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ABSTRACT

“Alive on the Grid” is a collection of virtual art
worlds where local and distant participants alike
can interact in shared virtual spaces. Enabled
by the Grid — collections of networks, computers
and virtual reality displays that span the globe
— users interact with one another and the mod-
els contained within each piece. This paper dis-
cusses both the artistic and technical aspects of
Alive on the Grid.
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1. INTRODUCTION

Alive on the Grid is a networked virtual real-
ity art show that was first demonstrated as part
of the 2001 Ars Electronica Festival[l]. It is ef-
fectively a group show - within the overall vir-
tual world were ten distinct pieces by contribu-
tors from several institutions. It is also a shared
world, in that participants at seven international
sites visited the common environment together;
visitors from the different sites saw, manipu-
lated, and interacted with the same virtual ob-
jects, and were visible to each other as 3D avatars.
The environment was created to be shown in
CAVEs [2], ImmersaDesks [3], and similar pro-
jection-based virtual reality displays.

There have been several virtual reality art-
works created in the past as shared, multi-user
worlds; however, due to the many difficulties in-
volved, very few have attempted to function as
widely distributed environments over the Inter-
net. The typical form of a shared VR art en-
vironment has been a pair of users at a single
site together; for example, Videoplace [4] can
take the images of two people and put them to-

gether to interact. Placeholder [5] similarly al-
lowed a pair of participants to enter the space at
one time; however, by letting them leave marks
and recordings in the virtual space, a sense of
many more visitors being there over time was
created. The HiPArt project’s Artworld [6], a
collaborative space constructed by a large group
of New England artists, can operate over the In-
ternet; the dynamics and interaction within the
environment are kept relatively simple, such as
keyframed animations activated by users’ pres-
ence.

2. CONTENT

The space of Alive on the Grid consists of a
central connecting area (called the Confluxus —
figure 1) and ten worlds that participants can
reach from there. The central Confluxus was
valuable because of the ’show’ nature of Alive
on the Grid — when new groups of visitors ar-
rived at the Festival site, they and the remote
participants could assemble at the Confluxus for
introductions and orientation, before heading off
into the actual pieces. The individual pieces are
"Home”, ” Looking for Water”, ” Super Spectac-
ular”, ”PAAPAB?”, ”Infinite Studio”, ” Through
the Looking Glass”, ”syn.aesthetic”, ”Excava-
tion”, ”Beatbox”, and ”Incarnation of a Divine
Being”. These pieces explored a wide range of
possible approaches to VR art. The environ-
ments varied from complex collections of pre-
built models and sounds to highly dynamic par-
ticle effects to spaces where visitors created ob-
jects or music themselves. The interactions var-
ied from activating simple triggers to motion-
captured dancing to a collaborative, improvised
drama.

Many of the artists involved in Alive on the
Grid have been involved in creating VR works



for several years. However, almost none had cre-
ated networked pieces before. The question of
how to involve multiple people at widely sepa-
rate locations in a single virtual art piece is still
a difficult one. In many cases, the participants
were simply in the same space and experiencing
it together, similar to a group visiting a tradi-
tional museum exhibit together. In some cases,
though, interaction between the people was an
important part of the piece. In the following sec-
tions we describe a selection of the environments
and highlight some of the interesting features of
each one.

Home

Home (figure 2) is an environment that explores
ideas about a dwelling and its relation to the
psyche. Visitors enter a house that has been
abandoned by its owners; while inside this space,

the visitors (that is, their avatars) become ghosts.

The rooms and hallways include a soundscape
composed of spoken narrative fragments and a
musical ambient score.

Home began as an on-line VRML environ-
ment, and was remade for the CAVE environ-
ment. It contains links to the work of numer-
ous artists who reflect on the meaning of domes-
tic space and identity, including a screenwriter,
photographer, set designer, film and video mak-
ers, and computer artists.

Looking for Water

Looking for Water (figure 3) consists of a series
of sub-environments based around the theme of
water. Participants begin in outer space, sur-
rounded by sun and Earth images which are an-
imated playbacks of real-time satellite weather
data. The images are refreshed daily to form
a long-term visual history. They then fall to
Earth and land on a northern Lake Michigan
archipelago of islands. The 3D models of the
archipelago of islands are based on panoramic
video images taken while kayaking. The 3D
information has been extracted from the mov-
ing video images to allow participants to move
about and explore these worlds. In the end, the
world dissolves into moving water; the visitors
enter an area of dynamic, particle-system based
fountains and hoses that they can manipulate —
they can build water sculptures, or simply spray
each other.

Incarnation of a Divine Being

Incarnation of a Divine Being (figure 4) is an in-
teractive, improvised play. In it, one person (a
professional actor) leads the others in creating
a story, based on ancient Greek drama. In this
case, the entirety of the experience is focused
on the distributed participants talking and in-
teracting with each other.

Infinite Studio

Infinite Studio (figure 5) allows the users to cre-
ate, in real-time, their own artwork from inside
the virtual environment. Using a color palette
and several drawing and modeling tools, users
can create and modify virtual objects for any
effect desired. Every line drawn has a lifespan
causing the entire art piece to constantly evolve.
Individuals can also collaborate to create group
constructions. In particular, users would often
comment on each other’s creations and construct
new ones in response, filling the space as a group.

PAAPAB

PAAPAB (Pick an Avatar, Pick a Beat) (figure
6) is a dance floor with a steady dance beat. The
user joins the dance by selecting one or more life-
sized puppets whose movements mirror that of
the user’s body through a simple motion cap-
ture system. As more users join in, the floor
gets more crowded. Each puppet shape varies,
and the trackers are mapped to their body parts
in different ways. Hence, the user may move
her arms while the puppet moves its legs, tail
or wings. Over time, a diverse group of ani-
mated puppets inhabit the virtual dance floor.
At each networked site, a local heartbeat keeps
the dancers and the music in sync with one an-
other.

3. IMPLEMENTATION

Alive on the Grid is based on the Ygdrasil au-
thoring system. Ygdrasil is a framework for cre-
ating networked virtual environments, particu-
larly by artists, educators, and other VR users
who are not necessarily professional program-
mers. It is focused on building the behaviors of
virtual objects from re-usable components, and
on sharing the state of an environment through
a distributed scene graph mechanism.

Ygdrasil is built in C++, around SGI’s OpenGL

Performer visual simulation toolkit [7] and the
CAVERNsoft G2 networking library [8]. Per-
former provides a hierarchical scene graph rep-



Figure 4: Incarnation of a Divine Being - users
take part in an improvised drama
Figure 1: Participants gathered in the Confluxus

) ‘ §
5 _ :

Figure 2: Home - visitors become ghosts inside
an abandoned house

Figure 5: Infinite Studio - users create models
in a shared workspace

Figure 6: PAAPAB - puppets recorded by pre-
vious visitors fill the disco

Figure 3: Looking for Water - two local people
and two remote participants view the sun



resentation of the virtual world database; our
framework extends this to be a shared scene
graph. Necessary data, such as lists of nodes’
children, transformation matrices, and model in-
formation, are automatically distributed among
participants in the application via CAVERN-
soft. CAVERNSsoft is a networking toolkit for
VR that emphasizes integrating VR with high-
performance and data-intensive computing over
high-speed networks. It provides a distributed
database mechanism, which we use to share the
scene graph data.

In Ygdrasil, in addition to the basic graph-
ical data used in Performer, any scene graph
node can have behaviors added to it. Each par-
ticular node is considered to be owned by the
host that creates it. This host executes any be-
havior associated with the node. All other hosts
will create proxy versions of the node, and only
receive data for it; they do not directly mod-
ify the node, except by sending messages to the
master copy to request changes. Because the ba-
sic scene graph data — that which is sufficient to
render the scene — is shared automatically, new
behavioral components generally do not have to
include any networking themselves.

The data that are shared for any node in
the scene graph are stored in the CAVERNSsoft
database keyed by the node name and the data
members’ names (see figure 7). When a client is
first informed about a new node (by the node’s
name), it looks up the node and its type in the
database. It can then retrieve all the other data
as needed.

Most behaviors in Ygdrasil applications are
built as simple components in C++. They are
new node classes that extend other, existing class-
es. The individual node classes are compiled
into dynamically loaded objects (DSOs), so that
they can be rapidly added to a world or modi-
fied. The system also includes a number of pre-
made classes (also DSOs) that implement com-
mon virtual world interactions; these include such
things as users’ avatars, navigation controls, and
triggers that detect when a user enters an area.
These built-in tools simplify the quick construc-
tion of many basic applications.

The actual composition of a virtual world in
Ygdrasil is done using a higher level, scripting-
like layer. Other toolkits have used traditional
procedural or object-oriented scripting languages,
such as Scheme in Avango[9] or VisualBasic in
WorldUp[10]. The scripting layer in Ygdrasil
is a simple textual representation of the scene
graph layout (or a fragment of a scene graph),
similar to an OpenInventor object file. It tells
the system what kinds of nodes to create, and

CAVERN datebase

> root/type
»root/children ...

»>xform/type ...
»xform/children...
»xform/matrix ...

Figure 7: Ygdrasil scene graph database

includes commands with each node to control its
behavior. An important aspect of the scripting
system is event-driven communications — nodes
such as triggers and timers generate events, and
in the scene graph script these events are used
to send messages to other nodes, activating or
modifying their behaviors. This scripting layer
makes it possible for experienced programmers
and non-programming designers to work together
in creating a world — experienced programmers
create new behavior components when neces-
sary, while others can create a world by simply
plugging together the components.

4. NETWORKING FOR ARS
ELECTRONICA

The shared world of Alive on the Grid consists
of the master version of the world database be-
ing maintained on one computer, with clients
in CAVEs and other VR systems connecting to
it and receiving a stream of continuous updates
for their local copies of the database. The clients
also add data for their users’ avatars to the shared
database, and use a streaming audio conferenc-
ing tool to allow the remote users to talk to one
another.

The final, complete world for Alive on the
Grid contained 1188 modeled objects, 363 recorded
sounds, and many additional textures, captured
motions, and other files, for a total of 2.5 giga-



bytes of data. The scene graph included roughly
1200 dynamic nodes, and created 14000 entries
in the shared CAVERNSsoft database. Ideally,
we would like new clients to be able to join
the running world without any preparation, and
simply download all the necessary data on the
fly. But, given the size of the environment, this
was not practical, and instead full copies of the
models, sounds, etc. were sent to participating
sites in advance.

For the Ars Electronica show, the master
program ran on the CAVE Onyx at the Ars
Electronica Center in Linz, Austria; participants
in Chicago, Buffalo, Bloomington, Umea (Swe-
den), Budapest, and Amsterdam, as well as an
ImmersaDesk at the Center, connected at vari-
ous times during the week. The Center obtained
a special, added 2 megabit per second Internet
connection for use during the show. However,
the actual measured bandwidth from the Center
to the United States was often much less than
this, sometimes dropping as low as 200 kilo-
bits/sec. Even at its maximum, this bandwidth
was not sufficient to support several simultane-
ous clients, given the amount of dynamic data in
the environment and the streaming audio com-
munication. To get around this limitation, we
ran a secondary copy of the shared database on
a host at the Electronic Visualization Labora-
tory in Chicago with much better network con-
nectivity. The master program in Linz linked its
database to to this duplicate, and all the outside
clients connected to Chicago; those in the U.S.
reached it over Internet2, while the European
participants came in through STAR TAP, an in-
ternational networking transit point in Chicago.
During the course of the show, the bandwidth
used at the Chicago gateway reached roughly 5
megabits/second. Figure 8 outlines the connec-
tions that were made.

5. CONCLUSION

Alive on the Grid demonstrated some of the pos-
sibilities for the use of high-speed networks and
immersive displays in interactive art. The scale
of the environment currently limits it to high-
end computers and research networks that are
rarely available to the public, but with time sim-
ilar systems will become mainstream.

The pieces that make up Alive on the Grid
cover a wide range of visual styles and styles of
interaction. Presenting these pieces in a public
show was vital to learning how well these ap-
proaches worked, by how other people reacted
to them, and to hammering out the technical
difficulties.
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Figure 8: Network connections for Ars Electron-
ica show

Perhaps the most important outstanding is-
sue faced by Alive on the Grid, and its develop-
ers, is the need for the networking middleware
to be more robust. We need to make it easier
for users to run these sorts of applications in a
distributed mode, especially when network limi-
tations require a less-than-simple configuration,
such as was used at the Ars Electronica Festival.
Making it so that sharing an immersive virtual
environment is as easy as sharing a web page
will lead to an explosion in the creation of these
environments and exploration of new concepts
for interaction.
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