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Abstract

Future trends in virtual environments will involve distributed computing concepts and
techniques to allow simultaneous interactions between distant users and virtual objects.
We present in this paper some of the requirements needed to build virtual worlds in-
volving cooperating virtual environments. We propose a model that aims to ensure con-
sistent interactions in the distributed virtual environment and independence of object
specifications from this environment.

1 Introduction

Research on hardware devices for human immersion in Virtual Reality is still very
active. Nevertheless many new virtual environments are developed that take advantage
of existing devices.

As hardware gets increasingly computational power, virtual environments can man-
age an increasing number of more complex objects [LBSC93]. Moreover, communica-
tion improvements allow networked implementations [BCML92],[SLGS92]. So, current
trends in virtual environments involve distributed computing concepts and techniques
to allow simultaneous interactions between many users and virtual objects (Rubber
Rocks [CJK*92], dVS [Gri91], VEOS [Bri90]). However, as existing networked environ-
ments will spread, the problem of interconnection of heterogeneous virtual environments
becomes crucial. One of the major need that have to fulfill virtual environments is coop-
erative work. Currently, cooperative work is only possible in one virtual environment.
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The inescapable evolution will be the extension of cooperative work within cooperative
heterogeneous virtual environments [FB92)].

We propose in this paper a model of architecture for open cooperative virtual en-
vironments. Our model is mainly based on the key concepts of metaphor and object
ezchanging and object sharing. Metaphor allows to specify the laws that rule a virtual
environment. We derive from this concept the notion of compatibility of virtual envi-
ronments. Metaphor concept has also a positive consequence by simplifying the object
modeling process and increasing the consistency of the modeling. Our model defines
services of migration and sharing of objects to enable cooperation between heteroge-
neous environment. Migration service is useful to navigate among virtual environments.
Sharing service constitutes the most advanced feature of our model because it leads to
the creation of common virtual spaces. ,

Section 2 exhibits basic concepts encountered in existing virtual environments. Sec-
tion 3 introduces the architecture and underlying concepts of our model. Section 4
proposes the services for achieving interoperability.

2 Current virtual environments

A study of existing systems shows the necessity of a common model to achieve interop-
erability between VR systems. To illustrate our purpose, we have selected two existing
virtual systems NPSNET [ZPMW92]. and DIVE [ACHS94]). We choose those systems
for several reasons. The main one is that they both are successful implementations of
their own original concepts. Moreover those systems have different aims. NPSNET
has been designed to manage an increasing number of participants with a high level of
performance while DIVE designers intended to validate a specific methodology and an
implementation of notions such as focus, nimbus or aura.

To experiment a virtual world, ones need virtual objects to interact with !. Thus,
we compare DIVE and NPSNET using key concepts such as virtual objects modeling,
objects interactions management and distribution mechanisms.

2.1 Object Modeling

Whereas modeling the geometric description of objects is a quite normalized task
[CB93], modeling the behavior of objects is a more complex job. By behavior, we
mean rules to evaluate the response of an object to an interaction.

Dealing with detailed object behavior may cause performance problems and many
VR systems have no choice than to limit the complexity of object behavior.Therefore,
objects are modeled using a set of predefined behaviors [Pra93]. In such systems the
mechanisms used to compute the response of objects are optimized. Such an approach
has been chosen in the design of NPSNET. As mentioned before, the goals aimed by
NPSNET were scalability of the number of participants and performance.

1The participant himself may be represented as an object
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Another solution consists in modelling object behaviors outside the environment.
Such an approach allows an extensive modelling of objects. From there, the behavior
of the object interacting in a virtual world is rather more complex to manage. Such an
approach has been chosen in the design of DIVE.

2.2 Objects interactions Management

One of the main function that a virtual system has to offer is the ability to manage
interactions between virtual objects.

To deal with interactions, many current systems [LKL91, ACHS94] use event no-
tification to communicate information about those interactions to modules of the Sys-
tem. Briefly, events consist in modification of the virtual world in response to actions
executed by an object of this world.

Thanks to its specialization, NPSNET has been able to reduce the number of the
possible interactions between objects. It can thus optimize checks for all the actions to
perform and the interactions to deal with because responses are compiled.

In DIVE, notification of event is done using a kind of message named signal. The
signal is broadcast by the system to all the objects to ensure that each active function
knows the events related to it. Responses are executed using callbacks. Callbacks consist
in user functions registered as to be invoked when the associated event occurs. The
callbacks prototypes are pre-defined such as “behaviour.signal”, “person_change_world”
or “collision signal”. In fact, there is one callback prototype for each signal. There may
be several user functions handling on the same callback. Thus it is possible to build
complex response to an event due to the interpretation of responses, but signals are
still statically defined. In DIVE model of interaction relies on original notions such as
focus, nimbus or aura [ACHS94].

2.3 Distribution mechanisms

As virtual worlds will become larger and more complicated, splitting the virtual system
with the management of events in a separate module will allow the designers to adapt
and to maintain the management of events. Events are also fundamentals because they
constitute the common language for different systems to communicate with objects.

It is quite interesting to notice that while they belong to two different approaches,
DIVE and NPSNET share a similar scheme of distribution over the network. Indeed
they both have replicated objects on each node. We do believe that, as in distributed
systems, the notion of exchange of message (such as events) is natural, though it is well
known that it may cause performance problems.

3 Model of architecture for interoperability

In the previous section, we have presented two examples of virtual environments. The
question is now: "Is it possible to make them interoperate ?” Another way to formulate
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the question is for instance: ”Can a plane from NPSNET fly in the virtual space of
DIVE and, a user of DIVE, walk through a battle-field in NPSNET ?”. We have seen
that DIVE and NPSNET strongly differ on key points such as object modeling and
objects interactions management. These differences would be serious obstacles in an
attempt to make them interoperate. It is important to notice that these differences
do not arise because interoperability does not belong to their initial priorities. These
differences are necessary and arise because initial aims of DIVE and NPSNET are
different: methodological aims in one side and performance aims on the other side. The
point of this analysis is that heterogeneity is necessary and can not be avoided.

Interoperability of virtual environments can be significantly increased if heteroge-
neous environments support an external interface defined by a common model of refer-
ence. This allows to address interoperability problem in general and make virtual envi-
ronments open. The model we propose describes what should be virtual environment
interoperability in terms of concepts, architecture, services and underlying protocols of
those services.

In this section, we first define the necessary concepts of a model of reference. Some
of them are alredy “in the air”. In this case, the validity of the proposed deﬁmtlons is
limited to our model of reference 1ndependently of their common use.

3.1 Metaphor

We define a metaphor as a set of simulated laws describing the possible features, behav-
iors and interactions of any possible entity including human participant. A metaphor
is then assigned to a virtual environment to rule this one. Physics is the most com-
mon metaphor in use in virtual packages. Depending on the purpose of those packages
(e.g., entertainment, business or research), the physics metaphor is proposed with dif-
ferent degrees of fidelity and at various scales (e. g., human and microscopic). Other
metaphors derive, restrict or extent the physics one; for example, the human body
metaphor for surgeons training or aid. More generaly, a metaphor may rely on any
arbitrary set of laws. Discussion about classification of existing or future metaphors
is beyond the scope of this paper. Nevertheless, the point is that metaphor is a key
concept regarding compatibility and, thus, interoperability. Several benefits from the
metaphor concept may be exhibited.

Consistency

When using the metaphor concept, people have first to answer the question: “What
is possible to do in the virtual environment we are going to design ?”. The needed dis-
cussion to answer this question increases the consistency of the final environment. Also,
consistency may be significantly improved and even proved if formal techniques are used
to describe a metaphor. Comparison of metaphors is possible and, as a metaphor rules
a virtual environment, comparison of distinct environments is thus possible and easier.
This is an important step toward interoperability: comparing distinct environments by
way of their respective metaphors allows to decide if they can interoperate.

198



Compatibility

As metaphor may be a derivation, an extension or restriction of another one, the
notion of compatible metaphors appears natural. From compatible metaphors, we also
derive the notion of compatible environments. Compatibility means that enough sim-
ilarities exist to enable environment to interoperate. For instance, let us define M1,
a gravitationnal metaphor, and M2 a spatial one. Let us assume the main difference
between those metaphors is that M2 does not take into account properties such as mass
and weight. We may consider two virtual environments, E1 and E2, respectivly ruled
by M1 and M2, as compatible and thus able to interoperate. For example, if an object
moves from the space managed by E1 to the space managed by E2, all the behaviors
depending on the mass and weight of the object will not be rendered. Nevertheless it
works and this degraded working may be sufficient.

Normalization

As mentioned before, adopting the concept of metaphor makes discussion possible
about laws featuring in any peculiar metaphor. Discussion may take place at different
levels such as team level or international organization. Both levels of discussion are,
of course, profitable for virtual environments. Nevertheless the major benefits are ob-
tained with discussion leaded at international level that favour emergence of standards
for metaphors.

Completness

Laws defined in the metaphor allow to predict common behavior of objects. So,
object behavior specification only needs to focus on the specific behavior of objects.
This implies that a given metaphor called native metaphor is attached to any object.
The notion of native metaphor also improves interoperability. Indeed, interactions
abilities between two objects may be evaluated by comparing their respective native
metaphors.

3.2 Virtual entity

A virtual entity plays a role in a virtual space. This role ranges from trivial to highly
complex. Roughly, virtual entities can be divided in three classes. Passive entities
standing for simple objects such as wall, chair or table have no peculiar behavior.
Semi-passive entities exhibit more complex behaviors and involve various interactions
with others objects. For instance, entities such as virtual car, plane, television need
many informations to have a realistic behavior. Lastly, the main feature of Autonomous
entities is their capacity of decision making to reach a goal and adaptation to the en-
vironment. Such a class includes human participant or autonomous robot for example.
We distinguish several components in a virtual entity.

e appearance description

e behavior specification
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e multimedia feature
¢ native metaphor

e interface communication

The two first components are usual in description of virtual objects. The multi-
media component plays a specific role in the behavior and appearance of an entity.
Embedded multimedia is already sensed as a key feature of future virtual environment
[ZLP93]. The last two ones are required for interoperability purpose. We state in our
model that any entity is specified in conformance to a given metaphor called native
metaphor. A native metaphor allows us to define a context to which the object is dedi-
cated. For instance, let us specify an entity “chair” with the native “physics” metaphor
that contains the gravity notion. Mass and volume are required in the definition of the
chair. Then, the weight parameter is implicitely associated to the entity chair by the
environment. In the same way, behaviors related to the gravity notion will implicitely
influence the motion of the chair in any environment running under the same metaphor.
An interface communication is provided with each entity. Such interface allow entities
to exchange messages between them and with the environment. To achieve interoper-
ability, these interfaces has to be built using a communication protocol. Existing virtual
environments already take advantages of such kind of protocol [DIS93].

3.3 Virtual space and time
Mainly two reasons make the concepts of space and time compulsory in a model of
reference for virtual environments interoperability:

® Space and time are necessary concepts for experiencing a metaphor. Relationships
between entities can not be managed without those concepts. Metrics are used

to calculate spacial and temporal properties (e.g.; location, distance, volume and
speed) of entities.

e Human perception of space and time has to be mapped onto virtual space and
time. Different types of mapping have been identified by [Rob92]: alignment,
displacement and scalling. Virtual space and time are ruled by the metaphor.

3.4 Distributed virtual system

The virtual system constitutes the software support of the virtual world. It contains
some classical items that composes a virtual environment:

¢ metaphor engine
¢ Entities engine
e Entities management

Collision detection

Scenes rendering
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We call metaphor engine the application of the laws composing the metaphor on the
virtual world. Entity engine applies laws dedicated to one entity behavior, and entities
management constitutes the part of the virtual environment which provides services for
including entities based on the same metaphor or based on other metaphors. Distributed
virtual system is obtained by distributing these parts on different networked sites in
order to increase perfomances.

3.5 Cooperative virtual environment

The cooperative virtual environment gathers a set of heterogeneous virtual environ-
ments that cooperate to build and to manage a virtual world. The degree of inter-
operability is characterized by metaphors used in each virtual environments.

4 Services

Components of a virtual environment, previously described offer a set of services to
manage entity instanciation in a virtual environment, migration and sharing of entities
between environments plus usual features like interaction between entities.

Instantiation

We distinguish 2 cases in entity instanciation. First, the entity is instanciated in
a space ruled by the native metaphor of the instantiated entity. Second, environment
metaphor and entity native metaphor are different but compatible.

Migration

This service allows motion of entities between different environments. Migration
means that one entity leaves its current environment and enter in another one. So,
the management of the moving entity is also transfered to its new environment. For
example, migration services allow a user to navigate between severals virtual worlds
ruled by compatible metaphors.

Sharing

Sharing service enable the building of cooperating spaces. In this case, entities are
managed by all the participating virtual environments. Sharing service include negoti-
ation facilities to map the management of shared entities.

Interactions

Interaction services must be invoked when events occur in a virtual environment.
Interactions service deals with different kinds of interactions. These events may have
different origins: the cooperative environment and the entities.

201



5 Conclusion

In this paper, we have presented some of the key features that aim to improve interoper-
ability between virtual environments. We do not impose any implementation constraint
even if our model favors object oriented techniques.

The study of current virtual systems has allowed us to depict a model for interop-
erability between virtual environments. Our model takes into account heterogeneity of
virtual environments. The concept of metaphor simplifies the modelling of objects and
provides paradigm to evaluate compatibility between virtual environments. Sharing
and migration of objects constitute basic services to enable open cooperation.

Our future work will focus on the accurate elaboration of the mentionned services.
The next step consists in designing a virtual environment using our model and to im-
plement layers on top of existing environments in order to validate our interoperability
concepts.
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