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Chap. 9 — Particle Systems	


These notes were taken from a variety of sources including text book,  
Wikipedia, various Maya references, and SIGGRAPH articles	
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Overview	
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Introduction	


Screenshot from the 
game Command and 
Conquer 3 (2007) by 
Electronic Arts; the 
“lasers” are particle 
effects.	


A particle system 
created with 3dengfx, 
from wikipedia.	
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A bit of history of particle systems	


Fanboy note: OMG.  You can play the original Spacewar!	

at http://spacewar.oversigma.com/-- the actual original game,	

running in a PDP-1 emulator inside a Java applet.	


Spacewar	


Asteroid	
Star Trek II	


W. Reeves: "Particle Systems -- A Technique for Modelling a Class of Fuzzy Objets", 
Computer Graphics, 17(3), pp. 359-376, 1983	
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Definitions	
 - Metaballs are spheres that blend together to form surfaces.	

- By representing particles as metaballs blobby surfaces can be created.	


Particles are generated in various shapes: points, 
lines, polygons, and even 3D models. Point 
shapes, for example, are used for generating 
smoke, lines shapes for a waterfall effect, and 
polygons for snow effect, or 3D models for a flock 
of birds.	
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Attributes	
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Particle/particle system: data structures	


class ParticleSystem{!
public:!
  ParticleSystem(int maxParticles, Vector3 origin);!
  virtual void  Update(float elapsedTime)     = 0;!
  virtual void  Render()                      = 0;!
  virtual int   Emit(int numParticles);!
  virtual void  InitializeSystem();!
  virtual void  KillSystem();!
protected:!
  virtual void  InitializeParticle(int index) = 0;!
  Particle     *particleList;   // particles for this emitter!
  int           maxParticles;   // maximum number of particles in total!
  int           numParticles;   // indicies of all free particles!
  Vector3       origin;         // center of the particle system!
  float         accumulatedTime;//track when waslast particle emitted!
  Vector3       force;          // force (gravity, wind, etc.) acting on the system!
};!
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Assumptions on particle system ���
(W. Reeves)	


W. Reeves: "Particle Systems -- A Technique for Modelling a Class of Fuzzy Objets", 
Computer Graphics, 17(3), pp. 359-376, 1983	


white.sand by Alvy Ray Smith	

(he was also working at Lucasfilm)	


•  Example: Grass	


−  Entire trajectory of a particle over its 
lifespan is rendered to produce a static 
image.	


−  Green and dark green colors assigned to 
the particles which are shaded on the 
basis of the scene’s light sources.	


−  Each particle becomes a blade of grass	
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Collision avoidance	
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Collision avoidance: new trajectory	
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Particle system: how does it work?	
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Particle emission	


Transient vs persistent particles	

emitted to create a ‘hair’ effect	

(source: Wikipedia)	
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Particle dynamics (move)	


Other attributes can vary over time as well, such as color, transparency and size.  
These rates of change can be global or they can be stochastic for each particle.	
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Particle dynamics: two integration shortcuts	

This is called Verlet integration and is 
used intensely when simulating 
molecular dynamics, or to emulate air 
friction in computer games.	
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Particle rendering	

Image by nvidia	
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Rendering parameters	

Images by nvidia	


All of these 4 parameters can also be defined by applying a texture to them (typically a 
fractal texture).  Many systems offer the user some “predefined” particle library settings 
for obtaining a particular look and feel.	
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Particle Life Cycle	


–  Generation. Particles are generated randomly within a predetermined location of the fuzzy 
object (i.e., particle system). This generator is termed the generation shape of the fuzzy object, and 
this generation shape may change over time. Each particle’s attribute is given an initial value, which 
may be fixed or may be determined by a stochastic process. 	


–  Dynamics. The attributes of each particle may vary over time. For example, the color of a 
particle in an explosion may get darker as it gets further from the center of the explosion, 
indicating that it is cooling off. In general, each particle’s attribute can be specified by a parametric 
equation with time as the parameter. Particle attributes can be functions of both time and other 
particle attributes. For example, particle position is going to be dependent on previous particle 
position and velocity as well as time. 	


–  Death. Each particle has two attributes dealing with length of existence: age and lifetime. Age is 
the time that the particle has been alive (measured in frames), this value is always initialized to 0 
when the particle is created. Lifetime is the maximum amount of time that the particle can live 
(measured in frames). When the particle age matches it's lifetime it is destroyed. In addition there 
may be other criteria for terminating a particle prematurely:	


•  Running out of bounds - If a particle moves out of the viewing area and will not reenter it, then there is no 
reason to keep the particle active.	


•  Hitting the ground - It may be assumed that particles that run into the ground burn out and can no longer 
be seen.	


•  Some attribute reaches a threshold - For example, if the particle color is so close to black that it will not 
contribute any color to the final image, then it can be safely destroyed. 	
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Particle system: general algorithm	
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Further reading	
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Summary	



