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I. General information
Title: Virtual Reality
Code: MII0003
Credits: 5
Location:

Schedule:

II. Instructor information
Name, title: Lect. Dr. Rares Boian
Contact (e-mail): rares@cs.ubbcluj.ro
Office hours: Friday, 13.00 – 15.00
III. Subject Description: 
Introduction into the Virtual Reality field: general concepts, virtual object modeling, position and orientation representation, scene graphs, virtual object animation, collision detection, scene optimizations, virtual objects deformations, and distributed virtual environments. The most common devices used for interacting with a virtual environment will be presented. The course will present the basics of physical modeling and volumetric virtual environments and the ray tracing rendering technique. Methods for calculating force feedback based on the interaction between the human and the virtual world will also be introduced. The course will conclude with a discussion on human factors in virtual environments. During the lab hours, the students will practice the concepts learned during the lectures using C/C++ programming in OpenGL and higher level libraries such as Open Scene Graph, Crystal Space 3D, cal3D, and Tokamak.
IV. Required References:

· CRAIG J.J., Introduction to Robotics: Mechanics and Control (3rd edition), Prentice Hall, 2003

· BURDEA G.C., COIFFET P., Virtual Reality Technology, Second Edition with CD-ROM, Wiley-IEEE Press, 2003

· FOLEY J.D., VAN DAM A., FEINER S.K., HUGHES J.F, Computer Graphics: Principles and Practice in C (2nd Edition), Addison-Wesley Professional, 1995

· OpenGL Architecture Review Board, SHREINER D, WOO M., NEIDER J., OpenGL(R) Programming Guide: The Official Guide to Learning OpenGL(R), Version 2 (5th Edition), Addison-Wesley Professional, 2005
· ERICSON C. Real-Time Collision Detection, Morgan Kaufmann, 2004
· *** Open Scene Graph Documentation, http://www.openscenegraph.org/
· *** Crystal Space 3d Documentation, http://www.crystalspace3d.org
V. Facilities:

Department computers, network environment and Windows (2000, XP) servers, and UNIX (Solaris, Linux, FreeBSD).
VI. Lectures and Lab hours:

Lectures

1. Introduction to polygonal virtual environments
a. Definition

b. Examples

c. Virtual environment classification

d. Virtual object modeling (geometric primitives, custom build geometries)
e. Virtual model formats (VRML) and modelers (Blender)

f. Position and orientation representation (position vector, Euler angles, orientation matrix, transformation matrix, XYZ angles, quaternions)
g. OpenGL introduction

h. Simulation loop

i. Scene graph (reference frames, node hierarchy, node types, light nodes, fog)
j. Open Scene Graph introduction

k. Shading (wireframe, flat, Gouraud, Phong)
l. Scene optimizations (level of details, textures, cell-segmentation)
2. Physical modeling and volumetric data

a. Concepts and general aspects

b. Rendering techniques (ray tracing)

c. Calculating color and physical characteristics (gradients)

d. Interactions with volumetric data

3. Collision detection
a. bounding box
b. polygonal
c. advanced algorithms
4. Input devices

a. Joysticks

b. Trackballs

c. Trackers (magnetic, accelerometers, ultrasound)

d. Sensing gloves
5. Output devices

a. Visual displays (mono and stereo)
b. 3D sound
c. Haptic displays
6. Haptic feedback

a. Force-feedback

b. Tactile feedback
7. Simulating complex phenomena

a. Polygonal solutions (fire, smoke)
b. Volumetric environments

8. Collaborative virtual environments

a. Definition and concepts
b. Communication issues, QoS

c. Synchronization

d. Optimization methods

9. Human factors

10. Gaming toolkits

Lab hours

1. OpenGL introduction

2. Object animation

3. Open Scene Graph introduction
4. Programming a Joystick

5. Loading VRML models
6. Ray tracer

7. Ray tracer

8. Ray tracer

9. Final project
10. Final project

11. Final project

12. Final project

13. Final project

14. Presentation
VII. Grading: 
   Final grade = 

      40% Lab Projects (average) +

      60% Final Project
VIII. Organizational details, changes and exceptional issue:

   http://www.cs.ubbcluj.ro/~rares/vr/

IX. Optional references:

    http://www.cs.ubbcluj.ro/~rares/vr/

Lect. Dr. R. Boian
