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Background:


As the processing power of modern computers grows, it becomes more and more feasible to create accurate graphical simulations of three dimensional physics. In the field of computer games, for example, powerful 3D physics engines are starting to become standard practice. This project aims to research modern physics modeling techniques and create a rudimentary, but powerful, physics engine. Most games focus on rigid body dynamics, a small but important subset of all physics, and so does this project; but it also makes a foray into other areas like cloth simulation.

Description:


Game physics is a blossoming field which is likely to become a big focus of computer games very soon, when technology makes it appropriate to do intense calculations. Most games currently have a semblance of physics but do not actually use a complex physics engine, they just make common things react the way you would expect them to and leave it alone from there. This project aims to go a step further and focuses on writing an accurate physics engine / library that games could potentially call to calculate their physics for them. As such, the end product is not directly viewable. I have created several different drivers that call the engine for the purpose of visually demonstrating it, but there are not the focus of the project, the engine is. The two criteria for success are (a) that the physics engine looks realistic and (b) that the physics engine is correct to high precision. My personal favorite driver is a pool game, which seems fairly realistic.


Every physics engine needs an integrator for determining velocity from acceleration and position from velocity. The simplest of integrators, the Euler integrator, often leads to unstable loops of energy gain in cyclical systems. One step above that integrator is the leap frog integrator, which has an initial offset  that gives its estimates much higher precision. Even more precise than that (but computationally much slower) are the Runge-Kutta algorithms, which allow for any degree of precision you can specify. I have chosen to use the leap frog integrator as a balance between speed and precision.


The engine has been designed and written in several capsuled phases. The project proceeded from writing a framework to kinematics to dynamics to springs to collision detection and handling. Several times each phase, a demonstration was written that tested the latest added capability to the engine. For these drivers, information about the initial state of the system must be hard-coded in, and then a call to a "step" function must occur every timestep; other than that, the engine does everything. Also, a cloth simulation was created using a network of springs in the spring phase.


In this project, I have learned that the world of 3D physics is vast and complicated. The subfield of rigid body dynamics alone is large enough for a game company to tackle but never fully tame. In the end, a balance must be struck between how much a game company values their coding time and computational time versus how much they value the realism and immersion of their game.

