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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



167

across a connection once it has been established. An object may have different
awareness of each connected object in each medium. Awareness is quantifiable and
may range continuously from full, through peripheral to none. Having a low aware-
ness of another object results in little information being received from it and a high
awareness results in more detailed information. Thus, awareness provides a way of
expressing desired quality of service across different connections. Awareness is
medium specific and is interpreted differently for each medium (e.g. it may be
mapped onto volume for an audio connection).

Mutual 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 represents the receiver’s control. Focus and nim-
bus are typically expressed in terms of the spatial relationship of the objects (i.e.
they are spatial fields), although they might also involve other attributes. Thus, the
more object B is within object A’s focus the more A is aware of B and the more A
is within B’s nimbus, also the more A is aware of B. More specifically, A’s aware-
ness of B in some medium M is a combination of A’s focus in M and B’s nimbus
in M.

Finally, aura, focus and nimbus, and hence awareness, might be altered by vari-
ous adapter objects. Adapters might represent communication tools such podia (au-
ra and nimbus amplifiers), or boundaries (e.g. windows which attenuate audio
awareness but not visual awareness), or other kinds of object; they provide a degree
of extensibility to the model.

3. MASSIVE functionality

Our system is called MASSIVE (Model, Architecture and System for Spatial Inter-
action in Virtual Environments!). This section provides a user’s view of MAS-
SIVE’s functionality.

Within any given instantiation of the system the MASSIVE universe is struc-
tured as a set of virtual worlds connected via portals. Each world defines a disjoint
and infinitely large virtual space which may be inhabited by many concurrent users.
Portals allow users to jump from one world to another.

Users can interact with one another over combinations of graphics, audio and
text media. The graphics interface renders objects visible in a 3-D space and allows
users to navigate this space with a full six degrees of freedom. The audio interface
allows users to hear objects and supports both real-time conversation and playback
of pre-programmed sounds. The text interface provides a MUD-like view of the
world via a window (or map) which looks down onto an infinite 2-D plane across
which user moves (similar in style to the UNIX games Rogue and Nethack). Text
users are embodied using a few text characters and may interact by typing text mes-
sages to one another or by “emoting” (e.g. smile, grimace eic.).

A key feature of MASSIVE is that these three kinds of interface may be arbitrar-
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ily combined according to the capabilities of a user’s terminal equipment. Thus, at
one extreme, the user of a sophisticated graphics workstation may simultaneously
run the graphics, audio and text clients, the latter being slaved to the graphics client
in order to provide a map facility and to allow interaction with non-audio users. At
the other extreme, the user of a dumb terminal (e.g. a VT-100) may run the text cli-
ent alone. It is also possible to combine the text and audio clients without the graph-
ics client and so on.

In order to allow interaction between these different clients a text user may ex-
port a graphics body into the graphics medium even though they cannot see it them-
selves. Similarly, a graphics user may export a text body into the text medium. In
other words, text users can be embodied in the graphics medium and graphics users
can be embodied in the text medium. MASSIVE uses a dynamic brokering mecha-
nism (described below) to determine whether objects have any media in common
whenever they meet in space (i.e. on aura collision). The net effect is that users of
radically different equipment may interact, albeit in a limited way, within a com-
mon virtual world; for example, text users may appear as slow-speaking, slow mov-
ing flatlanders to graphics users.

All media (i.e. graphics, text and audio) are driven by the spatial model. Specif-
ically:

¢ audio awareness levels are mapped onto volume; this means that audio inter-
action is sensitive to both the distance between and the relative orientations
of the objects involved. This is observable in general conversation and also
forms the basis of the “audio gallery” where users wander round a selection
of audio-exhibits which play audio samples.

» graphics awareness levels are compared against threshold values to select one
from a number of alternative object appearances according to the observer’s
location and orientation. This is typically used to display an object in more
detail as awareness of it increases, although arbitrary changes are possible.

* the display of text messages is governed by levels of awareness as shown in
table I, below; this lists awareness levels (values between 0 and 1) and the ef-
fects they have on the display of text messages.

Awareness Level Example Text Display
0.0-0.2 none
02-04 . presence  Chris at 0,0

04-0.6 events “Chris says something”
0.6-0.8 peripheral  “(Chris says hi!)”
0.8-1.0 full . “Chris says hi!”

Table I: example levels of awareness for the text medium

Aura, focus and nimbus are attached to the user’s current position and are therefore
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manipulated by moving about. Thus, turning towards another person may bring
them more into ones focus or nimbus. In addition, users may explicitly manipulate
awareness by choosing between three general settings for focus and nimbus:

» normal - provides conical focus and nimbus regions projecting out from the
user which allows for full awareness of a few objects and peripheral aware-
ness of other objects;

* narrow - a smaller aura and a thinner cone for focus and nimbus which ena-
bles private conversation (maximum awareness only occurs when two users
are directly face to face, and there is little peripheral awareness);

» wide - a spherical region intended for general all round awareness (this nulli-
fies the directional effects of focus and nimbus).

Users may also dynamically alter both the range and conical angle of focus and
nimbus (aura is automatically updated when this happens). Thus, it is possible to
arbitrarily widen and narrow focus and nimbus and to telescope them in and out to
any desired range.

Four adapter objects have also been implemented:-

* A podium which extends the auras and nimbi of its users to cover a wider ar-
ea, allowing them to address a crowd of other users;

* A conference table which replaces its users’ normal auras, foci and nimbi
with a new ones which span the table.

* A text to speech translator which converts messages in the text medium to
synthesised speech in the audio medium (implemented using a public domain
text to speech package).

* A text to graphics translator which displays messages received through the
text medium on a “board” object in the graphics medium.

These adapters are themselves driven by the spatial model so that they only become
active when a user gets sufficiently close to them. For example, a text interface user
approaching the text-to-speech adapter will cause the adapter to activate and to au-
tomatically begin translating their text messages and re-transmitting them in the au-
dio medium, enabling nearby audio users to hear them. Consequently, many users
can use them simultaneously and can jostle around them to negotiate access.

A user’s embodiment determines how they appear to other users. Each user may
specify their own graphics embodiment in a personal configuration file using a sim-
ple geometry description format. In addition, we provide some default graphics em-
bodiments intended to convey the communication capabilities of the users they
represent (which is an important issue in a heterogeneous environment). For exam-
ple, an audio user has ears, a non-immersive (and hence monoscopic) user has a sin-
gle eye and a text user has the letter “T” embossed on their head. The aim of such
embodiments is to provide other users with the necessary basic communication
cues to decide how to address them. The basic shape of graphics embodiments is
also intended to convey orientation in a simple and efficient manner. Graphics em-
bodiments may be labelled with the name of the user they represent in order to aid
identification. Finally, users may emote to one another by switching between dif-
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ferent bodies by using key strokes.

Text embodiments consist of a single character (the first letter of the person’s
chosen name) along with a short line which indicates the direction in which this per-
son is currently facing.

Users may define any number of worlds containing simple graphics scenery and
other objects. These worlds may be interconnected in any configuration via portals.
An important aspect of MASSIVE is that in multi-site use across wide area net-
works each site may define its own local worlds; portals can then be used to allow
users to move between sites in a transparent manner. Thus, each MASSIVE site can
define its own conferencing environment as well as connecting to the broader “uni-
verse” of MASSIVE worlds across wide area networks.

We complete this overview of MASSIVE'’s functionality with two sets of
screen-shots.

1 (a) perspective view ' 1 (b) bird’s eye view

Facey se M: 2,0, 1.0, 25 Foouw: table

o lct conference room
Lz table
g2 door
C: Chris
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0> 1,0, 0¢- 1.0
Boe
0> 1,0, X- 1,0

Qriv saye w’ll e wing axic for soet of the meeting todey
Reb sy e

ey no provlel]

1 (¢) eye-level view 1 (d) text user’s view
Figure 1: Five meeting participants around the “table” adapter

Figure 1 shows a meeting in progréss involving five participants who are using
the conference table adapter. Figure 1 (a) provides a perspective view of the scene
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and figure 1 (b) a birds-eye view (obtaining different views has been made possible

by the recent viewpoint extensions described in section 5.2 below). Figure 1 (c)

shows the default eye-level view that participants normally experience from inside

their bodies. Finally, figure 1 (d) shows a text user’s view of the same scene. Note

the use of simple characters to represent the conference table, walls, door and users

in the text view (see the key at the right of the image). Also note the display of mu-

tual awareness levels for users of whom we are currently aware (0->" denotes our
awareness of them, while ‘O<-"" denotes their awareness of us). The area at the bot-
tom of the image shows the on-going text conversation.

Figure 2 shows the same five participants using the text-to-graphics board adapt-
er. When a user stands sufficiently close to the board and enters a message in a text
client as in figure 2 (d), their message is automatically displayed on the board for
graphics users to see as in figures 2 (a) to (c). Remember, graphics users can also
run supplementary text clients as well.
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Figure 2: Five meeting participants using the “board” text to graphics adapter
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4. MASSIVE Implementation

This section briefly describes some of the implementation techniques that have
been introduced in order to provide the functionality described in the last section.
In particular, we discuss the implementation of aura, focus, nimbus and adapters.

4.1. Auras and spatial trading

Interaction between objects only becomes possible if two conditions are met. First,
it must be established that the objects involved support some at least one compatible
medium. Second, these objects must become sufficiently proximate in order for
their auras to collide. These two pre-conditions are reflected in the concept of spa-
tial trading. Spatial trading combines the virtual reality technique of collision de-
tection with the distributed systems concept of trading (e.g. [Van der Linden, 92]),
or request brokering as it is sometimes called. To explain how spatial trading oper-
ates we follow the sequence of events which occurs when two objects enter a MAS-
SIVE virtual world, move towards each other and begin to interact. This process is
summarised in figure 3.
1. object declares its world

and media to the local aura
collision manager.

B’s

aura
collision
manager

A’s
aura
collision
manager

2. local aura manager
passes the object on to the
appropriate aura collision
manager for that world.

3. aura collision manager

detects collisions and
\ passes out mutual interface
&4 £ references to peer objects.
peer connection for medium X 2
A B ' 4. peer objects exchange

information via media
controlled by awareness.

Figure 3: Objects involved in spatial trading

On entering a world, an object contacts the local spatial trader, called the aura
collision manager, and declares the world which it wishes to join and the media
which it supports. The address of this aura collision manager is the only information
that an object requires in order to enter any local or linked world. An aura collision
manager is responsible for detecting aura collisions for each declared medium in
one or more worlds. Each aura manager has a partial locally-configured list of other
aura managers and the worlds which they manage. Thus objects may be passed
from one aura manager to another when they change worlds. A second object sub-
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sequently entering the world will go through the same procedure of declaring its world and media
to its local aura collision manager and being passed on to the appropriate aura collision manager
for that world.

Each aura collision manager monitors the auras of all objects known to it. Upon detecting an
aura collision (within any given world and medium) the aura collision manager passes out mutual
addresses to the objects involved, enabling them to establish a peer connection.

Notice how MASSIVE's implementation of spatial trading meets the goals of heterogeneity and
scaleability. Heterogeneity is realised through the aura collision manager effectively registering all
media and worlds currently active. This enables MASSIVE to dynamically cope with hitherto un-
seen media. Scaleability is supported by distributing the responsibility for detecting aura collisions
between multiple aura collision managers, thereby avoiding excessive centralisation.

4.2. Focus and nimbus

Once connected through spatial trading the calculation of mutual awareness levels is the responsi-
bility of the peer objects themselves. This is achieved through a simple peer protocol which allows
any pair of objects to exchange information describing their positions and orientations and values
of focus and nimbus. The communication protocol for each medium (e.g. graphics, audio or text)
is derived by extending this basic peer protocol to handle additional medium-specific information
(e.g. transmission of audio data in the case of the audio medium).

In the current implementation objects are described by a point location in space; focus and nim-
bus are described by mathematical functions which yield an awareness value in the range 0 (min-
imum) to 1 (maximum). Our current awareness function, which is used to combine focus and
nimbus to give overall awareness, is multiplicative. Le. focus and nimbus values are simply mul-
tiplied together to give awareness. This gives equal control to the observer and the observed, and
is “subtractive” in nature - i.e. either party can force zero (no) awareness, but neither party can
force awareness against the other’s “wishes.”

Our current focus and nimbus function has been designed to be general purpose so that, by
changing the values of a few key parameters, a wide range foci and nimbi can be obtained. These
parameters can be used to control the behaviour of focus and nimbus with respect to both the rel-
ative positions and orientations of objects. Thus, our three focus and nimbus settings and different
adapters can all be realised by simply changing the values of a few key parameters while still using
the same basic function code (see below). Figure 4 summarises our general focus/nimbus function
using a polar coordinate model.

The left of the diagram shows how focus and nimbus are divided into three conical regions: a
foreground region in which they take a maximum value; a background region in which they take
some minimum value; and a transition region in which they change linearly from the foreground
to the background value. The right of the diagram shows how the values of focus and nimbus de-
pend on distance from an object and are again divided into three regions: they take the maximum
value up to an initial radius; they then decay linearly to a cut off value at a second radius; beyond
this, they tail off according to an inverse square law. Table II summarises the parameters which can
therefore be used to control focus and nimbus.
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4.3. Adapters

There are two issues to be dealt with when implementing adapter objects: how
to trigger the use of an adapter and how to realise its effect on aura, focus, nimbus
and awareness. Both of these issues are addressed through the introduction of a sep-
arate adapter medium. Adapters exist in their own medium, complete with its own
aura, focus and nimbus. Any object wishing to use an adapter must therefore sup-
port this medium so that as the object moves about it will connect to adapters as a
result of aura collisions in the adapter medium. When an object’s awareness of an
adapter crosses some threshold level the adapter is triggered. This mechanism ena-
bles several people to use an adapter simultaneously and also allows adapters to ex-
hibit their own spatial properties (e.g. implementing a highly directional
microphone).

= conical value of
z?n gl:znfl . focus/nimbus

foreground
region
Vmax
background foreground =1

region with region
value vy,
0 forward direction
Ve
¢ = conical
angle of
transition region ro Iy distance from object

Figure 4: focus and nimbus function used by MASSIVE

name : meaning
0 conical angle of foreground region
¢ conical angle of transition region
Vi focus/nimbuslvalue of background region
fo radius of extent of maximum value
n radius of extent of linear transition
A cut off value flor linear transition

Table II: parameters affecting focus and nimbus
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When triggered by an object, an adapter passes a new set of focugnimbus pa-
rameters back to the object via the adapter medium. These new parameters replace
the object's current aura, focus and nimbus parameters. Thus, an adapter may ex-
tend the range of focus or nimbus, may change their, shape (i.e. conica angle) or
may dter the way in which they fade to the background level. When an object sub-
sequently moves away from an adaptor so that it is no longer triggered the object
restoresits origind focus, nimbus and aura parameters.

Having discussed some key aspects of MASSIVE's implementation, we now
turn our attention to some initia reflections arising from the implementation and
early piloting activities.

5. Initial experiences

In this section we present someinitial reflectionson MASS VE arising from recent
experience. In particular, we reflect on two recent events: alaboratory meeting over
the locd area network in our own laboratory and afive Ste meeting between The
Universty of Nottingham (UK), Lancaster University (UK), GMD (Germany), The
Swedish Ingtitute of Computer Science - SICS (Sweden) and the Royd Institute of
Technology - KTH (Sweden), spanning three countries.

The laboratory meeting involved six participants connected over a single seg-
ment of Ethernet and lasted for haf an hour. The hardware configuration was two
Gl Indigo2s, aSUN 10 ZX and two SGI Indys, so that each participant was capa-
ble of usng the audio, graphica and textud media All but two of the participants
werein physicaly separate rooms and even these two hed their backsto each other
and were using headphones. The x participants included the developer of MAS-
SIVE, four userswho had previoudy been involved in demonstrations and one nov-
ice user. Thetask was to conduct our weekly laboratory meeting, involving around
table presentation from each person followed by aloosdly chared free discussion.
The view of one of the participants was captured on video and participants were
asked to quickly write down their own reflections after the meeting's close.

The five dite digtributed meeting involved eight participants, three a Notting-
ham, one a Lancadter, two a SICS, oneat KTH and oneat GMD, and lasted for an
hour and ahdf. All of the participants were audio/graphica. Each person wasina
physicaly isolated space. Once again, the proceedings were videoed and partici-
pants were encouraged to write down their own observations.

The following informa observations congtitute arough and ready summary of
what happened. Their main purpose isto identify some of theimmediate and mgor
issuesthat should be addressed in order to progressvirtua redity tele-conferencing
to amore ussful state. Where appropriate we propose possible solutions.



