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Abstract: Virtual Reality (VR), sometimes called Virtual Environments (VE) has drawn much attention in the last few
years. Extensive media coverage causes this interest to grow rapidly. Very few people, however, really know what VR
is, what its basic principles and its open problems are. In this paper a historical overview of virtual reality is
presented, basic terminology and classes of VR systems are listed, followed by applications of this technology in
science, work, and entertainment areas. An insightful study of typical VR systems is done. All components of VR
application and interrelations between them are thoroughly examined: input devices, output devices and software.
Additionally human factors and their implication on the design issues of VE are discussed. Finally, the future of VR is
considered in two aspects: technological and social. New research directions, technological frontiers and potential
applications are pointed out. The possible positive and negative influence of VR on life of average people is

speculated.
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I.INTRODUCTION

Nowadays computer graphics is used in many domains of our
life. At the end of the 20th century it is difficult to imagine an
architect, engineer, or interior designer working without a
graphics workstation. In the last years the stormy
development of microprocessor technology brings faster and
faster computers to the market. These machines are equipped
with better and faster graphics boards and their prices fall
down rapidly. It becomes possible even for an average user,
to move into the world of computer graphics. This
fascination with a new (ir)reality often starts with computer
games and lasts forever. It allows to see the surrounding
world in other dimension and to experience things that are
not accessible in real life or even not yet created. Moreover,
the world of three-dimensional graphics has neither borders
nor constraints and can be created and manipulated by
ourselves as we wish — we can enhance it by a fourth
dimension: the dimension of our imagination...

ILVIRTUAL REALITY
At the beginning of 1990s the development in the field of
virtual reality became much more stormy and the term
Virtual Reality itself became extremely popular. We can hear
about Virtual Reality nearly in all sort of media, people use
this term very often and they misuse it in many cases too.
The reason is that this new, promising and fascinating
technology captures greater interest of people than e.g.,
computer graphics. The consequence of this state is that
nowadays the border between 3D computer graphics and
Virtual Reality becomes fuzzy. Therefore in the following
sections some definitions of Virtual Reality and its basic
principles are presented.
Some Terminology in VR:
o Telepresence: is a specific kind of virtual reality that
simulates a real but remote (in terms of distance or scale)
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environment. Another more precise definition says that
telepresence occurs when “at the work site, the
manipulators have the dexterity to allow the operator to
perform normal human functions; at the control station,
the operator receives sufficient quantity and quality of
sensory feedback to provide a feeling of actual presence
at the worksite”.

Cyberspace: was invented and defined by William
Gibson as “a consensual hallucination experienced daily
by billions of legitimate operators (...) a graphics
representation of data abstracted from the banks of every
computer in human system”. Today the term Cyberspace
is rather associated with entertainment systems and
World Wide Web (Internet).

Levels of immersion in VR systems: In a virtual
environment system a computer generates sensory
impressions that are delivered to the human senses. The
type and the quality of these impressions determine the
level of immersion and the feeling of presence in VR.
Ideally the high-resolution, high-quality and consistent
over all the displays, information should be presented to
all of the wuser’s senses [Slat94]. Moreover, the
environment itself should react realistically to the user’s
actions. The practice, however, is very different from
this ideal case. Many applications stimulate only one or a
few of the senses, very often with low-quality and
unsynchronized information. We can group the VR
systems accordingly to the level of immersion they offer
to the user (compare with [Isda93, Schw95])

Desktop VR: sometimes called Window on World
(WoW) systems. This is the simplest type of virtual
reality applications. It uses a conventional monitor to
display the image (generally monoscopic) of the world.
No other sensory output is supported.

Fish Tank VR: improved version of Desktop VR. These
systems support head tracking and therefore improve the
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feeling of “of being there™ thanks to the motion parallaX
effect. They still use a conventional monitor (very often
with LCD shutter glasses for stereoscopic viewing) but
generally do not support sensory output.

* Immersive systems: the ultimate version of VR systems.
They let the user totally immerse in computer generated
world with the help of HMD that supports a stereoscopic
view of the scene accordingly to the user’s position and
orientation. These systems may be enhanced by audio,
haptic and sensory interfaces.

I11.LAPPLICATIONS OF VR

Motivation to use VR: Undoubtedly VR has attracted a lot
of interest of people in last few years. Being a new paradigm
of user interface it offers great benefits in many application
areas. It provides an easy, powerful, intuitive way of human-
computer interaction. The user can watch and manipulate the
simulated environment in the same way we act in the real
world, without any need to learn how the complicated (and
often clumsy) user interface works. Therefore many
applications like flight simulators, architectural walkthrough
or data visualization systems were developed relatively fast.
Later on, VR has was applied as a teleoperating and
collaborative medium, and of course in the entertainment
area.

Cooperative working: Network based, shared virtual
environments are likely to ease the collaboration between
remote users. The higher bandwidth of information passing
may be used for cooperative working. The big potential of
applications in this field, has been noticed and multi-user VR
becomes the focus of many research programs like NPSNET
[Mace94, Mace95b], AVIARY [Snow94a] and others
[Fahl93, Giga93b, Goss94]. Although these projects are very
promising, their realistic value will be determined in practice.
Some practical applications, however, already do exist — just
to mention a collaborative CO-CAD desktop system [Gisi94]
that enables a group of engineers to work together within a
shared virtual workspace. Other significant examples of
distributed VR systems are training applications: in
inspection of hazardous area by multiple soldiers [Stan94] or
in performing complex tasks in open space by astronauts
[Cate95, Loft95].

Entertainment: Constantly decreasing prices and constantly
growing power of hardware has finally brought VR to the
masses — it has found application in the entertainment. In last
years W-Industry has successfully brought to the market
networked multi-player game systems. Beside these
complicated installations, the market for home entertainment
is rapidly expanding. Video game vendors like SEGA and
Nintendo sell simple VR games, and there is also an
increasing variety of low-cost PC-based VR devices.
Prominent examples include the Insidetrak (a simplified PC
version of the Polhemus Fastrak), i-glasses! (a low cost see-
through HMD) or Mattel PowerGlove.

Future of VR: The future of every new technology,
including virtual reality, must be considered in two different
aspects: technological and social. Technological aspects
include new research directions and potential use of them for
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scientific aims. Social aspects include the influence of new
inventions on people: individuals and society as a whole.
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