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“Very simple procedural
rules can create very deep
visual effects.”
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RiF 24 (Particle systems)
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. %FWilliam T. Reeves(1959-)

o ZETLHA o [ (#HEK/NETin Toy) 1988F3%k15
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Objects. ACM Trans. Graph. 2(2): 91-108 (5John Lasseter) ,
(198_3) o m Tin Toy (1988) (Producer/Technical
0 W”“am_ T. Reeves, R|Ck|_ E’a!U: _ Director/Modeler/Additional Animator)
Approximate and pI‘Obf'JlbIhStIC algorithms = Toy Story (1995) (Supervising Technical
for shading and rendering structured Director / Modeling / Animation System
particle systems. SIGGRAPH 1985: 313- Development / Renderman Software
322 Development)
. _ . m A Bug's Life (1998) (Supervising Technical
o & 1EF| 202582 A26H, & X Director)

m Finding Nemo (2003) (Lead Technical
Development)
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o XWTFE—M, RIE—TEGIRIBEHIZEERRALI S
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o Iix—: o IiE_:
RIFEIn=m-+v*rand() RIFEIn=(m+v*rand())*A
Hrp, mAYIYRFEL; =, mASIRFEYL;
rand()iIR[EI—M-1, 112 [BIHIRELEN ; rand IR[E—/N-1,11 2 [BIBOFENEL ;
VAZWIRE; VATIEE;

ASRYIARRIFRS=EF] (Screen Area)
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biFEE(Attributes of a Particle)
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o ISNFERAY, WEEBMHITYIRI
Value = mean + Rand()*variance
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initial

speed &
direction \
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(Attributes of a Particle System)

o Particle List: IER— 1 RIFRFRIFEET

o Position: K FEREFHINE

o Emission Rate: REEFTHR FHICIETE

o Forces : NIANERAHIEEYIEESCIEE

o Current State: FIRICREFAVIALS, HIa0
ERHUBIERT, RFRASRREILLE

e Blending: AXiRENFHERSRISIN

o Representation: f5Igll, HFRISEE
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0l Attribute Editor: particle1

List Selected Focus Attributes Help

particlel  particleShapel IParticleSysteml lambeit1 |

particle: lparticleShape1

_» | General Control Attiibutes

_P_' Emission Attributes [see also emitter tabs)
_Pi Lifespan Attributes (see also per:

_L_I Time Attributes

_FJ Collision Attributes

_PJ Soft Body Attributes

_>J Goal Weights and Objects

] Inst © ol

_bj Emission Random Stream Seeds
_PJ Render Attributes

_P' Render Stats

’vJ Per Particle (Array) Attributes

-particle tab)

5 /

oooooooo |

_b_l Clip Effects Attributes

ﬁ Sprite Attributes

_PJ Extra Attributes

Instancer
_— (Geometry
Replacement)

Select Load Attributes Copy Tab

Close
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Particle’s midlife with modified
color and shading

—

Trajectory based on

: ; Collides with environment
simple physics

but not other particles

Particle’s demise, based on
— constrained and randomized
life span

Particle’s birth: constrained and randomized
place and time with initial color and
shading (also randomized)

Eg—fm, S FRIEGERIRT, HiZEEEMOR, BiZhiFMNRAPHIER
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A FRIEas FIHA

Reaction to environment

Aging: Time-varying
attributes

birth

Source death
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—7573(Unary Forces)
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Gravity Viscous Drag Wind Fields
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nyc/J(n-ary Forces)
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245k (Soft Constraints)

R BTE geEHTE(Energy Functions)
o B, BE—MUREMFHEECHILE o EEAREERGgEIME
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Z
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C(Xa J Xb) — Xa o Xb =0 2R
v o B Lo
C(Xar Xp) =X, =X, [—T =0 | OX; S OX;
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But how do we make it true? i d OX,
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nFAYEH (Rendering)

A

DIRUINTTA:
» B MRIFIN— P RIGR
o IBEMIFABIR—NNGET |
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o BB NRFEEA— I HELEERI Sk (textured billboard)
o BEBESMENA

o BEPRFENTTER, SHIBN TR (B TRIVKERSIR)
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@ Direct3D (DX9) - Particle System Using Point Sprites
* ~

’

& start| w5 b partide_system - M. | 5 HurtBal - Merosoft visus... | @ Pandora Radio - Ustent... |[ 33 Direct3D (DX9) - Parti... LB AT [«Q ss2m
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Hanli Zhao, Ran Fan, Charlie C. L. Wang, Xiaogang Jin, Yuwei Meng: Fireworks controller.
Computer Animation and Virtual Worlds, 20(2-3): 185-194 (2009)
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A2l —IBRFEAwSIER ShE

o —/Nimpostor: B—R=HA— M Eo3EN
S e (SRR A E— AR S)
n NRUR[NENTHRFTRRKENRE,
NFE SR E SR EHT
o ImpostorsIRZilinT &3

\ N

o EIIXHAimpostors, FfiJalEISChY el
BT ERRIRIFRIEI ==

e Z%: Niniane Wang, "Realistic and Fast Cloud
Rendering” , Journal of Graphics, Gpu, and
Game Tools, 2004, 9(3): 21-40.

Impostors: textured, view-oriented polygons
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Video: Cloud rendering by Niniane Wang  http://www.ofb.net/~niniane/clouds/
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morphing),
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*XFMAlpha Blendingi#t{ TR/ FRILR T

Without alpha-blending : particles

) Alpha-blending is enabled
are simply textured rectangles.

FinalColor = DestColor X DestBlendFactor + SrcColor X SrcBlendFactor

1 Particle 2 Particles 3 Padicles

The more particles are on top of each other, the brighter the color in that area should be



“Snowflakes” versus “Hair”

o RIFRFEALIEWIIEREEFLR. BHER, SR FAEREEsERH
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https://en.wikipedia.org/wiki/File:Strand_Emitter.jpg
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fif#E= IRz (Collision Response)

o H—MUFEERER

S, %Mt A?

o 1IFFRRVIMER: HEEARIIEHEZIEfE = (the (point of contact))

o RF|EIRIFHILETIERE

I :« )
V new
Vn [/V VneW:?VnJth
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(coefficient of restitution)
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A FISE B IERIKREF

a=X=—

o EZNIE ANTF EEETEIRENL
o BRIRTERNATEZKNEREL,
o BNATRZKHXTINEEFD, BREIEERNZM,
o BATEZKAINERETRRD, BEWAERNZ
s AHMAIEEHT?
o BAIFRE
o Verletj%

O eeoe
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b Pl

MRz miNahiE
o MO AEEIAT — RS HE e Ordinary differential equation (ODE)
SHERIRER » FTESHEXRT— MR TE
18 % AR at
0 %’q’: ;“-iﬂl’ YRR T HEFHRIZRER EAHIEZ
= = f(x(t) = f(x,t)
o HERMEXEDZE! /dt
KHEZIXTATEIHI S

X(t,): Tt %8 Ak
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iR HIERA TR

mMRBEE X = | (X,1) HEFEBENT
— PEFE (x, 1) LA

KI'hink of this vector field as\

the sea, and the velocity of
dX current at different places
X = — f (X, t) and time is defined by f(x,t)
dt N

X(t): =M% A
f(x,t):xH) & &




#{EIR)=R

FOGOR X, = x(t), K x(t)
NI —SEE, K

N /\Et-
AEVIAR, INSXFERD Lk
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o [ERI: 5 (Inaccuracy) o [EHEIl: AIGTE
s IREEXOMN—NREIZRY T IR hELL! » AR
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Kig: BRI

o EEEEHEEXREDE
o ALK, IREBK

X(t+h)=x(t)+hx f(x,t)

e X = T (x )R x, = x(t,), %K x(t)
B —kr R RAFRKRFRS HEE:

X(t+h) = x(t) + hx(t) + Ex(g)

2 O(h2):\

X = f(x,1)

Xy = X(t) 1 —HriRE
X(t+h)~x(t)+h-f(x,t)

" Xn+1:Xn+th

222222222



RRRLZRIER =

o IBEZE, LR

R E
s SEAR/NNBTEISA LR AR

Xiaogang Jin B0 2[26/2025



VerletfR 93 5%

e The Verlet algorithm uses the positions and accelerations at time t, and the positions from the previous
step x(t-h), to calculate the new positions x(t+h):

x(t +h) = x(t) + v(t)h +%a(t)h2 ..

+ f(t)

X(t—h)=x(t)—v(t)h+%a(t)h2—... a(t) ===

)  x(t+h)=2x(t)—x(t—h)+a(t)h?

e The velocities do not appear in the Verlet integration scheme: velocities are not necessary for
generating particle trajectories.
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VerletfR 9 5%

To obtain the new velocities, we can Advantages:

calculate them from the difference Implementation is straightforward.
between the positions at two different Storage requirements are modest:
times: two sets of positions and one set of accelerations.

9N stored numbers

Disadvantages:

v(t) =[x(t+h)—x(t—h)]/2h

Positions are calculated by adding a small term of order h?
to the difference of two much larger terms, which may lead
or to a loss in precision (&) :

v(t+ % h) =[x(t+h)—x(t)]/h X(t +h) = 2x(t) = x(t —h) +a(t)h?

Velocities always lag behind positions.
Poor stability for large h.
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Leap-Frog(¥£i) VerletiR53 7%

e Several variations on the Verlet algorithm have been developed, including the leap-frog algorithm:

X(t + h) = x(t) + v(t +%h)h
1 1
v(t+=h)=v(t—=h)+a(t)h
2 2
e The velocities at time t can be calculated from:

v(t) = %[v(t +%h) vt —%h)}

e The velocities leap-frog over the positions to give their values at t+h/2. The positions then
leapfrog over the velocities to give their new values at t+h, then the velocities at t +3h/2, and so on.
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Leap-Frog(¥£i) VerletiR53 7%

e Advantages over standard Verlet:
m Explicitly includes velocity (needed for kinetic energy).

m Does not require calculation of differences of large numbers, so more accurate.
m Same memory requirements (9N) as Verlet.

e Disadvantages over standard Verlet:

m Positions and velocities are not synchronized.

o Cannot calculate kinetic energy (from velocities) and potential energy (from positions) at the same
time.

o Not a problem - can always estimate v(t) from v(t+h/2) and v(t-h/2) if you need it.

Almost always used over Verlet.
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Velocity VerletfR 9 5%

e The velocity Verlet method gives positions, velocities, and accelerations at the same time

without compromising precision: /

x(t +h) = X(t) + v(t)h + %a(t)hz

v(t+h) = v(t) +%[a(t) +a(t+h)]h

e Implemented in three stages since calculating velocities requires accelerations at both t and t+h.
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Velocity VerletfR 9 5%

e Actual implementation trick:
1. Velocities at t+1/2h are calculated using information at t.

v(t+%h) :v(t)+a(t)%h

2. With these terms in memory, calculate:
1 5 1
X(t +h) = x(t) + v(t)h +§a(t)h = X(t) + v(t +> hj h

3. Calculate a(t+h) from forces using positions at t+h, and from this and v(t), calculate v(t+h).

v(t+h) = v(t) +%[a(t) +a(t+h)]h
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Particle

struct Particle

{

Vector3 m_pos;

Vector3 m_prevPos;
Vector3 m_velocity;
Vector3 m_acceleration; // acceleration

float

float
float

float
float

float
float

¥

Xiaogang Jin

m_energy,

m_size;
m_sizeDelta;

m_weight;
m_weightDelta;

m_color[4];
m_colorDelta[4];

Implementation

// current position of the particle
// last position of the particle
// direction and speed

// determines how long the particle is alive

// size of particle
// amount to change the size over time

// determines how gravity affects the particle
// change over time

// current color of the particle
// how the color changes with time

57

Particle System

class ParticleSystem{
public:
ParticleSystem(int maxParticles, Vector3 origin);
// abstract functions
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 *m_particleList; // particles for this emitter
int m_maxParticles; // maximum number of particles in total
int m_numParticles; // indicies of all free particles

Vector3 m_origin; // center of the particle system

float m_accumulatedTime; //track when was last particle emitted

Vector3 m_force; // force (gravity, wind, etc.) acting on the particle system
b

2/26/2025



Particle System Source Codes

o A Basic Particles System

P3E:  http://www.codeproject.com/Articles/10003/A-basic-Particles-System

e FLUIDS v.2 - A Fast, Open Source, Fluid Simulator (2009)

RHk:  http://www.rchoetzlein.com/eng/graphics/fluids.htm

Xiaogang Jin 58

2/26/2025


http://www.codeproject.com/Articles/10003/A-basic-Particles-System
http://www.rchoetzlein.com/eng/graphics/fluids.htm

Screenshot
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http://www.particlesystems.org/FlowDeco.jpg

DEMO
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o RIFRGINAAFRE 2, BIEHILK,

BIE. MEFRSRSINEFTL,

o BEFAEMNTERIVSREIUL A,

o T EimNA, BFIINELRITID;
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e The Material Point Method for Simulating Continuum Materials

YIBURGER AR R BB X, AR
BESHEFIKRENESE, REAMSHEE
MEREZRLSE, IFEESRINE NI
SN 7S N ]

Particle (material point) p holds
*Position xp

*Velocity vp

Mass mp

-Deformation gradient Fp

Jiang, C., Schroeder, C., Teran, J., Stomakhin, A., & Selle, A. (2016). The material point method for
simulating continuum materials. In ACM SIGGRAPH 2016 Courses (pp. 1-52).
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SIGGRAPRH

©Disney

Stomakhin, A., Schroeder, C., Chai, L., Teran, J. and Selle, A., 2013. A material point method for
snow simulation. ACM Transactions on Graphics (TOG), 32(4), pp.1-10.
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DEMO
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Demo
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The End



