Proceedings of the Fourth European Conference on Computer-Supported Cooperative Work,
September 10-14, Stockholm, Sweden
H Marmolin, Y. Sundblad, and K. Schmidt (Editors)

Virtual Reality Tele-conferencing:
Implementation and Experience

Chris Greenhalgh
Department of Computer Science, The University of Nottingham, UK.

Steve Benford
Department of Computer Science, The University of Nottingham, UK.

This paper describes the implementation of and early experiences with a virtual reality tele-
conferencing system called MASSIVE. This system includes a full realisation of the spatial
model of interaction and its concepts of aura, awareness, focus, nimbus and adapters as
was presented at ECSCW'93. This model supports users in interacting over ad-hoc com-
binations of audio, graphical and textual media through both 3-D and 2-D interfaces. Ob-
servations arising from the use of MASSIVE to support laboratory meetings are discussed;
these include the need to support richer peripheral awareness, the need to improve the
sensitivity of navigation, problems with lack of engagement between users, the need to
support varying degrees of presence and problems arising from different perceptions of
space between 2-D and 3-D users. Possible solutions to these problems are proposed.

1. Introduction

We describe the implementation of and initial experiences with a virtual reality
based tele-conferencing system called MASSIVE in which communication be-
tween participants is controlled by movement within a shared virtual space. Specif-
ic design goals of this system include:
* MULTIPLE PARTICIPANTS: supporting groups of several participants at
different locations in undertaking real time communication with one another.
= MUTLI-MEDIA: allowing these participants to communicate over different
media. In particular, the system should support aural, visual and textual com-
munication.
« HETEROGENEITY: allowing users with radically different interface equip-
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ment to communicate within a common space. At the extreme, users of high
end VR systems should be able to interact with users of, say, VT-100 charac-
ter based terminals.

¢ SPATIAL MEDIATION: to support spatially mediated conversation man-
agement as opposed to traditional floor control. More specifically, a user’s
perception of others across different media should be governed by spatial fac-
tors such as their relative positions and orientations (e.g. people get louder as
you move or turn towards them and vice versa).

» BALANCE OF POWER: there should be a balance of power between speak-
ers and listeners so that (taking the audio medium as an example) speakers
can try to influence who can hear them, e.g. by interrupting, and listeners can
control who they are hearing.

¢ VARIED MEETING SCENARIOS: supporting a range of meeting scenarios
ranging from face-to-face conversations to lectures and presentations;

¢ SIMULTANEOUS MEETINGS: allowing many simultaneous meetings to
occur with the possibility for users to move between them.

+ WIDE AREA: operating over wide area networks.

* SCALE: being capable of scaling to similar numbers of participants as are in-
volved in every-day cooperative activities (e.g. tens or hundreds).

We propose that by meeting all of these goals we will eventually be able create
more flexible, natural, open and scalable tele-conferencing systems than are cur-
rently available.

At the heart of our system lies the spatial model of interaction which was intro-
duced at ECSCW’93 along with some early concept demonstrators. This paper de-
scribes a full implementation of this model and presents some initial observations
arising from its use.'

2. A brief overview of the spatial model

We begin by very briefly summarising the spatial model of interaction. Full details
are given in the ECSCW’93 paper [Benford, 93]. The aim of the model is to support
the flexible management of communication in densely populated virtual spaces.
The model assumes thé existence of some shared spatial frame of reference which
is populated by human and other agents which communicate over combinations of
different media.

The first component of the model, aura, addresses the problem of limiting the
number of connections between the occupants of a densely populated space. In its
simplest form, an aura is a subspace which scopes the presence of an object in a giv-
en medium. A connection between two objects is not made in this medium until the
relevant auras collide (e.g. we cannot see each other until our visual auras collide
or see each other until aural auras collide).

The concepts of awareness, focus and nimbus control the information passing
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across a connection once it has been established. An object may have different
awareness of each connected object in each medium. Awarenessis quantifiable and
may range continuoudy from full, through periphera to none. Having alow aware-
ness of another object resultsin little information being received from it and ahigh
awareness resultsin more detailed information. Thus, awareness provides away of
expressing desired quality of service across different connections. Awareness is
medium specific and is interpreted differently for eech medium (eg. it may be
mapped onto volume for an audio connection).

Mutua awareness need not be symmetrical and is controlled through focus and
nimbus. Nimbus represents the transmitter's control over how information is prop-
agated to other objects while focus representsthe receiver's control. Focus and nim-
bus are typicaly expressed in terms of the spatid relationship of the objects (i.e.
tiley are spatia fields), dthough they might aso involve other attributes. Thus, the
more object B iswithin object A's focus the more A is aware of B and themore A
iswithin B's nimbus, also themore A is aware of B. More specificaly, A's aware-
ness of B in some medium M isacombination of A's focus in M and B's nimbus
inM.

Finally, aura, focus and nimbus, and hence awareness, might be dtered by vari-
ous adapter objects. Adapters might represent communication tools such podia (au-
ra and nimbus amplifiers), or boundaries (eg. windows which attenuate audio
awareness but not visua awareness), or other kinds of object; they provide adegree
of extensibility to the moddl.

3. MASSIVE functiondity

Our system iscaled MASSIVE (Modd, Architecture and System for Spatial Inter-
action in Virtud Environments!). This section provides a user's view of MAS-
SIVE's functiondity.

Within any given ingtantiation of the sysem the MASSIVE universe is struc-
tured asa set of virtud worlds connected via portals. Each world defines a digoint
and infinitely large virtua space which may be inhabited by many concurrent users.
Portds dlow users to jump from oneworld to ancther.

Users can interact with one another over combinations of graphics, audio and
text media. The graphics interface renders objects visblein a3-D space and dlows
usersto navigate this space with afull six degreesof freedom. The audio interface
alows users to hear objects and supports both redl-time conversation and playback
of pre-programmed sounds. The text interface provides a MUD-like view of the
world viaawindow (or map) which looks down onto an infinite 2-D plane across
which user moves (Smilar in style to the UNIX games Rogue and Nethack). Text
usersareembodied using afew text characters and may interact by typing text mes-
sagesto one another or by "emoting” (e.g. smile, grimace etc.).

A key feature of MASSVE isthat these three kinds of interface may be arbitrar-



