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ABSTRACT

This paper describes the design and implementation
of two tele-immersive applications, CVD and Cave6D,
both designed to support collaborative knowledge
discovery from large multidimensional datasets.  CVD
integrates the capabilities of two existing VR applications,
Cave5D and Virtual Director, in order to provide
immersive experiences of distributed data using high
performance networks and interactive hardware and
software. Cave6D is similar in function yet is tightly
integrated with the CAVERNSoft toolkit so as  to provide
access to remote computational platforms and databases.

INTRODUCTION

In recent years there has been a rapid increase in the
capability of environmental observation and modeling
systems to provide high resolution spatial and temporal data
about the world around us.   It is not enough, however, to be
able to collect, generate or share large amounts of data.
Scientists, educators, students and managers must have the
ability to collaboratively view, analyze and interact with the
data in a way that is understandable, repeatable and
intuitive.

Concurrent advances in visualization and
computational capabilities have spurred the creation and use
of realistic, three-dimensional virtual environments for
interaction with and analysis of this data. Viewing and
interacting with these large multivariate datasets in a geo-



referenced  virtual environment provides an actual sense
of presence that inherently changes the way the data is
analyzed (Wheless et al., 1995) thereby aiding in the
mental process of assimilating complex  information.
Users are able to navigate through, view and interact with
the data in a fully three-dimensional context, thus
preserving necessary geospatial relationships crucial for
intuitive analysis.

High performance networks, such as the NSF-
funded very High Bandwidth Network Service (vBNS),
now provide an infrastructure for low latency multi-user
access to these virtual environments (DeFanti et al.,
1996). The use of these Collaborative Virtual
Environments (CVEs) enable users at many distributed
sites to interact with each other and with the data in a
many-to-many session  from within a common virtual
world. Linking remote users into a shared virtual space
enables a high level mode of collaboration that is
conducive to knowledge discovery (NSTC, 1998).

We describe in this paper our efforts to integrate this
collaborative capability into an existing VR-based
scientific visualization application, Cave5D (Wheless et
al., 1996).  Our objective is to enable multi-user
immersive visualization of large multi-dimensional
datasets in support of oceanographic, atmospheric and
terrestrial scientific studies.  Two separate
implementation paths were followed, each resulting in a
distinct prototype. In one case, Cave5D was augmented
with remote interaction techniques and camera
choreography capabilities provided by the VR application
Virtual Director.  In the other case, Cave5D was
retrofitted with collaborative features provided by the
CAVERNSoft toolkit (Leigh et al., 1997), a software
library that is designed to allow for easy development of
similar applications.

TELE-IMMERSION

We use the concept of Tele-Immersion as the
fundamental underpinnings of our work. We define tele-
immersion as the union of audio and video conferencing,
networked collaborative VR and image-based modeling in
the context of significant computing and data mining.
Tele-immersion enables users in different locations to
collaborate in a shared, virtual, or simulated environment
as if they are in the same room. It is the ultimate synthesis
of networking and media technologies to enhance CVEs.

The development of tele-immersive CVEs  is
currently one of the most challenging areas of research in
Virtual Reality (VR) because new dimensions to human-
factors, networking, and database issues must be

explored. For example, human-factors research in VR has
traditionally focused on the development of natural
interfaces for manipulating virtual objects and traversing
virtual landscapes. Collaborative manipulation, on the other
hand, requires the consideration of how participants should
interact with each other in a shared space, in addition to how
co-manipulated objects should behave. Other issues include:
how participants should be represented in the collaborative
environment; how to effectively transmit non-verbal cues
that real-world collaborators so casually and effectively use;
how to best transmit video and audio via a channel that
allows both public addressing as well as private
conversations to occur; and how to sustain a virtual
environment even when all its participants have left.  Many
of these issues were explored in our development work.

Although there are a broad range of devices that
support tele-immersion activities, our work focuses on
projection-based graphical devices such as the Immersadesk
or CAVE™ (Cruz-Neira et al., 1993).  Growing in number
since 1992 from just a few at selected research institutions,
the number of Immersadesks, CAVEs™ and CAVE-like
devices now number well into the hundreds. Stereographic
LCD shutter glasses and head/hand tracking is often used to
augment the experience.  The CAVELibrary software API
(please see  http://www.ncsa.uiuc.edu/VR/cavernus/) is an
example of a common underlying interface between CAVE-
specific applications, serving to coordinate all ancillary
devices (eg: LCD glasses, navigational wand), stereo
transformations and program synchronization.

The Immersadesk, a drafting-table format, projection-
based device with a single 4` by 5` angled screen, enables
users to view and interact with a CVE in a semi-immersive
fashion. This type of semi-immersive VR is useful for
applications that do not require full immersion of the user
into the virtual environment, such as a 3D model of a bio-
molecular simulation.  However, full immersion is more
useful for realistic portrayal and useful interaction in very
large-scale virtual environments that also include small
man-made objects and fine-scale environmental features.

The CAVE™ allows for such a full immersion. The
CAVE™ is a 10x10x10-foot structure consisting of rear-
projected screen walls and a front-projected floor.  Images
appear to float in space, with the user free to "walk" around
them, yet maintain a proper perspective.  This information
can be much richer and more accurate, with finer granularity
of many more variables, and with sound as well as visual
depictions.
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Figure 1  View into CVD showing  data, avatars,
virtual hand, menu items and camera spline
path.




