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Introduction
Virtual Reality
 or Virtual Environments (VE) are more than just interacting with 3D worlds. By offering presence simulation to users as an interface metaphor, it allows operators to perform tasks on remote real worlds, computer generated worlds or any combination of both. The simulated world does not necessarily have to obey natural laws of behaviour. Such a statement makes nearly every area of human activity, a candidate for a VE application. However, we can identify some application areas as more straightforward than others.

The major characteristic of VE is inclusion: being surrounded by an environment. VE places the participant within information. This simulation of presence inside a computer generated world introduces a general paradigm shift in the way we perceive the interaction task with the machine.

Characteristics of the Immersive VE

The unique characteristics of immersive virtual reality can be summarized as follows: 

· Head-referenced viewing provides a natural interface for the navigation in three-dimensional space and allows look-around, walk-around, and fly-through capabilities in virtual environments. 

· Stereoscopic viewing enhances the perception of depth and the sense of space. 

· The virtual world is presented in full scale and relates properly to the human size. 

· Realistic interactions with virtual objects via data glove and similar devices allow manipulation, operation, and control of virtual worlds. 

· The convincing illusion of being fully immersed in an artificial world can be enhanced by auditory, haptic, and other non-visual technologies. 

· Networked applications allow shared virtual environments. 

Common Structure of the VE system
For virtual environments all technological subsystems are fundamental:  

· three-dimensional projection subsystem for visual representation of the scene (model) on screen which creates illusion of imbedding in 3D virtual environment, locking user's perception of the real world    

· subsystem for graphics conversion of the model description into visual representation (rendering), generated with frequency not less than 20 frames per second and attached to the user's point of view

· subsystem for localization and tracking of the user's position and orientation of his head 

· subsystem for a database management for the model of the virtual scene (scene geometry, including light sources, textures for realistic representation of a objects surfaces, etc.)

· sound effects synthesis subsystem, sensitive to position and orientation of the user 

· subsystem for generation of the power and tactile sensations, creating illusion of a touch to virtual objects

· user interface input devices for direct data manipulation (picks, control panels, kinetic sensor controls etc.)

· interaction technique which substitutes users real interactions with objects and persons in the real world.  

Display System for Virtual Environment

Cave(, developed in 1992 at the University Illinois of Chicago, is the de facto global standard for Virtual Reality display technology. Several persons wearing lightweight stereo glasses can enter and walk freely inside the Cave(. A head tracking system continuously adjusts the stereo projection to the current position of the leading viewer.

i-CONE( is a new Virtual Reality system which projects virtual environments on a wide-angled, curved, horizontal screen. In contrast to the CAVE™, the i-CONE™ possesses an evenly curved projection surface. With corners and edges, even the typical geometric contortion and reflection effects at the walls of the CAVE™ can be avoided. At the same time, the front-projection technique used in the i-CONE™ distinguishes itself against the back projection technique of the CAVE™ by an inherently better image quality (contrast, saturation) as well as by an essentially better use of space.

Hardware costs a decade ago limited VE to a handful of research laboratories and universities. With less expensive projection solutions and PC-based graphics, VE has become affordable for university research and is even used to educate students. In the meantime, PC-clusters with highly potent graphics function have invaded the industrial application arena.

VEonPC StereoWall is an inexpensive but effective mobile Virtual Environment installation, which consists of:

· front projection system, including two LCD or DLP projectors equipped with polarization filters, a special minimally depolarising screen, polarization glasses;

· one or two workstations with graphical accelerators, which generate two images with resolution of 1024 x 768 pixels.

VE Applications

Virtual Museum

This application developed by Dr. Gerhard Eckel represents a virtual model of Bonn's art museum and is intended for exhibition planning, the exhibits arrangement, illumination adjustment etc. It provides a wide set of tools for exhibition design. With this application the process of preparation for the exhibitions, usually demanding long time especially in case of large exhibitions, retrospective shows, or moving from city to city, now takes only several hours.

Another possibility provided by this application is an organization of virtual exhibitions of artworks in any case when there is no other ability to present them for general public (for example, absence of exhibition space, budgetary problems etc.).

The “Virtual Museum” is an application using VR as a tool to organize exhibitions of museum objects. It is a preparation tool that assists the curator to plan exhibitions in virtual space by reducing the problems of montage handling and budget (e.g.*insurances).

Archaeological reconstruction

The application Colonia Ulpia Trajana is an archaeological reconstruction of an ancient Roman settlement near Xanten, Germany. The model is created by students of civil engineering faculty of Dortmund University at practical training on computer graphics using archaeological data and historical documents. The most interesting excursion for visitors of this virtual archaeological park is a possibility to see how this place looked like many centuries ago. It can be done with the help of 3D photorealistic model of ancient world.
Virtual MIR (Technical Culture Heritage)

The history of technical progress is considerable chapter in the history of civilization together with historical, art and archaeological heritage. During its 15 years in the orbit, space station MIR became a chapter in the

history of space exploration and a technical culture heritage of the XX century. The 3D model of space station MIR was developed in Fraunhofer Institute for Media Communications (Germany) in cooperation with Mission Control Center (Russia). It was created using real geometry data of the station. Display systems like CyberStage, i-Cone and Stereowall give the possibility of imitation of flight around the space station. 

Projects: Cultural Content

DHX - Digital Artistic and Ecological Heritage Exchange; transcontinental Guidance and Exploration in globally shared Cultural Heritage.

http://www.eurasian-dhx.org/
The DHX project aims to develop and establish a networked VE- infrastructure and VE-content for installation in museums, cybertheatres, and other public institutions, which allow the mutual exchange of digital cultural and natural heritage information. European and Asian partners are participating in the creation of transcontinental immersive experiences on a global scale, using high-bandwidth Trans-Euro-Asian networks. Our contribution to this project: to provide a distributed IT infrastructure and to develop both authoring tools to produce and process digital storytelling content and computer vision methods to easily capture natural environments. These systems, which will run with the AVANGO software framework (or, in case of KIST, with NAVER), will include advanced paradigms to interact with three- and two-dimensional content and to facilitate the connection to external data repositories via a database connection. 

Multiple technical innovations are being developed and will provide the infrastructure to set up the required systems. Within this context, we focus on the development of low-cost systems to provide museums and other public institutions with affordable installations. 

Virtual Showcase

http://www.imk.fraunhofer.de/sixcms/detail.php?template=&id=1790
http://www.computer.org/cga/cg2001/g6048abs.htm
The Virtual Showcase project introduces a new stereoscopic display system – the Virtual Showcase. The Virtual Showcase has the same form factor as a real showcase making it compatible with traditional museum displays. Real scientific and cultural artefacts are placed inside the Virtual Showcase allowing their three-dimensional augmentation. Inside the Virtual Showcase virtual representations and real artefacts share the same space providing new ways of merging and exploring real and virtual content. The virtual part of the showcase can react in various ways to a visitor enabling intuitive interaction with the displayed content. These interactive showcases are an important step in the direction of ambient intelligent landscapes, where the computer acts as an intelligent server in the background and visitors can focus on exploring the exhibited content rather than on operating computers. 

Conclusion

Any museum can be provided in the future with a laboratory, a room that connects and may contain the images of other museums of the world. 

Research for proceeding into this direction is carried out in many countries, putting together efforts in projects of “mutual digital cultural heritage exchange".






� The term “Virtual Reality” was initially coined by Jaron Lanier, founder of VPL Research (1989). Other related terms include “Artificial Reality” (Myron Krueger, 1970s), “Cyberspace” (William Gibson, 1984), and, more recently, “Virtual Worlds” and “Virtual Environments” (1990s).
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