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Game Physics

Peter R. Bloomfield

Where is the physics?

•Simple gravity

–no acceleration

–shapes donôt fall over

•Collisions

What is physics?

•Broad science

–Nuclear physics

–Quantum mechanics

–General relativity

–Electromagnetic radiation

–é loads moreé.

•Heavily related to maths
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What is game physics?

•Primarily 2nd order Newtonian physics

–Position, velocity, acceleration

–Forces (e.g. engine or thrust)

•Collisions:

–Detection, resolution, friction, response

•Sometimes fluid dynamics

Aesthetic particles (1)

Screenshot: ñFreelancerò (2003)

explosions, projectile, dust clouds, engine trails, motion cues

Aesthetic particles (2)

•Physics for visual 

effects only

•Particle systems

–Fire, water, smoke, 

galaxies, debris, etc..

•Lots of types:

–additive / subtractive

–oriented / billboard

–sprites / geometry
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Point mass systems

•Small projectiles

–Bullets

•Aesthetic particles which bounce

–Glass shards

–Sparks

•Not much elseé

Rigid body dynamics (1)

Video: ñGTA Vice Cityò (2003)

Rigid body dynamics (2)

•aka ñcontinuum of massò

•Fixed geometry

–Non-deformable

–Fairly efficient

–Instability = minor glitches

•Rotation

–Complex pre-calculations

–Or simple approximations
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Soft body dynamics (1)

Video ñRigs of Rodsò

(free and open source)

Soft body dynamics (2)

•aka ñmass aggregateò

•Multiple point masses

–Connected by órodsô, ócablesô, óspringsôé

•Flexible system

–Dynamic deformation

–Less efficient (but scalable complexity)

–More difficult to tie to graphics

–Instability = total doom!

•Rotations fairly easy

Ragdoll physics (1)

Video: ñFlatOut 2ò (2006)

Darts mini-game
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Ragdoll physics (2)

•Procedural animation

–Relies on skeleton-based animation

–Adds to realism

–Often just for death throes

•Rarely essential to game-play

–More common in mini/casual games

Ragdoll physics (3)

ñRagdoll MastersòñRagdoll Cannonò

MMO physics (1)

Video: ñSecond Lifeò

Havok4 physics engine
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MMO physics (2)

•Lots of players

–Lots of influence on world

–Optimisation is harder

•Lots of geometry

–Terrain / buildings

–Projectiles

–Objects

•Seamless server hand-over

MMO physics (3)

Video: ñSecond Lifeò

Crossing the server boundary

Fluid dynamics (1)

Video: ñPlasma Pongò (2007)

Difficult to obtain due to Atari evilness
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Fluid dynamics (2)

•Very rare in games

–Most ówaterô is fake

•More complex than just buoyancy

Flight simulation (1)

Video: ñMS Flight Simulator Xò (2006)

Really really really really really boring…

Flight simulation (2)

•Realism is complex

–Very difficult to model

–Usually not much fun!

•3 approaches:

–Simplified physical model

–Data-based flight model

–Totally fake it
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Flight simulation (3)

Video: ñPacific Warriorsò (2000)

Simple ‘arcade’ style flight model

Physics for gameplay (1)

•Physics is important to make game fun

–Vehicles

–Character movement

–Projectiles / explosions

•Examples:

–Racing games

–1st/3rd person shooters

Physics for gameplay (2)

ñExtremeG 3ò (2001)
ñCall of Juarez 2ò (2009)
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Physics as gameplay (1)

•Physics core to gameplay

•Game would not work without it

•Examples:

–Sandbox games

–Puzzle games

–Various non-descript genres

Physics as gameplay (2)

ñWorms 2ò (1998) ñWorld of Gooò (2008)

Physics alongside gameplay (1)

•Environmental realism

–Tables falling over

–Windows breaking

–Ragdoll characters (e.g. FlatOut)

•Why?

–Off-mission engagement

–Adds believability
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Physics alongside gameplay (2)

ñHalf Life 2 Episode 2ò (2008)ñCrysis Warheadò (2008)

The reality of game physics

•It is not:

–accurate

–realistic

•It requires:

–optimisation

–lots of maths

•It should be:

–fun

–óbelievableô

Physics engines to try

•Open source:

–Box2D

–Open Dynamics Engine

•Free:

–Newton
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Recommended books

•ñGame Physics Engine Developmentò

–Ian Millington

•ñReal-Time Collision Detectionò

–Christer Ericson

•ñEssential Mathematics for Games and 

Interactive Applicationsò

–Van Verth


