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Fig. 5 TIN made by points and contour

Y ¢ PO

Fig. 6 Finished TIN in this study

and coastline information as a polygon data. And, the
following are input as a line data: Road and stair and
railway and train route of spatial data. Figure.7 is spatial
data that show building and road. The attribution data of
the building input classification (wooden construction
and non-wooden construction and concrete, etc.),
nameplate and building application (it is classified into 22
types such as housing, store, public facility) with the
rank. And, vacant land and plowed field, parks and
planned road and plan parks, etc. are added information.
4.2.4 3D image (VRML)

The 3D-preparation image was made to be VRML format
that could grasp the whole town. Figure.8 is 3D image
that converted as a VRML format. By adding the feature,
the image on IPT used it.

5. Simulation of Urban View in IPT

Observers can experience virtual world by Immersive
Projection Technology (IPT), which is constituted of

Fig. 7 Spatial data (building & road).

Fig. 8 VRML image of Tateyama region

multi wide-screens and stereo system utilizing liquid-
crystal-shutter or polarized plastic framed glasses. In this
study to simulate urban views, we used IPT having front,
both sides and floor screens. Graphics work station
(Onyx2) stored VRML files and projected them using
Performer library. Figure .9 shows the simulation of whole
town. As original maps have cross-sections of buildings
with height information only, all duildings seem like
simple boxes. To make more reality, we will have to add
roofs of Japanese houses and so on. Figure.l0 shows
different scale views. Observers can see the town from
aerial view and enter the same scale town as real world.
Building’s windows and entrances were obtained by
texture mapping using digital photograph taken at the
places. The advantages of simulation GIS in IPT are that
observers can see views from various angles and change
scale size as if they are in the town. Furthermore, if we set
a treadmill in the inside of IPT and the rotation speed of
the belt synchronizes images, observers can experience
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the content authors, service providers, and end users.
Another significant feature of MPEG-4 is the ability of
Synthetic Natural Hybrid Coding (SNHC). This not only
enriches the content of MPEG-4 scenes, but also leads to
more reasonable manipulation of limited bandwidth. To
accomplish the above features, MPEG-4 must draw up a
scene description language to describe the structure of
the scene. The language takes VRML97[2] as the basis
and adds some new nodes for other purposes. The ren-
dering module composites and renders the scene accord-
ing to the structural information and the media samples
dealt by the visual codec. Furthermore, the rendering
module has to implement several important mechanisms
so that the MPEG-4 system can bring its ability into full
play, such as navigation in the scene, changing the
viewpoint, individually adjusting playing quality of
video objects, and the animation mechanism.

1.1 System Overview

In essence, our system is an implementation of a VRML
browser under the MPEG-4 architecture. The difference
between other VRML browsers and ours is the VRML
scene data acquired through the BIFS Decoder (Binary
Format for Scene Stream Decoder). The video/audio data
required by scenes are processed through a video/audio
decoder in our system.

Our rendering module consists of the following tasks.
Two of them are about composition and displaying the
scene onto a screen, and others are about cooperation
with other modules in the system: ’

1. To control the 2D/3D rendering engine.

2. To interpret the scene tree structure, compose the
scene, and set up the geometry framework.

3. To support the node definition and the structural
mechanism of scene description language.

4.  To link up with the media codec, get the visual
media sample, and manage buffers.

5. To interact with users, provide navigation ability,
and feedback users’ requests to the system.
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Figure 2: The figure above is the implementation of our ren-
dering module which is the part to the right of the line of COI
(Composition Interface).

Before the final MPEG-4 system integration currently,
we have our own independent testing environment. In
this testing system, MPEG-4 scenes are described in the
VRML grammar, and then are interpreted by the parser.
The decoder for still images/video can read the necessary
texture data in advance for testing.
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Figure 3: Illustration of the I/O flow of the whole rendering
module.

In the implementation of MPEG-4, we use the Microsoft
multimedia architecture, Directshow. From software
points of view, the kernel of DirectShow is a modular-
ized pluggable system, based on the usage of the
so-called filters. The most significant advantage of Di-
rectShow comes from its ability to make the multimedia
application design more clear and easy. By carefully di-
viding the work into connected filters in the DirectShow
architecture, each filter can be implemented by different
program developers. Another advantage of DirectShow
is the filter re-use, which speedups the developing of
new multimedia applications. So our program of render-
ing can be independent from other parts in the system,
and is wrapped to be a filter according to the DirectShow
architecture.

2. Implementation

The rendering module is developed on the Microsoft
Windows 98/2000 platform. OpenGL and DirectX are
used to implement rendering. In order for the conven-
ience of cross-platform compatibility, we wrapped our
program in a new interface for the use of OpenGL and
DirectX. In actual implementation, when there are more
video textures in the scene, we can have greater per-
formance by adopting DirectX for rendering. Because
via DirectX interface, most display cards provide 2D
image hardware acceleration which helps create video
textures in real time. Currently there are no special func-
tions designed for 2D image processing in OpenGL, so
2D image processing is processed purely by software. If
there are not many video textures, the performance in
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Message from the General Co-chairs

On behalf of the Organizing Committee of the Tenth International Conference on
Artificial Reality and Telexistence (ICAT2000), it is our great pleasure to welcome all
of you to National Taiwan University, Taipei, Taiwan. This is the first time this
conference will be held in Taiwan. We wish all of the attendants enjoy this

conference and have a nice time in Taipei.

Applications of virtual reality and telexistence are now being sought world wide, and
these technologies are expected to be most promising generic technologies in the 21st
century. It is therefore quite timely and significant to have this series of international
forum annually for the exchange of new concepts, ideas and experimental results, and
to discuss deeply among experts who represent various fields that are regarded as
entirely different at least twenty years ago and are aiming at the same goal of virtual

reality and telexistence today.

The new features in this conference include a special session in interactive art and
virtual art, as well as audio and haptic art, organized by Professor Peisuei Lee.

Accordingly, there will also be live performance during the conference.

We really hope that you will find all aspects of virtual reality and telexistence in this
conference, and also enjoy the demonstration of the new apparatus and/or products.
We would like to thank all the members of the organizing committee for their efforts
in ICAT2000. Enjoy your ICAT.

October 24, 2000

Ming Ouhyoung, Ph.D. Susumu Tachi, Ph.D.
General Co-Chair General Co-Chair




Message from the Program Co-Chairs

On behalf of the Program Committee of ICAT 2000, we would like to express our
thanks to all the contributors, whose high-quality works and presentations are
essential to the success of this conference. The technical program of this conference
consists of four invited speeches (including one dinner talk), one poster session and
six oral sessions. Furthermore, we are grateful to have Professor Peisuei Lee,
Professor Masahiro Miwa and Professor Kumiko Kushiyama help us organize a few
special sessions on interactive art, virtual art, audio art, haptic art, and musical
performance. We believe this conference will be more colorful and enjoyable with

these vivid activities.

The review process of the technical submissions started from mid-June and completed
at the beginning of August. Each of the submitted papers we received was reviewed
by at least two members of the program committee and additional reviewers. Based
on the reviews, 32 technical papers were selected and published in this volume of
Proceedings. The reviewers of the technical submissions have done an excellent job

within a very tight schedule, and we cordially appreciate their time and effort.

Finally, we especially thank Professor Shi-Nine Yang and Professor Jung-Hong
Chuang for their invaluable help and advice in paper review and in organizing the
technical program. Also, we would like to take this opportunity to thank Julia
Huang and Hidenori Maruta who serve as the committee secretaries. Without their
professional assistance, we could not have accomplished the task of the Program

Committee on schedule.

Welcome to ICAT’2000 in Taipei! We hope that all the participants will enjoy the
conference and have fruitful time.

October 24, 2000

Makoto Sato Yi-Ping Hung
Tokyo Institute of Technology Academia Sinica
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Bringing the Real to Virtual Reality
Anselmo Lastra

University of North Carolina, USA
lastra@cs.unc.edu

Abstract

Photographs, movies, and video have been used not only
to tell stories, but also to transport a viewer to distant,
and sometimes to exotic places. These media enable the
viewer to passively observe realistic images of the
world, but have not allowed free exploration. The
director has determined what you’ll see next. In
contrast, interactive computer graphics allows free
exploration of spaces, but usually at the cost of a sense
of realism. Recent advances in computer vision and
computer graphics have made it feasible to achieve both
exploration and realism, to allow users to freely explore
spaces that look as real as video.

In this talk, I will survey the technologies necessary to
achieve this interactivity and realism: scene capture,
model representation, processing, and image generation.
[ will briefty present the results obtained by our team in
image-based modeling and rendering. Then I will
discuss what I see as the research opportunities in this
emerging sub-field of graphics.
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Abstract

In this paper we present the evolution of Virtual
Humans in Networked Virtual Environment Systems
(NVE) where advanced interaction is involved. Starting
with the most basic pioneering NVE Systems, we
demonstrate the evolution through architecture, and
operating systems and basic improvements made ‘to the
system, problems and limitations. We present five main
examples, the basic original systems, two advanced
scenarios involving multiple Virtual Humans, the State
of the Art in NVE Systems and our latest development
under the Windows Operating System (OS). We
conclude with our case study demonstrating the teaching
of Virtual Dance over the Internet.

Key words: Networked, Networked Virtual
Environments, Internet, Virtual Humans, Advanced
Interactivity, Dance

1. Landmark Systems

In this paper we shall present, not only our main system
(Virtual Life Network or VLNET), but also many of the
systems that gave precedent to the available Networked
Virtual Environment Systems currently in use today.

The original, so called, NVE Systems arrived in the
early 1990°s {1, & [1, 2,3]. These sy sters vere hasical-
based environments (or Multi-User Dungeons - MUDS)
connected together via a network. The first general
NVE Systems with actual graphics were introduced
about a year later. One of the first systems, called dVS
[4], was developed as a commercial system to enable the
visualization/manipulation of CAD data, however this
visualization is extended across a network and therefore
large collaboration can exist between multiple viewers.
However, this original system lacked virtual humans
and therefore focused on the interaction with the CAD
data and not interaction between virtual humans. DIVE
[5] was presented in 1993 and developed more in the
direction of an actual NVE System rather than a
Networked CAD viewing application. NPSNET [6,7,8]
represents the first NVE System to incorporate virtual
humans into the environment. The NPSNET system was
developed for the purpose of military simulation and
combat training purposes and therefore the requirements
of the scenario required actual virtual humans, although
simplified in terms of anatomical accuracy, this system

represents really the first step towards virtual human
interaction. 1995 saw the explosion of many NVE
systems being introduced to both the research and
commercial world. VISTEL [9], MASSIVE [10] and
BrickNet [11] were all introduced at the same time as
our own VLNET [12,13] NVE System, each
emphasizing on different aspects. VLNET for instance
was able to represent much more realistic virtual
humans, whereas VISTEL used simplified virtual
humans and BrickNet and MASSIVE had no human
representation at all. VISTEL an abbreviation of Virtual
Space Teleconferencing, and although limited two
virtual environments linked together by a network,
presented other solutions such as tracking of facial
features and enabled talking. BrickNet introduced the
use of object sharing to enable the user more
interactivity within the environment. Blaxxun [14] was
introduced in 1995, although still in its infancy it
introduced the use of Virtual Environments using web
browsers as access portals to the server, this enabled a
more general access to NVE Systems. SPLINE [15] was
introduced in 1997 and used a broader range of
capabilities to enable better depth perception in the
virtual environment (3D Sound, and multiple device
input).

Trends have also moved from what was once a totally
UNIX dominated area towards the PC domain, although
not for all systems. This has meant several changes and
certainly has changed the way in which the systems are
created. Improvements in speed also have meant that the
rendering quality has been improved along with the
speed and real time aspect of the system. Also the
introduction of standards has helped improve the range
of models that can be used and not limited only to a
specific lab. In this paper we examine the evolution of
NVE Systems from the point where Virtual Humans
were first introduced. We shall present the limitations of
such systems and step through the advancing stages
until present day. We then present our latest system, W-
VLNET, which suggests the latest in Advanced
Networked Virtual Environment Systems and the
Virtual Humans residing within them.

2. Virtual Life Network — VLNET
2.1 The Precedent




In 1995 we presented our first NVE System, called
Virtual Life Network (or VLNET) [12], this was
completely based on the UNIX OS, the only operating
system, at the time, capable of running such software. It
was based on a broadcast type network topology and
presented one of the first uses of Virtual Humans in the
NVE Systems. The system was quite basic, but actions
such as walking [16] and grasping were possible, which
allowed the real user simple interactions with the world.

Navigation was performed using either direct mouse or
Space-Ball interaction. Facial actions were done using a
texture mapped streamed video, allowing each
participant to see the expressions on the others faces.
Figure 2a shows a screen shot from the first interaction,
in a virtual environment, using VLNET.

As can be seen, this system is quite basic, it provides
one of the first glimpses of a NVE with advanced virtual
human interaction, but there are many facets of this
system that needed to be improved. The body motor
functions [17], although basic by today’s standards,
were quite advanced. Improvements in the overall
system were constantly in progress, this was in terms of
the network module, the functionality and the basic
quality of the system.

Figure 2a — VLNET first test for NVE System

2.2 The Improved System

In 1996 [18] continued development provided a new
improved version of the VLNET System. Motion
engines creating more realistic movements were
introduced and additional drivers were incorporated to
enable greater interaction with the environment. The
network has been improved to include Client/Server
network architecture. One major improvement that was
introduced was the use of a face that could be animated.
Providing an enormous leap forward in facial
communication for low bandwidth. Real-Time Tracking
[19] was also introduced and enabled greater interaction
with the environment than the previous mouse/space-
ball systems. Virtual Humans using Metaballs [20.21]
were also introduced into the system, enabling more

realistic representation of muscle movements. Figure 2b
shows a screen shot from the more advanced system.

A

Figure 2b - VLNET Interactive Systems in 1996

2.3 Cyber Tennis

Anyone for Tennis [22], shown in 1997 at Telecom
Interactive in Geneva, is a classic example of a fully
interactive NVE System. Based on previous work on
collaborative games [23], the Tennis Game scenario
itself was quite simple, but the realization was much
more difficult. The improved version of the VLNET
System [24,25] was used and both players were linked to
a Motion Tracking System and placed at different
locations in Switzerland (one in EPFL, Lausanne and
one in Telecom Interactive, Geneva). An ATM Network
Connection was used to transmit both the data between
the NVE System and the live video showing the
demonstration at the EPFL end. Each player was able to
visualize the scene using a Head Mounted Display
(HMD) unit, with Stereo ability; this video was also
transmitted to a screen on the stage. The audience could
therefore see what both players were seeing, the real
stage at both ends and the Virtual Tennis court; several
of those views can be seen in Figure 2c. The players
were to play a game of tennis, however the court, the
judge and the racket and ball existed only in the virtual
environment, only the players themselves were real.
Both players were tracked and their virtual counterparts
moved mimicking their movements, therefore if they
swung their arm the virtual racket would move also.

The entire scenario lasted for one game, the rules of the
game were observed and an autonomous judge (Marilyn
Monroe) was used to determine faults. She also used a
limited vocabulary to announce the score.




Figure 2c — Cyber Tennis, A Tennis Match over ATM
Networks

The realization of the scenario was extremely complex.
The scene was limited mainly by computing power and
some very powerful UNIX machines were used so that
the scene could be rendered in real-time. The Tracking
System also posed problems due to the physical limits,
in terms of cable length and accuracy for tracking
distance. Hence a dynamic navigation adjust was
implemented so that each Player had a restricted
movement zone and when leaving this zone the global
position was altered by an factor to enable the Player to
freely move around the court. The HMD displays were
also limited in resolution (247x230) to preserve good
rendering speeds; hence both the ball and the rackets
were enlarged to enable the players to see and hit the
ball. The ball also had certain physical limits imposed
on it so that it would act like a tennis ball, but the
equation used to calculate its trajectory did not use too
much CPU time.

3. Cyber Dance

Cyber Dance was a performance, shown many times,
involving the interaction between many real and virtual
humans, performed as a combination of real-time and
autonomous virtual humans. VLNET again was used as
the Virtual Environment System. The performance was
based on a dance sequence where Virtual Humans
interacted with the real humans on stage. Obviously due
to the complexity of having multiple Virtual and Real
Humans it was possible to track all the real dancers on
the stage. The actual scenario involved a choreographed
dance sequence for the real dancers, shown in the
bottom right of the Figure 3a. The virtual dancers
followed a pre-recorded dance sequence (also
choreographed), which can be seen in the top right and
the bottom left of the screen. One of the dancers was
tracked and the top left section of the screen his virtual
counterpart can be seen mimicking his movements.

The number of Virtual Humans in the scene, and the
complexity of the sequence, makes this quite a complex
demonstration of Virtual Environments. The Virtual

Humans themselves were completely deformable, which
enables the use of reflective body surfaces (as can be
seen in the top left picture). The introduction of
shadowing into a real-time system also enabled a more
realistic feel to the entire experience.

Figure 3a — Cyber Dance performance, a mix of real
and virtual dancers

This performance improved the aesthetics of the basic
scene, enabling multiple virtual humans to perform at
once, additional rendering of shadows and an intricate
choreography that was performed not only by the real
dancers, but also the virtual ones. The technical
achievements lie mainly within the scene management
itself.

4, State of the Art
4.1 Introduction

Currently, in the world of NVE Systems, there exist
many up-to-date systems. Some of them are
developments from the original systems discussed in
Section 1, some are spin-offs of the original systems and
the rest are new. In this Section we discuss the current
systems available, their capabilities and limitations and
where they are most effective.

4.2 Blaxxun

Blaxxun is one of the most commercially successful of
all the current systems in existence today. It is based on
the classic Client/Server technology and incorporates its
Client software into a plugin for any of the current web
browsers. The Server is based around the same principle
and resides on a standard HTTP Server. This makes it
extremely accessible to the public who are already
familiar with the use of web browsers to do many
different tasks. The implementation uses some
standards, such as VRML97 [26] (for Scenes) to build a
populated world, but their Virtual Humans are of a
proprietary format, but they provide a complete studio
(Avatar Studio) to enable Avatars to be customized and
clothed. The Virtual Humans also only use an
articulated rigid segment body to maintain high




rendering speeds. The system currently is limited to
extremely low bandwidth connections, text chat is
possible and they provide a list of predefined gestures (a
combination of both body and face movements).
However, audio communication is currently not
available and advanced interaction, using Motion
Tracking for instance, is currently unobtainable. This
system is mainly based on the Windows OS.

4.3 Division Reality (dVS)

The dVS system has evolved into Division Reality [4];
this is more of a complete professional system. However
it is still geared towards the CAD and Visualization end
of the market. The system itself is also only available on
high-end UNIX machines (from HP and SGI) and
therefore maintains its dominance in the professional
market. The system however is able to connect to a
variety of 3D interactive devices, including simple
Stereo Shutter Glasses [27], Motion Tracking Systems
[28], Head Mounted Displays [29] and Large Screen
Displays [30]. It supplies a library of Virtual Humans of
its own proprietary format for use within the Virtual
Environment. It incorporates motion planning to
animate the virtual environment and high quality
rendering to improve the visualization aspect.

4.4 SPLINE and Open Community

The SPLINE System was a project from the Mitsubishi
Electric Research Lab (MERL) and was finished in
1997; the project was completed and not continued.
However, this work has provided a basis for new work
started in 1997 called Open Community [31]. Open
Community is a proposed open standard middleware
and APl platform for multi-user virtual worlds. It
consists of extensions to Java and VRML 2.0. Being in
Java it permits the use on multiple platforms (although
being in Java suffers performance problems in
comparison to other systems). It provides all the basic
requirements for an NVE System (3D Graphics, audio,
system management etc). However, the project still
needs to obtain the worldwide acceptance of that
Blaxxun has achieved. One of the problems that were
inherited from the original SPLINE system is that
Virtual Humans are still quite simplified.

4.5 MASSIVE/HIVEK

The original MASSIVE System Project was finished in
1997 and two further versions have been developed
since: MASSIVE-2 and MASSIVE-3 [32]. The
MASSIVE-3 System is a completely multi-platform
solution, running on SGI IRIX, IBM AIX and the
Windows OS. The work still does not support the use of
virtual human representations and the main focus of the
system is on the scalability of the system and the
networking aspect.

4.6 NPSNET-V

The NPSNET [6] project is currently on version 5 and
currently under continued development. Improvements

towards the network, scalability and object behavior are
emphasized in the latest work. As with many military
simulation systems, improvements made towards the
realism of the situation are the most important in this
context, rather than actual virtual human
communication. Therefore object behavior and
animation, along with virtual human representation are
the most important aspects.

4.7 Others

World2World from Sense8 [33] is a Networked
Visualization System, similar to the Division Reality
System. The emphasis again is in the collaboration for
the design of virtual equipment and not on virtual chat
or interactivity in the entertainment sense. Therefore,
the system does not use Virtual Humans. It runs on
multiple OS and has links with popular interactive
devices (such as cyber gloves, space-balls, stereo
displays and motion tracking systems).

The DIVE System, although pioneering in its time has
cease to be continued in any way.

5. W-VLNET
5.1 Introduction

To conclude the State of the Art in NVE systems we
present an overview of our current system W-VLNET
[34]. This is a system based upon the original VLNET
system, as described in Section 2. However, there are
many significant differences between this system and
the previous system, both in underlying architecture and
usability. The main difference is that the whole system
was designed and executed under the Windows OS.
This has made many of the fundamental architecture
points unusable and therefore the use of Shared Memory
and Processes has been discarded in favor of a fast
message passing architecture and threads. Obviously the
basic device drivers and architecture links have also
been changed.

The Scene Management is basically using animation
libraries placed on top the basic Scene Graphic
(supplied by OpenGL Optimizer [35]). These animation
libraries handle the incoming translation and animation
data (both from the Network and the attached devices).
It also provides additional control for collision
detection/response and adding gravitational animation
to objects.

5.2 Networking Improvements

The Network, even though still based on the Client-
Server approach has been improved dramatically. With
the introduction of standards, as described in Section
5.3, the network bandwidth usage has improved also
(due to the compression technology used). The
connection of multiple data channels has been included
to control the flow of data between the Client and the
Server. Various filtering mechanisms have been
incorporated to reduce network traffic; these filters




determine whether traffic is necessary by determining
the distance between the destination and the source.
This can be done on a per Client basis and therefore
gives the previously unloaded Server some processing
and control ability. Four channels now exist to pass
translation, animation, audio, video and file data
between Client and Server.

A caching mechanism has also been introduced to
further reduce network traffic, both at the Client side
and the Server side.

5.3 Advanced Capabilities

In addition to the basic architecture that provides the
Scene Managing capabilities and Networking there are
also other modules in the system for advanced
interaction with the environment:

O Human Motion Tracking - The Motion Tracking
System [19,28] has been included and uses the
latest standards, as described in Section 5.4, to
animate the representative avatars in the Virtual
Environment. All limb motions are tracked
(including fingers) which allows the attached
human complete interaction with the virtual
environment. Of course the data captured from this
Tracking System is also transmitted across the
network to all other connected Clients.

O Audio Communication — Audio allows a large
communication medium to be added, giving the
entire experience in the Virtual Environment much
more depth. Voice-to-Voice communication is
possible using an Audio link, audio data is captured
using a normal microphone, compressed with a
standard compression codec (see Section 5.4), sent
to the Server which distributes the data to all other
Clients and decompressed at the other end and
passed out using a Speaker system. The system not
only permits voice communication between Clients,
but also acoustical objects can be added to the scene
to provide such things are radios etc.

Q Speech/Text Communication [36] — Both text to
display as text and text to convert into Speech can
be sent across the network. The Speech part can
convert the text stream into both the acoustical part
and the lip animation. This enables the most
natural aural communication.

5.4 Use of Standards

One of the major problems faced when developing any
kind of VE System, the use of proprietary formats (for
input and output) means additional development time
for formats that have already been invented. Therefore
the use of standards throughout the system means that
there is more time to spend on the underdeveloped areas
of NVE Systems. The basic formats used for both
Virtual Humans (MPEG4 [38] and HANIM [39]),

Objects (VRML97 [26]) and Audio (G723.1, G.728 and
G.711 [39]) provide links to other packages and also
means that we can use the same formats not only
throughout the lab, but also with the rest of the world.

The use of the MPEG4 standard was one of the most
important steps forward as this is a relatively new
standard and is used not only for the compression of
video and audio but also for virtual scenes and also
virtual humans. HANIM is a standard for the
description of a Virtual Human using the VRML97
Proto format. This format is being adopted by many
commercial and research institutes alike. Both formats
support not only the description of Virtual Humans, but
also the animation of them as well.

5.5 Case Study — Virtual Dance

To really present and also to make a thorough test of
this system we present our Virtual Dance case study.
This case study involves a demonstration that linked to
dance participants together in a Virtual World. The two
participants are separated geographically and connected
via a normal Internet network connection. As with the
previous system we use representative virtual humans
for the two dancers and connect them to the NVE
System using the Flock Of Birds Motion Tracking
System as briefly described in Section 5.3. The basic
premise of this case study is that there is a Dance
Teacher and Student, the Teacher must teach the
Student to dance using the NVE System. Obviously
certain limitations are already in effect:

O Each participant can only see the others Virtual
Human Representative.

Q The Flock of Birds Tracking System has a limited
range for the dance area and also slightly restricts
the movement of the limbs.

O The Rendering System has a limited number of
polygons that it can render per frame.

Figure 5a and 5b show examples (both real and virtual)
of the Virtual Dance at both sites at the same point in
time.




Figure 5a — Student (Left) and Teacher (Right)

Figure 5b — Student (Left) and Teacher (Right)

The session was approximately six minutes in length
and the entire sequence was accompanied by dance
music to enable the Teacher and Student to synchronize
their movements (due to its continuous beat). The dance
itself features the Teacher showing the Student how to
Dance and then the Student trying to follow the
movements, the Teacher giving comments on the
Students performance. A Video Conferencing link was
used to study delays and check for tracking comparisons
between real and virtual, therefore being for analysis
purposes only.

6. Conclusions and Future Work

In this paper we have presented the progress through the
past five years of Virtual Humans in Networked Virtual
Environment Systems. We have shown how Virtual
Humans have started with simple basic tasks and
progressed towards playing tennis and teaching dance.
We have also demonstrated the directions in which both
the Virtual Humans and the Virtual Environment have
evolved and the current State of the Art both for our

own system, W-VLNET and other NVE Systems. A -
case study has also been included to show that our
current development platform is not just confined to this
research institute, but has been demonstrated under
normal conditions across an Internet linked network. As
can be seen from these examples given, not only have
Virtual Humans improved in their appearance and
abilities, but also the Virtual Environment that they
reside in has also improved. These improvements
include both the rendering environment and the
networking technology used to connect these Virtual
Environments together.

As with all NVE Systems we continue to improve the
balance between realism and the real-time aspect. We
intend to increase the interactivity between the Virtual
Human and the Virtual World even more and add other
effects, such as 3D Audio and Environmental effects
(such as clouds) to enable the users to feel much more
immersed in their Virtual Environment. We are also
aiming to integrate better parsers to enable more
standard formats to be supported. The Client/Server
architecture will also be upgraded to reduce the latency
and improve usability. An improved graphical user
interface is also being developed to enable users greater
control in the environment.
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Abstract

This paper describes an artistic approach to the generation
of complex objects with the Growth model. The Growth
model can easily define and transform such shapes
interactively. The model utilized special density
distribution  functions, called “meta-balls”, as its
fundamental modeling primitives. Both gradual and
catastrophic topological changes can be achieved with the
Growth model due to the fluid, non-deterministic nature of
the generating algorithm. Implementation of the model is
described and illustrative examples drawn from previous
and current work-in-progress are presented.

Key words: Growth Model, Self-Organization, Meta-balls

1. Introduction

The Growth model combines concepts from the self-
organization with "meta-balls" techniques that carry out
object modeling by means of distributed density
functions[1]. These most recent techniques utilized a ray-
tracing algorithm. The resulting works{2],[3].[4] are
three-dimensional animation involving complex images.
In this paper, we shall explain the Growth model for the
efficient ray tracing of complex surfaces and organic
objects. This model carries out metamorphic pattern
transformations and makes possible the rendering of
multiple texture-mapped surfaces with reflection or
transparency areas.

Conventional  three-dimensional image synthesis
methods for modeling complex natural objects have
usually required large amounts of object data. The
procedures for generating shaded images, consisting
frequently of thousands or even millions of objects data,
could not be carried out without a great deal of
computational expense. What has been sorely needed is
the development of a new metamorphic model that will
enable us generate morphologically varying shapes more
efficiently flexibly [5]. Since that time we have been able
to explore spiral structure generation with our Growth
model. This model makes it easy to create a complex
natural object based on the growth rules of shells and
tendril plants, and with it we can generate a great variety
of complex images|[6].

Traditionally, representations of irregular, complex
surfaces in computer-generated images have been based

upon the assumption that those objects are fundamentally
an assembly of simply defined polygons and patches, and
that the objects are defined by free-form surface
techniques. Subsequently, an increased degree of
flexibility has been achieved by the rendering methods
using a distribution function. This method has been very
successful for artistic creation in rendering realistic three-
dimensional shaded images of stretched objects with
relatively complex characteristic representing organic
surface features.

This paper focuses on these three-dimensional shaded
images consisting of complex surfaces, which we call the
“Growth model” (Fig. 1 and 2). At first, we describe
how we structured the Growth model, including the
Growth primitives, cluster structures, input parameters
and the model's algorithm. Then, we explain how we
carried out the growth scene simulation for making
animations. After that, the Growth model is extended and
improved to include reflection and refraction with density
ellipsoids. (Fig.3 and 4) We also demonstrate a
characteristic effect, namely multiple-texture mapped
surfaces description, one of the most advanced and unique
rendering techniques.

2. Structure of the Growth model

2.1 Primitives

Growth images are composed of many primitives. These
primitives are defined by their center position, effective
radius, weight, and other attributes. The center position
parameters place aprimitive on the specified local
coordinates. *center(X.,y.)*

The effective radius is not the final image radius, so the
effective radius is invisible, but rather defines the range of
the density distribution. *radius (ro)* The density reveals
itself as a relative degree value for the meta-primitives
potential and threshold. *weight (wg)*, *threshold
(to)* If the weight parameter is less than 0: *the
primitive is invisible*. If the weight parameter is greater
than 0: *the primitive is visible*

The attribute parameters include the following
*(r,g.b)* color of surface. *(dic)* the diffuse reflection
constant for ambient light *(drc)* the diffuse reflection
coefficient. *(src)* the specular reflection coefficient *(n)*
the glossiness. *(trc)* the transmission coefficient. *(ph)*
the reflection ratio. In addition, it is possible to vary these
parameters with texture maps generated by the Growth
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model. After that, we describe renderings with multiple
reflection and refraction.

2.2 Cluster structures

In this section we will explain the Growth cluster
structure. / M-balls” are  ae only fundamental
primitives and, therefore, cluster concatenation is
necessary to model complex shape structures. Clusters
independently control their concatenated sub-clusters and
shapes. For each cluster hierarchy it is possible to translate
and rotate shapes about the cluster's local coordinate
system and then transform the cluster to the global
coordinate system of the scene. The “shape” den
data of a shape file and upper-case letters indicate the
generation level of each block (A “block™ is
clusters  which are members of the same
generation) For example, the Ist to S5th generation
growths each develop two branches. The sub-scripts below
each upper-case letter indicate whether the growth is a

Troa branch’{0) o an ordinary “branch”(1), Doranch’(1),

for each stage. Only the first generation has a special main
branch called the “root branch.” One Growth-primitive
consists of one block of shapes and clusters. A block style
consists of objects having a common joint. Each cluster
connects the next generation's blocks. Each cluster has up
to (n)branches. At first the main branch of the new
generation is related to the old generation. Shape A0
exists in first generation, and it is in the local coordinate
of cluster AO. Cluster BO is connected to cluster A . The
coordinate axis (x,y,z) of its local coordinate system is
shown. The tip of shape A0 is at the origin. The direction
of growth of shape A0 is along its Y-axis. Shape BO is
rotated in the cluster BO's local coordinate system. As
mentioned the shape B0 is connected with cluster BO.
Cluster B0 is joined to cluster Bl in the same generation.
They have the local coordinate system. The bottom of the
main branch is the local coordinate origin (0,0,0). The
direction of shape B0's growth is along this Y-axis. Shape
Bl is rotated in this coordinate system.

Other branches are similar. When these cluster blocks
are recursively defined, the Growth model can generate
complex surfaces.

2.3 Growth parameters
It was mentioned above that a shape generated by the
Growth model could be broken down into smaller parts
such as branches or joints. The Growth parameter is very
important as a factor, which generates the model
recursively, in the detail, as far as the tip, according to the
Growth principle. The principle is another example of the
principle of hierarchical multiplication of a recursively
expanded self-similar structure.
The Growth parameters include the following:
(1)Center coordinates of the bottom of the main root
branch.
(X-bottom, Y-bottom, Z-bottom)
(2) Center coordinates of the top of the main root branch.
(X-top. Y-top, Z-top)
(3) The angle between the root and the next generation
branch.
(X-angle (0). Y-angle (0). Z-angle (0))

(4) The angle between branches at the same generation.
(X-angle(1), Y-angle(1), Z-angle(1))

(X-angle(k), Y-angle(k), Z-angle(k))
(X-angle(n), X-angle(n), Z-angle(n))
(0<=k<=n, n>0)

(5) Effective extension of the vibrating angle between the
root branch and then next generation branch.
(X-min-angle(0), Y-min-angle(0), Z-min-angle(0))
(X-max-angle(0), Y-max-angle(0), Z-max-angle(0))

(6) Effective extension of the vibrating angle between
non-root branches
(X-min-angle(1), Y-min-angle(1), Z-min-angle(1))

drote (X-min-angle(k), Y-min-angle(k), Z-min-angle(k))

(X-min-angle(n), Y-min-angle(n), Z-min-angle(n))

is a gro (0<=k<=n, n>0)

(7) The portion of increase and decrease of angle between
a branch and the next generation branch.
(X-step, Y-step, Z-step)
(8) The growth ratio of the next generation branch to the
prior branch’s joint
(scale(0))
(9) The growth ratio of the next generation branch to the
prior branch.
(scale(1))
(scale(k))
(scale(n))
(0<=k<=n, n>0)
(10) The maximum radius of joint (radius).
(11) The minimum radius of joint (limit).
(12) The attribute data of branch, joint and flower.
(root branch-attribute)
(joint attribute)
(branch-attribute)
(top-branch-attribute)

2.4 Growth algorithm

In this section, the generating algorithm of the Growth

model is presented.

(1) The parameters if the model is read in.

(2) The length of each branch, its thickness, growing

direction and other attributes are transferred to the

generating routine of the Growth model.

The generating routine checks the limit radius.

The data for the branches and accompanying joints

are generated.

The next generation branch is generated.

The parameters to be transferred to the next

generation branch are computed.

Next a recursive call to the routine takes place.

After the end of this routine's generating the next

generation is the start for growing the branch.

Of course, this does not affect parts that are not

branched.

(10) The generation of branches is described in the next
three items.

(I1)First, parameters necessary for generating
branches of the next generation are computed.

(12)And once again a recursive call takes place.

(13) After the end of generating the branches, this routine
is finished and returns to the origin of its call.

3)
4

(5)
(6)

(7N
(8)

)

the




The Growth model is implemented with a generating
algorithm like the one just described. In the actual |

program, several special coordinates are added for

processing special case like the tip, blooming flowers, |

etc. The cluster structure and generating algorithm are -

planned as above because they involve a largely recursive
structure, and therefore the program and data structure are
also recursive. This makes possible a very compact,
efficient program.

3. Summary

We have presented the Growth model as an application
example of complex object modeling, and have shown that
this model is a powerful tool for representing and
rendering images dynamically. The Growth model is
realized by means of special density distribution functions
called “meta-balls.” The use of this type of primitives
enable the model to give full play to its power to render
organic objects that are difficult to define with
conventional modeling techniques. Since the Growth
model does not completely define shapes with
deterministic methods, both gradual and catastrophic
(sudden) topological change can be carried out
interactively by means of just a few parameters. To
illustrate this technique, we presented the Growth model,
which were developed in order to visualize metamorphic
change on the basis of growth principles. To simulate our
research we have also tried to develop an efficient
hypothesis regarding natural mechanism and we have
tried to investigate how this hypothesis can help model
and generate various growth processes that are
fundamental to many natural phenomena. We hope that
this approach in trying to analyze the basis of natural
growth objects can help us to develop new artistic
techniques utilizing natural scientific principles.

References

1 Yoichiro Kawaguchi, “Morphogenesis”, JICC
Publishing Inc., 1984.

2 Kawaguchi Yoichiro, “COACERVATER”, NTT
Publishing, Tokyo, 1994

3 Yoichiro Kawaguchi, “YOICHIRO KAWAGUCHI”
(ggg-books 38), Trans Art, 1998.

4 Yoichiro Kawaguchi, “LUMINOUS VISIONS”
(Video), Odyssey Productions, 1998.

5 Kawaguchi Yoichiro, “A Morphological Study of the
Form of Nature”, Proceedings of SIGGRAPH '82,
Vol.16, No3, July 1982.

6  Yoichiro Kawaguchi, “The Art of Growth Algorithm
with Cells”, Artificial Life V, pp.159-166, 1997.

12

Figure 1 Complex branching of the GROWTH model
(from “Neurar”,1996)

Figure 2, Highly developed branching
(from “Neurar”, 1996 )
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Figure 3 Surfaces created dynamically, using positive and
‘ negative meatballs. (from “Nebular” 2000)
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Figure 4. Enlarged view of surface created by meatballs.
{from “Nebnlar”. 2000)
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For a decade I have been working in the research area of virtual reality, especially developing
the haptic interface devices. My works mostly concern with hand- and fingers-based interface device with
force feedback for man-machine interaction in the virtual environment. In 1991, I had started with a
proposal of a new string-based haptic display named SPIDAR [1], in which the word “SPIDAR” is stand
for “SPace Interface Device for Artificial Reality”. It was a kind of string-based system, which used DC
motors, pulleys, and strings. The strings that attached to a finger of the user were used to calculate
finger’s position in the virtual space by measuring their lengths. At the same time, by controlling the
tensions of the strings, force feedback can be generated at user’s fingertip.

string

Fuicrum

Encoder

Resultant] 1
force

p—

Finger cap

§
Fulcrum

Fig. 1 SPIDAR System

In the later years, [ had continued my work by proposing SPIDAR-II [2], an improved version of
SPIDAR that allowed a user to use two fingers, which were a thumb and an index finger, to be able to
grasp a virtual object. Two sets of this new system could be combined together to become a Both-Hands-
SPIDAR [3]. A user could perform a kind of assembly task such as Fit-The-Face with the cooperative
works of the left and right hands.

Left hand 7\ Right hand
\ workspace

v oworksbace

; S 0/ R \\.‘j\ e
: \\\\/ Latent distance \\\/ !

IBAN e N

Fig. 2 SPIDAR-H and Both-Hands-SPIDAR
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Fig. 3 Both-Hands-SPIDAR and Fit-The-Face task

Two systems of SPIDAR-II were installed in two different locations, which a user at the local
site and a user at the remote site could perform a Hand-Over task successfully. This application of
SPIDAR-II was a Networked-SPIDAR [4].

Fig. 4 Networked-SPIDAR and Hand-Over task

The frame of SPIDAR was enlarged to the human-scale where a user could completely immerse
him into the simulated virtual space. The shooting task in the basketball game was simulated. A user
stood within the frame of Big-SPIDAR [5], held a virtual ball with both hands, and shot the virtual basket
with the realistic sensation as same as perform with the real ones. He could fell the spherical shape of the
virtual ball and the simulation of weight of ball was one of the important factors that he had to consider
how much strength must be applied to throw the ball to the basket and made score successfully. The user
who completely immersed the virtual environment could perceive haptic, visual, as well as audio
feedbacks, provided by Big-SPIDAR almost as same as the feedbacks he could perceived in the real
world. The Virtual Basketball was successfully demonstrated in the Electric Garden during
SIGGRAPH’97 in Los Angles, U.S.A.
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Fig. 5 Big-SPIDAR

Works to improve the SPIDAR system have been continuously developed. Recently, SPIDAR-G
[6] is proposed as a haptic interface device with 6 degrees of freedom (DOF); 3 DOFs for translation and
3 DOFs for rotation. This system shows satisfactory performance as a three-dimensional interface device
for 3D virtual environment interaction. Combining with a special designed of a grip, SPIDAR-G is added
one more DOF when the grip is closed and released to become a new 7-DOFs string-based haptic
interface device. The user can manipulate the virtual objects by translating and rotating in any direction.
In addition, the weight of virtual objects can be simulated according to the physical gravity during the
manipulation of the virtual obijects.

Fig. 6 SPIDAR-G and a simulation of weight of the virtual objects

Another improved version of SPIDAR system is two-handed with multi-fingers typed of
SPIDAR named SPIDAR-8 [7]. This new system allows a user to use thumb, index, middle, and ring
finger on both left and right hands to manipulate the virtual objects in the simulated virtual world. The
user can perform the cooperative work using both hands and perceived force feedback at eight fingertips
while manipulating the virtual objects. The simulation of the Virtual Rubik’s Cube is implemented and
obviously showed the abilities of the system. Again, SPIDAR-8 was selected to be one of the contributors
of Emerging Technologies of SIGGRAPH 2000 demonstrated in New Orleans, USA.

Fingertip ap

Fig 7 SPIDAR-8 and Virtual Rubik’s Cube
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Finally, I would like also to mention about the tentative plan of my works. Closely related with

virtual reality (VR), mixed reality (MR) is become more and more attractive and challenging topic.
Haptic display system, provided its user with realistic sense of touch, is believed to give enhanced
performance by providing also the sense of immerse of the user into the virtual environment. Using
SPIDAR-8, image sequences of user’s real hands are to be used instead of computer graphic virtual hands
manipulating the virtual objects in the virtual world. Such Visuo-Haptic system is now under
implementation. It is believe to be a contribution of great deal in the both VR and MR system.

Virtual Reality Mixed-Reality

Fig. 8 VR and MR Environment

References

(1]
[2]

(3]

(4]

(5]
(6]

(7]

Profile

Y. Hirata and M. Sato, “3-Dimensional Interface Device for Virtual Work Space”, Proceedings
of the 1992 IEEE/RSJ International Conference on IROS, 2, pp. 889-896, 1992.

M. Ishii and M. Sato, “3D Spatial Interface Device Using Tensed Strings”, PRESENCE-
Teleoperators and Virtual Environments, Vol. 3 No. 1, MIT Press, Cambridge, MA, pp. 81-86,
1994.

M. Ishii, P. Sukanya and M. Sato, “A Virtual Work Space for Both Hands Manipulation with
Coherency Between Kinesthetic and Visual Sensation”, Proceedings of the F orth International
Symposium on Measurement and Control in Robotics, pp. 84-90, December 1994.

M. Ishii, Masanori Nakata, and M. Sato, “Networked SPIDAR: A Networked Virtual
Environment with Visual, Auditory, and Haptic Interactions”, PRESENCE-Teleoperators and
Virtual Environments, Vol. 3 No. 4, MIT Press, Cambridge, MA, pp. 351-359, 1994. )
Y. Cai, S. Wang, and M. Sato, “A Human-Scale Direct Motion Instruction System Device for
Education Systems”, the IEICE Transactions, Vol. E80-D, No. 2, pp- 212-217, 1997.

S. Kim, M. Ishii, Y. Koike, and M. Sato, “Design of a Tension Based Haptic Interface: SPIDAR-
G”, Proceedings of World Multiconference on Systemics, Cybernetics, and Informatics: SCI
2000, pp. 422-427, July 2000.

S. Walairacht and M. Sato, “4+4 Fingers Haptic Interface Device for Virtual Environment”,
Proceedings of World Multiconference on Systemics, Cybernetics, and Informatics: SCI 2000,
pp. 427-433, July 2000.

Makoto SATO graduated in 1973 from Department of Physical Electronics, F aculty of Engineering,
Tokyo Institute of Technology, where he obtained the Doctor of Engineering in 1978. He became an
assistant in the same faculty, and now a Professor of Precision and Intelligence Laboratory, T