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Abstract. In the recent years advancements in the development of Net-
worked Virtual Environments (NVEs) can be observed in many domains.
Although this technology is available, it is still a challenging task to
design and produce these virtual worlds. To ease the creation of such
environments the inVRs framework was developed.

Besides this also grid environments have advanced from traditional
batch processing systems in the area of scientific computation. Nowadays
highly responsive and interactive grid jobs can be supported: Real-time
Online Interactive Applications (ROIAs) constitute a potential domain.

The edutain@grid middleware provides an approach to use the ad-
vantages of Grid technology, like Virtual Organisations (VOs), dynamic
resource allocation, etc. and additionally fulfils the requirements of highly
interactive real-time applications.

The rtfOdrom application acts as a prototype application to demon-
strate the interconnection between Grid computing and Virtual Reality.

1 Introduction

Multi-user environments with participants all over the world have become more
common and are well accepted by the industry. Community platforms like Sec-
ond Life or multi-player games like World of Warcraft are just a few to mention.
Networked Virtual Environments (NVEs) are becoming more and more valu-
able, for training simulations or collaborative visualisations, since the required
graphics and real-time needs can be fulfilled due to the advancement in network
infrastructure and the development of graphics boards. Collaborators from all
over the world try to solve large scale problem by simulations and parameter
studies using distributed computing power.

This distributed computing power has become available through Grid com-
puting [9]. Grid architectures provide many other features than just providing
computational resources. They offer for example user and resource management
in the form of Virtual Organisations (VOs).

One of the main issues in NVEs and Virtual Reality (VR) applications in
general is the real-time interactivity, which is seldomly supported by Grid mid-
dleware. Traditional Grid computing architectures provide batch processing
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mechanisms, which can be used comfortably to manage distributed computing
power, but they are not usable for interactive data manipulation or visualisation.

The advantages of both domains can be combined by merging functional-
ity of the inVRs framework [2] and the edutain@grid middleware [8]. inVRs is
designed to support the creation of efficient NVEs by offering a highly modu-
lar architecture and consistent communication mechanisms, while edutain@grid
supports Real-time Online Interactive Applications (ROIAs) using a Real-time
Framework (RTF) for scalable and interactive communication and the GRIA
Grid middleware [15] to support the establishment of VOs.

This paper provides an overview how these different worlds of computational
resource management and real-time interactivity can be combined. As an exam-
ple application rtfOdrom, a VR racing game which is executed on different Grid
servers, is described.

The second section gives an overview on the related work, while section three
focuses on the architecture of the inVRs framework. The exchangeability of mod-
ules and the structure of the network module are drawn out in detail. Section
four and five introduce the architectures of the RTF and edutain@grid. The fol-
lowing sections concentrate on the combination of these frameworks and describe
rtfOdrom as an example for a real-time application running on the Grid. Finally
the last section concludes the paper and gives an outlook into future work.

2 Related Work

Although much research has been done in the fields of Grid computing and Virtual
Reality (VR) virtually no approaches exist which try to combine both areas.

Many ways exist for the development of VR applications. Typically three
different categories of approaches are common. The first approach is to develop
a the VR application from scratch, by using low-level APIs or scene graphs.
The second way is the use of fully developed NVEs like DIVE [6] or Graphical
User Interfaces (GUIs) like the EON Studio. Finally VEs often make use of
frameworks e.g. VRJuggler [12] or DIVERSE [13]. While the first two solutions
lack genericity and flexibility, the framework approach can be used to adapt the
network capabilities to the needs of Grid computing.

In the area of Grid computing a variety of middleware solutions has been
provided. Most of them focus on traditional batch processing approaches. In
the CrossGrid project [5] data for a flooding simulation was computed on Grid
resources and reduced to real-time display and finally displayed in VR systems
like the CAVE [7]. Other approaches like AGJuggler try to make use of the
AccessGrid in order to display VEs using Grid resources [11].

The key issues with these approaches is that they either make use of the
encrypted communication mechanisms provided by the underlying Grid middle-
ware, or they perform significant offline computation beforehand in order to dis-
play a static result or set of results in real-time after the computation. rtfOdrom
in combination with the RTF and the inVRs framework allows for non-encrypted
communication and thus provides the required real-time capabilities.



354 C. Anthes et al.

3 inVRs Architecture

The inVRs framework offers a clearly structured approach for the design and
creation of highly interactive and responsive VR applications in order to improve
the development process of VEs and NVEs.

It consists of three independent modules, for interaction, for navigation, and for
network communication, two interface layers that allow the abstraction of user in-
put and output display, as well as a system core which stores and manages the state
of the VE. An architecture draft of inVRs has been previously described in [2].

Fig. 1. The Architecture of the inVRs Framework

Figure 1 provides an overview of the inVRs architecture showing the individ-
ual components. The flow of data as displayed in this diagram is typically from
top to bottom. Input gathered by the devices is parsed by the input interface
and exposed to the modules in a data structure describing an abstract controller
in order to provide a unified interface. The modules access the abstract con-
troller and generate navigation and data which is processed by the system core
managers. The event manger handles discrete reliable events while the transfor-
mation manager is responsible for a flow of transformation data packets. More
detail on event and transformation management is provided in [1]. Events and
transformation data are applied on the user database and the world database
which are used to store the state of the VE. The content of these databases is
then finally rendered each display frame via the output interface.

In the current implementation inVRs uses OpenSG [14] as a scene graph for
rendering the graphical output on a single or multiple stereoscopic displays.
Audio output is supported by OpenAL a well known audio library. The input
can be retrieved from a variety of sources which could either be regular desktop
devices like mice or keyboards, or it can be gathered from VR tracking systems,
wands or datagloves.

3.1 Module Exchange

One of the key features behind the design of the framework is its modularity. The
need for this becomes clear if we take a look at different application domains.
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Some VEs only need a single module e.g. an architecture walkthrough may only
need the navigation module. Others such as a networked collaborative safety ap-
plications have obviously different requirements. For more interactive VEs like
training or phobia treatment applications, both, the interaction as well as the
navigation module can be used by interconnecting them through the system core.
If an application is designed for multiple users the network module is addition-
ally connected to the core. State changes and entity transformations of the virtual
world are in this case transmitted via the network module to the remote partici-
pants of the VE.

To achieve this flexibility of module exchange the individual modules are
implemented following a plug-in pattern, thus the network module can be easily
exchanged in order to support Grid applications. The communication between
the managers of the system core and the network module is handled by a high-
level interface, which has to be implemented by each inVRs module.

3.2 Network Module

Figure 2 gives an overview on the network module. The communication mecha-
nisms of the system core communicate with the high-level layer of the module via
message queues. Geometrical transformations are sent to the network module as
unreliable messages and events are sent to be transmitted in a reliable way.

Fig. 2. A High-Level view on the Network Module
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The low-level layer shows in a generic view three different aspects which have
to be considered for developing an inVRs network application. The message pro-
tocol is used for the distribution of geometrical transformations, state updates,
and system messages. The network topology handles the connection establish-
ment and communication between the different interconnected nodes, while the
database distribution is responsible for storing and managing the states of the
virtual world.

This low-level layer of the module has been completely replaced by the commu-
nication mechanisms of the Real-time Framework (RTF) in order to be executed
on the edutain@grid middleware.

4 RTF Architecture

The RTF was designed to support the scalability of multi-user games by keeping
up to the needs of high interactivity.

It is composed of multiple modules which provide controlling, monitoring,
communication, streaming, and data storing functionality. Via the controlling
module it is possible to startup or shutdown application server instances or mi-
grate server applications from one host to another. The monitoring module can
be used to integrate monitoring functionality into application servers. Stream-
ing and data storing functionality are also available for the support of audio
and video data transmission and to achieve persistence in networked applica-
tions. For the communication between the application clients and the servers
the Communication and Computation Parallelisation (CCP) Module is used.
This module is integrated into the server and client applications and manages
the network connection and communication. It supports different network proto-
cols and provides functionality for the automatic synchronisation of application
state information between servers and clients.

The RTF implements a client server architecture which splits up the VE into
domains an distributes it over several servers. The VE is populated by entities,
which are either static or dynamic objects or avatars representing a single client
instance. Entities can travel between domains via portals. On the client side the
process of being transferred between domains is transparent to the application
even if the destination domain is managed by another server the client’s avatar
is currently residing on. This is achieved by establishing network connections to
potential destination servers when the avatar gets close to a portal to another
domain. The migration itself is then achieved by changing the communication
destination to the new server.

5 edutain@grid Architecture

The edutain@grid architecture is separated into three different layers, the busi-
ness layer, the management layer and the real-time layer.

The business layer is the top layer of the system. It is responsible for the
management of the different business relationships between the different actors in
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the edutain@grid system. From the consumer’s point of view this layer provides
functionality for login and account management or billing information.

Below the business layer acts the management layer. This layer provides the
functionality of resource allocation, monitoring and capacity management. It
manages the distribution of the different server applications and supports load
balancing mechanisms in order to fulfil Quality of Service (QoS) parameters
defined in the business layer.

The third layer in the edutain@grid architecture is the real-time layer. This
layer focuses on the real-time communication between the application servers
and the client applications. It supports advanced communication functionality
like the automatic distribution of game entities or e-learning application data
from the servers to the clients. Furthermore this layer supports different network
communication protocols and allows to integrate monitoring functionality into
the application servers.

The edutain@grid middleware provides interesting features which can be used
to support virtual worlds, like a high scalability, which is achieved by the RTF
component of the real-time layer. Features like portals provide a user-interface
for the end user on many sides of the system (e.g. client, hoster, coordinator).

This middleware has been combined with the inVRs framework in order to
connect both worlds.

6 Combining the Three Solutions

In order to interconnect the three approaches the RTF middleware was inte-
grated in the inVRs framework as an individual network module.

The inVRs network module does not follow the principles of a classical client
server approach. It is up to the individual modules to maintain a consistent view
of the VE of their respective area they are responsible for. The reasoning behind
this is that it is more efficient to treat synchronization issues on a per module
level rather than on a per application instance level, as different modules may
have different needs. The inVRs physics module for example has to distribute the
results of the physics simulation to all participants in the VE in order to obtain
consistent and vivid object behaviour. However the inVRs architecture does
not rule out the possibility of application instances participating in a common
network behaving in a different way. In fact the representation of the VE stored
locally in the world database of an application instance is designed to be modified
by a remote instance without causing any consistency issues. This enables to
implement a client server architecture on top of the inVRs framework where the
behaviour of entities, both in the RTF and inVRs sense, is organized solely by
the server.

Another concept common to the inVRs and the RTF is the idea of having a
single user in the VE per application instance. Glinka et al. have described the
combination of RTF and legacy applications in [10].
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7 The rtfOdrom Example Application

The rtfOdrom is a multi-user VR racing game based on netOdrom, which was
originally developed using the inVRs framework, with a simple peer-to-peer in-
terconnection to support two players. A detailed overview of the architecture of
the original netOdrom application is described in [3].

In the rtfOdrom is a vehicle corresponds to a RTF-client. The virtual world
where the race is taking place is distributed over several RTF servers. The ve-
hicles controlled by the user are represented by users in the inVRs framework.
There are also movable obstacles on the racing track which are implemented
entities. A physics engine is provided manoeuvring the vehicles and managing
vehicle-vehicle and vehicle-obstacle collisions.

The rtfOdrom was primarily designed for testing purposes. Beside focusing
on testing RTF components the rtfOdrom was also used to conduct experiments
regarding which components of a multi-user application may follow a loose con-
sistency model. Parts of the racing simulation are accessing directly the local
world database rather than relying solely on world database updates of the
server. In particular it was important to hide the latency associated with user
input arising from network lag. Therefore it is inevitable to simulate the vehicle
movement within the local application instance which is a behaviour not sup-
ported by the RTF framework but corresponds to the approach taken by most
inVRs applications.

In order to prevent the clients and servers WorldDatabase state from drifting
apart the physics engine has been modified on the client side. Artificial forces and
momenta are applied to entities in the local world database in such a way that
the state of the server is eventually reached. A description of the implemented
physics engine is given by Bressler et. al [4].

8 Conclusions and Future Work

This paper has given an overview of the issues of the combination of Grid com-
puting and VR applications. A brief introduction into the inVRs framework was
given which can be incorporated to overcome these issues.

Through the exchange of the inVRs network module with the edutain@grid
middleware it was demonstrated that the advantages of grid computing can be
used to support interactive and vivid virtual worlds. As an example additional
computing resources could be provided in case the computational load on on of
the servers used rises above a given threshold.

It is still challenging to display data generated by computational Grid in real-
time, but by using automatic geometry reduction mechanisms and storing the
post-processed data on ROIA servers it could be even possible to display the
data of such applications in real-time.
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