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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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biFEE(Attributes of a Particle)
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(Attributes of a Particle System)

Particle List: 1I5R—1RIFREFAIFEET

Position: W FZREFHNNE

Emission Rate: HRE

Forces :

Current State:

4 TR FHIEIE
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Blending: FsRiREN FHHEIRES
Representation: a0, FIFHISE
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0l Attribute Editor: particle1

List Selected Focus Attributes Help

particlel  particleShapel IPaltic!eSysteml lambeit1 |

particle: IparticleShape1

_P_I General | Control | Attributes

_J Em [ mitter tabs)
_‘ Lifes [ pallicle tab)
] Tim A ibut )
_»| Collision Attribut

_lsrBdA ribut

_l_l Emission Random Stream Seeds

_PJ Render Attributes
_P] Render Stats

:_'J Per Particle (Array) Attributes

General I Opacity Color

_»| Clip Effects Attributes

Ll Sprite Attributes
_PJ Extra Attributes

_*| Goal Weights and Obje /
o] tnst & ‘,P,' .’,7

Instancer
_— (Geometry
Replacement)

Select I 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)
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Reaction to environment

Aging: Time-varying
attributes

birth

Source death
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o HFT RIS
= B0 FENRIF Z A —Te—— & E R S

X V.
X. —X
f =—k (Ix.=x.]|-I a_ b
fa\‘ a s(| a b| 0)|Xa—Xb|
\ EED
f, " X,V
AL i ((va—vb)o(xa—xb)j X, = Xy
d
e LI =x L JIX =%,

.l

BE/EZT

Xiaogang Jin 22

10/5/2024



nyc/J: SN

o WIRFIFLLEHFRIMUER, NS NFELEHE]:

|:‘x _xb‘_l > () f :—ks|d, ks>0

a

o WIRNFILEFSMEIR, NHSHFELEATT:

=%, = x,|-1,<0 f, =-kId, k >0

o B EAMMIBIARSESE:
f, =—k.(x, - x,|-1,)d, k>0

Xb
\x =

:_ks‘a b‘ I

10/5/2024



nyc/J: [HIE/D

o [BED/FMEBDFERIFRFMEINT o WRHEPAFIEEIRE, BENE

BRE, HnmBEEFR DI e IR
o IEE 8MNFEORT—ERE (v,-v,)ed>0
=28 . MREFMMIFIEESE, BEHS
o« B, NERBBASEERTE HE At 14
T‘?Itfﬁ R EEF—F (BEEIRKRANR, (v,-Vv,)ed<0
AR ' \\ . GEETERMERY:
V\va fa:_kd(‘va_vb‘.d)d’ kd>0
R :_kd((va—vb)-(xa—xb))m—xb)
X, = x| X2 =Xy X2 =Xy

10/5/2024



245k (Soft Constraints)
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nFAYEH (Rendering)
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@ Direct3D (DX9) - Particle System Using Point Sprites
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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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Xiaoyu Cui, Ruifan Cai, Xiangjun Tang, Zhigang Deng, Xiaogang Jin: Sketch-based shape-constrained fireworks
simulation in head-mounted virtual reality. Comput. Animat. Virtual Worlds 31(2) (2020): €1920.
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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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Terminator 3 T-X gets Magnetized
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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”
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https://en.wikipedia.org/wiki/File:Strand_Emitter.jpg
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fif#E= IRz (Collision Response)
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a=X=—

o EZNIE ANTF EEETEIRENL
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o Verletj%
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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
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== = f(x(t)) = f(x,1)
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MarE X=1(xt) HREEEXT—4
£FE (x,t) EHRELG

KI'hink of this vector field as\
the sea, and the velocity of
current at different places

. dX ime is defi
Y= — = f (X, t) and time is defined by f(x,t)

at g
X(t): =M% a1 A

f(x,t): xH) % &
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= f(x,1) A1 x, =x(t,), K x(t)
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o EEEEHEEXREDE
o HJIEIZZIK, IREMK

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

RRHAL;

i x=f(xt) M x, =x(t), K x(t)
BT R RE NS T
2

x(t n h) — X(t) +hx(t) + %X(f)
O(hz):\
Ko = X( ) 1 —PE

X(t+h)~x(t)+h-f(x,1)
e Xoq =X ANX
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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

59

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
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Particle System Source Codes

e Particle System on Github
k. https://github.com/mshooter/ParticleSystem

e A Basic Particles System

W3k:  http://www.codeproject.com/Articles/10003/A-basic-Particles-System

o Particle Systems

HEk:  https://natureofcode.com/particles/
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http://www.codeproject.com/Articles/10003/A-basic-Particles-System
https://natureofcode.com/particles/

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

DEMO
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H—T iR

e The Material Point Method for Simulating Continuum Materials

I ER R SRR A X, RS
BB SERIKENESTE, REANSH
BHIRAEENONSE, IFEESEUTRM
RPN TS s

Particle (material point) p holds

« Position xp

« Velocity vp

« Mass mp

« Deformation gradient Fp (TWHE, AT

IR R T AT RO B EBN A hERZ BN )

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).

Xiaogang Jin 64

10/5/2024



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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Making Snow with Particles - Blender 3.0
Tutorial
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The End



