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License

Stardust Particle Engine is developed by Allen Chou and released under the
MIT license, as stated below:

Permission is hereby granted, free of charge, to any person
obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software withaestriction,
including without limitation the rights to useppy, modify, merge,
publish, distribute, sublicense, and/or sadipies of the Softare,

and to permit persons to whom tHgoftware is furnished to do so,
subject to the followingonditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWAREPRPRBOVIDED "AS IS", WITHOUT WARRANTY OF
ANY KINCEXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
THE WARRANTIEGF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE WANINFRINGEMENT. IN NO EVENT
SHALL THE AUTHORS OR COPYRIGBERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABMHEY,HER IN AN ACTION

OF CONTRACT, TORT OR OTHERWISE, ARGBW®UT OF OR

IN CONNECTION WITH THE SOFTWARE OR THEQISEFROR
DEALINGS IN THE SOFTWARE.
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About Stardust Particle Engine

Google Code Project Homepage:
http://code.google.com/p/stardustparticle-engine

What Is A Particle Engine?

Particle engines are also referred to as particle system® ltadte a look at
the particle systemdefinition on Wikipedia:

The termparticle systenrefers to acomputer graphicsechnique

to simulate certain fuzzy phenomena, which are otherwise very
hard to reproduce with conventional rendering techniques.
Examples of such phenomena which are commonly replicated
using particle systems include fire, explosions, smoke, moving
water, sparks, falling leaves, clouds, fog, snow, dust, meteor tails,
hair, fur, grass, or abstract visual effects like glowing trails, magic
spells, etc.

While in most cases particle systems are implemented in three
dimensional graphics systems, two dimensioparticle systems
may also be used under some circumstances.

Whew. Tha®Q a long statement, but y&e probably noticed some keywords:
fire, explosions, smoke, moving water, spams, These effects can be seen
in most movies and video games. Actudltigse effects have a general name,
which is not hard to guess if y@a readying this manuaparticle effects.

| have my own definition for what qualify as particle effects:
Particle effects are visual effects consisted visual entities which
usuallycome in large quantitysharingsimilar but not exactly same

appearance and behaviors.

Particle engines are tools for creatipgrticle effects, and Stardust comes in
the flavor ofan ActionScript 3.0 API.


http://code.google.com/p/stardust-particle-engine

Why Using A Particle Engine?

The most commonpatrticle effects are fire, water, and smoke, which as
mentioned before can be seen in most movies and video games.

If youle developing a game, @& very likelythat your game needs particle
effects to addflavor to the overall visual displayThis iswhen you need a
particle engine.

For some experienced programmers, creating particle effects from scratch is
probably not difficult, but it usually involves massive coding and a lot of
debuggingUsing a particle engine can greatly reduce your time spent on this
time-consuming routineA particle engine allows you to be concerned with
only the highlevel design of the particle effects, such as setting a particle
S Y A (s pd3itiK), tweaking a gray field@ parameters, or placing obstacles
that block particles. You dé@hneed to be worried about the underlying
particle logic, since @ taken very good care of by tiparticleengine.

Why | Created Stardust

I nat a pro ActionScriptdeveloper Athough Re been writing ActionScript
codes for years, | still c@rbear looking at a screefull of puretext source
codes, because it jusivies me aseriousheadache.

| havebeen in many scenarios wher@¢ neededto create particle effects for
my projects andthe thought of building the effects from scratch alone is
killing me.ThatQ whyl decided to create a particle engine, to wrap up all the
messy codsgin to an abstract package and end this coding nightnfare
good As a resultStardust was born.



Feature Overview

Stardust Supports 2D And 3D
Stardust supports both 2D and 3D particle effects

Stardust Is Easy to Extend

Stardust is designed to be extended easllge abstract class structure was
inspired byFElint Particle Systejranother ActionScript 3.0 particle engirigy
extending theAction class you can easily create custom particle behaviors.
By extending theRenderer class, you can make Stardust collaborate with
other 3D engines.

Stardust Includes Several 3D Engine Extensions

Stardust already includes extensions for several 3D engines, inclteliiRpx
Papervision3DandND3D You can extend Stardust for whatever engines you
like if youe not using the aforementioned engines.

HereQ an example of the ZedBextension.

% X
¥ 3

X

And hrereQan exampleof Stardust combined with Papervision3D.

-



http://flintparticles.org/
http://code.google.com/p/zedbox/
http://blog.papervision3d.org/
http://www.nulldesign.de/projects/nd3d-as3-3d-engine/
http://stardust-particle-engine.googlecode.com/svn/trunk/examples/3D/ZedBox/DepthOfField/DepthOfField.html
http://stardust-particle-engine.googlecode.com/svn/trunk/examples/3D/Papervision3D/CollidingCubes/CollidingCubes.html

Stardust Includes A Native 3D Engine

ThereQ another option for creating 3particle effects, without using other 3D
engines: Stardust has its own btiiit 3D engingStardust3D) Actually, iQ a
light-weighted version ofZedBox my own 3D billboard engine. The only
difference between these two engines in terms fafnctionality is that
Stardust 3D does not support hierarchioalectstructure.

3D engines like Paperivsion3D and ND3D usually draw a display object to a
bitmap and then apply this bitmap to particles as a matefiis would result

in performance issue if the display obj&ctize idarge even if it merely
contains simple vector graphics.

Stardust 3D and ZedBox do not draw the display object to a bitmap. They
directly add the display object to the display list, so the display object is still
rendered by Fsh Player as vector graphidhese two engines manipuéa

the display objed® position and scale based on perspective projection
algorithms, instead of drawing a bitmap and apply it to a 3D object

Stardust Supports Particle Masking

This featurewas inspired by the collision filtering feature of tihenowned
Box2D Physics EnginEhis feature enables you to assign an inte@aask
value to each particle andction object if the bitwiseAND value of a
particleQ and an action@ mask valuess zerq the particleQ propertieswould
not be manipulatedby the action.

Stardust Supports Gravity And Deflector Simulation

TheGravity class can simulate gravity effects, using along withRiedd
class. You can use this feature to creaffects like earth gravity, windylack
hole, and so on.

The Deflect class allows you to manipulate a part@eosition and
velocity as you like based on its current position and velocity. This class is
used along with theDeflector class. There are already several binlt
deflectors, such as bounding box, wrapping kand solid obstacles.

8


http://code.google.com/p/zedbox/
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Stardust Supports Action Triggers

TheActionTrigger class allows you to crearenmore complexparticle
behaviors.ItQ a conditional actionwhen certain conditions areatisfied
actions linked to the trigger will be used to manipulate particles.

A good example is combining tieathTrigger and Spawn classes. Upon
the death of a particle, newarticlesare spawned at the very position of the
dead particleg this can be used to create firework effects.

Stardust Supports XML

This is actually my favorite featurémagines this: your boss wants you to
create a particle effect and you di@et him down. After a couple of days he
asks you tdweak several parameteryou do what he asks for and recompile
the program If the same scenario keepscurring over and overyoul) be
recompilingthe codes to deathYou canbe sure about that especiallywhen
your main program is a big one.

The XMlfeature allows you to separate thearticle effect@ parameters from
the main applicatio® source code.Stardust can generate an XML
representation of a particle systefdon®get confused with the synonym for

a particle engine, by sayingarticle systemhere | mean a set of particle
engine elemets working together as a whole). You can dynamically load this
XML representation at rutime and parse it using Stard@tbuiltin XML
parser to reconstruct the exact same particle system.

After separating thearticle system parameters from the main program as a
external file the stoly changesno more recompilation is needed. All you
need to do is edit your XML file using your favorite text editor, sgwerun
your main program, and you cavait to see yur bos® happy face.
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Class Responsibilities

You can check out the full APl documentatire.

The StardustElement Class

This is the base clasd the following classe€Emitter , Initializer
Action , Clock , Renderer ,Random Field ,Deflector , andZone.

This class defines the bagiroperties and method=f an element in a

particle system (again@h referring to elementsvorking together as a wholg)
such aelement nameand XMLconversion.

The Emitter Class

This class is in charge@gating new particles, updatingarticlesin the main
loop, and removing dead particlédsom simulation.You have to repeatedly
call itsstep() method to keep the simulation going. Teeep()  method
is the main loop function of &tardustparticle system.

The Initializer Class

This classnitializesa particle® properties just once upon the parti@ebirth.
An initializer can be added toan emitter through the emitte@
addInitializer() method.

Initializers caninitialize aparticleQposition, velocity, rotation, angular velocity,
mass, mask, alpha, scale, and so on.

The Action Class

This class manipulates fzarticleQ properties on ead call of an emitte®@
step() method.

Actionscan update a particle® position according tohe particleQ velocity,
change a particl@ velocity according to gravity fields or deflectors, and so on.

11


http://stardust-particle-engine.googlecode.com/svn/trunk/docs/index.html

The Clock Class

This classlecideshow frequently an emitter creates neparticles Upon an
emitterQ step() method call, the emitter calls its associated clack
getTicks() method to determine how many new particles to create.

The Renderer Class

The emitter class updates particle datdneTdata is only numerical data &
computer@ memory. This class is used to visualize the numerical data on
the screen.

You can extend this class to create your own renderer that works with specific
3D enginesknginespecificcodes areonly written in this class and initializers.

The RandomClass

This class is in charge of generating random values that can used to create the
randomness oparticles Remember my own definition for particle effects? |
said particles are entities with similéut not exactly same appearance and
behaviorsln other words, particles possess a quality of randomness.

Many initializers make use of this class to create particles with random
properties, such as thRotation , Scale , andAlpha classes.

12



The Field Class

This class represents vector fields. Vector fields can be used as gravity fields,
impulse fieldsetc.

For example, aUniformField object, which is, as its name suggests, a
uniform vector field, can be used to create earth gravity if pointed dowdwa
or create wind effect if thenassless propertyis set to false.

The Deflector Class

This class takes a parti@egosition and velocity as inputs andtputs a new
position and velocitylUsed with theDeflect action, you can manipulate a
particleQpositionand velocity based on its original position and velocity.

The Zone Class

This class represents a geometric zoAezone generates a random point
contained in the zon¢hrough thegetPoint() method. This point can be
used to initialize a partici® position or velocity.

The 3D version of theéDeflector , Field , and Zone classes are the
Deflector3D , Field3D , andZone3D classes, respectively.

13



The following classes are naibclassesf the StardustElement  class.
They are value object (VO) classes.

The Particle Class

This class is the VO class for particles. It defines particle propestiels as

mask, mass, scale, alphand collision radius. The two subclasses,
Particel2D and Particle3D , further define 2D and 3Dspecific

properties such as position and velocity.

The Vec2D And Vec3D Classes

These classes represent vectors in 2D and 3D. They provide methods for
common vector operations, such as gowbductand cross product.

The MotionData2D and MotionData 3D Classes

These classes ar degeneratedversions of the vector classes: their sole

purpose is to store values, without providing any methods for vector
operatiors.

The MotionData4dD and MotionData6D Classes

These two classes hold double the number of properties as the
MotionData2D andMotionData3D classes. They are mainly used by the
deflectors for holding botipositionand velocity information of particles.

14



General Workflow

Overview

The following are the steps for the general use of Stardust:

1. Create a clock.

2. Create an emitterand set the emitte® clock property to the clock
created in the previous step.

3. Create a renderer.

4. Add the emitter to the renderer through the rende@addEmitter()

method.

5. Add initializers to the emitter through the emitt@&addInitializer()
method.

6. Add actions to the emitter through the emitt& addAction()
method.

7. Listen tothe Event. ENTER_FRAME or TimerEvent. TIMER event to
repeatedly call the emitte@step() = method, which is the main loop of
the engine.

The Main Loop

The main loop (th&mitter.st  ep() method call) involves the following
process:

&

1. Clock Checking Phase

The emitter asks the clock how many new particles it should create. The
return value of the clod® getTicks() method determines the number of
particles to create.

B
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2. New ParticleCreation Phase

The emitter creates new particlesf the number determined by the clock,
and adds the new particles to its particle ligtnd the emitter asks its
initializers to initialize the new particles.

€

3. New Particle Initialization Phase
The new particles are initialized by the initializers throughheir
initialize() methods.

Note that each initializer has griority property; the initializers are
sorted according to this property and used to initialize neavticlesin the
sorted order.

<
% | A
4. New Particle Rendering Phase

When the new particles are addexhd initialized the emitter dispatches an
EmitterEvent. PARTICLES _ADDED  event. The renderer listens for this
event, and the eventinvokes the rendere@ particlesCreated()

method. This method is icharge of enginepecific newy created particle
handling.

For instance, theDisplayObjectRendrerer adds the new particlg3
corresponding display objects to a display object contdeisplay list

16



—Dro

5. Action PreupdatePhase
The emitter calls thepreupdate() = methods of all its actions to set up the
actions before actually updating particles

For instance, theCollide action calculates themaxDistance value
during this phase to optimize the upcoming colliseahculation

Note that an action may have @eupdate() = method that does nothing
which is in fact true for most actions.

O

6. Action Phase
During this phase, themitter asks all its actions to update tiparticlesin the
emitter@ particle list through the actio@apdate() = method.

Note that each action has apriority property, the actions are sorted
according to this property and used to updatarticlesin the sorted order.

Also, each action has mask property, the action would ignore and not
update aparticleif the bitwiseANDof the particleQ mask property and the
action@ mask property is zero. This is useful for masking out sqradicles
for specific actionsA particlé®@ mask value can badnitialized by the Mask
initializer.

—Dro

7. Action Postupdate Phase
Theemitter calls the post update() methods of all its actions thandle
the end of the update

Note that an action may havepst update () method that does nothing,
which is in fact true for most actions.

17
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8. Dead Particle Removal Phase
The emitter checks thesDead property of its particles to see if there are
dead particles.

a)

9. Dead Particle Rendering Phase

All dead particles are removed from the emit®rparticle list. And the
emitter dispatches amemitterEvent. PARTICLES  REMOVED event.The
renderer listens for this event, and the evemtvokes the rendere@
paritclesRemoved() method. This method is in charge of
enginespecific dead particle removal handling.

For instance, théisplayObjectRenderer removes the dead particl€xs
corresponding display objects to a display object conta@displaylist.

a)

10.Live Particle Rendering Phase

Before the main loop ends the emitter dispatches one last event: the
EmitterEvent. STEPPED event. This eventinvokes the rendere@
render() method, which is in charge of enghseecific rendering.

For instance the DisplayObjectRenderer sets thex, y, rotation

scaleX , scaleY , and other DisplayObject properties of the live
paritcleSxorrespondingdisplayobjects, based on the numeric dateosed in

the emitterQ patrticle list.

18



A Minimalistic Example: Rain

Step by Step

Let@Q go through a minimalistic example to help ygrt started with Stardust.
We are going t@reatea simple raining effect.

1. Open the Flash IDE and create a new FLA file.
Stardust works with both Flash CS3 and CS4, so you can choose whichever
version you like. Hereéh using Flash CS3.

2. We are going to create a raining effect at night, seate a dark
background foyour Flash document

300 pixels Background: WM Frame rate: |60 fps

3. Draw arain drop

19



4. Convert therain drop to aMovieClip  symbol. Export it for ActionScript
and name itRainDrop . Then you can delete the instance on the stage.

Convert to Symbol

Name: |RainDrop K
Type: @ Movie dip Registration: 282 Cancel
(L) Button
O Graphic -
Basic

Linkage

Class: Rain[)mp|

< LY
£

Base class: flash.display.MovieClip

Linkage: Export for ActionScript
[] Export for runtime sharing
Export in first frame

Source
File:

Symbol name: Symbol 1

[1Enable guides for 9-slice scaling

5. Now letQ get down to some coding. Open the Actions panel and make
sure the first frame is selected. If you accidentallgate more than one
frame, delete the other frames. Having more than one frame will result in

unwanted errors.

20



6. Recall the classes from the previous chapter.dWeeed an emitter, a

renderer, a clock, some initializers, a couple of actions, and &#awiom
objects as well agone objects. The objects i@ going to use consist of
common ones for both 2D and 3D, as well as soms@zific ones. W@
have to import the following package§€ommon objects are inside the

idv.cjcat.stardust.common package, while the 2D and 3D ones
are inside the idv.cjcat.stardust.twoD package and the
idv.cjcat.stardust.threeD package, respectively.

Import therequiredpackages.

import  idv.cjcat.stardust.common.actions.*;

import idv.cjcat.stardust.common.clocks.*;

import  idv.cjcat.stardust.common.initializers.*;

import  idv.cjcat.stardust.common.math.*;

import idv.cjcat.stardust.twoD.actions.*;

import  idv.cjcat.stardust.twoD.emitters.*;

import idv.cjcat.stardust.twoD.initializers.* ;
import  idv.cjcat.stardust.twoD.renderers.*,

import  idv.cjcat.stardust.twoD.zones.*;

. Create an emitter, and create a steady clock for the first constructor
parameter. his clock will be the clock associated with the emitiaiss a
number 1 as thesteady clocf@ constructor parameter. This causes the
emitter to create one newparticle on each main loop call. Since this is a
2D example, wee going to use th&mitter2D class, which is a subclass
of the Emitter  class for 2D particle effects.

var emit  ter:Emitter2D
= new Emitter2D(new SteadyClock(1));

21



9. No weie going to create a renderer which renders display objects onto
the screen. fie DisplayObjectRenderer class is for such purpose.
Create aSprite  object and add it to the display list. Pass this sprite as
the rendere@ constructor parameter. This tells the renderer to add new
particles to and remove dead particles from the sprite.

var sprite:Sprite = new Sprite();
addChild(sprite);

var renderer: DisplayObjectRenderer
= new DisplayObjectRenderer(sprite);

renderer.addEmitter(emitter);

10.Now add initializers to the emitter to initialize our raindrop patrticles. The
DisplayObjectClass initializer class tells the emitter to create a
RainDrop instance for each particle. TR®sition initializer class
initializes particle positions based onLine zone object with two end
points at (0, 0) and (0, 300).
The Velocity object initializes particle veloé#s based on a
SinglePoint zone object Velocities are set based on zones: the zone
object yields a coordinate of a random point in the zone, and the vector
pointing from the origin (0, 0) to the random point is then assigned to the
particleby theVecto r initializer class as the particeinitial velocity.

var displa  yObjectClass:DisplayObjectClass
= new DisplayObjectClass(RainDrop);
var position:Position
= new Position(new Line(0, 0, 300, 0));
var velocity:Velocity
= new Velocity(new SinglePoint(0, 5));

emitter.addInitializer(displayObjectClass);
emitter.addInitializer(position);
emitter.addInitializer(velocity);

22



11.Add actions to the emitter. Th&love action object causegparticlesto
move according to their velocities. TBeathZone action object cause
particles to die when they get beyond a given zone, whichiRe@&Zone
zone object in this exampl®ead particles are removed from the display
list by the renderer.

var move:Move = new Move();
var deathZone:DeathZone
=newDeathZone(newRectZone(0,0, 300,300) ,true );

emitter.addAction(move);
emitter.addAction(deathZone);

12.Finally, repeatedly call the emitt@step() = method to keep the particle
effect going. Simply listen to tievent. ENTER _FRAME event.

addEventListener(Event.ENTER_FRAME, emitter.step);

13.Compile and test the movie. If all goes right, you should see the raining
effect working properly.

23


http://stardust-particle-engine.googlecode.com/svn/trunk/manual/manual examples/Rain/Rain.html

14.Now itQ time to add some randomness to the rain drops.@/going to
add a random drift in the X direction. So @Wadd anAbsoluteDrift
action object to the emitter. AUniformRandom random object is used
to generate the drift amount. The firgtonstructorparameter is set to O
and second 0.1; this means the random object generates a random
number ranging from0.1 to 0.1 (0.Dof variation centered at 0). Moreover,
we@ add anOriented action object to the emitter, so that the rain
drops will align to their velocity direction.dte that the offset  property
of the action is set to 180. & because for Stardust, a sym&olp
direction is considered the front of a particle by default. The front of the
rain drop symbol is apparently down, so we need to give it an offset of
180 degrees to fix this.

var drift: RandonDrift = new RandonDrift();
drift.randomX = new UniformRandom(0.1, 0);
var oriented:Oriented = new Oriented();

oriented.offset = 180;

emitter.addAction(drift);
emitter.addAction(oriented);

15.Compile and test the movie. Now you can see random drift is applied to
particles in the X direction, and particles align to thalocity directions.
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