TCAR '87), Pp. 563-573, Versailles,
France, October, 1987.

[13)5.Tachi, H.Arai, LMorimato and G.Seet: Feasibility experiments on
a mobile tele-existence system, The Intermational Sympasium  and
Expozition on Robots (I1%th ISIR), Sydney, Australia, November 1988,
[14)8.Tachi, HArai and T.Maeda: Tele-existence simulator with
artificial reality (1), -Design and evaluation of a binocular visual
display using solid models -, Proceedings of the IEEE hternational
%?&Mop on Intelligent Robots and Systems (IROS'88), pp.719- 724,
I

[13]5.Tachi, H.Araiand I.Maeda: Development of an Anthropomorphic
Tele-existence Slave Robol Proceedings of the International Con-
ference on Advanced Mechatronics (TCAM), pp.385-3%0, Tokyo, Japan,
May 1989.

[16)8.Tachi, HArai and T.Maeda: Tele-Existence Master Slave System
for Remote Manipulation, IEEE International Workshop on Intelligent
Robots and Sysiems (TROSWY), pp.343-348, 1990.

[17]8.Tachi, H.Arai, T.Maeds, E.Oyama, N.Tsumemoto and Y.Inoue:
Tele-cxistence Experimental Sy stem for Remote Operation with a
Sensation of Presence, Proceedings of the International Symposium on
adwanced Robot Technology (01 ISART), pp.451-458 Tokyo, Japan,
March 1991

[18}8.Tachi and K.Yasuda: Evaluation Experiments of a Tele—existence
Manipulation Sysytem, Presence, wol3, no.l, pp.35-44, 1994,
{19]E.Oyama, N.Tsunemoto, S Tachi and Y.Inoue: Experimental Study on
Remole Manipulation using Virtual Reality, Presence, wvol2, no.2,
pp.112-124, 1993.

[20]Y.Yanagida ond S.Tachi: Virtual Reality System with Coherent
Kinesthetic and Visal Sensation of Presence, Proceedings of the 1993
JSME International Conference on Advanced Mechatronics (TCAM),
pp.98-103, Tokyo, Tapan, August 1993,

[21)1.0ishi and S.Tachi: Calibration Method of Visual Parametcrs for
See-Through Head-Mounted Display, Proceedings of the 1994 IEEE
Iternational Conference on Multisensor Fusion and Integration of
Intelligent Systemss (MFI'04), pp.447-454, Las Vegas, NV, Octaber 1994,
{22)S.Emura and STachi: Compensaiion of Time Lag between Actual
and Virtual Spaces by Multi-Sensor Integration, Proceedings of the 1994
{EEE International Conference on Multisensor Fusion and Integration of
Intelligent Systems (MFI'04), pp.463-469, Las Vegas, NV, ctober 1994,
{23]5.Tachi, T.Maeda, R Hirata and H. Hoshino: A Construction Methad
of Virtual Haptic Space, Proceedings of the 4th International Conference
on Arificial Reality and Tele-Existence (TCAT'94), pp.131-138, Tokyo,
Japan, July 1994,

1S



188

ISMCR 95 Proceedings

Plenary Lectures

Roles as Human ! 1
- Tools 3C's 3E's
Space control communication creation i experience entertainmernt
Characteristics elucidation P
\ " Tele-Exislence Expetiance using
Transmitted Reality Robol Conlrol Tete-Exislence
Including Augmeniad
Reality and Trans-
miaslon through Tele-Conference
Vinual Space with a Sensation of Tele-Existence
Presence Adventure
-

Design VA Simulation VA Model
= Reallly
B Based
z Space Embadiment of | Exparience
T Absiract Concepl Visualization Simulator
i
H
= Hyper i

Reality ~ Virtual Communily Art Game Amusemen!
Space ' «
Fig.1 VR as Human Tools for Three C's and Three E's,
I: cyborg

———

exoskeleton human amplifiey tele—existence

' m% ——— automaton
: e

supervisory control

teleoperation

S

Fig.2 Historical Diagram of Tele-Existence and Related Technelogies.

Surropate Travel ::;l e Home Shopging Virual Office

B-ISDN

Yirtal
Community

Virnal

Virtual Public Facilities

Museum, Zao, Botanjcal Gurden
Library, Park ete.

Fig.3 Conceptual Diagram of Networked Reality System.

29




Plenary Lectures

ISMCR ‘95 Proceedings

Sensory |
Infermation
Display

Master System

Extended Tele-existence System

Environment Model

Manager

Sim

Virtual Envitonment

!

Display |-

-

Syslem

Control

Operlor's
Movement
Danx

30

System

Lol

j]ator

Sensory
Information

VYiruval Environment

Real Environment

Slave Robot

Control

Fig.4 Organizatio

n of Tele-Existence System.

Command

3

Fig.6 Tele~Existence System in Virtual Space,




