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Introduction
Motivation

With the next generation of games, there is an increased push for realism.  A convincing physics simulation is now a requirement for games that strive for realism.  With this level of realism, many collision sounds are now needed to correspond to the all of the types of materials used in game.  Currently, realistic results are achieved by using a library of pre-recorded foley sounds for every type of collision.  However, as games become more complex, having all of these sounds becomes a management issue, and there will always exist a potential for the pre-recorded sounds to inaccurately represent what is happening in the simulation.
This project will propose to solution to this problem and attempt to dynamically generate sounds based on physical properties of the object.  We will use of soft body physics system to simulate internal forces of objects and use these to generate oscillations that we will turn into sounds in real time.
Scope

To simulate sounds, we will need to use a soft body physics system.  This soft body physics system will use a Spring-Mass Damper system to connect particles together to simulate the vertices and faces of a mesh in a “soft” manner, which allows for a deformable mesh which produces oscillations when struck.  

This soft body system will require the use of Tetrahedral meshes to simulate the internal structure of a body.  A utility to convert normal renderable triangle “shell” meshes to volumetric tetrahedral meshes will be needed.

Also, we will need an audio engine.  The audio engine must be capable to mix sound data from one or many sources into a single stereo stream to be fed into the Windows DirectSound interface.  Our sound sources will be oscillators that are controlled by elements of the soft body system.  The sound source will convert the oscillatory motion to raw PCM sound data and also incorporate positional information, which will be used to stereo pan and distance attenuate the data to produce a spatial result.  Note that we will NOT be doing any phase processing to achieve what is widely known today as 3D-positional sound.
To produce sounds, we will use the oscillations of the faces of the soft body as inputs into our oscillator system.  To produce sounds that range throughout the range of human hearing, we will need to output sound data at 44.1 kHz to produce sound up to 22 kHz.  With the computing power available today, it would be impossible to run a full physics simulation 44100 times a second.  Therefore, we must decouple the collision simulation and rendering from the spring and oscillator simulation.  The rendering and collision detection will be run at a fixed rate of 60 frames per second, while the oscillations will be simulated at a higher rate to produce more oscillations per frame.  The resulting frequency of the oscillations will be shifted higher to produce audible results.

The End Product 

The end product will be a small demo program, which will run a simulation of the soft body physics which will produce sounds when objects collide.  

The final project will feature several demos to show off the results of the process.  Some possible demos are:

- Soft-body spheres of different stiffness colliding with the ground plane, producing different sounds.

- Spheres falling onto cubes of different sizes, producing different sounds.

- A virtual playground that allows a user to control the camera with fps controls and shoot several types of objects that interact with each other.

This project will be built using many existing components of the rendering and math framework developed here at the Guildhall.  This framework consists of a basic Rendering System, Math Libraries for Rendering and Physics, and a custom script language interpreter.  Many aspects of this system are ready to be used currently, and others need a some further development or changes to be very useful in this application.

List of Components

Renderer

DrawParticles

Function – This method will accept a list of particle vertex positions and draw a small mesh or point sprite at each location.  This method is for debugging and providing useful visualization of soft body elements.

Dependencies – DrawMesh

Data – Accepts an array of Vector3's

DrawMesh

Function – This function will simply draw a static mesh with a specified transform.

Dependencies – Shader/Texture system

Data – Accepts a Transform object, which consists of a Matrix3 and Vector3

DrawSoftbody

Function – This function will draw a softbody mesh, which is similar to a static mesh, but the vertices and normals must be uploaded for each call.

Dependencies – Shader/Texture system. Normal calculation.

Data – Accepts a Transform object, and a list of vertex positions relative to the objects transform.

Textured Phong Lighting with Shader

Function – This shader will implement a simple lighting calculation to be combined with a mesh's texture to produce a more polished visual effect.

Dependencies – Base Rendering System

Entity/Scene Graph System

Scene Graph System

Function – Manages entities in the simulation and provide a hierarchical system to perform efficient rendering and collision.

Dependencies – Entity Class, Math Library: Physics, Geometry, Transform

Entity object class

Function – This class will group together a mesh object, transform and other data objects to facilitate the handling of a soft body as a single entity

Dependencies – Math Library: Transform

Entity Definition Script Language Extension

Function – Some commands the script language will be written to support setting up a scene with a script file

Dependencies – Entity Class, Scene Graph

Soft Body System

Particle System

Function – A system to manage the small masses that make up a soft body.  System will be responsible for running Integration and Collision.

Dependencies – Math Library: Physics,Geometry

Integration/Collision Functions

Function – A closely related collision and integration system to perform reliable collisions and move particles through the simulation.

Dependencies – Math Library: Physics, Geometry

Spring-Mass Damper System

Function – Binds two masses together with spring-like forces.  A soft body system consists of many such bound particles.

Dependencies – Entity class, Implicit Euler Integration.

Mesh to Soft Body Conversion System

A soft body is a simulation of a solid object with internal forces.  We must convert a standard “hollow” mesh to a volumetric mesh composed of  Tetrahedrons.  The vertices of these tetrahedrons must be linked together by springs to simulate internal forces.

Dependencies – Tetrahedral mesh generation subsystem, Spring Linkage subsystem

Tetrahedral mesh generation system

Function – Generates a volumetric tetrahedral mesh from a standard hollow mesh.  This module will be derived from the “Tetgen” program available at: http://tetgen.berlios.de/
Dependencies – Tetgen

Spring Linkage System

Function – Once a tetrahedral mesh is generated, the vertices must be linked by spring mass dampers.  This module will generate an efficient system of springs to link the vertices.

Dependencies – Spring Mass damper system, Tetrahedral mesh

Internal Pressure Subsystem

Function – A soft body is a simulation of the internal forces of a solid body.  A constant, applied to the springs composing a soft body, will control the amount of inflating pressure for the body to hold its form.

Collision Detection and Integration Routines

Function – Collision detection is necessary to produce sound for this application.  However, collision detection is expensive and therefore, we will only perform it once per rendered frame.  Collision detection will be performed using the data from the standard “hollow” mesh class

Dependencies – Math Libraries: Collision detection

Oscillatory Physics Integration

Function – To produce the oscillations needed to generate sound, we will need to simulate the spring systems in the body many times per rendered frame.  The integration of a spring is inexpensive compared to detecting and resolving collisions, so it will be done as many times as possible during a frame.  This module will use the Tetrahedral mesh data to perform oscillation.

Dependencies – Spring/Mass Damper System, Math Libraries: Implicit Euler Integration

Oscillator output interface

Function – Provides an interface for the audio oscillator system to receive input from the Spring/Mass Damper System.

Dependencies – Spring/Mass Damper System, Audio System Oscillator Instance

Audio System

DirectSound Interface

Function – A system to handle outputting sound information to the Windows sound device driver

Dependencies – none

Stereo positioning Mixer

Function – A system to combine sound data from many sources and produce a single stream of audio data.

Dependencies – DirectSound Interface

PCM (WAV) Instance Player

Function – For early testing, we will implement the outputting of raw PCM audio data to the sound device

Dependencies – DirectSound Interface

Oscillator Instance

Function – We will need an instance of an oscillator to produce output for our audio system

Dependencies – Oscillator output interface, Hermite Spline Interpolator

Hermite Spline Interpolator

Function – If we need to sample data at a rate lower than the audio sample rate, we will need to interpolate the curve between sampled points of the audio data.  A cubic Hermite spline is ideal for this situation.

Component Relation Diagram

The below graph shows how the major components are related to each other, and also happens to illustrate the basic data flow through the various systems.


[image: image1]
The renderable objects are defined and modified by the Standard Mesh class and the Collision Detection modules.

The Standard Mesh object provides input to create a Tetrahedral Mesh object

The Collision Detection routines provide input to the Oscillatory Physics Module for the simulation of impact responses.

The Soft-Body Oscillatory Physics module uses the Tetrahedral Mesh to simulate the solid body.

The Soft-Body Oscillatory Physics module is composed of many Spring/Mass Damper systems, which provides input to an Oscillator Instance through an the interface.

The Audio Mixer combines input from each Oscillator and sends the result to the DirectSound Output device.

Control Flow

Initialization Flow:

Read Scene script


For each entity



Check Mesh cache




Load Mesh




Generate/Load Tetrahedral Mesh



Spawn new entity


Set Camera/Listener Position

Input Flow:

Check FPS movement inputs


Update Camera/Listener Position

Check Spawn/Shoot Inputs


Check Mesh cache



Load Mesh



Generate/Load Tetrahedral Mesh


Spawn new Entity

Main Loop:

Read Input

Set Camera/Listener Position

Do while time < Frame Rate


Run SoftBody Oscillation Physics


Fill Audio Buffers

Run Collision detection/response

Render Objects

Resource Requirements

Memory Map/CPU budget
Our simulations will be very simple and not require a huge amount of memory.  The 1 GB limit on the development machine will not be an issue.  However our CPU budget is of huge concern.
We want to render each frame at a fixed 60 fps and run the oscillation simulation and audio rendering as many times as possible during a frame.  

	Sub-System
	Estimated Memory Usage
	Frametime Budget 16ms per frame
	Notes

	Audio
	2kb + (2kb * 128) = 258kb
	2 ms
	2k per each sound source (est. 128 sources)

	Mesh Data
	1kb – 10 MB per mesh
	n/a
	Estimated 5 different meshes at one time

	Collision Detection
	1kb
	4 ms
	Temporary storage

	Oscillation Simulation
	1kb
	8 ms (or remainder)
	Temporary storage

	Renderer
	< 1MB
	2ms
	Temporary storage


List of Deliverables

Engine Executable (.exe file)

Standard Mesh files

Tetrahedral Mesh files (if not generated)

Shader files

Textures (.TGA)

ReadMe quickstart documentation

Introduction Document

PowerPoint Presentation

Screen Shots

Source code (VS2003 project)

DLL and static components of external libraries used (if used at all)

Testing Methodology

To test the systems in this application, each module will be paired with a verification program to test the output given a known set of inputs.  Because of the huge differences in each component, a variety of verification programs must be created.  Following is a brief description of each module’s verification program.
Testing Methodology (cont.)

Audio System

Audio Mixer – A test program that loads several sound samples and mix them together.  The output will be played over the output device.  Listening to the quality of the output will determine success.
Oscillators – These will be tested by creating a program that generates oscillations at a variable frequency.  Output will be verified by observation and verifying the output data algorithmically.

Physics System

Collision Detection and Response – This can be verified by creating a particle system demo that allows a user to insert particles into the system.  A successful verification will be achieved when it becomes very hard to cause penetrations of particles into other objects.

Spring/Mass Damper and Implicit Euler Integration – This can be verified by visualizing spring simulation output into a program such as GNUPlot or Igor Pro and verifying the results are as expected.

Mesh System
The Tetrahedral mesh system can only be verified by visualizing the data in the engine’s renderer.  Verification can be performed visually.
Hardware and Software List
All development will be done on the issued Dell XPS laptop with a Intel Pentium 4 3.4 GHz processor with 1 GB of RAM and an ATI Radeon Mobility 9800 Graphics Device.

Microsoft Visual Studio 2003 and 2005 will be used in development.  Visual Studio 2005 will be used for the convenience of its new features, but all deliverables will be compiled in VS 2003 because of some rare issues of binary incompatibility with un-updated machines.  The deliverable source code will also be delivered in a Visual Studio 2003 Project file.

“Tetgen” will aid in the generation of Tetrahedral Meshes.  Tetgen’s source code is available for non-commercial uses. 

http://tetgen.berlios.de/
Risks
Audio System

The risk of failing to develop a viable audio system is significant, as it is a core component of the project.  The impact of a failure in this stage of development could cause the entire project to fail.  The probability of this risk becoming a problem is fair to medium (30%-60%).  The status of this risk should be easy to keep visible, as if the system is not working well near its specified milestone, mitigation action will need to be taken.  The back up plan in case this system fails to come through, is to employ the streaming capabilities of the freely available FMOD Sound System to produce our output.  There are risks involved in using this system as well, as it is not known for sure how well the FMOD system will work with these proposed systems, and by using FMOD, we loose the ability to debug and tweak the performance of the sound system.

Soft-Body Physics

The risk of this module failing is also of huge significance.  This module is the most difficult part of the whole project.  The impact of this module failing also leads to the failure of the entire project.  The probability of this module failing to be completed is the greatest of all risks.  However, to mitigate this risk, the fall-back plan is to first implement a very simple soft-body system merely composed of particles and springs, and generate sound based on the oscillations of those particles.  Such a simple system has already been implemented as an assignment for a previous class.  Implementing this system is also listed as a milestone to test and ensure the viability of the sound system.  If the more advanced soft body system isn’t viable, then this very simple solution can be used to prove the basic concept of this focus study.
Milestones

Jan 17 – Kickoff

Jan 31 – Audio System Implementation

A basic audio system will be implemented and complete by this milestone.

· Audio buffer filling and transfer

· Mixing of multiple stereo channels

· Test data will consist of PCM data, such as a music WAV file.  Multiple music files will be played and mixed simultaneously.

Feb 14 – Milestone I Presentation

· Entity based sound sources

· Positional stereo effects with distance attenuation.

Completion Criteria: 

All requirements to give this presentation: Demonstration of the completed basic audio system.  The audio system will be capable of generating sounds from oscillator “objects” simulated in the game engine.  Multiple “objects” will be present in the demonstration and will be represented by drawable meshes (such as spheres, cubes.)  A user can use FPS controls and fly around the world and notice that the sounds generated by the objects get louder and softer with distance, and the stereo image corresponds to the direction of each source.  There will be several “objects” present, each generating a sound at different frequencies.  The object's size will correspond with the frequency.  (Large = low, small = high)

Feb 28 -- Existing System Revamping

· Particle Collision detection and integration improvement

· Implicit Euler

· Simplified Spring/Mass Damper interface

· Entity System/Scene Graph

· Script Language defined scene initialization

Completion Criteria:

- The Spring/Mass Damper module will be defined as a class, with a method to set anchor bodies and another to perform integration.

- The Implicit Euler algorithm must be providing integration for the Spring/Mass Damper Class.
- A Scene Graph structure with bounding volumes will be used to contain and draw the Entities.

- An Entity’s mesh/material properties and positions will be definable from the scripting language.

(static meshes and spherical particle entities.)

March 14 -- Simple Soft Body Implementation

A very simple soft body system will be implemented to test the viability of generating sounds from simple oscillations.
Completion Criteria:

- Springs can be defined and set from the scripting language. (onto particles only.)

- Simple soft-bodies can be defined from the scripting language as a system of particles connected by springs.

March 21 – Milestone II Presentation

Demonstrate Simple Soft Body Simulation with Sound
The simulation will have:

· A simple soft body in the shape of a cube

· A ground plane

· Switchable gravity

· Adjustable spring constant and damping

· Collidable particles shot from the camera

· Flying camera/listener with FPS controls

· Sound generated from the cube

(The following dates are approximate, pending schedule)

April 18 -- Tetrahedral Mesh Generation

Completion Criteria:

- The ability to render a visually verifiable tetrahedral mesh
May 16 – Advanced Soft Body System Completed
Completion Criteria:

A soft-body physics demo that consists of at least a soft-sphere that convincingly deforms when striking a wall.  Internal pressure can be adjusted on the fly to inflate or deflate the sphere.
June 6 – Sound generated from the advanced soft body system.

Completion Criteria:

Good quality sound generated from a soft body
June 20 – Final Product
Several demonstrations involving several types of soft-body collisions will be completed.
Completion Criteria:

A demonstration that highlights the good results discovered in this focus study.

Some ideas are:

- Soft-body spheres of different stiffness colliding with the ground plane, producing different sounds.

- Spheres falling onto cubes of different sizes, producing different sounds.

- A virtual playground that allows a user to control the camera with fps controls and shoot several types of objects that interact with each other.

Reference Materials

Symphony: Realtime Physically Based Sound Synthesis for Large Scale Environments

Nikunj Raghuvanshi and Ming C. Lin

Department of Computer Science, The University of North Carolina at Chapel Hill

http://gamma.cs.unc.edu/symphony/
Real-Time Physically-Based Sound

Marc O’Morain

http://marcomorain.com/software/echo-and-bounce/
FOLEYAUTOMATIC: Physically-based Sound Effects for Interactive Simulation and Animation
Kees van den Doel, Paul G. Kry, and Dinesh K. Pai

University of British Columbia
http://www.cs.ubc.ca/spider/pai/papers/foleyautomatic.pdf
Physically–based real-time modeling of contact sounds

Matthias Rath, Davide Rocchesso

Federico Avanzini

http://www.soundobject.org/papers/RathICMC02.pdf
TetGen

A Quality Tetrahedral Mesh Generator and Three-Dimensional Delaunay Triangulator.

http://tetgen.berlios.de/
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