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Introduction 

This report is based on open source Virtual Reality tools and applications which are developed using those tools. Virtual Reality which dominates creating artificial 3D environments that user can interact is being grown popular day by day. So it is used in many various fields like Education, Medicine, Military and many other places. Also many tools have been added to the Virtual Reality world to create the simulations easily.

This report is organized in following way. In the first section of this report, the tools have been described which facilitate to developing Virtual Reality applications. Most popular engines, frameworks, languages, libraries and APIs are described under this section. Main features, applicable areas, applications and capabilities of these tools are briefly discussed in this report. 
The second section denotes the fields and the application areas which uses the Virtual Reality is described with examples.  Finally a comparison goes on tools to identify clearly what are the unique features, where they can be used properly and what will most effective.

Introduction to Virtual Reality

Virtual Reality is a technology which dominates developing artificial and simulation of real environments which user can interact with through computers. That is Virtual Reality creates real 3D environment using computer technology. First applications of Virtual Reality were limited only for visual environments. That mean the user of the application could only view the 3D simulated environment. But after that Virtual Reality tools were developed as human can sense the artificial environment through sound, smell and touch. Today this technology is used in various fields and many tools have been introduced to develop VR applications. Because of the capability of creating simulated environment today this subject is widely used all over the world. Those application areas are described later in this report.
1. Tools use to build the Virtual Reality applications up

1.1 VRML (Virtual Reality Modeling Language)
VRML is a modeling language for Virtual Reality applications. Purpose of using this text file formatted modeling language is to develop 3D models under Scene graph concepts. But rather than facilitating creating objects VRML also provides mechanism to interact for the animations and other Virtual environment aspects with the user of the application. Also these applications may be triggered by external events such as timers.

VRML is specially used in internet. VRML is also considered as a standard language for interactive simulation within the World Wide Web.  In addition of program codes some special nodes are offered by VRML written in Java or JavaScript in order to use them in the web.  

Aspects of virtual world display, interaction and internetworking can be specified using VRML without being dependent on special gear like head-mounted devices (HMD). It is the intention of its designers to develop VRML as the standard language for interactive simulation within the World Wide Web.
VRML is used in the industry in Design Phase, Prototype Making, Prototype Simulation, Testing, Visualization, Manufacturing and every other possible aspect.
1.1.1 Improvement of VRML

Version 1 of the VRML is static and version 2 is dynamic. In version 1 object was static and user had to move camera to get a new view point. (Ex: vrmlab scene) But in version 2 camera viewpoints is animated automatically as program say.
Version 1 of the VRML only provides visual experience. But version 2 supports the multimedia presentations.

1.1.2 Application areas of VRML

· Architecture: constructions can be modeled.
· Traveling: make easy creating simulated environments

· Education: 

· Aerospace:



The Interactive Universe is one application under this category.

Using VRML the objects like Sun, Moon, and Stars were developed in 3D and then facilitates the user to control the viewing perspective of the object.

· Interactive Land:


The user is facilitated by VRML through this application to populate the land with objects like building, roads and soon.  

· Computer Aided Drafting

· Computer Aided Manufacturing

· Sharing the vital information on the Internet

· Chemistry:


Complex molecular models

The software required to view VRML models is available for free on the Web such as the VRML Repository.  Special browsers support VRML to render the output application. Some of them are listed below. 

· CosmoPlayer

· Live3D

· Virtus Voyager

· WorldView ( plug-in for Netscape and Internet Explorer)

1.1.3 Features of VRML

· No input devices are used. Instead of it use interfaces are buttons, relative locators, and valuators
· Senses are billboard, collision, level-of-detail, proximity, time, and visibility
· Interaction languages are Animation circuit, Java, JavaScript

· Navigation constraints are Collision, optional gravity.

1.2 Ogre3D (Object oriented Graphics Rendering Engine)
Ogre3D is Open Source graphic engine which is written in C++. It is scene oriented, flexible 3D rendering engine. This graphic engine is Cross platform. 3D APIs like Direct3D and OpenGL support to Ogre3D. Ogre3D can be used as a game engine with combining libraries like sound, networking, input, collision. 
There are many applications which have been developed using ogre3D. Games are special among those. 
1.2.1 Applications of Ogre3D:

· Alliance: The Silent War

· Ankh

· Arid Ocean

· Celestial Blue

1.2.2 Features of Ogre3D:

· Post-processing Effects

· Cube mapping 

· Software dot3 bump mapping 

· Flexible fog control 

· Transparent objects automatically managed 

· Billboarding for sprite graphics 

· Support for skyboxes, skyplanes and skydomes, very easy to use

· Particle Systems, including easily extensible emitters and affectors (customisable through plugins)

· Common resource infrastructure for memory management and loading from archives (ZIP, PK3) 

· Flexible plugin architecture allows engine to be extended without recompilation

· Debugging memory manager for identifying memory leaks
1.3 Jmonkey Engine (JavaMonkey/jME)

JavaMonkey is high-performance 3D game engine and written in Java. And java scene graph API. OpenAL and OpenGL are supported by Jmonkey.  Applications of this engine takes input via the keyboard, mouse, and other controllers is also supported. 

1.3.1 Applications of Jmonkey:
· Simport MV2 by Tygron Serious Gaming




This is computer-supported construction and management simulation game. This system is especially for staff of Port of Rotterdam with the purpose of enhancing the ability of planning, equipping, teamwork, and project management.
· Project Wonderland by Sun Microsystems (3D toolkit for creating collaborative virtual worlds)

This is 3D toolkit for creating collaborative virtual worlds. Users can communicate with high-fidelity, immersive audio and can share live applications such as web browsers, OpenOffice documents, and games

Some of other games are Call of the Kings, Nordgame, and Poisonville

1.3.2 Features of Jmonkey:

· Scene graph based architecture. This  allows for organization of the game data in a tree structure

· Supports many high level effects, like Imposters (Render to Texture), Environmental Mapping, Lens Flare, Tinting, Particle Systems, etc.

· Supplies the user with easy to use, but powerful application classes for building the application

· Vertex and Fragment Program Support (ARB Shaders)

· High Quality Water with configurable reflection, refraction, wave generation, etc.

· Extensible Particle System

· Lens Flare

· Cloth Simulation

· Texture based dot3 bump-mapping

· Supports mipmapping, environmental mapping, multitexturing, shader texturing.

· Robust system allows for easy creation of input actions.

· Efficient bounding volume and triangle accurate picking and collision

· Provides faster system for linear algebra Use of look up tables.(math library)

· Supports OpenAL(for sounds)
1.4 Java 3D


Java 3D can be considered as a tool (Library/API) which facilitates to model 3D computer graphics. And also can be considered as a game engine which supports to develop games. 

Java3D is scene graph based software and 3D application programming interface (API) for the Java platform. It runs on top of either OpenGL or Direct3D. JAVA3D is also an interface which encapsulates the graphic programming using object oriented concepts. 
Here scene is built up using scene graphs. (Multithreaded scene graph structure) Also this is platform independent. This presents the spatialized sound (3D Audio effect)
1.4.1 Applications of JAVA3D

SciDelik- One of the java3D’s project is SciDelik which is a scientific visualization and animation system. This is another application for modeling 3D.

J3DWorkbench (J3DWB) is a 3D visualization, simulation, and game design application. This is another open source 3D modeling (gaming ) application.

Project Wonderland- another application of java3D which is a artificial scene manger to collaborate with  virtual world.
1.5 OpenGL (Open Graphics Library)

Cross Platform API for producing 2D and 3D computer graphics. This can be used to develop complex 3D environments using basic primitives. OpenGL was developed by Silicon Graphics Inc. (SGI) in 1992. 

1.5.1 Features of OpenGL

· By using single, uniform API OpenGL hides complexities of interfacing different 3D accelerates. 
· Provide similar capabilities in different platforms

· This converts the primitives (polygons, lines etc...) into pixels using Graphics Pipe Line (OpenGL state machine).
· Portability

· Extensibility

· Clustering

· Multi-Threading
1.6 VR juggler
 
VR juggler is also open source tool for developing Virtual Reality applications. This is written in C++. Several rendering APIs are available including OpenGL and OSG. VR Juggler acts as "glue" between all the other Juggler components. VR juggler can be used in the range of Desktop PCs to Workstations and Super computers 
1.7 VE Suite
VE-Suite is an open source virtual engineering software toolkit.  This simplifies information management so users can simultaneously interact with engineering analyses and graphical models to create a virtual decision-making environment.

1.7.1 VESuite features 

· Information Management

· Component Manipulation

· Visualization

· Collaboration
1.7.2 Applications of VE Suite

· Agricultural equipments
· Computational Fluid Dynamics

· Power Plant Design

· Tracking Robot

1.8 OpenSG (Open Scene Graph)
The OpenSceneGraph is an open source high performance 3D graphics toolkit. It is used by application developers in fields such as visual simulation, games, virtual reality, scientific visualization and modeling. OSG is written in C++ using OpenGL and cross platform.
1.8.1 Application areas of OpenSG

· Space

· Scientific

· Games
· Medical
-SVI 3D Medical Workstation- Visualization of a brain tumor CT scan with volume rendering.

· Virtual Terrain Project (VTP) 
1.8.2 Features of OpenSG

· A full-featured and industry-proven scene graph

· Multi-threaded and highly configurable support for multiple CPU/multiple GPU machines

· Extensive support for OpenGL, from 1.1 through 2.0 including the latest extensions

· Particle effects

1.9 Open Game Engine
The Open Game Engine (OGE) is an open source library combining the components used to make games and fully featured game engine, including graphics, physics, input, networking, scripting and much more. This is an object oriented engine.  
1.10 Lightweight Java Game Library (LWJGL)

   LWJGL provides developers access to high performance crossplatform libraries such as OpenGL (Open Graphics Library) and OpenAL (Open Audio Library) allowing for state of the art 3D games and 3D sound. Additionally LWJGL provides access to controllers such as Gamepads, Steering wheel and Joysticks. All in a simple and straight forward API.
1.10.1 Application areas of LWJGL
· Gaming

1.10.2 Features of LWJGL
· Speed

· Simplicity

· Smallness

· Security

· Robustness  

· Minimalism

2.  Where Virtual Reality applicable (Applications of Virtual Reality)

· Defense and Military

· Education and Training

· Entertainment 

· Fashion

· Heritage

· Medicine

· Telecommunications

· Visualization
· Gaming

· Business and Commerce

· Weather

·  Aerospace
2.1 Medicine

Virtual Reality is used in Medicine in order to make the therapies more effective. Many applications have been invented using Virtual Reality to treat patients, help medical students, research new therapies and many others.
· Virtual Reality Pain Reduction system
This system is specially developed for burn patients. Here pain perception has a strong psychological component. The system is depended on the thinking of the patient. Then user will be carried into a computer generated world leaving less attention available to process pain signals. 
· Surgical Assistant

During a simulated operation the system provides vocal and visual feedback to the user, and warns the surgeon when a dangerous action is about to take place. In addition to training, the expert assistant can be used during the actual operation to provide feedback and guidance.

Some of the other applications

· Medical Education

· Surgical Simulation and Planning
· Virtual Endoscopy
2.2 Military

Today Virtual Reality is used in Military in a vast way especially to give military training in various environments and training on various weapons.

· Flight Simulators
This is one of the vehicle simulations. Pilots are trained using this technology

· Telepresence for military missions

· Ground vehicle simulators

· Virtual Boot Camp

Using this, the soldiers get familiarized with the complex military vehicles and their operations and nature.

· Battlefield Visualization 

This is also kind of virtual battle environment
· Water vehicle simulators

Submarine simulators can be developed using Virtual Reality.
2.3 Engineering and Architecture
· Interactive Land

· Light simulators

This system examines how outdoor light will fall inside and outside their building before it is built. If the lighting needs to be redesigned, the architect can redesign the building on the computer and examine the new outdoor light effects.

2.4 Weather Simulators


Visualization system for weather forecasting called "TriVis". TriVis accepts data from meteorological services such as satellite data, statistically corrected forecast data, precipitation data and fronts information. It then analyzes this data and uses fractal functions to create projections of storm systems. Using TriVis to visualize artificial clouds, meteorologists can predict weather with increased accuracy.
2.5 Chemistry 


ISVAS is an interactive software program that is utilized to analyze 3D and voxel data. Using this program, scientists can analyze vector or scalar values.

2.6 Games


Most popular application of Virtual Reality is games.
2.7 Aerospace
· The Interactive Universe 
This is one application under this category. Using VRML the objects like Sun, Moon, and Stars were developed in 3D and then facilitates the user to control the viewing perspective of the object.
3.  Comparison of tools 
	Name

	Written

Language
	Type
	Features
	Application

Areas
	Remarks

	VRML
	
	Modeling language
	Multimedia presentation
	Aerospace,
Architecture,

Military
	Especially use in web

	OGRE3D
	C++
	Engine
	Post-processing Effects

Cube mapping 
	Gaming
	3D library for OpenGL
Cross flat form

	JAVA3D
	Java
	Engine
	Multithreaded scene graph structure
Multimedia presented
	Gaming
3D model application

Virtual world
	Flat form independent

	JavaMonkey
	Java
	Engine
	Cloth Simulation

Texture based dot3 bump-mapping

Extensible Particle System
	Architecture

Virtual worlds
	

	Open SG
	
	Scene graph system
	Portability,
Extensibility,

Clustering,
Multi-Threading
	Medical
Visual simulation

Survey

Remote sensing

Architecture
	Used in Real time graphic programs

	Lightweight Java Game Library (LWJGL)
	java
	Library
	Speed,  Simplicity, Smallness,
Security, 
Robustness,   
Minimalism
	Games 
	Facilitates to access the OpenGL, OpenAL.


Summery

In the first section it is revealed that tools which are used to create virtual reality applications. Ogre3D, Java3D, Jmonkey, VRML, OpenGL, OpenSG, VE suite, VRjuggler are main tools which were described here. They were described with the features of them including with their applications. As summery it can be indicated that the major applicable areas are Military, Medicine, Architecture, Engineering and especially in games.  So studying and analyzing this it would give clear idea what is the tool which appropriate for particular situation. And also using this report is would be able to take a idea of the future world of Virtual Reality and what are the possible outcomes and applications come in near future through VR. 
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