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Abstract
Investigating various virtual reality (VR) tools, we
have described main components for a generic VR
Engine. In this paper, we discuss the system
architecture of a VR Engine (VaiR), and demonstrate
the basic elements of this generic VR programming
interface. The VaiR Engine integrates VR hardware
and software within a graphics Application
Programming Interface (API) (e.g. OpenSceneGraph).
The main advantage of the VaiR Engine is the ability
to use stereoscopic goggles, trackers, head mounted
displays, etc with a number of 3D Modeling and
Animation Packages (e.g. 3ds Max and Softimage) and
scripting languages (e.g., XML). VaiR combines the
important characteristics of many other VR tools and
brings them together to generate a more powerful tool.
Thus, it provides us a suitable ground to build a
flexible multi-purpose VR Engine.

1. Introduction
Virtual reality is the simulation of a realistic world.
Foley et al [1] describes VR as “completely computergenerated environments with realistic appearance,
behavior and interaction techniques”. A virtual reality
environment provides three main facilities:
•
•
•

engine is to bring all the parts of a virtual reality
environment together.
In this paper, we describe a VR Engine (VaiR) to be
used as a base for a CAVE-like projection system
called The Macquarie Engine with the participation of
various departments within Macquarie University in a
number of projects. A snapshot of head tracking in the
VaiR Engine can be seen in Figure1.
The Macquarie Engine has a modular system
architecture to connect VR hardware and software in a
very flexible way. The Macquarie Engine integrates
the following components:
• a 3D projection system (projection cube to
generate stereoscopic view of the virtual
world),
• a video tracking system (DVD cameras and
recorders),
• a motion tracking system (Motion Builder
and motion capture software),
• game engines,
• CAD packages (e.g., 3ds Max, Maya,
Softimage),
• and databases with project-specific VR
hardware and software.

Immersion that generates a feeling of
presence in the environment with the users
senses.
Interaction that allows the user to interact
with environmental objects (with the
special case navigation).
Imagination that generates a feeling of
being part of the environment. The
imagination is deeply dependent on the
immersion and interaction.
Figure 1. Head tracking in VaiR

All these facilities will be satisfied with specific
software and hardware devices. The aim of a VR
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The 3D projection system includes a head and hand
tracking system to produce the stereo perspective and
to isolate the position and orientation of a 3D input
device. We plan to integrate a motion capture suit with
this projection system.
The Macquarie Engine will allow the user to freely
navigate, immerse, and interact with the objects in a
virtual world. Implementation of the Macquarie Engine
involves the development of an interface between the
projection system, game engines, 3D Modeling
packages, a motion capture system (Motion Builder
and motion capture suit), and other VR tools. VaiR
Engine provides us a suitable ground to build the
Macquarie Engine.

Figure 2. System Architecture of VaiR

2. Virtual Reality Tools
3.1. VaiR Core
There are a number of virtual reality software tools
currently available, serving different purposes. Some of
these tools bring virtual reality on the web [e.g., 2], use
virtual reality tools in games [e.g., 3] or just make a
modular package for rapid prototyping of virtual reality
applications [e.g., 4, 5, and 6]. Some of them have
interfaces for virtual reality hardware resources, like
[7] or [8], others place more emphasis on the physics
[9]. The goal of VaiR is to provide a flexible
environment for the development of various
simulations.
VaiR
combines
the
important
characteristics of above-mentioned VR tools together
to generate a more powerful tool.

3. VaiR Engine
VaiR is an object-oriented system written in C++.
With the help of the Standard Template Library (STL),
VaiR has a reasonable performance at runtime.
The main design objective in the development of
VaiR is to: Make everything as abstract as possible.
This means that every concept used in VaiR is
abstracted to be changeable. With the abstraction of all
parts of the framework, we provide flexibility and
portability from one platform to the other as well as
extendibility of software and hardware resources.
As seen in Fig. 2, VaiR is a system that consists of 6
main parts. These parts are the VaiR-Core, the
Graphics API that is the scenegraph library, the
SW/HW manager, the configuration manager, the
interaction manager and the VaiR-GUI. We discuss
these parts in the following chapter.

The VaiR Core is the connection between the
components. The major content of the core is the
abstraction of the scenegraph library. Through the
abstraction of the scenegraph, we have the facility to
manipulate our own scenegraph, without focusing on
which scenegraph library is actually used. The
abstraction works in a simple way. Every abstracted
class/function in VaiR, calls the specific class/function
in the scenegraph library.
The VaiR core provides our engine with its own
viewer. The viewer is the display manager for our VR
scene and controls what to display to the user. VaiR
provides different levels of information, depending on
the user. The “normal” user has the choice between 2
levels (On/Off), and the developer of VaiR can change
the output of information in a scale of 0 to 4. At level 0
no information will be displayed, while at level 4 all
information will be available to the user. This provides
a facility for debugging the system.

3.2. Graphics API
The Graphics API is an external part of VaiR. It is a
full graphics library (scenegraph library), which
includes the tasks of the organization and
representation such as the geometry, rendering and
loading of different models in a scene. The abstraction
of the scenegraph in VaiR is the connection between
our system and the graphics library.

3.3. SW/HW Manager
The SW/HW Manager consists of 2 parts: the
software interface and the hardware interface. The
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software interface is the general interface for hardware
devices. It consists of various classes, such as buttons
and sliders to allow interfacing with a variety of
hardware tools such as mice, keyboards, space balls,
data gloves and trackers to name a few. The hardware
interface represents the specific classes for the
hardware. For example, if a specific Tracker is used,
then there is a specific class dedicated for this purpose.
Through splitting the interfaces between software and
hardware, we have achieved the ability to use various
types of hardware devices in our VR system.

3.4. Configuration Manager
VaiR information is stored in XML format. This
way, we store the whole scenegraph structure with the
attributes, the settings for the VR environment and the
hardware in an XML file. It is possible to load the
script written in XML with the configuration manager
and build up saved VR scenes. It is also possible to
write the XML file first to build the VR scene. Through
the software tools available for manipulating or
generating XML files, the user of VaiR has the power
to make individual and complex VR scenes.

3.5. Interaction Manager
Within VaiR there are 2 types of interaction:
•
•

Predefined interaction
o navigation routes,
o animation paths, etc.
Self-defined (complex) interaction

Navigation routes are a subpart of predefined
interaction. Within a number of navigation routes, the
user specifies one as the current path. All preimplemented interaction in VaiR is predefined
interaction. Self-defined interaction is relatively
complex and described by the user’s own library. The
user of VaiR has the option of describing the user’s
own acts in a Dynamic Shared Object (DSO; a unix
specific compiled library) or a dynamic link library
(DLL; a microsoft windows specific compiled library),
which can be loaded into VaiR at runtime. To illustrate
with an example, imagine we have two models in our
VR scene. We would like to have a specific behavior
between these models. We would describe the behavior
in our specific compiled library and load the library at
any time we wish during the execution of the VR
program. Once the library is loaded, the behavior will
be executed. This facility gives the user the opportunity

to create complex interactions within the VR
environment.

3.6. VaiR GUI
A graphical user interface (GUI) allows the user to
build his/her own scene in a relatively short time. In the
VaiR GUI, the whole scenegraph is shown as a tree and
the user can manipulate the scenegraph as desired. The
user can arrange the settings for the whole VR
environment and the input/output devices.
The
standard user does not have to know the details of the
VR engine, since the graphical user interface is selfexplanatory.

4. Implementation
Following sections describes how VaiR system has
been implemented integrating the main elements of the
system architecture described above.

4.1. Implementation of The VaiR Core
The connection between the VaiR objects and the
graphics API is via an object map. This concept has
been adapted from [6]. An object map makes it easy to
have an overview about scenegraph objects. With an
object map, every time we use an object from our
scenegraph, we retrieve a similar object in the
scenegraph library. The concept works in the whole
abstraction of the scenegraph, including the nodes, the
attributes, etc. Fig 3 shows the implementation of the
Object Map (with the help of the STL), as well as the
use of the information levels.

Figure 3. Object Map
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Another important class in the VaiR Core converts
the scenegraph from the graphics API. Fig. 4 shows a
portion of that. Although it is planned to have every
state’s attributes handled, Texture1D and Texture3D
attributes are not available at the current version of
VaiR.

Figure 5. Implementation of a specific Tracker

4.3. Configuration Manager
Parsing XML files is possible using the Document
Object Model (DOM)-Parser. Fig. 6 demonstrates that
the DOM parser is searching for specific words, and
once it finds a word, it calls a function for saving the
attributes.

Figure 4. Converting Graphics API scenegraph
to an application specific scenegraph

4.2. Implementation of SW/HW Manager
Fig. 5 shows a portion of the implementation of a
specific tracker. It describes the initial settings of the
tracker.
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4.5. VaiR GUI
Fig. 8 is a portion of the scenegraph in our graphical
user interface. The figure demonstrates the cart concept
being pre-implemented in the GUI. The cart concept
assumes that the user of a virtual environment is sitting
on a carpet. However, the user can move in all
directions. His view is the normal view with his eyes,
and his hands are the virtual abstraction of these.

Figure 6. Parsing XML-File

4.4. Interaction Manager
Fig. 7 demonstrates a portion of the Interaction
Manager including the main function.

Figure 8. Visualization of the scenegraph

5. Testing
The VaiR-GUI was tested in a modular manner
during development. Following the test results the
configuration manager was adapted to the demands of
the user. Our test results clearly indicate the advantages
of having a GUI as an interface between the user and
the VR system.
Figure 7. Loading DSO's

6. Conclusion
In this project, we integrated main components of a
generic VR Engine. Our test results indicate that the
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VaiR engine has proven to be a useful tool for a wide
range of users (from digital artists to programmers).
The use of a generic VR Engine will allow its user to
focus on the research questions, without spending too
much time with the integration of system components
and the architecture of a VR Engine.

[10] Fellmann, T., Konzept einer Virtual-Reality Laufzeitumgebung und Implementierung des Rahmenwerkes
basierend auf einem Open-Source Szenengraphen, Diploma
Thesis, University of Leipzig, 2004.
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