Particle Systems



Particle Systems

Clouds
Smoke
Fire
Waterfalls
Fireworks

Reeves ‘83, the Wrath of Khan
Batman Returns, using Reynold’s flocking algorithms
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Karl Sims, Particle Dreams

f AT
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What are particle systems?

A particle system 1s a collection of point masses that obeys some
physical laws (e.g, gravity or spring behaviors).

Particle systems can be used to simulate all sorts of physical

phenomena:

— Smoke

— Snow

— Fireworks

— Hair

— Cloth

— Snakes

— Fish



= b=

Overview

One lousy particle
Particle systems
Forces: gravity, springs
Implementation



Particle 1n a flow field

We begin with a single particle with:

— Position, X=

y

, . dx |dx/dr
— Velocity, v=X=—=
dr | dy/dt ]

Suppose the velocity 1s dictated by some driving function g:
X = g(x,7)




Particle 1n a force field

Now consider a particle 1n a force field f.
In this case, the particle has:

— Mass, m | dv d2X
— Acceleration, Ad=X=—=—3
dr dt

The particle obeys Newton’s law: f=ma=mx

The force field f can 1n general depend on the position and
velocity of the particle as well as time.
Thus, with some rearrangement, we end up with:

‘ f(x,x,7)

m



Second order equations

f(x,v,7)
m

This equation: X =
1s a second order differential equation.

Our solution method, though, worked on first order differential equations.

We can rewrite this as: X=V

oI v.0)

m

where we have added a new variable v to get a pair
of coupled first order equations.



Phase space

Concatenate x and v to make a 6-vector: position
in phase space.

Taking the time derivative: another 6-vector.

A vanilla Ist-order differential equation.
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Particle structure

——————————————————————————————————————————————————————————————————————————————————————————

Position

X [+—— position in phase space

vV |«— velocity

f |<—— force accumulator

m |<— 1114SS
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Solver interftace

etDim

T ¢]

getState X

%

setState Vv

% v
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Particle systems
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Solver interface

oet/setState

getDim
67
dertvEval X, V, X, V,
f f
| 2
Vi — ¥V
ml mZ
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Forces

Constant (gravity)

Position/time dependent (force fields)
Velocity-dependent (drag)

N-ary (springs)
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Gravity

Force law:
f =mG

p->f += p->m * F->G

grav



Force law:

f

drag ~—

=—k, Vv

drag

Viscous drag

p->f -

F->k * p->v
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Damped spring

Force law:

VL X

kSqUx\rwd[L

r = rest length

UX‘

J

Ix
[x

X=X, —X,

19



Particle systems with forces
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derivEval loop

1. Clear forces
— Loop over particles, zero force accumulators

2. Calculate forces

— Sum all forces into accumulators

3. QGather

— Loop over particles, copying v and {/m into destination array

21



derivEval Loop

F|F|F
:
Apply forces

/ to particles
XZ Xﬁ'
V2 Vn

2 n Return [v,f/m,...]
m, m, to solver
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Solver interface

oet/setState

dertvEval X, V, X, V,
f f
Vv, — v, —=—
m m
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Differential equation solver

X %
\ % f/m
Euler method: Xlr le Vlf
i+1 i i
v, v, f, /m,
= : |+l
i+1 i i
X, X, v,
i+1 ] ]
v, | |V, | _fH /mn_




Bouncing off the walls

* Add-on for a particle stmulator

e For now, just stmple point-plane
collisions
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Normal and tangential components
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Collision Detection

(X—P)-N <& Within €of the wall
N-V<0 Heading in
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Collision Response




Summary

Physics of a particle system
Various forces acting on a particle

Combining particles into a particle system

Euler method for solving differential equations




http://www.youtube.com/watch?v=3_fLO4xjTqg



Spring-Mass Systems

Cloth in 2D

Jello in 3D
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Cloth Simulation

Cloth forces:
Blue (short horizontal & vertical) = stretch springs
Green (diagonal) = shear springs
Red (long horizontal & vertical) = bend springs
29



Cloth

Many types of cloth Breen ‘95
Very different properties

Not a simple elastic surface

Woven fabrics tend to be very stiff

Anisotropic
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Artificial Fish

Muscle springs

Pectoral fin
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