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1. Introduction 
 

This lab will introduce you to creation, management, procedural/kinematics/dynamics 
animation, collisions, and rendering of particle systems in Maya. You will learn how to:  

1) create trails of animated particles through particle emitters 
2) control the shape and color of particle volumes 
3) attach force fields to particle systems 
4) attach collision events for particle-rigid body collisions 
5) create springs between individual particles  
6) use advanced particle effects like fire and lightning on animated characters  

 
 
2. Preliminaries 

 
All particles related animation and rendering effects can be found under the Dynamics 
section of Maya (press F4).  
 
Particles are managed as groups of points under particle objects or nodes in Maya. You 
can add, delete or control individual particles by specifying their id to the particle 
system’s methods. Particle systems can be controlled with global parameters (e.g. 
average particle lifespan) or with local parameters (e.g. per-particle lifespan, usually 
defined by A MEL expression or a ramp shader node).  
 
Emitters are particle generator objects that not only create a particle system, but 
periodically add new particles into the system as well. Emitters can be animated to create 
particle trails to achieve effects like rocket flame, smoke, jet-ski froth, etc.  
 
Spring objects manage a system of individual springs between pairs of points. Like 
particles, each individual spring can be accessed by id, and controlled via global (e.g. 
spring constant ks) and local parameters (per-spring ks).  
 
Soft bodies are modeled by particle objects that contain a particle for every vertex 
location in the attached geometry object. The goal for every particle is to follow the 
location specified by the corresponding vertex. However other forces can be exerted on 
every particle and thus, physics based deformations can be applied to the shape of the 
particle system. The original geometry is usually hidden, and the simulated particle 
positions are used instead to generate a new copy of the deformed geometry. 
  
A Maya object exists as a node in the scene dependency graph (can be viewed from 
WindowsHypergraph). A Maya command may be implemented in C++ using the Maya 
API libraries. MEL or Maya Embedded Language is a scripting language that can make 
use of commands to create, manipulate or access parameters of Maya scene nodes. 
Generally, commands which create a Maya scene node have an edit (-e) and query (-q) 
mode to change or read values in attributes of the named node. E.g., the particle MEL 
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command creates a named particle dependency node, that can be queried and 
manipulated as follows: 

a) particle -p 0 0 0 -p 3 5 6 -p 5 6 7 -p 9 9 9 –n myHairEffect; //creates a particle 
node named myHairyNode in the Maya scene graph with 4 particles in it  

b) particle –e –attribute position –id 3 –fv 3 6 9  myHairEffect; //edits an 
individual particle position in the existing particle system node myHairyNode 

c) particle –attribute position –id 3 –q  myHairEffect; //queries an individual 
particle position in the existing particle system node myHairyNode 

 
 

  
3. Particle Generation and Control 

 
This section explains how to generate particles via an emitter object, as well as how to 
create particle systems programmatically. See the attached file particleRender1.mb. Go 
to the dynamics section of Maya (press F4).  Select ParticlesCreate Emitter from the 
main menu. Invoke the Attribute Editor (press CTRL+A) to change various attribute 
values. You will see something like the figure below. Also notice that it has created a 
particle object and loaded it up in the next tab in the Attribute Editor. 
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Scale the emitter up to 3 times its original size, change the emitter type to Volume, and 
change the highlighted attributes as shown below. Play the animation to see results. 
 

 
  
 
 
If you continue to play the animation you will see that the particles are just continually 
rushing out and invading all the space around the emitter. We ideally want the particles to 
die out after sometime. Switch to the particle tab as shown in the next figure. You will 
notice that the particle life span mode is set to “Live forever”. Change this to Random 
Range, and set the values of Lifespan to 2.0, and Lifespan Random to 0.3. You will now 
see that the particles roughly follow the shape of the cone. 
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We will now learn how to add per-particle controls to a particle system. In the Attribute 
Editor, scroll down to the per-particle attributes section as shown below.  
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All the parameters shown here are controllable via expressions or ramp shaders. 
Expressions are MEL statements which evaluate for every particle in the system. Since 
MEL is an interpreted language, you should avoid it for performance reasons during large 
number of individual evaluations like dense particle clouds. Ramp shader nodes are 
generally used to color geometries with an interpolation between different shades. The 
driver parameter is u or v texture parameter. For particles, this driver parameter is 
assigned as an input attribute from the particle system (e.g. per-particle lifespan) and the 
output is mapped to another property (e.g. per-particle color). 
 
We will control the particle system shape here by evaluating per-particle position and 
culling out-of-desirable-zone particles (by setting their lifespan to 0). Change the 
Lifespan mode to lifespanPP only. Scroll down to the Per Particle Attributes section, 
right click on lifespanPP box and select the option shown below. This will invoke the 
expression editor. Copy paste the code below into the Editor box, and create the 
expression. Rewind the animation and play to see results. You will see the playback has 
slowed down substantially because of the inefficiently large number of expression 
invocations. A better way to do this is to evaluate all the particles in a loop (in a MEL 
function called after every frame of simulation).  
 

 

//GET THE POSITION OF PARTICLES 
vector $pos= particleShape1.position; 
//CHECK TO SEE IF THEY HAVE PASSED A CERTAIN X VALUE 
(1 in this example) 
if ($pos.x>=1){ 
 int $pi=particleShape1.particleId; 
 particle -e -at lifespanPP -id $pi -fv 0 
particle1; 
} 

 
 
 
 
We will now add per-particle color and opacity. You first have to create these per particle 
attributes first (click on Color and Opacity under the Add Dynamic Attributes tab). Right 
click on the box next to rgbPP (just created by action above), and choose the Create 
Ramp option. Again right click and select the option shown below: 
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Define the ramp as shown below, or as you would like to see the color vary depending on 
the age of the particle. Note that you can map variables other than age as well. Just select 
the details (click on the box next to Create Ramp option) and set the appropriate variable. 
Disable the particle shaping expression described above (delete the expression in the 
Expression editor and revert lifespan mode to Random Range) and jack up the per/second 
emission rate in the emitter node to 1000 or 10000. Change the Particle Render Type 
from Point to Multi Streak. Define a ramp for the opacityPP field similar to the rgbPP 
field, and define a grayscale ramp as shown below. 
 

 Per-particle RGB Ramp 
 

 Result of Per-particle ramp control  
 

 
Per-particle Opacity Ramp 

  
 
The above description describes generation and control of particles. You can now 
animate the emitter or any of its attributes to get a large variety of special effects. One 
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such example has been demonstrated in the attached particleRender1.mb file, where the 
emitter’s position and orientation have been animated along with the emitter shape (cone, 
cylinder, sphere and torus). In addition to this, collision events have been demonstrated 
with the help of an animated rigid body (a polygon cone) that flies through the particle 
cloud. Details of collisions and force fields are described in the next section. 
 
 
4. Particle Collisions and Force Fields 

 
This section explains how to make particles collide against other rigid bodies and how to 
attach MEL callback functions that handle collision events. It also demonstrates how to 
attach some interesting force fields to particles. 
 
Force fields can be created from the main menu titled Fields. Select the particle system 
object. Then create the force field of your choice on the particle system. Rewind and 
playback the animation. You should get a result similar to the one shown below. 
 

 
 
 
We will now learn how to make particles collide against other objects. Note that the 
collision object must be a non-soft body for guaranteed accuracy of collision calculations. 

Create a ground plane (click on  in the Polygons tab in the tool shelf above the main 
view) and shift the emitter cone slightly higher than the ground plane. Select the particle 
object, shift select the plane, and do ParticlesMake Collide from the main menu. You 
can choose the details of this option to change the surface resilience and friction. The 
next figure shows a cascade like effect with a slanting plane acting as the collision 
surface for the particle system. 

 

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



Animation and Rendering with Particle Systems in Maya CS5245@SoC/NUSCS5245@SoC/NUS 
 

 
Dr. Golam Ashraf, SoC NUS © 2005 
 

8 

 
 

next figure shows a cascade like effect with a slanting plane acting as the collision 
surface. You can add more forces like air, drag, vortex,  and turbulence as well to the 
particle, following a similar approach to the addition of gravity described above. The 
figure below shows the effect of adding a vortex (of magnitude 100) just under the 
emitter.  
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5. Soft bodies and Springs 

 
You can convert a static or animated geometry into a soft body (see definition in Section 
2). Once the soft body particle object is created you can paint the per-particle goal 
weights to define how closely each particle follows its target geometry point (present on 
the hidden original copy of the rigid geometry). A particle goal weight of 1.0 implies that 
the target must be rigidly followed, irrespective of the applied forces due to external 
fields or inertia of motion. A goal weight of 0 implies that the target geometry point has 
no effect on the particle. Any number of forces can be attached to the particles. You can 
convert a geometry to a soft body by selecting it and choosing Soft/Rigid BodiesCreate 
Soft Body from the main menu. You can specify varying per particle softness by:  

a) Painting the goal weights directly on the geometry (Select the particle object. 
Choose Soft/Rigid BodiesPaint Soft Body Weights Tool. Choose Scaling 
operation, set the strength to 0.9 and start scaling down the default weight to 
introduce more local softness in the painted area) 

b) Invoke the Component Editor and select all the particle points in the Component 
mode. (Select the particle object. Press F8. Drag select the points you want to 
inspect or change per-particle attributes for. Choose WindowGeneral 
EditorsComponent Editor and go to the particles tab) 

 
Since soft bodies are very much modeled by particle systems objects, the same 
techniques of force attachment and collisions can be applied to these. Just ensure that you 
isolate the particle object and select it correctly before applying the force fields or 
collision assignment. 
 
Let us now learn how to work with springs and soft bodies. Open the softBody.mb file. 
You will see that it contains a soft body ball that animates along the z axis. Since some 
softness has been painted over parts of this ball, some parts jiggle and lag in response to 
inertia of motion. Rewind the animation, and cut paste the following code in the first row 
below to the script editor in Maya. Execute the code chunk (press CTRL+ ENTER in the 
script editor). You will notice that a spring object is created by the name mSpring. This 
spring object is populated with individual springs in the for loop, between points on the 
soft body object and the four corners of the wall geometry. 
 
string $spring[] = `spring -minMax 0 -n mSpring copyOfpSphere1Particle.pt[100] wall`; 
 
for($i=101;$i<190;$i++) 
spring -add -minMax 0 copyOfpSphere1Particle.pt[$i] wall $spring[0]; 
 
delete $spring[0]; 

 
Execute the line in the second row after the ball has moved well away. This deletes the 
spring and induces a new disturbance in force, hence inducing a different jiggle before 
the affected particles come to a rest. You can build many fascinating effects using the 
ideas in this simple example. You should be able to procedurally populate particle goal 
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weights and spring constants using mathematical functions (e.g. Gaussian  or exponential 
distributions) to simulate nicely attenuated variations in spring mass dynamics. 
 

 

 

  
 
 
 

6. Advanced Effects 
 

There are quite a few advanced particle effects in Maya. If you can 
home in on the particle object used to deliver these effects, you can add 
your own fancy forces with force fields, collisions and springs to these 
particle objects. Open the example file titled ladyLightning.mb. This 
example sows you how the above principles have been applied to add on 
custom vortex and air fields to the lightning effect created between the 
right shoulder and the left leg.  
 

Select the lightning surface. Open the Hypergraph. Click the  icon to 
view connected nodes to the lightning geometry. You will see a node 
called lightningCurve1ParticleShape a few connections away. Force 
fields were added to this node for the additional vortex and drag effects. 
You can even write MEL functions to manipulate individual particles or 
attach/delete springs between them.  
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7. Summary 
 
This lab has introduced you to particle creation, management, procedural/key-
framed/dynamics control, springs and soft bodies. There are a million creative 
possibilities here. The principles demonstrated here can be effectively used in Maya and 
other particle systems to create complicated special effects for animation and rendering.  
 
 
 
Copyright Notice 
 
All material and samples introduced here have been solely authored by Dr. Golam Ashraf 
for educational purposes in School of Computing, NUS. It may not be coped, 
redistributed, published, used by or sold to external educational/commercial/professional 
enterprises without the express permission of the author. 
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particle 

Synopsis 

particle [flags] [objectName]  

The particle command creates a new particle object from a list of world space points. If a 
particle object is created, the command returns the names of the new particle shape and 
its associated particle object dependency node. If an object was queried, the results of the 
query are returned. Per particle attributes can be queried using the particleId or the order 
of the particle in the particle array. If an object was edited, nothing is returned.  

Return value 

string : if the particle object is created  

float : if a float per particle attribute is being queried  

[float float float] : if a vector per particle attribute is being queried  

Related commands 

getParticleAttr, setParticleAttr, addPP, dynExport, emitter, connectDynamic, air, radial, 
gravity, newton, drag, goal, dynExpression, emit, event, collision  

Flags 

attribute, cache, conserve, count, deleteCache, dynamicAttrList, floatValue, gridSpacing, 
inherit, jitterBasePoint, jitterRadius, lowerLeft, name, numJitters, order, particleId, 
perParticleDouble, perParticleVector, position, shapeName, upperRight, vectorValue  

Long name (short name) [argument types] Properties 
-position (-p)  float float float  
 World-space position of each particle.   
-inherit (-i)  float  
 Inherit this fraction (0-1) of emitting object's velocity.   
-name (-n)  string  
 name of particle object   
-shapeName (-sn)  string  

 Specify the shape name used for geometry instancing. DO not confuse this with the 
-n flag which names the particle object.   
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-count (-ct)    
 Returns the number of particles in the object.   
-dynamicAttrList (-dal)    
 Returns a list of the dynamic attributes in the object.   
-perParticleDouble (-ppd)    

 Returns a list of the per-particle double attributes, excluding initial-state, cache, and 
information-only attributes.   

-perParticleVector (-ppv)    

 Returns a list of the per-particle vector attributes, excluding initial-state, cache, and 
information-only attributes.   

-conserve (-c)  float  

 

Conservation of momentum control (between 0 and 1). Specifies the fraction of the 
particle shape's existing momentum which is conserved from frame to frame. A 
value of 1 (the default) corresponds to true Newtonian physics, in which 
momentum is conserved.   

-particleId (-id)  int  

 

Used in per particle attribute query and edit. Specifies the id of the particle whose 
attribute is being queried or edited. Querying the value of a per particle attribute 
requires the -attribute and -id or -order flags and their arguments to precede the -q 
flag.   

-order (-or)  int  

 

Used in per particle attribute query and edit. Specifies the zero-based order (index) 
of the particle whose attribute is being queried or edited in the particle array. 
Querying the value of a per particle attribute requires the -attribute and -id or -order 
flags and their arguments to precede the -q flag.   

-attribute (-at)  string  

 Used in per particle attribute query and edit. Specifies the name of the attribute 
being queried or edited.   

-vectorValue (-vv)  float float float  

 Used only in per particle attribute edit. Specifies that the edit is of a vector attribute 
and must be followed by all three float values for the vector.   

-floatValue (-fv)  float  

 Used only in per particle attribute edit. Specifies that the edit is of a float attribute 
and must be followed by the new float value.   

-numJitters (-nj)  int  

 Number of jitters (instances) per particle. Multi-use.   
-jitterRadius (-jr)  float  
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 Max radius from the center to place the particle instances. Multi-use.   
-jitterBasePoint (-jbp)  float float float  

 

Base point (center point) for jitters. The command will create one swatch of jitters 
for each base point. It will pair up other flags with base points in the order they are 
given in the command line. If not enough instances of the other flags are availble, 
the last one on the line with be used for all other instances of -jpb.   

-gridSpacing (-grs)  float  

 Spacing between particles in the grid.   
-lowerLeft (-ll)  float float float  

 Lower left point of grid.   
-upperRight (-ur)  float float float  

 Upper right point of grid.   
-cache (-ch)  boolean  

 Truns caching on/off for the particle shape.   
-deleteCache (-dc)    

 Deletes the particle shapes cache. This command is not undoable.   
 

Flag can appear in Create mode of command  Flag can appear in Edit mode of command  

Flag can appear in Query mode of command  Flag can be used more than once in a command  

Examples 

particle -p 0 0 0 -p 3 5 6 -p 5 6 7 -p 9 9 9  
          Creates a particle object with four particles  
  
particle -attribute age -id 5 -q particle1 
          Returns the age of the particle with id 5 in object particle1 
     
particle -attribute velocity -order 7 -q 
           Returns the velocity of the 7th particle in the currently 
selected particle object 
       
IMPORTANT NOTE:  Querying the value of a per particle attribute 
requires the -attribute and -id or -order flags and their arguments to 
preceed the -q flag  
       
particle -e -attribute velocity -order 7 -vectorValue 0.0 1.0 0.0 
          Edits the velocity of the 7th particle in the currently 
selected particle object to be 0.0, 1.0, 0.0 
 
particle -e -attribute mass -id 3 -fv 0.7 particle1 
      Edits the mass of the particle in "particle1" with id 3 to be 0.7 
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spring 

Synopsis 

spring [flags] [obj[obj]..]  

The spring command can do any of the following:  

* create a new spring object (shape plus transform). The shape contains springs between 
the points (particles, cvs, etc.) of the objects selected or listed on the command line.  

* create new springs and add them to an existing spring object  

* edit or query certain attributes of an existing spring object  

One "spring object" may have hundreds or even thousands of individual springs. Certain 
attributes of the spring object specify exactly where the springs are attached to which 
other objects.  

Springs may be attached to the following: particles, vertices of soft bodies, CVs or edit 
points of curves or surfaces, vertices of polygonal objects, and points of lattices. In the 
case where one endpoint of a spring is non-dynamic (a CV, edit point, etc.), the spring 
does not affect its motion, but the motion of the point affects the spring. A spring will be 
created only if at least one of the endpoints is dynamic: for example, a spring will never 
be created between two CVs. A single spring object can hold springs which are incident 
to any number of other objects.  

The spring has creation-only flags and editable flags. Creation-only flags (minDistance, 
maxDistance, add, exclusive, all, wireframe, walklength, checkExisting) can be used only 
when creating new springs (including adding springs to existing spring object). Editable 
flags modify attributes of an existing spring object.  

If a spring object is created, this command returns the names of the shape and transform. 
If a spring object is queried, the command returns the results of the query.  

Return value 

string  

Flags 

addSprings, allPoints, count, damping, dampingPS, endForceWeight, exclusive, length, 
maxDistance, minDistance, minMax, name, noDuplicate, restLength, restLengthPS, 
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startForceWeight, stiffness, stiffnessPS, useDampingPS, useRestLengthPS, 
useStiffnessPS, walkLength, wireframe  

Long name (short name) [argument types] Properties 
-name (-n)  string  
 Name of spring object.   
-minMax (-mm)  boolean  

 

If True, sets the mode of the spring application to Min/Max. This will add springs 
between all points from the specified point groups that are between the minimum 
and maximum distance values set with min and max. (Default is False.) Note: This 
gets automatically set if either the min or max flags are used.   

-wireframe (-wf)  boolean  

 
If True, sets the mode of the spring application to Wireframe. This is valid only for 
springs created on a soft body. It will add springs along all edges connecting the 
adjacent points (vertices or CV's) of curves and surfaces. (Default is False.)   

-walkLength (-wl)  integer  

 

This flag is valid only when doing wireframe creation. It will create springs 
between pairs of points connected by the specified number of edges. For example, 
if walk length is 2, each pair of points separated by no more than 2 edges will get a 
spring. Walk length measures the distance between pairs of vertices just like the 
number of blocks measures the distance between two intersections in a city.   

-allPoints (-all)    

 If True, sets the mode of spring application to All. This will add springs between all 
points selected. (Default is False.)   

-addSprings (-add)    

 If specified, springs will be added to the existing selected set of springs. (Default is 
to create a new spring object.)   

-exclusive (-exc)  boolean  

 If true, tells the command to create springs only between pairs of points which are 
not in the same object. (Default is False.)   

-minDistance (-mnd)  float  

 Minimum distance between two points that a spring would be considered. (Default 
= 0.0. See Defaults for more information on this flag's default.)   

-maxDistance (-mxd)  float  
 Maximum distance between two points that a spring would be considered.   
-stiffness (-s)  float  

 Stiffness of the springs created in the spring object. (Default = 1.0 ) -damp float 
Vestigial form of "damping." Please use "damping" instead.   
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-damping (-d)  float  
 Damping factor for the springs created in the spring object. (Default = 0.2 )   
-length (-l)  float  
 Vestigial form of "restLength." Please use "restLength" instead.   
-restLength (-rl)    

 Per-object rest length for the new springs. Springs can use either their per-object or 
per-spring rest length. See the -lPS and -ulp flags.   

-stiffnessPS (-sPS)  float  

 
Stiffness of the springs created in the spring object. This will initialize all the 
entries in stiffnessPS to the specified value. In both the flag and the attribute name, 
"PS" stands for "per-spring." (Default = 1.0 )   

-dampingPS (-dPS)  float  

 
Damping factor for the springs created in the spring object. This will initialize all 
the entries in dampingPS to the specified value. In both the flag and the attribute 
name, "PS" stands for "per-spring." (Default = 0.2 )   

-restLengthPS (-rPS)  float  

 

Per-spring rest length for the new springs. This will initialize all the entries in 
restLengthPS to the specified value. If this flag is not thrown, each rest length will 
be initialized to the distance between the two points at the time the spring is created 
(i.e., the initial length of the spring). When playing back, springs can use either 
their per-spring or per-object rest length. See the -rl and -urp flags. In both the flag 
and the attribute name, "PS" stands for "per-spring."   

-useStiffnessPS (-usp)  boolean  

 

Specifies whether to use stiffnessPS (per spring stiffness). If set to false, the per 
object stiffness attribute value will be used. This flag simply sets the useStiffnessPS 
attribute of the spring shape. In both the flag and the attribute name, "PS" stands for 
"per-spring." (Default = false )   

-useDampingPS (-udp)  boolean  

 

Specifies whether to use dampingPS (per spring damping). If set to false, the per 
object damping attribute value will be used. This flag simply sets the 
useDampingPS attribute of the spring shape. In both the flag and the attribute name, 
"PS" stands for "per-spring." (Default = false )   

-useRestLengthPS (-urp)  boolean  

 

Specifies whether to use restLengthPS (per spring restLength). If set to false, the 
per object restLength attribute value will be used. This flag simply sets the 
useRestLengthPS attribute of the spring shape. In both the flag and the attribute 
name, "PS" stands for "per-spring." (Default = false )   

-startForceWeight (-sfw)  float  

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



Animation and Rendering with Particle Systems in Maya CS5245@SoC/NUSCS5245@SoC/NUS 
 

 
Dr. Golam Ashraf, SoC NUS © 2005 
 

18 

 Amount of the force of the spring that gets applied to the point from which the 
spring starts. Valid range is from 0.0 to 1.0. (Default = 1.0 )   

-endForceWeight (-efw)  float  

 Amount of the force of the spring that gets applied to the point to which the spring 
ends. Valid range is from 0.0 to 1.0. (Default = 1.0 )   

-count (-ct)    

 
Return the number of springs in the shape. Query-only. We maintain this flag only 
for compatibility with earlier versions of Maya. To get the count of springs, it is 
much faster and simpler to use the spring shape's count attribute: getAttr .count.   

-noDuplicate (-nd)  boolean  

 
Check for existing springs and don't add a new spring between two points already 
connected by a spring in the same object. Only the object the command is working 
on is checked. This flag is relevant only when using -add. (Default = false)   

 
Flag can appear in Create mode of 

command  
Flag can appear in Edit mode of command  

Flag can appear in Query mode of 
command  

Flag can be used more than once in a 
command  

Examples 

 spring -s 1.5 -d .3 -mnd 0 -mxd 5 -n spring1 particle1  
      Creates a spring object named spring1 with a strength of 1.5 and 
a damping factor of 0.3 containing a spring between every pair of 
points in particle1 that are within 0.0 and 5.0 units apart (except 
those already connected by a spring). 
  
  spring -add  -mnd 0 -mxd 5 particle1 spring1  
      Creates between every pair of points in particle1 that are within 
0.0  
  and 5.0 units apart (except those already connected by a spring), and 
adds them to the existing spring object spring1. 
  
  spring -add  -mnd 0 -mxd 5 -ce false particle1 spring1  
      Same as the previous example, but will not check for existing 
springs in order to avoid duplication, and will create a new spring 
even between pairs of particles which already have one. 
  
  spring -exclusive true -all true particle1 particle2  
      Creates a spring between every pair of particles such that one 
particle is in particle1 and the other is in particle2.  Does not 
create any springs between pairs in the same object.  Does not create 
springs between particles already connected by a spring. 
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