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Introduction
Physics in computer games is becoming an increasingly important aspect, whether it is being used as part of the gameplay or simply for aesthetic purposes. Most recent computer games use extensive use of physics and physics engines either to create a more immersive and realistic world, or as an integral part of the game play. At some point in the last few years a new genre of games based of physics has evolved. These games usually revolve around the player trying to solve puzzles or avoid obstacles while adhering to realistic physical laws, or by bending them. 

With this increased interest in physics in computer games has seen an advancement of hardware to accommodate. Modern graphics cards allow for a lot of the physics computations to be calculated along side the graphics on the GPU (Nvidia, N.D). This has lead to a significant advancement in the possibilities for using physics in real time games. For example real time cloth physics is one of the big improvements that Nvidia’s PhysX is promoting as being applicable in real-time games.
With handheld gaming increasing in power and popularity due to the iPhone, and physics engines becoming more advanced quite a lot of physics based games have been developed for these devices. One such example is Crayon Physics where the player can draw simple shapes that will then have realistic physics applied to them (Gizmodo, 2008).

Most of these handheld physics games take place in 2 dimensions. However most of the available physics engines are in 3D. There are two notable 2D physics engines that are commonly used. These are Chipmunk Physics, and Box2D. Both of these physics engines can be used on the iPhone, however because they are developed specifically for other platforms they do not take advantage of ways in which they can be optimised for the iPhone. The iPhone does not have any hardware acceleration of such things in the same way that Nvidia graphics cards do, but there are ways in which iPhone applications can be optimised which would theoretically work well with physics equations (Noel Llopis, 2009).
The main function of a Physics engine is detecting and responding to collisions. Without good collision detection objects and players will pass through walls or solid objects, or collide with them without actually appearing to touch them onscreen. With physics like this the world does not feel solid, and does not feel genuine. With good physics objects will collide realistically, and react to these collisions as the player would expect. This creates a world that feels solid, and realistic, resulting in the player becoming more immersed in the game.
It is the development of collision detection and response algorithms and the optimisation of these algorithms specifically for the iPhone that this project will investigate. 

Motivation

There are many reasons for this choice of topic. First of all it will be an interesting investigation into the application of physics in computer games. This is becoming an increasingly important topic as physics becomes a more and more integral part of computer games. In addition it will enrich knowledge of differing platform architectures and how differing systems work at low level.

The results of this project could be applicable in many situations. First of all there are currently no available 2D physics engines for the iPhone that take advantage of these techniques in order to optimise their algorithms. If the results from this project are successful the optimised algorithms could be applied to a physics engine and theoretically they would increase the physics engines performance.
In addition, while the iPhone can not compete with home consoles and PCs graphically, due to the fact that iPhone games are simpler and often 2D it is possible that they could complete in the realism of the physics in each object. This takes into account the fact that the games are simpler and therefore would have less objects onscreen, and that the calculations would take place in 2D. Taking advantage of optimised algorithms could mean more impressive and accurate physics in real-time on such a device.
Research Question

“How can collision detection and response algorithms be developed and optimised for realistic 2D physics simulation on the iPhone?”

Project Execution
Collision detection and responses is quite a large field. In order to reduce the scope of the project, certain areas will have to be focused on, while other areas are omitted or only considered briefly. 

One of the main ways the scope of the project has been reduced is that all the physics involved will be in two dimensions. This removes potential issues created by having 3 axes in which to rotate around, while keeping the theory behind the algorithms used much the same as in three dimensions.
The main focus of the project is the algorithms used for detection collisions and how these can be optimised. This means that other things such as program architecture and methods of pairing objects (such as special partitioning) will be considered only if there is enough time in the project.

The project will focus on one type of collision, and will use one type of response that will respond realistically in this case. This method is Convex Orientated Bounding Box (OOB) collisions using OOB trees and Separating Axis Theorem with optimisation for rectangles, quads, and ellipses (Eric Maythaler, 2009). Possible expansion of this would see research into 3D mesh collision optimised for use in a 2D environment.
These techniques would be developed within a 3D demo application in which the methods could be strained in a computer game type environment. Gameplay within this 3D demo would of course occur in a 2D plane. This demo will likely involve multiple entities which can be a variety of convex shapes falling on a plane, with the ability to apply differing forces to each shape. This will create a viable testing environment for the collision detection and responses.
These techniques will be optimised for the iPhone using ARM assembly code in order to make use of the Vector Floating Point Unit. This means that a Single Instruction Multiple Data technique can be used for vector and matrix calculations (Jon Stokes, 2000). There is the opportunity for a possible extension here too. The iPhone 3GS has a more sophisticated processor. Where the PowerVR MBX-Lite that is in the previous versions of the iPhone uses the Vector Floating Point Unit for floating point performance,  the iPhone 3GS has a Cortex A8 which has a more impressive Neon SIMD unit( (An)Dante, 2009). Time permitting, this project will also possibly look into the benefits of this unit. This will of course also be dependant on the available hardware.
There are a number of potential issues that could occur during this project. The main issue however is simply that optimising specifically for the iPhone might not return the intended benefits, or very little benefit at all. This will prove that optimisation specifically for the iPhone is not necessary.
Project Evaluation

Evaluating success in this project will be quite simple. Due to the emphasis on optimisation, simply timing how long differing algorithms take with predetermined data sets will return data that determines success. The problem here is in understanding what the data returned means, and what to compare it to.
First of all there are two things that the results will be compared to. The iPhone optimised results will be compared against the non-optimised algorithms, to determine how much benefit – if any – optimising specifically for the iPhone has given. Secondly they will be compared against the existing 2D physics engines to compare the results from there.

If the collision detect across the entire frame was taking into account, this might not give realistic results when comparing against the other Physics engines. First of all it is unlikely this project will deal with optimising the engine architecture or the pairing of physics bodies. This means that while the actual algorithms might perform faster, the overall result might turn out to be slower. Second of all, these physics engines are very sophisticated and are dealing with a lot more than just collisions, so were this project to return better results, they might be inconclusive. One way to combat this could be to time how long it takes each pair of physics bodies to confirm or deny a collision, and its reaction to this, and then take an average speed over a large number of samples. 
Project Plan and Resource Requirements
There are several required resources required for this project. First of all access to a iPhone or iPod Touch is mandatory. Apple Macs with the iPhone SDK and any engine software that will be used for the project will also be required. In addition a iPhone developers licence will be needed. All of this the University is currently supplying other than the developers licence, and this should be easily acquired.
There are many tasks involved in this project. The following Gantt chart shows the various tasks involved and the rough timeframe in which they should be completed.
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Tasks
A – Creation of the 3D demo application

B – Investigation into the methods used in the 2D engines Box2D and Chipmunk

C – Implementation of newly derived method
D – Evaluating which algorithms need the most optimisation in this method.

E – Optimising these methods using the VFP Unit.

F – Optimising for the 3GS using Neon SIMD

G – 3D Mesh Collisions

H – Optimising these algorithms using both VFP Unit and Neon SIMD

I – Writing the dissertation
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