
Implementation Issues of Physically Based Simulation Techniques Using OpenInventor within the CAVE(
By Jason Jerald**
jjerald@earthlink.net

Washington State University

Pullman WA
Advised by Michael Papka and Terry Disz

May 28th – August 15th , 1997

Argonne National Laboratories 

Mathematics and Computer Science Division

1ABSTRACT

1
INTRODUCTION
2
THE CAVE
2
1.2
THE SIMULATOR
2
1.3
OPENINVENTOR
2
1.4
I_COLLIDE
3
2
GOALS OF THE PROJECT
3
3
PREVIOUS WORK
3
4
PROBLEMS AND SOLUTIONS
4
4.1
SEPERATION OF THE I_COLLIDE LIBRARY
4
4.2
CONVERSION FROM OPENINVENTOR TO ICOLLIDE
4
4.3
REFLECTION OF COLLIDING OBJECTS
4
4.4
THE SUPERNODE CLASS
4
4.5
HIGH VELOCITY ERRORS
4
4.6
POLYGON MEMORY ALLOCATION
5
5
IMPLEMENTATION DETAILS
5
5.1
FILE HEIRARCHY
5
5.2
CLASSES
6
5.2.1
FORCE
6
5.2.2
SUPERNODE
6
5.2.3
PROPINDEX
6
5.2.4
MASTERFORCELIST
6
5.3
USAGE
6
5.3.1
COMPILATION
6
5.3.2
EXECUTION
7
CONCLUSION
8
7
FUTURE WORK
8
ACKNOWLEDGEMENTS
9
REFERENCES
10



ABSTRACT

An often-overlooked problem in virtual environments are the physical laws that define the world. Although work has shown that physically based modeling techniques greatly enhance an immersion experience, an easy to use library has not been developed. The interactions of different forces and how these forces affect everything within the user created world should not be ignored as many current applications do.  When physics are included in virtual reality applications, the code is usually developed by the programmer from scratch, taking much time and valuable resources.  The work here describes a possible solution to such problems that will allow users to easily implement physical laws within a digitally created environment.

1 INTRODUCTION

1.1 [image: image1.jpg]


THE CAVE

The CAVE (CAVE Automatic Virtual Environment) was originally developed by the Electronic Visualization Laboratory (EVL) at University of Illinois at Chicago.  The CAVE is a four-wall projection-based virtual reality environment. In the CAVE, users wear high-speed shutter glasses and use head and hand tracking to navigate in their applications.  At Argonne, the CAVE is implemented as three walls, and projected images are controlled by an SGI Onyx machine with four processors.

1.2 THE SIMULATOR

Most of the testing of code is done on a CAVE simulator.  This is done so the computing power of the CAVE is only required for final testing, exploration of data, and presentations.  

1.3 OPENINVENTOR

OpenInventor is an object-oriented 3D graphics toolkit built on OpenGL.  This kit aids the programmer by providing things such as a 3D database, a built-in event model for user interaction, and the ability to print objects and exchange data with other graphics formats.  OpenInventor is written and used by the C++ language.  This also allows programmers to expand upon the toolkit and customize it to their needs.  The key reasons as to why OpenInventor has been chosen for this project are that the data is treated as objects (which is very important in physical simulations), and the ability to customize to the users need by expanding on already built functionality.

1.4 I_COLLIDE

The I_COLLIDE library has been developed at the University of North Carolina at Chapel Hill.  Although collision detection implementation is relatively straight forward, a fast implementation is not.  A simple brute-force approach is not acceptable in an interactive environment where collisions must be determined in or near real time.  Collision detection is often considered to be one of the major bottlenecks in virtual reality applications.  The I_COLLIDE library matches all the requirements of the project and is very quick.  The O(n^2) possible interactions of n moving objects is cut to O(n + m) where m is the number of objects very close to each other.  One of the primary tricks to achieve this is by first checking to see if their axis aligned bounding boxes overlap.

2 GOALS OF THE PROJECT

The primary goal of this project is to provide an easily used physics library to application developers.  This will allow scientists and engineers to concentrate on specific projects instead of having to deal with writing their own physics code.  To apply the physics library only a couple of lines of code will be required.  This will also follow the same format as any other node using OpenInventor.  Additional information will be optional but not required.  

3 PREVIOUS WORK

A previous intern Sarah Wustner originally started the physical library.  Her work has shown the concept not only feasible, but adds greatly to the suspension of disbelief required in virtual environments.

Unfortunately, the source code for the working executable demo of the work previously done can not be recovered.  Other source code for the working executable is available but does not execute correctly.  (The program crashes very early.)  It is evident the work was not able to be completed due to time constraints.

4 PROBLEMS AND SOLUTIONS

4.1 SEPERATION OF THE I_COLLIDE LIBRARY

In order to avoid confusion, the original I_COLLIDE library has been restored to it’s original state.  All additional collision detection code is located within the files coladd.c++ and coladd.h.  All new collision detection functions begin with the coladd_ prefix.  In order to link the library correctly a few minor changes have been made to the dist.c and dist.h files located within the ICOLLIDE library.  These changes are described in the doc.txt file.  

4.2 CONVERSION FROM OPENINVENTOR TO ICOLLIDE

An external data file originally obtained input for the ICOLLIDE library.  A converter has been written which converts OpenInventor primitives directly into the memory being used by ICOLLIDE.  

4.3 REFLECTION OF COLLIDING OBJECTS

The normal of a surface must be able to be easily determined in order to properly bounce objects off of other objects.  Normals used for lighting may be used for this.  This technique is not currently implemented.  Each object is dealt with individually by the application programmer.

4.4 THE SUPERNODE CLASS

The superNode class may not be the best way to implement the nodes.  In this way, all the information for every object is stored inside this node.   To use this effectively everything that can be done with OpenInventor must be rewritten as a method inside of the superNode class.  Usually this is trivial and many methods contain only a simple function call.  If some type of force node is to be developed, then the node should be made consistent with other OpenInventor nodes in order to be easily used by users familiar with OpenInventor.  

4.5 HIGH VELOCITY ERRORS

Due to the way I_COLLIDE determines collisions, slower computers may miss collisions.  This is because the software currently checks for collisions once per frame.  If an object is on one side of an object for a frame and on the opposite side on the next frame, the collision will not take place.  This may cause severe simulation error allowing objects to pass through other objects.  In addition, the point of impact will receive a higher amount of error proportional to the computer speed due to similar reasoning.  

There are a couple proposed solutions to these problems.  The first is to calculate collisions more often than once per frame.  The problem with this solution is that the number of detections per frame may not be able to change easily as a function of velocity of an arbitrary object.

The better solution seems to be to interpolate the path of objects between frames.  The number of interpolating points will be determined directly as a function of the velocity of the object.

4.6 POLYGON MEMORY ALLOCATION

In the latest version, random polygons seem to be appearing within the I_COLLIDE library.  These polygons are only within I_COLLIDE memory so can not visually be seen on the display device via OpenInventor.  However random collisions sometimes are apparent where no collisions should be.  Note this was not a problem in earlier versions since OpenInventor primitives were not being directly translated to I_COLLIDE.  This memory allocation is apparently also causing crashes at what at first seems to be random times.  

5 IMPLEMENTATION DETAILS

5.1 FILE HEIRARCHY

All files required are in the location ~jerald/Forces.  The I_COLLIDE library (with a few minimal documented changes from the original library) is located in the I_COLLIDE subdirectory.  The directory I_COLLIDE_wustner contains the code as developed originally by Sarah Wustner.  The backup directory contains the latest backup of all files in the Forces directory.  Backup_simple contains the working version of the program simple.  This is an earlier ‘hacked’ version where the OpenInventor data is completely different than the I_COLLIDE data.  Similar data has been input to the program via different techniques.  I_COLLIDE gets its data from a file as required by the original unaltered I_COLLIDE library in this version.  All images such as those used for texture maps are in the maps directory.  

5.2 CLASSES

5.2.1 FORCE

This class represents forces such as gravity, friction, and applied forces. It is used by masterForceList, propIndex, and superNode.  Programmers will use this class directly to define forces in their programs.

5.2.2 SUPERNODE

This is the highest level class. It contains several nodes, including one each of SoMaterial, SoTransform, SoShape, and propIndex. All of these are hidden from the user, but the class provides methods to access their fields. This is the main class that the CAVE programmer will be using.

5.2.3 PROPINDEX

This is a subclass of Inventor's SoNode. It contains all of the fields necessary for physical modeling, including mass, velocity, acceleration, a list of applied forces, and the total force acting on the object. Its constructor takes a pointer to a masterForceList object, which should be where all the forces referenced by all the propIndex nodes in a scene graph are kept. Since there is a propIndex node encapsulated in superNode, programmers will typically not use this class directly.

5.2.4 MASTERFORCELIST

This is a class designed to be external to the scene graph. It holds pointers to all of the Forces currently acting on any of the objects in the scene graph. This way, Forces that affect many objects (like gravity) only have to be stored once. Instead of apply and remove, it has increment and decrement, because it keeps track of how many nodes are referencing each Force. SuperNode objects require a masterForceList pointer as a parameter in the constructor, so the programmer will use this class directly. Typically, one masterForceList is to be used for each scene graph.

5.3 USAGE

5.3.1 COMPILATION

Simply type make.  The specified files to be compiled and linked are contained in makefile.  Simply comment in/out the application file name being created.  

5.3.2 EXECUTION

Applications should run either on the simulator or within the CAVE without any problems.  (Although world.c++ occasionally crashes).  Be sure to make the appropriate changes to your .caverc file.

In the sample applications, the wand controls the location, velocity, and acceleration of the ball until the ball is dropped by pressing the first button.  The ball can be picked up and held by holding the first button down.  To drop again simply release the button.  The second button controls the amount of wind.  The wind will increase every time the second button is pushed until a maximum amount is reached, which will then set the wind back to nil.  The third button works similar to the first but controls the amount of friction between objects.  Pressing the second and third buttons simultaneously causes the wind and friction to reset.  None of the sample applications support movement outside of the ten foot cube.  This has been done for future virtual walls to coincide with the physical constraints of the CAVE.      

A couple of different versions of an application using the Forces library has been developed.  The most recent is world.c++.  This is the farthest along in development.  However simple.c++ within the backup_simple directory seems to be the most stable version available at this time.  The executable of this working version has been changed to simple_works.
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CONCLUSION

While the physical library has a long way to go, the concept has proven to be not only feasible, but highly needed in the computer graphics world.  It is hard to imagine someone putting this much work into a specific application just to lay down the laws of the land.  It is thus no surprise why so few applications implement physically based simulation techniques correctly.  The physics are a project in itself and I hope someday to see such a library available for the general public use.

7 FUTURE WORK

Although much has been done with this library, much more must be done before it is to be used as it is intended.  The obvious next step is to fix the polygon memory allocation problems in the latest version.  After this is stabilized the normals used for lighting need to be extracted to be used for collision reactions.

The CAVE has the capability to do 3D spatialized sound.  Wind would be greatly enhanced by simply playing a wind sound and have the volume be directly related to the intensity.  Collisions would be enhanced by a simple ‘thud’.  The pitch and volume could be related by the force applied between the two colliding objects.
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