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Abstract. This paper presents the design and development of Virtual Reality and
Virtual Environment technologies destined to foment computer science knowl-
edge and to increase the use of top range technologies among undergraduate
students in a university. The prototype developed is capable of creating virtual
environments for diverse analysis and is based on computer clusters (distributed
systems) of type n servers-client for virtual reality and object-oriented program-
ming in C++ language, using Open Source software. Thus, significantly reducing
the investment needed to use virtual reality technology.

1 Introduction

The interest for making a virtual environment project was born when a myriad of fea-
sible applications on diverse fields was envisioned. One such field is the interaction of
human beings through computer systems. For an extensive overview of interaction with
Virtual Environments, the reader is referred to [8]. Moreover, these systems provide a
very useful tool to visualize and to understand objects and phenomena from diverse
fields of study (some examples are: climatological phenomena, medical studies, new
product prototypes, building visualization).

The virtual environments can go further, for example: by introducing time depen-
dent processes and phenomena, and self dependant elements within the environment.
We can also create applications that don’t need external intervention to represent cer-
tain level of “life”. An example of this is the use intelligent agents by applying the
concepts of Artificial Intelligence (AI), for more information about intelligent agents in
virtual environments, please refer to [2].

However, Virtual Reality and Artificial Intelligence are tasks that require a lot of
computer power to run on a virtual environment. The kind of processing power that is
needed is provided, in most cases, by expensive computers; therefore implying a high
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investment. In order to solve this problem we propose the use of computer clusters [1],
which are made up of several PC’s working together to perform a common task, divid-
ing the processing load among them.

To carry out the research, by means of this technique, we implemented the solution
with the smallest feasible cost, and that was achieved by using Open Source [12] tools
as our primary development platform. This platform includes the operating system and
the necessary software to manage a computer cluster [6][7].

The project described herein is relevant at this moment because Universidad Pana-
mericana campus Bonaterra has research related to the Virtual Reality and fields de-
rived from it [4][S][10][3]. For example, three-dimensional modelling and video game
development [11]. However, the resources needed to complete these projects were not
available to obtain the results that were pursed.

Because of that, it was necessary to create a virtual environment in which research
within CINAVI (Research Centre for Intelligent Virtual Environments, by its abbre-
viations in Spanish) could be carried out. Furthermore, the aim is also to make this
kind of technology available for other fields that can take advantage in using the pro-
vided technology. This gives a technological and academic advantage for Universidad
Panamericana campus Bonaterra and thus can be applied with the regional industry.
Therefore the technology becomes more accessible.

2 Project overview

2.1 System description

The final prototype of the project was developed so that it could be used as a tool
that allow to demonstrate the advantages of Virtual Reality technologies by using low
cost computers with average processing power (desktop computers). This tool lets us
visualize any 3D model created following the VRML standard and later loaded within
the application. The model is visualized through the displays of the computers working
as graphical servers. The application allows 2 types of navigation within the virtual
environment to let the user feel free to explore the ”world”. The framework developed
in this project is expected to be used in further research applications and projects and
thus increasing its potential.

2.2 Restrictions

To develop this project we had four main restrictions, which were addressed by means
of different development methods.

The first and most important, was the cost. The available budget was very reduced,
so a study was carried out to find alternatives to accomplish the final prototype using
limited resources. The chosen option was to use existing computers in one of the labs
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in our university.

Because of that, the second restriction arose, which is that the processing power of
the available computers in the labs was average, an study was carried out to analyse a
solution that could allow the development of an application that should use the comput-
ers’ processing power available to the maximum.

The third restriction was the time available for the creation of the virtual 3D models
for the environments of the University. Thus, the used models were developed by mem-
bers of CINAVL.

The last restriction was that we wanted to let the students use the project and con-
tinue to support and improve it with the aid from other researchers. The licensing model
to enable this is free software and Open Source [12], therefore it was chosen.

The project development was conducted as follows: Creation of 3D virtual models
for the tests, comparison of clustering technologies, application development and per-
formance tests.

As result, a prototype was created with the following characteristics:

— Any three-dimensional model created or exported on the VRML language can be
loaded.

— Separation of processing loads by means of a cluster architecture, in such way that
can work in several desktop computers to visualize simple and complex 3D models.

— The number of cluster nodes within the architecture can be changed without having
to make modifications to the system.

— Several visualization windows in a single computer can be created.

— The navigation in the virtual environment follows the well known metaphor of
mouse and keyboard.

— There are two types of navigation: ’fly” navigation and “walk” navigation.

We followed the next requirements to build up the system. These are listed by pri-
ority:

1. The system should be able to use the maximum processing power of each computer
within the cluster

. The system should be able to display real-time images when responding to user
movements.

. The system should be able to load different three-dimensional models.

. The system should provide an adequate navigation within the environment.

. The system should be easy to use.

. The system should be able to use as many servers as needed.

. The system should be multi-platform.
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As it can be seen, the project was designed and documented with the intention of
being improved in future projects.
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2.3 Creation of 3D Virtual Models

Different three-dimensional virtual models of Universidad Panamericana campus Bon-
aterra were developed (Engineering School, main building, etc.). The models were cre-
ated with AC3D [9], a 3D modelling, multi-platform, software with a simple and intu-
itive interface. The models were created by students —members of CINAVI.
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Fig. 1. Main building 3D model.

All the models were created based on the available blue-prints of each one of the
university’s buildings in order to capture all their details. Fig. 1 and Fig. 2 show some
of the models created for the virtual world.

2.4 Comparison of clustering technologies

The reason for implementing a cluster configuration for this project was the demand
of processing power required to handle 3D models, render tasks, visualization and ma-
nipulation in real time within the virtual environment. This is usually done in high
performance computers [15], which are expensive.

Several applications and architectures for cluster implementation [6][7] were anal-
ysed during this stage, and it was found that there are a wide variety of cluster configu-
rations as well as other options in software for high performance data processing. The
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Fig. 2. IPADE building 3D model.

options vary in cost, platform and kind of use for the final application. Among popu-
lar applications that were found, are Beowulf, OSCAR and some proprietary solutions
from Hewlett Packard and IBM, but none of them fulfilled the requirements to cover
the expectations of the final application, because these required an extra configuration
for the data flow between the different PC’s to create a ”n Servers-Client” configuration
(Fig. 3). this configuration is similar to the one used for the prototype application on
this project.

In order to cover the specifications, we used a cluster implementation from OpenSG
scene-graph system [13], which sits on top of OpenGL[14]. OpenSG was chosen as the
main tool to run the virtual environment scenes and handle the 3D graphics due to ad-
vantages on its competitor OpenGL Performer, like cost and portability. OpenSG was
developed following Open Source principles and free software licenses (LGPL). Fur-
ther, it’s a multi-platform software. Another advantage of using OpenSG over the men-
tioned solution is that the graphical interface and the cluster administration is unified in
a single application, reducing the configuration and implementation difficulty.

2.5 Project codification

The project was coded in C++ language using GNU/g++ libraries from GNU/Linux
Slackware 10.2 operative system, as well as graphic and clustering libraries from OpenSG.
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Fig. 3. Cluster architecture.

The project is based on two main modules: Server program and client application.
In order to use the n Servers configuration, the client application was coded in such way
that it could receive extra parameters through the command line, like the names or IP’s
of the servers that are being executed in the network and thus to distribute the process
load of graphic visualization tasks among them.

One task of the client application is the interaction with the user of the virtual envi-
ronment, using the GLUT library (GL Utility Library). This library creates the window
where the movements of mouse and the events of the keyboard are captured. On the
other hand, we created the scene-graph using OpenSG on the client to manage the re-
sources used by the objects within the environment, and therefore we could access any
of them.

The process to optimize the resources consists on constant examination to recog-
nize non visible objects and then omit the render process for these objects in order to
perform a better and faster visualization.

Another task performed in the client program, is the organization of every object
into nodes, the assignation and management of all the matrix transformations related to
them, and that are going to be performed within the environment. The process is carried
out in the following order:

Firstly, a root node is created and thence all objects are linked to it (land geometry,
creature control, navigation control and camera). The land node contains a single ge-
ometry file for the land, in such way that there is just one contact point for the navigator,
making it easier to manage collision detection of the user. At the same level, OpenSG
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creates a node for navigation to manipulate the navigation process.

A hierarchic node tree is created like the one shown in Fig. 4. Also, the client program
manages the network connections between itself and the server programs, sending the
necessary information of the 3D models through the connection, as well as the events
that modify the visualization, this is shown in Fig. 5.
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Fig. 4. Environment node tree.
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Fig. 5. Network connections client/server.

Secondly, a program was developed for the computers that work as servers. Those
computers just need to respond to requests from the client program and receive data
through the network connection. Each one of these servers is executed specifying a
unique name, so that they can be recognized by the client program when it is executed
and it tries to make the connections.

Each server program is executed as an independent process on the network, so each
one could carry out the graphical tasks, and it initializes the visualization processes
as soon as the execution of the client application is detected. The latter one sends the
three-dimensional model data to the servers.
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The server programs are always listening into the network looking for possible run-
ning client applications, in this way different environments can be loaded from the client
with no need to reinitialise the execution of each server program.

The client application and the servers, won’t show any visualization windows until
the connection between all the cluster nodes are established, after completing this oper-
ation, an automatic synchronization between all the involved elements is performed in
order to begin the visualization.

Howeyver, if there is more than one client in execution, the servers would take care of
requests from the first client that handles the connection and synchronization success-
fully. At the end of the execution of the first client, they would initiate the connections
with another one in standby mode. Fig. 6 shows a possible scenario to illustrate the
cycle that the cluster would follow in the previously stated case.

There are two types of network connections: Multicast connection (automatic search
for servers) and stream sock connection (using server addresses). The multicast connec-
tion tries to find the servers checking the whole network for online computers running
the server program, this operation can cause a reduction in connection speed, in the
worst case scenario a deadlock can be caused when not finding a suitable connection.

Therefore, it was decided to use StreamSock connections, because the cluster was
tested and since the application will be used within a university, we tried to affect as
little as possible the network traffic. Besides, this kind of connection is safer and more
reliable than multicast and therefore the network reliability is not affected.

Servers |:> Servers :D Servers

Searching I
for an active Stand by...
server...

Client 1 Client 2 Client 1

Execution
finished.

Execution
finished.

Execution
finished.

Fig. 6. Life cycle scenario.
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3 Performance tests

Several tests for different architecture configurations, different cluster servers and dif-
ferent 3D models of the university were carried out. The architectures studied were
using a single computer and from two to four computers processing the task load as a
single system.

We obtained better results using a four computer configuration: three of them pro-
cessing graphical tasks (servers) and one of them working as the client application or
navigator for the virtual environment. This configuration was chosen among the oth-
ers tested because the visualization and distribution of processing loads were optimal
to show detailed 3D models on common desktop computers with average processing
power.

For the project test and implementation three desktop computers were used to work
as servers, with the following technical specifications:

Hardware: Intel Pentium 4 1.6 Ghz processor, 256 MB RAM, network card 10/100,
nVidia GEForce AGP 64 MB video card and 80 GB hard disk.

Software: GNU/Linux Slackware 10.2 operative system , GNU gcc/g++ 3.3.4 com-
piler, OpenSG (cvssnapshot 02-02-06).

Also, one computer was used to work as client with the following specifications:

Hardware: Intel Pentium 4 2.6 Ghz processor, 512 MB RAM, network card 10/100,
nVidia GEForce 4 mx440 AGP 128 MB video card and 40 GB hard disk.

Software: GNU/Linux Slackware 10.2 operative system , GNU gcc/g++ 3.3.4 com-
piler, OpenSG (cvssnapshot 02-02-06) and AC3D 4.0.

All the virtual three-dimensional models of Universidad Panamericana campus Bon-
aterra were loaded on the computer running the client application.

4 Results

At the end of this research project, a virtual environment that shows Universidad Pa-
namericana campus Bonaterra was developed, using existing resources within the en-
gineering school. Furthermore, this prototype is going to be used as a virtual tour
guide application. Moreover, the project is seen as a foundation for new projects within
CINAVI.

The clustered VE is shown in Fig. 7. The servers work together to carry out the vi-
sualization of the virtual environment which is divided between the number of graphic
servers within the cluster architecture. For example, if there are three servers running,
the whole view of the environment will divide itself in three screens. Also, there is an
extra computer working as a client (or navigator) within the environment. This does not
have any visualization, and the movement within the VE depends on the mouse inter-
face connected to the client and it is reflected on the screens of the graphical servers.
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The work described herein demonstrates that a virtual environment can be imple-
mented without the need to acquire computers with high processing power. The pro-
cessing power required can be achieved by dividing the processing loads between the
servers and the client. Highly detailed and very exact three-dimensional models can be
visualized, this technology can be used for any other application in which high process-
ing power is needed.

A side result of this project was the creation and/or conversion to VRML of 3D mod-
els of Universidad Panamericana campus Bonaterra. The models used on this project are
available for future projects.

This project opens a possibility for a future research, as similar kind of technol-
ogy [16] can be used with the approach of a cooperative virtual environment, in which
different users can participate and interact within the environment with the purpose of
making studies or tasks with a common aim. Besides the processing loads between the
different computers connected (as clients or servers) can be distributed in a cooperative
VE.

Fig.7. Windowed cluster view.

5 Conclusions and future work

The design and implementation of this project has brought advance on the computer
science academic field within the university. It has brought the possibility for further
research projects and the liaison with the regional industry. Also, the interest from uni-
versity students has arisen and this has caused the growth of the CINAVI group. An
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important point about this research is the generated cost for the university was minimal
for the implementation and tests. The only acquisition were AC3D licenses at a discount
price of $29 USD each. Everything else was coded and created with free Open Source
software.

On the other hand, the cluster architecture allows the use of average desktop com-
puters from the university labs to perform the tests and execution of the virtual environ-
ment, and thus eliminates the necessity for new equipment to access of high processing
power like the one required to run virtual environment applications. Furthermore, this
project is a technological contribution not only for computer science field and the en-
gineering school, due to the nature of this technology, but to other fields of study that
can create “virtual worlds” to extend its use inside the university in particular and the
region in general.
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