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1 Introduction

Although the HTML documentation in the Particle \mse package describes the setup and
scripting capabilities of Particle Universe, | disml to create an additional tutorial that gives
you a step-by-step explanation of how to creatartigbe system. This tutorial is to
compensate for the lack of an intuitive (officiBrticle Universe Editor; creation of a
particle system is very artist unfriendly and paetiscripts can become very complex. The
tutorial starts with the creation of some basidiplr systems and covers more advanced
features in later chapters.

This tutorial covers Particle Universe versionsd@hé 0.81 with some new features from
version 1.0.



2 A basic Particle System

2.1 Scripts and templates

Assuming you have compilgdgre, theParticle Universe plugin, theParticleUniver seViewer
and have added the appropriate entries to theHilegns.cfg andresources.cfg you are
ready to start. If you haven’t set it up yet, taki®ok at theSetup.html page in the Particle
Universe manual (which can be found under ../Ratficiverse/Docs/manual/).

The easiest way (currently) to create a particitesy is by means of a script. A Particle
Universe script is identified by the extensipn

If the directory in which yourpu scripts are saved is added to tesurces.cfg file, all .pu

scripts are parsed as soon as the Particle Unipargen is loaded. During parsing of the
scripts, particle system templates are createdsé teamplates cannot be used themselves, but
act as a blueprint for creation of your own pagtisystem.

Besidespu scripts you can also creapelia scripts. These scripts contain aliases and are
parsed before th@u scripts are parsed. An alias is a piece of sthgitcan be used in other
scripts (see also the manual for some more infoomjat

2.2 Creation

Use your favorite editor (Notepad is sufficientcreate a file calletutorial.pu. This file is
saved in one of the directories that is includerksources.cfg. Add the following script to
thetutorial.pu file.

systemtutorial.2. 2
t echni que
{
render er Bi | | board {}
mat eri al Parti cl eUni ver se/ G eenBal |
default_particle_w dth 20
defaul t _particl e_hei ght 20
vi sual _particl e_quota 100
emtter Poi nt
{
em ssion_rate 40
angl e 60
direction 010
vel ocity 100
tine_to_live 3
}
}
}

Start theParticleUniverseViewer application and search for tutorial.2r?the list. Select it
and press the Stastutton. You should see something like this:



You have created a particle system that contaieg@chnique (techniques are explained later)

and this technique contains a renderer (always amepne emitter. The emitter emits the
particles and the renderer renders them. Look tesaription of each attribute in the manual
(../ParticleUniverse/Docs/manual/index.html) to sdmt it does.

You may have noticed in the manual that there dfereint types of renderers and emitters.
They can be freely mixed, independent from eackrotbhange the following lines (in red):

systemtutorial.2. 2

t echni que

{
render er Box {}
emtter Box

{

}
}

}

This results in rendering of Boxes instead of Bilbds and the particles don’t emit from a
point anymore, but are emitted from a (non-visildex with default dimensions (100 * 100 *
100).



2.3 Dynamic attributes

A dynamic attribute is an attribute (property) v tscript that can have a fixed value, a
random value or a value that is generated by difum¢sine, ...) or a curve (spline). This
means that these types of attibutes can be vergndigrbecause their value changes over time.
Add the following example to yodutorial.pu script.

systemtutorial.2. 3
t echni que
{
render er Bi || board {}
mat eri al Parti cl eUni ver se/ G eenBal |
vi sual _particl e_quota 500
emtter Poi nt
{
em ssion_rate 10
al | _particl e_di mensi ons dyn_random
{
m n 20
max 80
}
angl e 360
direction 010
vel ocity dyn_random
{
m n 40
max 200
}
time_to_live 5
}
}
}

It will look like this in theParticleUniverseViewer application:




Notice that, compared to tutorial.21Rtorial.2.3doesn’t contain settings in the technique for
default particle width and height anymore. Insteéhd,emitter contains the attribute
‘all_particle_dimensions’ that also defines padialidth and height (only for particles that
are emitted by that particular emitter). The diéfece is that ‘all_particle_dimensions’ makes
it possible to define a different value for widtidaheight per particle. In the tutorial.2.3
example, a random value between ‘min’ and ‘maxsgsigned, so every particle will get a
random width and height between 20 and 80.

Something similar is done with ‘velocity’, so theelocity’ is not the same for every patrticle,
but varies between 40 and 200. Note, that velasiset once during creation of the particle,
after which the velocity remains constant.

So let’s try this (add changes in red):

systemtutorial.2. 3

t echni que
{
emtter Poi nt
{
em ssion_rate dyn_curved_| i near
{
control _point 0 2
control _point 3 3
control _point 10 40

}

The emission rate gradually increases over tilmeésihe particle system was started)
according to a curve (line) that is set by threetic points.

e At the start the emission rate is 2,

» after 3 seconds the emission rate is 5 and

» after 10 seconds the emission rate is 40.

All values in between are linear interpolated.

2.4 Add some movement

The examples in the previous paragraph are veryeldhand need to be spiced up. To affect
movement of the particles there are several parétfectors available. THeravityAffector,
LinearForceAffector, Randomiser, JetAffector andVel ocityMatchingAffector are just a few
examples of affectors that influence the moveméatarticle. Zero or more particle
affectors can be added to one technique. If younaltiple affectors to a technique, the total
effect is combined and applied to the particlessliake a look at one of the previous
examples and add some affectors.

systemtutorial.2. 4

{

t echni que

{
render er Bi | | board {}
mat eri al Parti cl eUni ver se/ Gr eenBal
default_particle_w dth 20

defaul t _particl e_hei ght 20
vi sual _particl e_quota 100




emtter Poi nt

{
emi ssion_rate 40
angl e 60
direction 010
vel ocity 100
time_to_live 3

}

af f ect or Li near For ce

{
force_aff_vector 0 -100 O

}

af f ect or Randomi ser

{
rand_aff_max_devi ati on_x 50
rand_aff_time_step 0.2

}

}
}

This is_tutorial.2.2vhere a.inearForceAffector and aRandomiser are added. The result is
that particles are forced to a direction that isng&l as a 3D vector (0, -100, 0). This means
that particles are forced to move down the y-aRistop of that, the particle direction is
randomised. Every 0.2 seconds the x-factor of gacticle direction is affected with a force
that lies between [-50, +50].

Important remark
Version 0.8 and 0.81 still contain a bug in Redomiser, which is already solved in version
1.0. Change in fil®articleUniver seRandomiser.cpp the functionRandoni ser:: _affect ().

Change line

particle->direction = Qgre::Vector3(Qgre:: Mt h:: RangeRandomn( - mvaxDevi at i onX,
mvaxDevi ati onX), Ogre:: Mat h: : RangeRandon{ - mvaxDevi ati onY, mvaxDevi ati onY),
Qur e: : Mat h: : RangeRandon( - mvaxDevi ati onZ, niMaxDevi ationZz));

into

particle->direction += QOgre::Vector3(QOgre:: Mth:: RangeRandon -
nmvaxDevi ati onX, mvaxDevi ati onX), Ogre:: Math:: RangeRandon( - mivaxDevi ati onY,
nmvaxDevi ati onY), Ogre:: Mt h:: RangeRandon{ - mvaxDevi ati onZ, mnivaxDevi ati onZ));

and recompile (othewise the example gives unexgeesilts).

2.5 Colour your particles

Applying some colour to your particles can be dondifferent ways. Take a look at the next
example (tutorial.2 pand especially the two red lines. This two limedicate that as soon as

a particle is emitted, a colour is applied thas between 0, 0,1, 1 and 1, 1, O, 1. Because the
notation of the colour ised green blue [alpha]® the interval is a generated colour that lies
somewhere between 100% blue and 100% yellow (rgeken gives yellow).

Applying the colour depends on the material. Théeni@ should have the property ‘lighting
off’ otherwise the colour cannot be applied.

! Red, green, blue and alpha have a value betweds [0



systemtutorial.2.5
t echni que
{
render er Bi || board {}
mat eri al Parti cl eUni ver se/ Expl osi onFire
default_particle_w dth 60
defaul t _particl e_hei ght 60
vi sual _particl e_quota 100
emtter Poi nt
{
em ssion_rate 40
angl e 60
direction 010
vel ocity 100
time_to_live 3
start_col our_range 0011
end_col our _range 1101
}
}
}

Run theParticleUniverseViewer application and start tutorial.2.5

As you can see, the particles have different cgldout as soon as the particle expires it is
destroyed immediately, which gives a restless efi&ouldn’t it be nice to fade the particles
gradually?

This is possible with the use of tlelour Affector. TheColourAffector colours the particle
during its lifetime. Comparable with the controlipis that are used in tutorial.2x8 can add
a time/colour attribute. Add the followir@olour Affector to the technique of tutorial.2.5

systemtutorial.2.5

t echni que
{
emtter Poi nt
{
}
af f ect or Col our
{
col our _aff _tine_col our 0111
col our _aff _ti me_col our 1000
col our _operati on mul tiply

}

The ColourAffector contains two ‘colour_aff_time_colour’ attributes.

* The first one defines the colour ‘white’ (100% red00% green + 100 % blue) at time
‘0’ of the particle lifetime.

» The second one defines the colour ‘black’ (0% réX¥6-green + 0 % blue) at time ‘1’ of
the particle lifetime. Note, that time ‘1’ meang thaction of the particle lifetime.

Because the ‘colour_operation’ is set to ‘multiplyis means that the colour of the particle is
multiplied with the colour of th€olourAffector. A basic calculation learns that if a particle is
red (1, 0, 0) as soon as it is emitted and mubiphgh (1, 1, 1), this results in (1, 0, 0); red
again. At the end of the patrticles’ lifetime, isl@ur is multiplied with (0, O, 0), which results



in (0, 0, 0); black. Concluded, during its lifetirtiee particle colour turns from red to black
and because the ‘scene_blend’ method of the parailterial is ‘add’ this gives a fading
effect.

This results in the picture below:

Change the ‘colour_operation’ from ‘multiply’ inteet’ and take a look at the result. Can you
explain it?

What is happening with the ‘set’ colour operatisrthat it sets the particle colour and therefor

overides the colour that has been set with ‘statbur_range’ and ‘end_colour_range’. The
result is that the particle colour changes fromtevto black during its lifetime.

2.6 Observing and event handling

Besides emitting particles and affecting them, iBlartJniverse also has capabilities to
observe particles and handle a particular evanotcurs. The observers that are included in
the Particle Universe package aren’t restricteobi®erverving particles only. The
OnTimeObserver checks if a certain time period has been exceedaitt the
OnRandomObserver checks if a generated random value exceeds afprede¢hreshold. A
particle observer must be added to a technique.

Take a look at the example below. The particlesarigted with a velocity between 100 and
200 and also get affected by th@ear ForceAffector. TheOnVelocityObserver validates each
particle and if the velocity exceeds 200, it wallahe (event) handler. In this example the
DoFreezeEventHandler is called, which immediately stops movement ofiagticle. Each
observer may contain multiple event handlers.



systemtutorial.2. 6
t echni que
{
render er Bi || board {}
mat eri al Parti cl eUni ver se/ G eenBal |
defaul t _particle_w dth 40
defaul t _particl e_hei ght 40
vi sual _particle_quota 500
emtter Poi nt
{
enmi ssion_rate 30
angl e 360
direction 010
vel ocity dyn_random
{
mn 100
max 200
}
time_to_live 5
}
af f ect or Li near For ce
{
force_aff_vector 0 -100 O
}
observer OnVel ocity
{
vel ocity_t hreshol d greater_than 200
handl er DoFreeze {}
}
}
}

Note: While testing the script | found a small bid@g particle gets freezed and expires, the
freeze flag remains true. This means that whenpuiled out of the pool and emitted again, it
doesn’t move. If the tutorial.2 €cript is started, emission ‘stops’ after the'5p@rticle. This

is solved in the next release.

2.7 Basic Collision

Particle Universe includes basic particle collisatiough if you want to do it right you
rather should use a collision library. Particle Wwmse V1.0 has PhysX support, which
provides better collision than the build-in one.

2.7.1 Colliders en Externs

A collider is a virtual shape with which a partician collide. The shape cannot be seen, but it
represents an object in the scene that is vidddeexample, if the scene contains a building
mesh (entity) on position (X, y, z) you can ad8oaCollider on this same location and with
roughly the same dimensions. If a particle hitsBbeCollider, it changes direction.

The Particle Universe package contains three eslidtheSphereCollider, thePlaneCollider

and theBoxCollider. These colliders are in fact affectors. They caatided to a technique

and only the patrticles of that technique (or bettex particles that are emitted by emitters that
are added to the technique) are affected whenhti¢lye collider.

This can be a bit complicated if your particle systis moving and the collider doesn’t or
vice versa. That is the reason why the three @liithave a ‘Extern’ counterpart. An ‘Extern’



is a component outside the particle system, bus geeform actions on that particle system.
The three Extern colliders and the PhysXExterreaiev examples.

In contrast with thé&phereCollider, PlaneCollider andBoxCollider, the
SohereColliderExtern, PlaneCollider Extern andBoxCollider Extern are
Ogre::MovableObjects so they can be attached to a partic@gre: : SceneNode (for example
the Ogre:: SceneNode to which a building is attached). On the otherchahey can also be
added to a technique (as Extern), so the Extefiden(which is attached to one node) still
affects the particle system (which is attachedntatlzer node).

Because using Extern colliders needs some additj@+a) code, the next example is
focussed on &laneCollider.

systemtutorial.2.7.1

t echni que

{

render er

mat eri a
defaul t _particle_w dth
defaul t _particl e_hei ght
vi sual _particle_quota

emtter

{

position
angl e
emi ssion_rate
box_em wi dt h
box_em hei ght
box_em dept h
direction
vel ocity
o

mn

max

}

time_to_live

af f ect or

{

}

position

pl ane_col | i der _nor nal
coll'ision_intersection
col l'i sion_type

col I'i si on_bouncyness

af f ect or

{

}
}

force_aff_vector

Bi || board {}
Parti cl eUni ver se/ GreenBal |

0 300 O
20

5

200

1

1

0-10
dyn_r andom

200
300

Pl aneCol | i der

0 -100 O
010
poi nt
bounce
0.5

Li near For ce

0 -500 O

2.7.2 Inter particle collision

Interparticle collision means that particles caligith each other. If you use a brute-force
method and your particle system emits 100 partitissmeans that the number of inter
particle collision validations is 100 * 100. A srhaick is needed to reduce this amount.
Particle Universe uses the concept of a Spatiahtdate.




Assume that you divide your 3D world into cellsparticle in one cell only has to take its
neighbours into account to validate collision. R&es in other cells that are further away will
definitely not collide, so they won't have to beecked. This reduces the number of
validations. The Spatial Hashtable represents tbeléeand particles that are added to the
table, will be added to a particular cell, depegdin its position. The complicated factor is
that the distribution of cells must be set in sackay, that one cell doesn’t contain all
particles and that there aren’t a lot of cells vattly one particle.

To enable interparticle collision, you have to do things:

1. Add aninterParticleCollider to the technique

2. Change the settings of the Spatial Hashtable itetfenique (using attributes such as
‘spatial_hashing_cell_dimension’), so the distribntof particles over the cells is correct
(not all particles in one cell and not a lot ofiealith just one particle). Getting the
settings right takes some fiddling.

The first example enables interparticle collisitiruses the default values of the Spatial
Hashtable, so only thaterParticleCollider is added to the technique.

systemtutorial.2.7.2

t echni que
{
render er Bi | | board {}
mat eri al Particl eUni ver se/ G eenBal
default_particle_w dth 40
defaul t _particl e_hei ght 40
vi sual _particl e_quota 100
emtter Box
{
em ssion_rate 10
box_em wi dt h 200
box_em hei ght 1
box_em dept h 1
direction 010
vel ocity dyn_r andom
{
m n 10
max 200
}
time_to_live 3
}
af fector InterParticleCollider {}

2.7.3 Collision observer

The OnCollision observer observes whether a particle has collided eithér aBox-, Sphere-,
or PlaneCollider or with another particle (inter-particle collisjortt triggers an event handler
to perform some action.

The script below may look complex, because it idekitwo techniques. The first technique
covers the falling green balls and defines@m€ollision observer. If a particle hits the
PlaneCollider, it executes th®oPlacementParticle handler and theDoExpire handler. The
latter just expires the particle, but the first tii@n places the Sparks emitter on the collision
position and let it emit 5 ‘sparkle’ particles.




The second technique includes the Sparks emittetrenBillboard renderer that renders the
‘sparks’. The Sparks emitter doesn’t emit untisiaictivated by the thBoPlacementParticle

handler; the emission_rate is set to 0.

systemtutorial.2.7.3

t echni que

{
render er
materi a

defaul t _particle_w dth
defaul t _particl e_hei ght
vi sual _particle_quota

emtter

{ .
posi tion
angl e
em ssion_rate
box_em w dt h
box_em hei ght

box_em dept h
direction
vel ocity
t
mn
max
}
time_to_live
}
af fect or
{ o
posi tion
pl ane_col | i der _nor ma
coll'ision_intersection
col lision_type
}
observer
handl er
{
force_emtter
nunber _of _particles
handl er
{
}
}
}
t echni que
{
vi sual _particle_quota
materi a
default_particle_w dth
defaul t _particl e_hei ght
render er
{
.
emtter
{
/'l Set the emission_rate defau
emi ssion_rate
angl e
di rection
vel ocity
time_to_live
}
}

Bi | | board {}
Particl eUni ver se/ Gr eenBal
40

40

100

0-10
dyn_r andom

200
300

Pl aneCol | i der

0 -100 O
010
poi nt
bounce

OnCol |'i si on
DoPl acenent Particl e

Spar ks
5

DoExpi r e

500

Parti cl eUni ver se/ St ar
20

20

Bi | | board

Poi nt Spar ks

t to O to prevent auto-emn ssion
0

360

0-10

130

0.4




3 Advanced options

3.1 Multiple techniques and renderers

Script tutorial.2.7.3hows a particle system with 2 techniques. A glartechnique has its
own rendererer, so with the use of multiple techagjin one particle system, it is possible to
render particles with different shapes and differaaterials. This allows for complex particle
systems, with all complexity integrated into on@tamner, the particle system.

3.2 Particle System LOD

Particle System LOD (= Level Of Detail) is usedéduce the resource usage of a particle
system so performance will not descrease too nftmhexample. it is not needed to render
Entities (meshes) if the distance between the caad the particle system is large. The

users won't see the difference if particles atrgdalistance are rendered as Billboards instead.
Important to realise is that with a multiple camsetup the LOD feature doesn’t work. The
benefit to support multiple camera LOD seems ledsmrause the complexity becomes larger.
If the scene has multiple cameras, you also miisheename of the main camera in the

particle system (in script this is done with ‘matamera_name’).

Particle Universe supports two ways of LOD:
» discrete LOD, making use of multiple techniques
» using a ramp function.

3.2.1 Discrete LOD

This is similar to the way LOD is used in Ogre’steral system.

» First, the attribute ‘lod_distances’ must be sehimparticle system. This attribute
controls the distances at which different (parjitéehniques can come into effect.

* Second, a level-of-detail (LOD) index is assigte@@ach technique in the particle system.
The distance at which a LOD level is applied ised®ined by the lod_distances attribute
of the containing particle system.

The lay-out of a particle system with three diseie©D-levels looks like this.

systemtutorial.3.2.1
{ | od_di st ances 800 2200
snoot h_| od true
mai n_caner a_namne Pl ayer Cam
t echni que
| od_i ndex 0
}
t echni que
| od_i ndex 1
}
t echni que
| od_i ndex 2




}

The ‘smooth_lod’ attribute is to apply a smoothnefsthe transition. As soon as the LOD
transition of another technique comes into effeéne,already emitted particles of the previous
technique are still alive and shouldn’t be destdoyemediately. The ‘smooth_lod’ makes
sure that these patrticles still exists even whexthean technique is activated. These particles
stay alive until they finally expire.

The ‘main_camera_name’ called “PlayerCam” is the tirat is used to calculate the distance
from the particle system, which is used to exet@® transitions.

The technique with index 0 is activated if the aigte between the particle system and the
“PlayerCam” is between 0-800 units.

The technique with index 1 is activated if the aigte between the particle system and the
“PlayerCam” is between 800-2200 units.

The technique with index 2 is activated if the aigte between the particle system and the
“PlayerCam?” is larger than 2200 units.

3.2.2 Ramp function

Instead of discrete LOD-levels, it is also posstblenfluence particular attributes if the

camera moves. In the example below, the ‘emissair’ increases when the camera becomes
nearer and decreases when the camera moves awsys @bne by means of the
‘camera_dependency’ and the insertion operator <<

systemtutorial.3.2. 2

{

mai n_caner a_nane Pl ayer Cam
t echni que

{

renderer Billboard {}

mat eri al Parti cl eUni ver se/ G eenBal
defaul t _particle_w dth 40
defaul t _particl e_hei ght 40
emtter Poi nt
{
em ssion_rate 30 << canera_dependency
di st ance_t hreshol d 400
i ncrease fal se
}
direction 0-10
vel ocity 120
time_to_live dyn_random
t
mn 2
max 4

3.3 Emission of non-visual particles

Besides emission of visual particles, it is alsegpale to emit non-visual particles. Several
components in Particle Universe are consideredgpestand can be emitted. These
components are:



» Particle System, identified by type 'system_paeticl

» Particle Technique, identified by type 'techniquartjele’
» Particle Emitter, identified by type ‘emitter_pat&’

» Particle Affector, identified by type ’affector_piate’

* Visual Particle, identified by type ‘visual_part¢l

Emitting particle types other than visual partiadeslone by using the keyword ‘emits’ in the
emitter definition (emission of visual particlesdisfault, so you can ommit the ‘emits’
keyword). The (script) name of the particle typestralso be supplied.

» The name is searched in the same technique ihiteras an ‘emitter_particle’ or
an 'affector_patrticle’.

* The name is searched in the same particle systemoiicerns a 'technique_particle’.

» If the particle type is a 'system_patrticle’, themais searched in the available particle
system templates.

A basic script that emits other emitters looks litkis.

systemtutorial.3.3
t echni que
{
defaul t _particle_w dth 10
defaul t _particl e_hei ght 10
emitted_emtter_quota 10
renderer Billboard {}
mat eri al Particl eUni ver se/ G eenBal |
emtter Poi nt
{
emts emtter_particle Balls
emi ssion_rate 2
angl e 360
direction 010
vel ocity 300
time_to_live 3
}
emtter Point Balls
{
emi ssion_rate 30
time_to_live 0.5
}
}
}

3.4 Atlas texture and TextureAnimator (V1.0 only)

Atlas textures are supported in version 1.0. Ths& is very convenient, because it gives the
possibility to assign a different image to eachipkrindividually. In general, the texture of a

particle is always identical for particles in aliemue. This is, because only one material can
be used in a technique. However, if you use diffetw-sets (the coordinates of a texture) for
each particle, the particles appear different.

Defining these uv-coordinates is done in the remdey using the keywords
‘texture_coords_rows’ and ‘texture_coords_columigiey divide the texture in a matrix of
coordinate sets. Each set gets its own index.f3exture_coords_rows’ is set to 4 and
‘texture_coords_columns’ is set to 4, the textsrdivided in a 4x4 matrix with coordinate
sets [0..15].



With the use of ‘start_texture_coords’ and ‘endtiex coords’ in the emitter, it is possibe to
randomly assign a texture coordinate set (uv-sed)garticle. A small example:

systemtutorial.3.4

t echni que
{
defaul t _particle_w dth 40
defaul t _particl e_hei ght 40
emtted_emtter_quota 10
mat eri al Particl eUni verse/ | nt er pol at e

renderer Bill board

{

texture_coords_rows 6
t ext ure_coor ds_col umms 6

}

emtter Poi nt

{
enmi ssion_rate 10
angl e 360
direction 010
vel ocity 200
time_to_live 3
start_texture_coords 0
end_t exture_coords 15

}

}

You can take this one step further and adexureAnimator. TheTextureAnimator is an
affector that displays different uv-sets on a géatas if it was playing a movie. If a
TextureAnimator was added to the script above and it was seojp tlorough uv-sets [0..16]
you saw an animation on each patrticle.

The Particle Universe package contains a scririge_029), that does just that.

To easily create atlas textures, there id\asTextureTool added to the Particle Universe
package, which stitches a number of images togethdicreates one big image containing all
the images.

3.5 Using PhysX (V1.0 only)

Particle Universe includes PhysX support from \arsi.0. This means, that particles behave
as real physical objects. In the first release ¢biscerns the primitive objects Sphere, Box and
Capsule. PhysX is responsible for the physical belia, while Particle Universe is mainly
used as a render system and makes it possibledtegoarticle scripts with PhysX attributes.
Of course the integration of both libraries is sarent and creation of a PhysX enabled
particle system is as easy as creating one withbysX support. Although there are only a
few physical primitives supported, it doesn’t melaat there is a restriction in the rendered
shape. You can render real meshes (entities) whele physical shape is a Capsule. Setting
up Particle Universe to support the PhysX librargavered in detail in the manual, so it isn’t
repeated here.

If you want to use PhysX you have to code a feedjmot everything can be done by means
of a script:



1. Setup (initialise) PhysX: The assumption is, that setting up PhysX is dartside of the
Particle Universe plugin, but there is an initNaQd exitNx() function for test purposes
though. Initialising PhysX is done in your clieqpdication.

2. Set the NxScene: When the NxScene is created in your client apgibo, the function
Particl eUni verse: : PhysXBri dge: : set Scene( NxScene* scene) must be called,
otherwise it isn’'t possible to create PhysX actorfuid. The PhysXBridge is a singleton
class that interfaces between your PhysX driveantkpplication and Particle Universe.

3. Define collision between groups: Particles must be assigned to a group to enatibs
particle) collision with Nx-actors from the samegp. For example
nxScene- >set Act or G oupPai r Fl ags(100, 100, NX_NOTI FY_ON START_TOUCH); If
your particles are assigned to group 100, it méaausthey collide with each other.

4. Synchronize Particle Universe with PhysX: This must be done in your client application

every x milliseconds (= timeElapsed). Synchronizsgone by means of the function
Particl eUni verse: : PhysXBri dge: : synchroni ze(QOgre: : Real tinmeEl apsed)

That'’s it. More code isn’t needed and makes it iids$o execute a PhysX enabled script like
the example below:

systemtutorial.3.5
t echni que
{
vi sual _particle_quota 1000
position 0 1000 O
mat eri al Particl eUni verse/ Crate
render er Box {}
emtter Box
{
box_em w dt h 400
box_em hei ght 400
box_em dept h 400
al | _particl e_di mensi ons dyn_r andom
{
mn 10
max 80
}
emi ssion_rate 10
time_to_live 10
vel ocity 100
angl e 40
direction 0-10
mass 100
range_start_orientation 0.2123
range_end_orientation 3321
}
extern PhysX
{
physx_act or _group 100
physx_shape Box
physx_angul ar _vel ocity 010 0
physx_angul ar _danpi ng 0.5
}
}
}
}

This script emits falling box-shaped patrticles.

If you also want to use tHenCollision observer, some additional coding has to be done.
Particle Universe doesn’t automatically detect PlagsX particles are colliding. Usually a
contact reporter is created to detect collisiomti€a Universe has to option to use its build in



contact reporter for testing, but in most casesrdact reporter is created by the client
application. Assume this is the case, a call ftbenclients’ contact reporter to the function

Particl eUni verse: : PhysXBri dge: : onCont act Noti f y(NxCont act Pai r & pair, NxU32
events, NxVec3 contact Point)

must be made.

3.5.1 Fluid

Fluid is also supported, but the fluid attributesgot be set by means of a script. This is not a
technical limitation; fluid isn’t used that muchrealtime applications. If fluid becomes more
mainstream, Particle Universe will enable the udtua attributes in its scripts.

For the time being, some additional coding is ndedbe easiest way is to create a script
with an emptyPhysXExtern.

systemtutorial.3.5.1
{
t echni que
{
vi sual _particl e_quota 1000
default_particle_w dth 40
defaul t _particl e_hei ght 40
position 0 800 O
mat eri al Particl eUni ver se/ G eenBal |
render er Bi | | board {sorting true}
emtter Poi nt
{
emi ssion_rate 40
time_to_live 100
vel ocity 500
angl e 10
direction 1-10
mass 1
}
extern PhysX
/] Leave it enpty and create a fluid by code, using this extern
}
}
}

If the application starts and PhysX is initialisttg creation of a fluid is done by means of
code. An example:

/** Create the particle system

*/

Particl eUni verse: : Particl eSystem nySys = Particl eUni verse: : Parti cl eSyst emvanager : :
get Singl eton().createParticl eSysten("myPhysXSystent, "tutorial.3.5.1", sceneManager);

/** Call prepare() before createFluid(), because communication with the PhysX library
is setup in the prepare().

*/

ny Sys- >pr epar e() ;

PhysXExt er n* physxExtern = static_cast <PhysXExt er n*>( sys->get Techni que(0) - >get Ext ern(0)) ;

NxFl ui dDesc nxFl ui dDesc; // PhysX cl ass

nxFl ui dDesc. ker nel Radi usMul tiplier = 2.3f;

nxFl ui dDesc. rest Parti cl esPer Meter = 3. 0f;

nxFl ui dDesc. sti ffness = 200. Of ;

nxFl ui dDesc. vi scosity = 300. Of ;

nxFl ui dDesc. si mul ati onMet hod = NX F_SPH,




physxExt er n- >cr eat eFl ui d( nxFl ui dDesc) ;
nmySys->start();




4 Complex particle systems

4.1 Flocking behaviour

Particle Universe includes some affectors, whicbambination, perform flocking behaviour.
Flocking is ‘the collective motion of a large number of self-propelled entities’, exhibited by
birds, insects and fish.

Flocking behaviour consists of three components:

» Separation - avoid crowding neighbours (short ranegelsion)

» Alignment - steer towards average heading of negtt

» Cohesion - steer towards average position of neigig(long range attraction)

These three components are implemented in Paditlerse by means of the
» CollisionAvoidance affector (separation)

» VelocityMatching affector (alignment)

* FlockCentering affector (cohesion)

example_027 in the Particle Universe plugin packdgmvs how those three affectors are
used in combination. Both tieollisionAvoidance affector and theVel ocityMatching affector
make use of the Spatial Hashtable functionalityheoSpatial Hashing properties have to be
set correct in the technique for optimal performeanc

4.2 Flip Flop

In some situations a mechanism is needed wherepheuibrces, that change over time, are
applied to a particle system. Generation of winsuish an example. This can be done by
using some kind of perbutation / noise affectot,limcause Particle Universe omits this, a flip
flop mechanism can be used instead.

The basic idea is that multiple affectors are ezl disabled in case of a certain event.
Take a look at the following excerpt.

systemtutorial.4.2
{
t echni que
{
6b§er ver OnRandom
{
observe_i nt erval 1
random t hr eshol d 0.5
handl er DoEnabl eConponent
enabl e_conponent af f ect or _conponent W ndLef t true
}
handl er DoEnabl eConponent
enabl e_conponent af f ect or _conponent W ndRi ght fal se
}
}
observer OnRandom
{




observe_int erval
random t hr eshol d
handl er

{ enabl e_conponent
handl er
enabl e_conponent
}

af f ect or

enabl ed
force_aff_vector

af f ect or

enabl ed
force_aff_vector

}

1

gbgnablernponent

af f ect or _conponent W ndRi ght
DoEnabl eConponent

af f ect or _conponent W ndLef t
Li near For ce W ndLef t

fal se

-150 -50 O

Li near For ce W ndRi ght

fal se

50 00

true

fal se

The twoOnRandom observers are generating a random value and as soon aslie v
exceeds a threshold, the event handlers are aaivahe trick is, that the event handlers
included in the observers are doing an opposiieracthe first one enables the WindLeft
affector and disables the WindRight affector (blottear For ce affectors), the second
observer does it the other way around. This créaties-like forces.

4.3 Explosion

Particle systems are associated with explosionthisdutorial is not complete if explosions
aren’t covered. An explosion comes in all types simds, but it doesn’t matter which type
you want to create, it is very difficult to produaeonvincing explosion.

One type of explosion has in common that it staitk a flash of bright light, that expands
quickly, while hot debris is shooting in every ditien. The debris also has an initial high
velocity, but quickly looses speed. The bright fifgdes and is slowly replaced by smoke.
So we need a bright flash, debris and smoke. Husires three materials, so the particle
system will also contain three techniques.

The script below is a particle script that defittes flash.

systemtutorial.4.3

t echni que

{

materi a
vi sual _particle_quota
renderer Bill board

{
}

emtter

{

render _queue_group

emi ssion_rate

angl e

direction

vel ocity

time_to_live

al | _particl e_di nensi ons

{

Fire

Parti cl eUni ver se/ Nucl eus
300

50

Point FireEmtter

60

360

010

100

1
dyn_random




mn
max
}
col our
duration
}
af f ect or
{
xyz_scal e
{
control _poi nt
control _point
control _poi nt
}
}
af fect or
{
col our _operati on
col our_aff _tinme_col our
col our_aff _tinme_col our
col our_af f _ti me_col our
}

}

Scal e

0.05 0.3 0.3 0.3
1000

It uses an emitter that emits only 0.3 secondsr{défoby ‘duration’) and emits 60 particles

per second in every direction. The x and y dimemsiaf the flash particles are between 20
and 80 units, but because of the inclusion 8tae affector they increase rapidly. Ttgeale
affector expands the particle size initially at a scalegy of 2000, but after 0.3 seconds the
particle size only increases with a velocity of @0¢d comes to a complete halt after 1 second.

TheColour affector causes the particle to fade its colour quickly.

Run the script tutorial.4.8nd see what happens. Now add some debris. Thetemscript is

expanded with a second technique (in red).

systemtutorial.4.3

{

t echni que

{

materi a
vi sual _particle_quota
renderer Bill board

{
}

emtter

{

render _queue_group

emi ssion_rate
angl e
direction
vel ocity
time_to_live
al | _particl e_di nensi ons
t

mn

max
}
col our
duration

}

af f ect or

{

xyz_scal e

{

Fire

Parti cl eUni ver se/ Nucl eus
300

50

Point FireEmtter

60

360

010

100

1
dyn_random

20
80

1.0 0.5 0.3
0.3
Scal e

dyn_curved_| i near




control _point
control _poi nt
control _poi nt

}
}
af f ect or
{
col our _operati on
col our_aff _tinme_col our
col our _aff _time_col our
col our _aff _time_col our
}
}
t echni que
{
nmateri a
vi sual _particle_quota
render er
bi | | board_type
render _queue_group
}
emtter
{
enabl ed
em ssion_rate
force_em ssion
direction
angl e
tinme_to_live
particl e_hei ght
t
m n
max
}
particle_wi dth
t
m n
max
}
vel ocity
.
m n
max
}
}
af fect or
{
y_scal e
{
control _point
control _poi nt
control _poi nt
}
}
af f ect or
jet_aff_acce
}
af fect or
{
force_aff_vector
}
af fect or
{

col our_af f _time_col our
col our_aff _tinme_col our

oo
o wmN
RS’

Col our

mul tiply
0111
0.05 0.3 0.3 0.3
1000

Particl eUni verse/ Debri s
100
Bi | | board

oriented_self
50

Poi nt Debri s
fal se

100

true

010

360

2

dyn_random

50
100

dyn_random

8
10

dyn_random

600
1200

Scal e

dyn_curved_| i near

=2

Li near For ce

0 -100 O
Col our
00.811
1000




observer OnTi e

{

on_tine greater_than 0.1
since_start_system true
handl er DoEnabl eConponent

enabl e_conponent em tter_conponent Debri s true

}

If you look at the debris part, you notice an eemithat has set ‘force_emission’ to true. This
means that the 100 particles (= value of the ‘elmisgate’) are emitted at once and then no
more particles are emitted. The particles are nettlas a Billboard and because
‘billboard_type’ is set to ‘oriented_self’ it meatigat the particles are oriented according to
their direction.

The Scale affector is also used in this technique, but instead akeiasing the size of the
particles, they are decreased. This makes sensadethe glowing debris particles cool off
during their flight so their glowing trail also deases.

The Jet affector is used to slow the velocity of the debris. Thaahvelocity of the particles
is high, but because of the negative acceleratiotof of thelet affector, the particle velocity
is decreased rapidly.

Another point of attention goes to t@aTime observer. This one enables the Debris emitter
as soon as 0.1 seconds have passed since thef skertparticle system. It looks better when
there is a small delay in the emission of the debri

Run script tutorial.4.&gain an you should see something like the imagmb




The last addition is ‘smoke’. If the explosion ensimoke appears.

Another technique is added (in red).

systemtutorial.4.3

t echni que

{
mat eri a
vi sual _particle_quota
renderer Bill board

{
render _queue_group
}
emtter
t
em ssion_rate
angl e
di rection
vel ocity
time_to_live
al | _particl e_di nensi ons
o
mn
max
}
col our
duration
}
af fect or
{
xyz_scal e
{
control _poi nt
control _point
control _poi nt
}
}
af f ect or
{ .
col our _operati on
col our_aff _time_col our
col our_af f _ti me_col our
col our_af f _ti me_col our
}
}
t echni que
{ .
materi a
vi sual _particle_quota
render er
bi | | board_type
render _queue_group
}
emtter
{

enabl ed
emi ssion_rate
force_em ssion
direction
angl e
time_to_live
particl e_hei ght
o

mn

max
}
particle_w dth

{

Fire

Parti cl eUni ver se/ Nucl eus
300

50

Point FireEmtter

60

360

010

100

1
dyn_random

Scal e

dyn_curved_| i near

000
20

P OO

2
3
0

Col our

mul tiply
0111
0.05 0.3 0.3 0.3
1000

Parti cl eUni verse/ Debri s
100
Bi |l | board

oriented_self
50

Poi nt Debris

fal se

100

true

010

360

2
dyn_random

50
100

dyn_random




mn
max
vel ocity
t
mn
max
}
}
af fect or
{
y_scal e
{
control _poi nt
control _poi nt
control _poi nt
}
}
af fect or
jet_aff_acce
}
af fect or
{
force_aff_vector
}
af fect or
{
col our_af f _ti me_col our
col our_aff _tinme_col our
}
observer
{ .
on_time
since_start_system
handl er
enabl e_conponent
}
}
}
t echni que
{ .
materia

vi sual _particl e_quota
renderer Billboard

{
render _queue_gr oup
}
emtter
. .
tine_to_live
mast er _t echni que_nane
master _em tter_nane
al |l _particl e_di nensi ons
{
mn
max
}
}
af f ect or
{
xyz_scal e
{

control _poi nt
control _poi nt
control _point

3
10

dyn_random

600
1200

Scal e

dyn_curved_| i near

-2

Li near For ce

0 -100 O

Col our

= O
oo
o
o

OnTi me
greater_than 0.1
true

DoEnabl eConponent

em tter_conponent Debri s

Parti cl eUni ver se/ Snoke
300

51

Sl ave

8

Fire
FireEm tter
dyn_random

20
80

Scal e
dyn_curved_| i near

200
20

P oo
oNnpE

true




}

af f ect or Col our
col our _aff _ti ne_col our
col our _aff _ti ne_col our
colour_aff _time_col our

colour_aff _time_col our

o o
o o

0

0 0
1030.30.30.1
3
2

N W

N 0.3 0.6
col our _aff _tine_col our 0.2 0.3
col our _aff

rooooo
OWWUlkFkFkO
coo
OoON W
coo

tinme_col our

}

af f ect or Li near Force

{
}

force_aff_vector 0250

}

The smoke emitter is a Slave emitter. This meaassitlemits smoke particles as soon as the
emitter with the name ‘FireEmitter’ of the technégwith the name ‘Fire’ has emitted a
particle. The smoke emitter emits a particle onsés@e position. Adding the smoke emitter
results in a particle system that looks like thage below.

To be honset, the quality of the explosion is gilestionable. In my opinion the best results
are achieved with just a few particles and bettevak. A combination of the
TextureAnimator and a skilled artist makes the difference.



