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Space Warps and
Particle Systems

Space warps and particle systems are additional modeling tools. Space warps are “force fields”
that deform other objects, creating the effect of ripples, waves, blowing wind, and so on.
Particle systems generate particle sub-objects for the purpose of simulating snow, rain, dust,
and so on. (You use particle systems primarily in animations.)

See also:
B Space Warp Objects on page 2685
B Particle Flow on page 2795

B Non-Event-Driven Particle Systems on page 3002

Space Warp Objects %l

Create panel > Space Warps

Space warps are nonrenderable objects that affect the appearance of other objects.
Space warps create force fields that deform other objects, creating the effect of
ripples, waves, blowing wind, and so on.

Space warps behave somewhat like modifiers, except that space warps influence
world space, rather than object space, as geometric modifiers do.

When you create a space warp object, viewports show a wireframe representation
of it. You can transform the space warp as you do other 3ds Max objects. The
position, rotation, and scale of the space warp affect its operation.
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Surfaces deformed by space warps
Left: Bomb
Right: Ripple

Rear: Wave

A space warp affects objects only when the objects are bound to it on page
2691. The warp binding appears at the top of the object's modifier stack. A space
warp is always applied after any transforms or modifiers.

When you bind multiple objects to a space warp, the space warp's parameters
affect all the objects equally. However, each object's distance from the space
warp or spatial orientation to the warp can change the warp's effect. Because
of this spatial effect, simply moving an object through warped space can
change the warp's effect.

You can also use multiple space warps on one or more objects. Multiple space
warps appear in an object's stack in the order you apply them.

NOTE You can take advantage of the AutoGrid feature to orient and position new
space warps with respect to existing objects. See AutoGrid on page 2597 for details.
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Space Warps and Supported Objects

Some types of space warps are designed to work on deformable objects, such
as geometric primitives, meshes, patches, and splines. Other types of warps
work on particle systems such as Spray and Snow.

Five space warps (Gravity, PBomb, Wind, Motor, and Push) can work on
particle systems and also serve special purposes in a dynamics simulation. In
the latter case, you do not bind the warps to objects, but rather assign them
as effects in the simulation.

On the Create panel, each space warp has a rollout labeled Supports Objects
Of Type. This rollout lists the kind of objects you can bind to the warp.

Basics of Using Space Warps

Follow these general steps to use space warps:
1 Create the space warp.

2 Bind obijects to the space warp.

G

_I Click Bind To Space Warp on the main toolbar (available from the
Select And Link flyout), and then drag between the space warp and the
object.

The space warp has no visible effect on your scene until you bind an
object, system, or selection set to it.

3 Adjust the space warp's parameters.

4 Transform the space warp with Move, Rotate, or Scale. The transforms
often directly affect the bound object.

You can animate space warp parameters and transforms. You can also animate
space warp effects by animating transforms of an object bound to the warp.

Particle Leakage and Deflector Space Warps

A deflector is a space warp that acts as a barrier to particles in particle systems.
Occasionally stray particles can leak through a deflector under the following
circumstances:

B When a particle happens to hit the deflector too near the end or beginning
of a time interval, and numerical error in the solution doesn't report a hit
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B When a particle hits too near the edge of a face referenced by a UDeflector,
and neither face finds it

B When a particle is moving quickly and first appears too close to the
deflector, so the very first update cycle within the particle system takes it
past the deflector without the deflector ever seeing it

Often this isn't a problem because the particles bounce off solid objects, so
you don't see the errant particles. When it does cause problems, you can use
a planar deflector instead of a UDeflector, a collection of planars to
approximate the mesh, or a simple mesh to replace the planar. The solutions
vary, so where one has a glitch the other might work just fine.

If particles are moving fast and the deflector is in a particular position (for
example, it might be too close to the emitter) many particles can leak through
defectors. Sometimes you can fix this leakage by changing the particle system's
Subframe Sampling setting or the particle speed. Other times you must
reposition the deflector farther away from the emitter.

In addition, particles imbued with bubble motion on page 3067 can leak through
deflectors, particularly when set to high amplitudes. To avoid this, use
alternative methods of implementing bubble-like motion, such as varying
speed (see Particle Generation Rollout on page 3049), setting a higher angle for
the stream spread with spray systems (see Spray Particle System on page 3016,
Super Spray Particle System on page 3025), or using larger particles with an
animated texture map.

Space Warp Categories

There are four categories of space warps, available via the list on the Create
panel's Space Warps category.

Forces

These space warps are used to affect particle systems and dynamics systems.
All of them can be used with particles, and some can be used with dynamics.
The Supports Objects of Type rollout indications which systems each space
warp supports.
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Motor Space Warp on page 2696

Push Space Warp on page 2691
Vortex Space Warp on page 2701
Drag Space Warp on page 2706

Path Follow Space Warp on page 2717
PBomb Space Warp on page 2712
Displace Space Warp on page 2727
Gravity Space Warp on page 2721
Wind Space Warp on page 2724

Deflectors

These space warps are used to deflect particles or to affect dynamics systems.
All of them can be used with particles and with dynamics. The Supports Objects
of Type rollout indicates which systems each space warp supports.

PDynaFlect Space Warp on page 2738
POmniFlect Space Warp on page 2732
SDynaFlect Space Warp on page 2745
SOmniFlect Space Warp on page 2743
UDynaFlect Space Warp on page 2748
UOmniFlect Space Warp on page 2746
SDeflector Space Warp on page 2751
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UDeflector Space Warp on page 2754
Deflector Space Warp on page 2757

Geometric/Deformable

These space warps are used to deform geometry.
FFD(Box) Space Warp on page 2760

FFD(Cyl) Space Warp on page 2767

Wave Space Warp on page 2777

Ripple Space Warp on page 2781

Displace Space Warp on page 2727

Conform Space Warp on page 2785

Bomb Space Warp on page 2789

Modifier-Based

These are space-warp versions of object modifiers (see Modify Panel on page
7633). Read more about these in Modifier-Based Space Warps on page 2793.

Bend Modifier on page 1208
Noise Modifier on page 1573
Skew Modifier on page 1668
Taper Modifier on page 1811
Twist Modifier on page 1837
Stretch Modifier on page 1752

Procedures

To create a space warp:

|
1 On the Create panel, click Space Warps.
The Space Warps panel is displayed.

2 Choose a category of space warp from the list.

3 On the Object Type rollout, click a space warp button.
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TIP You can take advantage of the AutoGrid feature to orient and position
new space warps with respect to existing objects. For details, see AutoGrid
on page 2597.

4 Drag in a viewport to create the space warp.
See the topics for the various space warps for further details.

Bind to Space Warp EI

Main toolbar > Bind to Space Warp

Use the Bind to Space Warp button to attach the current selection to a space
warp on page 8132 or vice versa.

Procedures

To bind the current selection to a space warp:

1 Select an object

G
2 J Click Bind to Space Warp.

3 Drag a line from the selected object to the space warp object. You can
also press H to select the space warp by name.

The space warp object flashes for a moment to show that the bind was
successful.

Forces

Push Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Push

Create menu > Space Warps > Forces > Push
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Push disperses a cloud of particles

The Push space warp applies a force to either particle systems on page 2795 or
dynamics systems on page 3852. The effect is slightly different, depending on
the system.

W Particles: Applies a uniform, unidirectional force in a positive or negative
direction. A positive force moves in the direction of the pad on the
hydraulic jack. The breadth of the force is infinite, perpendicular to the
direction; you can limit it using the Range option.

B Dynamics: Provides a point force (also called a point load) away from the
pad of the hydraulic jack icon. A negative force pulls in the opposite
direction. In dynamics, applying a force is the same as pushing something
with your finger.
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Procedures
To create a Push space warp:

1 %] On the Create panel, click Space Warps. Choose Forces from the
list, and then on the Object Type rollout, click Push.

2 Drag in a viewport to define the size.

The Push warp appears as a hydraulic jack icon.
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Timing group

On Time/Off Time The numbers of the frames in which the space warp begins
and ends its effect. Because Push moves the particles to which it's applied over
time, no keyframes are created.

Strength Control group

Basic Force The amount of force exerted by the space warp.

Newtons/Pounds This option specifies the units of force used by the Basic
Force spinner.

A pound is about 4.5 Newtons, and one newton is one
kilogram-per-second-squared. When Push is applied to particle systems, these
values have only subjective meaning because they depend on the built-in
weighting factors and time scaling used by the particle system. However, when
used in a dynamics system, the value listed is precisely the value used.

Feedback On When on, the force varies depending on the speed of the affected
particles relative to the specified Target Speed. When off, the force remains
constant, regardless of the speed of the affected particles.

Reversible When on, if the particle's speed exceeds the Target Speed setting,
the force is reversed. Available only if you turn on Feedback On.

Target Speed Specifies the maximum speed in units per frame before the
Feedback takes effect. Available only if you turn on Feedback On.

Gain Specifies how quickly the force adjusts to approaching the target speed.
If set to 100 percent, the correction is immediate. If set lower, a slower and
"looser" response occurs. Available only if you turn on Feedback On.

NOTE Setting Gain above 100 percent can result in over-correction, but is
sometimes necessary to overcome damping from other system settings, such as
IK damping.

Periodic Variation group

These settings introduce variations into the force by affecting the Basic Force
value randomly. You can set two waveforms to produce a noise effect.

Enable Turns on the variations.

Period 1 The time over which the noise variation makes a full cycle. For
example, a setting of 20 means one cycle per 20 frames.
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Amplitude 1 The strength of the variation (in percent). This option uses the
same types of units as the Basic Force spinner.

Phase 1 Offsets the variation pattern.

Period 2 Provides an additional variation pattern (a second wave) to increase
the noise.

Amplitude 2 The strength of the variation of the second wave (in percent).
This option uses the same types of units as the Basic Force spinner.

Phase 2 Offsets the variation pattern of the second wave.

Particle Effect Range group

Lets you restrict the Push effect's range to a specific volume. This affects particle
systems only; it has no effect on dynamics.

Enable When on, limits the range of the effect to a sphere, displayed as a
tri-hooped sphere. The effect falls off increasingly as the particles near the
boundary of the sphere.

Range Specifies the radius of the range of the effect, in units.
Display Icon group

Icon Size Sets the size of the Push icon. This is for display purposes only, and
does not alter the Push effect.

Motor Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Motor

Create menu > Space Warps > Forces > Motor
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Motor disperses a cloud of particles

The Motor space warp works like Push on page 2691, but applies rotational
torque to the affected particles or objects rather than a directional force. Both
the position and orientation of the Motor icon affect particles, which swirl
around the Motor icon. When used in dynamics, the position of the icon
relative to the affected object has no effect, but the orientation of the icon
does.
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Motor viewport icon (with particle system on the left)

Procedures

To create a motor space warp:

|
1 On the Create panel, click Space Warps > Forces > Motor. Choose
Forces from the list, then on the Object Type rollout, click Motor.

2 Click and drag in a viewport to define the size.

The Motor warp appears as a box-shaped icon with an arrow indicating
the direction of the torque.
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Timing group

On Time/Off Time The numbers of the frames in which the space warp begins
and ends its effect. Because Motor moves the objects to which it's applied over
time, no keyframes are created.

Strength Control group

Basic Torque The amount of force exerted by the space warp.

N-m/Lb-ft/Lb-in Specify the unit of measure for the Basic Torque setting,
using common world measurements of torque. N-m stands for Newton meters,
Lb-ft stands for pound-force feet, and Lb-in stands for pound-force inches.

Feedback On When on, the force varies depending on the speed of the affected
objects relative to the specified Target Speed. When off, the force remains
constant, regardless of the speed of the affected objects.

Reversible When on, if the object's speed exceeds the Target Speed setting,
the force is reversed. Available only if you turn on Feedback On.

Target Revs Specifies the maximum revolutions before the feedback takes
effect. Speed is specified in units traveled per frame. Available only if you turn
on Feedback On.
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RPH/RPM/RPS Specifies the units of measure for Target Revs in revolutions
per hour, minute, or second. Available only if you turn on Feedback On.

Gain Specifies how quickly the force adjusts to approaching the target speed.
If set to 100%, the correction is immediate. If set lower, a slower and "looser"
response occurs. Available only if you turn on Feedback On.

NOTE Setting Gain above 100% can result in over-correction, but is sometimes
necessary to overcome damping from other system settings, such as IK damping.

Periodic Variation group

— Penodic % anation
Jv Enable
Pernod 1: ID— ﬂ
Amplitude 1: [1000 3| %
Phaze 1: [0.0 2| deg
Feriod 2: ID— ﬂ
Amplitude 2: IW ﬂ %
Phage 2: |0.0 ﬂ deg
— Particle Effect Bange
J¥ Ernable
Flange:lw ﬂ
— Dizplay lcon
lcon Size: [45157 2]

These settings introduce variations into the force by affecting the Basic Torque
value randomly. You can set two waveforms to produce a noise effect.

Enable Turn on to enable the variations.
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Period 1 The time over which the noise variation makes a full cycle. For
example, a setting of 20 means one cycle per 20 frames.

Amplitude 1 The strength of the variation (in percent). This option uses the
same types of units as the Basic Torque spinner.

Phase 1 Offsets the variation pattern.

Period 2 The next two spinners provide an additional variation pattern to
increase the noise.

Amplitude 2 The strength of the variation of the second wave in (percent).
This option uses the same types of units as the Basic Torque spinner.

Phase 2 Offsets the variation pattern of the second wave.

Particle Effect Range group

Lets you restrict the Motor effect's range to a specific spherical volume. This
affects particles systems only; it has no effect on dynamics.

Enable When on, limits the range of the effect to a sphere, displayed as a
tri-hooped sphere. The effect falls off increasingly as the particles near the
boundary of the sphere.

Range Specifies the radius of the range of the effect, in units.
Display Icon group

Icon Size Sets the size of the Motor icon. This is for display purposes only,
and does not alter the Motor effect.

Vortex Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Vortex
Create menu > Space Warps > Forces > Vortex

The Vortex space warp applies a force to particle systems on page 2795, spinning
them through a whirling vortex, and then moving them down a long, thin
spout or vortex well. Vortex is useful for creating black holes, whirlpools,
tornadoes, and other funnel-like objects.

The space warp settings let you control the vortex shape, the well
characteristics, and rate and range of particle capture. The shape of the vortex
is also affected by particle system settings, such as speed.
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Particle stream caught in a vortex

Procedures

To create a Vortex space warp:

1 On the Create panel, click Space Warps. Choose Forces from the
list, and then click Vortex.

2 Determine which world axis you want the vortex to spiral around, and
then drag in the appropriate viewport to create the space warp. For
example, if you want the vortex to spin around the vertical world axis,
create the space warp in the Top viewport. You can rotate the warp later
to change the vortex direction, and animate the warp orientation.
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The Vortex warp appears as a curved-arrow icon in the plane you drag
in, with a second, perpendicular arrow indicating the axis of rotation as
well as the direction of the well. This second axis is called the drop axis.

NOTE The position of the space warp plays an important role in the results.
The vertical position affects the shape of the vortex, and the horizontal
position determines its location. If you want the particles to spiral around the
particle emitter, place both at the same location.
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Timing group

Time On/Time Off The frame numbers at which the space warp becomes
active and becomes inactive.
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Vortex Shape group

Taper Length Controls the length of the vortex, as well as its shape. Lower
settings give you a "tighter" vortex, while higher settings give you a "looser"
vortex. Default=100.0.

Taper Curve Controls the shape of the vortex. Low values create a vortex
with a wide, flared mouth, while high values create a vortex with nearly vertical
sides. Default=1.0. Range=1.0 to 4.0.

Capture and Motion group

This group contains basic settings for Axial Drop, Orbital Speed, and Radial
Pull, with Range, Falloff, and Damping modifiers for each.

Unlimited Range When on, Vortex exerts full damping strength over an
unlimited range. When off, the Range and Falloff settings take effect.

Axial Drop Specifies how quickly particles move in the direction of the drop
axis.

Range The distance from the center of the Vortex icon, in system units, at
which Axial Damping has its full effect. Takes effect only when Unlimited
Range is turned off.

Falloff Specifies the distance beyond the Axial Range within which Axial
Damping is applied. Axial Damping is strongest at the Range distance, decreases
linearly out to the limit of the Axial Falloff, and has no effect beyond that.
Takes effect only when Unlimited Range is turned off.

Damping Controls the degree to which particle motion parallel to the drop
axis is restrained per frame. Default=5.0. Range=0 to 100.

For subtle effects, use values of less than 10%. For more overt effects, try using
higher values that increase to 100% over the course of a few frames.

Orbital Speed Specifies how quickly the particles rotate.

Range The distance from the center of the Vortex icon, in system units, at
which Orbital Damping has its full effect. Takes effect only when Unlimited
Range is turned off.

Falloff Specifies the distance beyond the Orbital Range within which Orbital
Damping is applied. Orbital Damping is strongest at the Range distance,
decreases linearly out to the limit of the Orbital Falloff, and has no effect
beyond that. Takes effect only when Unlimited Range is turned off.
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Damping Controls the degree to which orbital particle motion is restrained
per frame. Smaller values produce a wide spiral, while larger values produce
a thin spiral. Default=5.0. Range=0 to 100.

Radial Pull Specifies the distance from the drop axis at which the particles
rotate.

Range The distance from the center of the Vortex icon, in system units, at
which Radial Damping has its full effect. Takes effect only when Unlimited
Range is turned off.

Falloff Specifies the distance beyond the Radial Range within which Radial
Damping is applied. Radial Damping is strongest at the Range distance,
decreases linearly out to the limit of the Radial Falloff, and has no effect beyond
that. Takes effect only when Unlimited Range is turned off.

Damping Controls the degree to which Radial Pull is restrained per frame.
Default=5.0. Range=0 to 100.

CW/CCW Determines whether particles rotate clockwise or counterclockwise.
Display group

Icon Size Specifies the size of the icon.

Drag Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Drag
Create menu > Space Warps > Forces > Drag

The Drag space warp is a particle motion damper that reduces particle velocity
by a specified amount within a specified range. The damping can be applied
linearly, spherically, or cylindrically. Drag is useful for simulating wind
resistance, transfers into dense media (like water), impacts with force fields,
and other, similar situations.

With each damping type, you can control the damping effect along several
vectors. The damping is also affected by particle system settings, such as speed.

NOTE To create a uniform drag effect, the default value for all directional
parameters is 5.0%.
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Drag slows down a stream of particles.

Procedures

To create a Drag space warp:

1 = | @ On the Create panel, click Space Warps. Choose Forces from
the list, and then click Drag.

2 Drag in a viewport to create the space warp.

The space warp appears initially as a box within a box, indicating that
it's using the default Linear Damping mode.

3 To apply the damping spherically or cylindrically, choose Spherical
Damping or Cylindrical Damping in the command panel.
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NOTE The position and orientation of the space warp plays an important
role for all three damping types.

4 Change the settings for the current damping type as necessary.
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Timing group

Time On/Time Off The frame numbers at which the space warp becomes
active and becomes inactive.

Damping Characteristics group

This group lets you choose Linear Damping, Spherical Damping, or Cylindrical
Damping, plus a set of parameters for each.

Unlimited Range When on, Drag exerts full damping strength over an
unlimited range. When off, the Range and Falloff settings for the current
damping type take effect.

B Linear Damping Motion for each particle is separated into vectors for
the space warp's local X, Y, and Z axes. The area over which damping is
exerted for each vector is an infinite plane whose thickness is determined
by the corresponding Range setting.

X Axis/Y Axis/Z Axis
Specifies the percentage of particle motion along the local Drag space warp
axis that's affected by the damping.

Range

Sets the thickness of the "range plane," or the infinite plane perpendicular
to the specified axis. Takes effect only when Unlimited Range is turned
off.

Falloff

Specifies the distance beyond the X, Y, or Z Range within which Linear
Damping is applied. Damping is strongest at the Range distance, decreases
linearly out to the limit of the Falloff, and has no effect beyond that. While
Falloff takes effect only beyond the Range, it is measured from the center
of the icon, and always has a minimum value equal to the Range value.
Takes effect only when Unlimited Range is turned off.

B Spherical Damping When Drag operates in Spherical Damping mode,
its icon is a sphere within a sphere. Particle motion is broken up into radial
and tangential vectors. Damping is applied for each vector within a
spherical volume whose radius is set by the Range setting, when Unlimited
Range is off.

Radial/Tangential

Radial specifies the percentage of particle motion toward or away from the
center of the Drag icon that's affected by the damping. Tangential specifies
the percentage of particle motion across the body of the Drag icon that's
affected by the damping.
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Range

Specifies the distance from the center of the Drag icon, in system units,
within which damping is in full effect. Takes effect only when Unlimited
Range is turned off.

Falloff

Specifies the distance beyond the Radial/Tangential Range within which
Linear Damping is applied. Damping is strongest at the Range distance,
decreases linearly out to the limit of the Falloff, and has no effect beyond
that. While Falloff takes effect only beyond the Range, it is measured from
the center of the icon, and always has a minimum value equal to the Range
value. Takes effect only when Unlimited Range is turned off.

B Cylindrical Damping When Drag operates in Spherical Cylindrical mode,
its icon is a cylinder within a cylinder. Particle motion is broken up into
radial, tangential, and axial vectors. Damping is applied within a spherical
volume for the radial and tangential vectors and on a planar basis for the
axial vector.

Radial/Tangential/Axial

Damping controls the percentage of particle motion toward or away from
the center of the circular portion of the icon (Radial), across the radial
vector (Tangential), or along the length of the icon's long axis (Axial) that's
affected by the damping, on a per-frame basis.

Range

Specifies the distance from the center of the Drag icon, in system units,
within which Radial and Axial damping are in full effect. Range also
specifies the thickness of the infinite plane that governs the range of Axial
damping. Takes effect only when Unlimited Range is turned off.

Falloff

Specifies the distance beyond the Radial/Tangential/Axial Range within
which Linear Damping is applied. Damping is strongest at the Range
distance, decreases linearly out to the limit of the Falloff, and has no effect
beyond that. While Falloff takes effect only beyond the Range, it is
measured from the center of the icon, and always has a minimum value
equal to the Range value. Takes effect only when Unlimited Range is turned
off.

Display group

Icon Size Specifies the size of the icon.
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PBomb Space Warp

Create panel > Space Warps > Forces > Object Type rollout > PBomb
Create menu > Space Warps > Forces > PBomb

The PBomb space warp creates an impulse wave to blow up a particle system,
as distinguished from the Bomb space warp on page 2789, which blows up
geometry. The PBomb is particularly well suited to the Particle Array (PArray)
system with Particle Types set to Object Fragments. This space warp also applies
an impulse as a dynamics effect.

The general usage is as follows:

B Create a particle system (recommended: a PArray system on page 3042 set
to Object Fragments).

Ii

] %l Create a PBomb and use Bind to Space Warp on page 2691 to bind it
to a non-event-driven particle system. Be sure to bind the PBomb to the
particle system and not to the distribution object. Or, if using Particle Flow,
use a Force operator on page 2946 to apply the space warp to the particle
system.

B Adjust the parameters of both the PBomb and the particle system.

—

b x

Right: PBomb viewport icon
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Above: PArray particle system

Below: Torus knot used as the PArray's distribution object

Effect of blowing up the torus knot

Procedures

Example: To use PBomb with PArray:

You can use the Particle Bomb bound to a Particle Array to blow an object
into fragments. The following steps demonstrate the basic setup.

Begin by binding a particle array to an object, and setting parameters.
1 Create the object you want to blow up.

2 Create a PArray and use Pick Object to assign the object to blow up as
the PArray object-based emitter.

3 In the Basic Parameters rollout > Viewport Display group, choose Mesh
to display the fragments as mesh objects in the viewports.
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4

On the Particle Generation rollout of PArray, set Speed and Divergence
to 0.0. This prevents PArray from moving the particles, letting PBomb
do the work.

On the Particle Generation rollout, set Life to the length of the active
time segment, so that the fragments appear during the entire animation.

In the Particle Type rollout > Particle Types group, choose Object
Fragments. In the Object Fragment Controls group, choose Number of
Chunks, and set the Minimum to about 50, depending on your
distribution object and the effect you want.

Now create a particle bomb, and bind it to the particle array.

1

In the Space Warps panel > Particles & Dynamics category, click the
PBomb button and drag in a viewport to create the PBomb icon.

Use Bind to Space Warp to bind the PArray icon to the PBomb icon.
(Don't bind the distribution object by mistake.)

Select the PBomb icon and move to the Modify panel.

In the Explosion Parameters group, set Blast Symmetry to Spherical, Start
Time to 10, Duration to 1, and Strength to 1.0. Choose Linear, if it's not
already chosen.

Drag the time slider between frames 9 and 20 to see the effect.

Go to frame 12 and try out various settings. Notice that increasing
Strength expands the explosion effect at the current frame. If you decrease
Range enough, the bomb no longer affects all or part of the object
(depending on the placement of the PBomb icon). Test the three Blast
Symmetry settings by placing the bomb in the center of the object and
then seeing the different blast patterns.

Once you get an explosive effect you like, you can return to the PArray settings,
add spin or thickness to the fragments, and so on.
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Blast Symmetry group

These options specify the shape, or pattern of the blast effect.

Spherical The blast force radiates outward from the PBomb icon in all
directions. The icon looks like a spherical anarchist's bomb.

Cylindrical The blast force radiates outward from and normal to the central
axis, or core of the cylindrical icon. The icon looks like a stick of dynamite
with a fuse.

Planar The blast force radiates both up and down, perpendicular to the plane
of the planar icon. The icon looks like a plane with arrows pointing up and
down along the direction of the blast force.

Chaos The blast forces vary for each particle or each frame, an effect similar
to Brownian motion, with a rate of change in the direction of force equal to
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the rendering interval rate. Note: This setting is effective only when the
Duration spinner is set to 0.

Explosion Parameters group

Start Time The frame number at which the impulse forces are first applied to
the particles.

Duration The number of frames, beyond the first, over which the forces are
applied. This value should typically be a small number, such as between 0 and
3.

Strength The change in velocity along the blast vector, in units per frame.
Increasing Strength increases the speed with which the particles are blown
away from the bomb icon.

Unlimited Range The effects of the bomb icon reach all bound particles
throughout the scene. This option ignores the Range setting (which specifies
the distance of the PBomb effect).

Linear The impulse forces decay linearly between the full Strength setting to
a value of O at the specified Range setting.

Exponential The impulse forces decay exponentially between the full Strength
setting to a value of O at the specified Range setting.

Range The maximum distance, in units, over which the PBomb icon affects
the bound particle system. If the Range is large enough to reach only a portion
of the particle system, only that part of the system is affected.

If you turn on Range Indicator (see following), the extent of the range is
indicated by a tri-hooped sphere. If you choose Unlimited Range, this
parameter has no effect.

Display Icon group

These options affect the visual display of the PBomb icon.

Icon Size Alters the overall size of the PBomb icon.

Range Indicator Displays a wireframe sphere that indicates the volume of
the particle bomb's influence. If you choose Unlimited Range, turning this
on has no effect.
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Path Follow Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Path Follow

Create menu > Space Warps > Forces > Path Follow

Particles following a spiral path
The Path Follow space warp forces particles to follow a spline path.
Procedures

To create a Path Follow space warp:

On the Create panel, click Space Warps. Choose Forces from
the list, then on the Object Type rollout, click Path Follow.

2 Click and drag in a viewport to define the size.

The Path Follow warp appears as a box-shaped icon containing curved
lines that indicate hypothetical paths.

To set up and use Path Follow:

1 Create a shape consisting of a single spline. (You can use shapes with
multiple splines, but the software uses only one spline for the path.)

2 Create a particle system and set its parameters to emit particles over a
range of frames.
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3 On the Create panel, click Path Follow, and drag in a viewport to create
the Path Follow icon (a cube with wavy lines). The display and position
of this icon don't affect the particles.

4 On the Basic Parameters rollout, click Pick Shape Object and select the
spline you created earlier.

G
5 J Bind the Path Follow icon to the particle system.

6 Adjust the Path Follow parameters to create the particle movement you
want.

NOTE You can further animate the particle effect by animating the spline
vertices.

TIP To adjust the position of the path or particle system while maintaining
access to the Path Follow parameters, turn on Modifier Stack rollout > Pin
Stack while the Path Follow space warp is selected.

If the particles don't follow the emitter after it's moved, then change any
PathFollow parameter, and the motion will be corrected.
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Current Path group

Lets you choose the path for the particles, and specify the range of influence
of the Space Warp.

Object Displays the name of the currently assigned path.

Pick Shape Object Click this, and then click a shape in the scene to select it
as a path. You can use any shape object as a path; if you select a multiple-spline
shape, only one the lowest-number spline is used. You can also use NURBS
curves as paths.

Unlimited Range When off, the range of influence of the space warp is limited
to the value set in the Distance spinner. When on, the space warp influences
all bound particles in the scene, regardless of their distance from the path
object.

Range Specifies the range of influence when Unlimited Range is off. This is
the distance between the path object and the particle system. The position of
the Path Follow space warp's icon is ignored.

Motion Timing group

These controls affect how long particles are influenced by Path Follow.

Start Frame The frame at which Path Follow begins to influence the particles.
Travel Time The time each particle takes to traverse the path.

Variation The amount by which each particle's travel time can vary.

Last Frame The frame at which Path Follow releases the particles and no

longer influences them.

Particle Motion group

The controls in this area determine the motion of particles.

Along Offset Splines The distance between the particle system and the path
alter the effect of the particle motion. If the first vertex of the spline is at the
birthplace of the particle, the particle follows the spline path. If you move the
path away from the particle system, the particles are affected by the offset.

Along Parallel Splines Particles follow a copy of the selected path, parallel
to the particle system. In this mode, the position of the path relative to the
particle system does not matter. The orientation of the path, however, affects
the particle stream.
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Constant Speed When on, all particles travel at the same speed.

Stream Taper Causes particles to converge or diverge toward the path over
time, or to simultaneously converge and diverge. You specify the effect by
choosing Converge, Diverge, or Both (see following). This provides a tapering
effect over the length of the path.

Variation The amount by which Stream Taper can vary for each particle.

Converge When Stream Taper is greater than O, the particles move in toward
the path as they follow the path. The effect is that the stream tapers from
larger to smaller over time.

Diverge Provides the opposite effect of Converge. The particles diverge from
the path over time.

Both Splits the particle stream, causing some particles to converge and others
to diverge.

Stream Swirl Specifies the number of turns by which particles spiral about
the path. In conjunction with Stream Taper, alters the diameter of the spiral.

Stream Swirl is generally more effective when you choose Along Offset Splines.
Variation The amount by which each particle can vary from the Spiral value.
Clockwise Particles spiral in a clockwise direction.

Counterclockwise Particles spiral in a counterclockwise direction.
Bidirectional The stream is split so that particles spiral in both directions.

Uniqueness group

Provides a seed number for unique generation of the particle pattern.

Seed Specifies the seed number for the current Path Follow.
Display Icon group

Affects the display of the Path Follow icon.

Icon Size Specifies the size of the Path Follow icon. Does not alter the Path
Follow effect.

Gravity Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Gravity
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Create menu > Space Warps > Forces > Gravity

Particles falling because of gravity

The Gravity space warp simulates the effect of natural gravity on particles
generated by a particle system. Gravity is directional. Particles moving in the
direction of the gravity arrow accelerate. Particles moving against the arrow
decelerate. In the case of spherical gravity, motion is toward the icon. Gravity
can also be used as an effect in dynamics simulations. See Dynamics Utility
on page 3852.

Gravity effect on snow
Procedures

To create gravity:

=
1 On the Create panel, click Space Warps. Choose Forces from
the list, then on the Object Type rollout, click Gravity.

2 Drag in a viewport.
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The Gravity icon appears. For planar gravity (the default), the icon is a
wireframe square with a direction arrow on one side. For spherical gravity,
the icon is a wireframe sphere.

The initial direction of planar gravity is along the negative Z axis of the
construction grid that is active in the viewport where you drag. You can
rotate the gravity object to change the direction.
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Force group

Strength Increasing Strength increases the effect of gravity; that is, how objects
move in relation to the Gravity icon's direction arrow. Strength less than 0.0
creates negative gravity, which repels particles moving in the same direction
and attracts particles moving in the opposite direction. When Strength is set
to 0.0, the Gravity space warp has no effect.

Decay When Decay is set to 0.0, the Gravity space warp has the same strength
throughout world space. Increasing the Decay value causes gravity strength
to diminish as distance increases from the position of the gravity warp object.
Default=0.0.

Planar Gravity effect is perpendicular to the plane of the Gravity warp object
throughout the scene.
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Spherical Gravity effect is spherical, centered on the Gravity warp object.
This choice is effective for creating water fountain or planetary effects.

Display group

Range Indicators When on, and when the Decay value is greater than 0.0,
icons in the viewports indicate the range at which the force of gravity is half
the maximum value. For the Planar option, the indicators are two planes; for
use the Spherical option, the indicator is a double-hooped sphere.

Icon Size Size of the Gravity warp object icon, in active units. You set the
initial size when you drag to create the Gravity object. This value does not
change the gravity effect.

Wind Space Warp

Create panel > Space Warps > Forces > Object Type rollout > Wind

Create menu > Space Warps > Forces > Wind

Wind changing the direction of the spray of a fountain
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The Wind space warp simulates the effect of wind blowing particles generated
by a particle system. Wind is directional. Particles moving in the direction of
the wind arrow accelerate. Particles moving against the arrow decelerate. In
the case of spherical wind, motion is toward or away from the icon. Wind is
similar in effect to the Gravity space warp, but has added parameters for
turbulence and other features characteristic of wind in the natural world.
Wind can also be used as an effect in dynamics simulations. See Dynamics
Utility on page 3852.

Wind effect on snow and spray

Procedures

To create wind:

o
1 On the Create panel, click Space Warps. Choose Forces from
the list, then on the Object Type rollout, click Wind.

2 Drag in a viewport.

The wind icon appears. For planar wind (the default), the icon is a
wireframe square with a direction arrow coming out of one side. For
spherical wind, the icon is a wireframe sphere.

The initial direction of planar wind is along the negative Z axis of the
construction grid that is active in the viewport where you drag. You can
rotate the wind object to change the direction.
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Force group

These settings are comparable to the Gravity parameters.

Strength Increasing Strength increases the wind effect. Strength less than 0.0
creates a suction. It repels particles moving in the same direction and attracts
particles moving in the opposite direction. When Strength is 0.0, the Wind
warp has no effect.

Decay When Decay is set to 0.0, the Wind warp has the same strength
throughout world space. Increasing the Decay value causes wind strength to
diminish as distance increases from the position of the Wind warp object.
Default=0.0.

Planar Wind effect is perpendicular to the plane of the Wind warp object,
throughout the scene.
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Spherical Wind effect is spherical, centered on the Wind warp object.
Wind group

These settings are specific to the Wind space warp.

Turbulence Causes particles to change course randomly as the wind blows
them. The greater the value, the greater the turbulence effect.

Frequency When set greater than 0.0, causes turbulence to vary periodically
over time. This subtle effect is probably not visible unless your bound particle
system generates a large number of particles.

Scale Scales the turbulence effect. When Scale is small, turbulence is smoother
and more regular. As Scale increases, turbulence grows more irregular and
wild.

Display group

Range Indicators When the Decay value is greater than zero, icons appear in
the viewports that represent the range at which the force of wind is half the
maximum value. When you use the Planar option, the indicators are two
planes; when you use the Spherical option, the indicator is a double-hooped
sphere.

Icon Size Size of the Wind warp object icon, in active units. You set the initial
Icon Size value when you drag to create the wind object. This value does not
change the wind effect.

Displace Space Warp
Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
Displace

Create menu > Space Warps > Geometric/Deformable > Displace
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Displace used to change the surface in the container

The Displace space warp acts as a force field to push and reshape an object's
geometry. Displace affects both geometry (deformable objects) and particle
systems. There are two basic ways to use the Displace space warp:

B Apply the gray scale of a bitmap to generate the displacement amount.
Black areas of the 2D image are not displaced. Whiter areas push outward,
causing a 3D displacement of geometry.

B Apply displacement directly by setting displacement Strength and Decay
values.

The Displace space warp works similarly to the Displace modifier, except that,
like all space warps, it affects world space rather than object space. Use the
Displace modifier when you need to create detailed displacement of a small
number of objects. Use the Displace space warp to displace particle systems,
a large number of geometric objects at once, or an object relative to its position
in world space.

For geometry, the detail of the displacement depends on the number of
vertices. Use the Tessellate modifier to tessellate faces you want to show in
greater detail.
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Displace space warp on a patch and the bitmap it uses

Procedures

To create a Displace space warp:

1 = | El On the Create panel, click Space Warps. Choose
Geometric/Deformable from the list, and then on the Object Type rollout,
click Displace.

2 Drag in a viewport to create the Displace warp object, which appears as
a wireframe. Its shape depends on the active mapping parameter settings.
Regardless of the mapping, a single drag creates the space warp.

3 Bind the space warp to an appropriate object.

To assign a bitmap to a displace space warp:
1 Select the Displace warp object.

2 In the Parameters rollout > Displacement group, click the Bitmap button
(labeled "None" by default). Use the selection dialog to choose a bitmap.

3 Set the Strength value. Vary the strength of the field to see how the bitmap
displaces the object's geometry.
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Displacement group

These are the basic controls for Displace space warps.
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Strength When set to 0.0, the Displace warp has no effect. Values greater than
0.0 displace object geometry or particles away from the position of the Displace
space warp object. Values less than 0.0 displace geometry toward the warp.
Default=0.0

Decay By default, the Displace warp has the same strength throughout world
space. Increasing Decay causes displacement strength to diminish as distance
increases from the position of the Displace warp object. Default=0.0

Luminance Center By default, the Displace space warp centers the luminance
by using medium (50%) gray as the zero displacement value. Gray values
greater than 128 displace in the outward direction (away from the Displace
warp object) and gray values less than 128 displace in the inward direction
(toward the Displace warp object). You can adjust the default using the Center
spinner. With a Planar projection, the displaced geometry is repositioned
above or below the Planar gizmo. Default=0.5. Range=0 to 1.0.

Image group

These options let you choose a bitmap and map to use for displacement.

Bitmap (Labeled "None" by default.) Click to assign a bitmap or map from a
selection dialog. After you choose a bitmap or map, this button displays the
bitmap's name.

Remove Bitmap Click to remove the bitmap or map assignment.

Blur Increase this value to blur or soften the effect of the bitmapped
displacement.

Map group

This area contains mapping parameters for a bitmapped Displace warp. The
mapping options are comparable to those options used with mapped materials.
The four mapping modes control how the Displace warp object projects its
displacement. The warp object's orientation controls where in the scene the
displacement effect will appear on bound objects.

Planar Projects the map from a single plane.
Cylindrical Projects the map as if it were wrapped around the cylinder.

Spherical Projects the map from a sphere, with singularities at the top and
bottom of the sphere, where the bitmap edges meet at the sphere's poles.

Shrink Wrap Truncates the corners of the map and joins them all at a single
pole, creating one singularity.
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Length, Width, Height Specify the dimensions of the bounding box of the
space warp gizmo. Height has no effect on planar mapping.

U/V/W Tile The number of times the bitmap repeats along the specified
dimension. The default value of 1.0 maps the bitmap once; a value of 2.0 maps
the bitmap twice, and so on. Fractional values map a fractional portion of the
bitmap in addition to copies of the whole map. For example, a value of 2.5
maps the bitmap two and one-half times.

Flip Reverses the orientation of the map along the corresponding U, V, or W
axis.

Deflectors

POmniFlect Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > POmniFlect

POmniFlect is a planar version of the omniflector type of space warp. It
provides enhanced functionality over that found in the original Deflector
space warp, including refraction and spawning capabilities.
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POmniFlect viewport icon
Procedures
To create a POmniFlect space warp:

S
1 W On the Create panel, click Space Warps. Choose Deflectors
from the list, then on the Object Type rollout, click POmniFlect.

2 Drag in a viewport to create the planar icon.

NOTE Because particles bounce off the icon, the size of the icon affects
particle deflection.

3 Apply the deflector to the particle system using the appropriate method:

B If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] _I If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.
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4 Position the POmniFlect icon to interrupt the particle stream.

5 Adjust the POmniFlect parameters as necessary.
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Timing group

The two spinners specify the start frame and end frame of the deflection effect.

Time On/Off Time On specifies the frame at which the deflection begins,
and Time Off specifies the frame at which the deflection ends.

Reflection group

These options affect the reflection of particles from the space warp. The
POmniFlect can reflect or refract particles, or perform a combination of the
two.

Reflects Specifies the percentage of particles to be reflected by the POmniFlect.
See also Refracts, later in this topic, for methods of combining the two effects.

Bounce This is a multiplier that specifies how much of the initial speed of
the particle is maintained after collision with the POmniFlect. Using the default
setting of 1.0 causes the particle to rebound with the same speed as it collides.
A real-world effect would usually be less than 1.0. For a “flubber” effect, set
greater than 1.0.

Variation Specifies the variation of Bounce applied to the range of particles.
For example, a Variation of 50% applied to a Bounce setting of 1.0 would
result in randomly applied Bounce values ranging from 0.5 to 1.5.

Chaos Applies a random variation to the bounce angle. When set to 0.0 (no
chaos), all particles bounce off the POmniFlect surface perfectly (like banking
pool balls). A non-zero setting causes the deflected particles to scatter.

Refraction group

These settings are similar to those in the Reflection group, but these affect the
refraction of particles as they pass through the POmniFlect, causing the direction
of the particles to change.

Refracts Specifies the percentage of particles not already reflected that will be
refracted by the POmniFlect.

NOTE The Refracts value affects only those particles not already reflected because
the reflected particles are processed before the refracted particles. Thus, if you set
Reflects to 50% and Refracts to 50%, you would not get a 50/50 split of particles.
Rather, half the particles would be reflected, and then half the remainder (25% of
the total) would be refracted. The remaining particles either pass through without
being refracted or are passed on to Spawn Effects.
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To get a 50/50 split of reflection and refraction, set Reflects to 50% and Refracts
to 100%.

Pass Vel Specifies how much of a particle’s initial speed is maintained after
passing through the POmniFlect. The default setting of 1 retains the initial
speed is retained, so there’s no change. A setting of 0.5 reduces the speed by
half.

Variation Specifies the variation of Pass Velocity applied to the range of
particles.

Distortion Controls the angle of refraction. A value of O means there’s no
refraction. A value of 100% sets the angle of the particles to be parallel with
the POmniFlect surface. A value of —~100% sets the angle perpendicular to the
surface. The Distortion effect is reversed when particles strike the POmniFlect
from the back side.

NOTE Distortion and Refraction do not work properly when particles strike the
POmniFlect surface at exactly 90 degrees. In this case, any positive Distortion
settings cause a scattering of particles, while negative values have no effect.

Variation Specifies a range of variation of the Distortion effect.

Diffusion Applies a diffusion effect to the refraction by randomly modifying
each particle’s Distortion angle by the Diffusion angle. This effectively scatters
the particles into a hollow cone.

Variation Specifies a range of variation of the Diffusion value.

Common group

Friction The amount by which particles are slowed as they move along the
deflector surface. A value of 0% means they're not slowed at all. A value of
50% means they're slowed to half their original speed. A value of 100% means
they stop moving when they strike the surface. Default=0%. Range=0% to
100%.

TIP To have particles slide along a deflector surface, set Bounce to 0. Also, unless
influenced by a force such as Wind or Gravity, particles meant to slide should strike
the surface at an angle other than 90 degrees.

Inherit Vel (Velocity Inheritance) Determines how much of a moving
POmniFlect’s speed is applied to reflected or refracted particles.
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For example, if Inherit Vel is 1.0, particles with no motion that are hit by a
moving PomniFlect inherit the speed of the POmniFlect at the point of
collision.

Spawn Effects Only group

These settings affect only particles set to Spawn On Collision that do not either
reflect or refract from the omniflector. See Particle Spawn Rollout on page 3069.
The Spawns percentage spinner works like the Reflects and Refracts percentage
spinners, but is the third in line to be processed. Thus, if either Reflects or
Refracts are set to 100%, no particles are affected by these settings. Note also
that reflective or refractive particles spawn upon collision, regardless of the
settings in this group.

Spawns Specifies the percentage of particles that can use spawn effects.

Pass Vel Specifies how much of the particle’s initial speed is maintained after
passing through the POmniFlect.

Variation Specifies the variation of the Pass Velocity setting applied to the
range of particles.

Display Icon group

Width/Height Specify the width and height of the POmniFlect icon. This is
for display purposes only and does not influence the deflector effect.

PDynaFlect Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > PDynaFlect

PDynaFlect (planar dynamics deflector) is a planar version of the dynaflector,
a special class of space warp that lets particles affect objects in a dynamics
situation. For example, if you want a stream of particles to strike an object
and knock it over, like the stream from a firehose striking a stack of boxes,
use a dynaflector.

NOTE You use dynaflectors in the same way as omniflectors; that is, you can use
them as deflectors alone, with no dynamics simulation. Because they take physics
into account, dynaflectors are slower than omniflectors. Therefore, it is
recommended that you use dynaflectors only when a dynamics simulation is
involved.
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PDynaflect viewport icon

Procedures

Many dynaflector parameters are the same as those for omniflectors. However,
the procedure of associating the dynaflector with both the particle system
and the object to be affected is more complex than the simple binding used
by omniflector.

To create a particle/dynamics system:

1 Create or load a scene containing a non-event-driven particle system on
page 3002 and an object to be affected by the particles (hereafter called "the
object"). Position and orient the two as desired so that the particles strike
the object.

B The icon for the particle system must be visible in at least one
non-disabled viewport.

B On the Basic Parameters rollout of the particle system, set Percentage
of Particles to 100%. Otherwise, only those particles displayed in the
viewport will be calculated.
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S
2 W On the Create panel, click Space Warps. Choose Deflectors
from the drop-down list, and then click one of the dynaflector buttons
(PDynaFlect, SDynaFlect, or UDynaFlect). Drag in a viewport to create
the deflector.

3 Do either of the following:

m If using a PDynaFlect or SDynaFlect, position the space warp icon
where the particles strike (or will strike) the object. Resize and orient
it as needed.

El Also, link the PDynaFlect or SDynaFlect as a child of the object.
This step isn't absolutely necessary, but allows the deflector to follow
the object as it moves.

B If using a UDynaFlect, go to the Modify panel > Parameters rollout,
click the Pick Object button, and then select the object. The position
of the space warp icon doesn't matter, and it's not necessary to link
the two.

G
4 _I Bind the particle system to the dynaflector using the toolbar Bind
to Space Warp button on page 2691.

T | Go to the Utilities panel and open the Dynamics utility.
On the Dynamics rollout, click New to create a new simulation.

Click Edit Object List, and add the object to the dynamics simulation.

® N O W

Click Edit Object. On the Edit Object dialog, click Assign Object Effects
and assign the dynaflector to the object.

9 On the Dynamics rollout, turn on the Update Display w/Solve check box
above the Solve button.

10 Solve the simulation.
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Timing group

The two spinners specify the start frame and end frame of the deflection effect.
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Time On/Off Time On specifies the frame at which the deflection begins,
and Time Off specifies the frame at which the deflection ends.

Particle Bounce group

These settings affect the reflection of particles from the space warp.

Reflects Specifies the percentage of particles to be reflected by the PDynaFlect.

This affects both the particles and the dynamics reaction of the object struck
by the particles. The more particles that strike the affected object, the more
force applied to that object. If set to 0.0, the particles have no effect on the
object.

Bounce This is a multiplier that specifies how much of the initial speed of
the particle is maintained after collision with the PDynaFlect.

Using the default setting of 1.0 causes the particle to rebound with the same
speed as it collides. A real-world effect would usually be less than 1.0. For a
"flubber" effect, set greater than 1.0.

Variation Specifies the variation of Bounce applied to the range of particles.

For example, a Variation setting of 50% applied to a Bounce setting of 1.0
would result in randomly applied Bounce values ranging from 0.5 to 1.5.

Chaos Applies a random variation to the bounce angle.

When you set Chaos to 0.0 (no chaos), all particles bounce off the PDynaFlect
surface perfectly (like banking pool balls). A non-zero setting causes the
deflected particles to scatter.

Friction The amount by which particles are slowed as they move along the
deflector surface. A value of 0% means they're not slowed at all. A value of
50% means they're slowed to half their original speed. A value of 100% means
they stop moving when they strike the surface. Default=0%. Range=0% to
100%.

TIP To have particles slide along a deflector surface, set Bounce to 0. Also, unless
influenced by a force such as Wind or Gravity, particles meant to slide should strike
the surface at an angle other than 90 degrees.

Inherit Vel (Velocity Inheritance) Determines how much of a moving
PDynaFlect’s speed is applied to reflected or refracted particles.

For example, if Inherit Vel is 1.0, particles with no motion that are hit by a
moving PDynaFlect inherit the speed of the PDynaFlect at the point of
collision.
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Physical Properties group

These options let you set the mass of each particle.

Mass Specifies the mass based on the chosen unit.

gram One gram equals 1/1000 kg or 22/1000 Lbm at a gravity of 1.0.
Kg One kg (kilogram) equals 1000 grams or 2.2 Lbm at a gravity of 1.0.

Lbm One Lbm (pounds-mass) equals 5/11 kg or 454 5/11 grams at a gravity
of 1.0. (Pounds-mass, the amount of mass in one pound of weight, is dependent
on gravity. For pounds-mass values at a gravity other than 1.0, multiply the
pounds-mass value by the gravity factor.)

Display Icon group

Width/Height Specify the width and height of the PDynaFlect icon. This is
for display purposes only and does not influence the deflector effect.

SOmniFlect Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > SOmniFlect

SOmniFlect is the spherical version of the omniflector type of space warp. It
provides more options than the original SDeflector. Most settings are the same
as those in POmniFlect on page 2732. The difference is that this space warp
provides a spherical deflection surface rather than the planar surface. The only
settings that are different are in the Display Icon area, in which you set the
Radius, instead of the Width and Height.
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NOTE Opposite sides of the deflectors reverse the distortion effect. Thus, a refracted
particle passing through the SOmniFlect hits its outside surface first, and then its
inside surface. A positive Distortion value warps the particles toward the
perpendicular; then, as the particles pass through the inside surface, the same
positive Distortion value warps them toward the parallel.

SOmniFlect viewport icon

Procedures
To create an SOmniFlect space warp:

S
1 % On the Create panel, click Space Warps. Choose Deflectors
from the list, then on the Object Type rollout, click SOmniFlect.

2 Drag in a viewport to create the spherical icon.

NOTE Because particles bounce off the icon, the size of the icon affects
particle deflection.
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3 Apply the deflector to the particle system using the appropriate method:

B If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] _I If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.

4 Position the SOmniFlect icon to interrupt the particle stream.

5 Adjust the SOmniFlect parameters as necessary.

SDynaFlect Space Warp
Create panel > Space Warps > Deflectors > Object Type rollout > SDynaFlect
The SDynaFlect space warp is a spherical dynamics deflector. It’s like the

PDynaFlect on page 2738 warp, except that it’s spherical, and its Display Icon
spinner specifies the icon's Radius value.

dk
N

it

SDynaFlect viewport icon
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UOmniFlect Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > UOmniFlect

UOmniFlect, the universal omniflector, provides more options than the original
UDeflector. This space warp lets you use any other geometric object as a particle
deflector. The deflections are face accurate, so the geometry can be static,
animated, or even morphing or otherwise deforming over time.

NOTE Some particle “leakage” can occur with this deflector, particularly when
you use many particles and a complex deflector object. To avoid this, perform a
test render to check for leaking particles, and then add POmniFlects to catch the
strays.

A e
N

UOmniFlect viewport icon
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Procedures

To use the UOmniFlect space warp:

To use a universal omniflector, you need a minimum of three objects in the
scene:

1

2
3
4
5

10

The particle system

The UOmniFlect space warp

The object used as the deflector

Add or select an object used as the deflector.

Create a particle system whose particles intersect the deflector object.

&
% On the Create panel, click Space Warps. Choose Deflectors
from the list, and then click UOmniFlect.

Click and drag in a viewport to place the space warp icon.

NOTE The size and position of the UOmniFlect icon do not alter the effect.

Apply the deflector to the particle system using the appropriate method:

B If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] J If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.

f | On the Modify panel > Parameters rollout > Object-Based
OmniFlector group, click Pick Object, and then select the object to use
as a deflector.

Adjust the particle system and UOmniFlect parameters as necessary.
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Interface

Parameters rollout

The settings for the UOmniFlect are the same as those for POmniFlect on page
2732, with the following additions:

Object-Based OmniFlector group

Lets you choose the object to use as a deflector.

Item Displays the name of the selected object.

Pick Object Click this, and then select any renderable object to use as a
deflector.

Display Icon group

Icon Size Specifies the size of one side of the square UOmniFlect icon.

UDynaFlect Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > UDynaFlect

The UDynaFlect space warp is a universal dynamics deflector that lets you use
the surface of any object as both the particles deflector and the surface that
reacts dynamically to the particle impact.

The procedures and options for using UDynaFlect are the same as for
PDynaFlect on page 2738, with the following changes and additions.
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UDynaFlect viewport icon

NOTE When you use UDynaFlect, you must indicate the object to be affected

with the Pick Object button. Linking is not necessary.
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Object-Based DynaFlector group

Lets you choose the object to use as a deflector.
Item Displays the name of the selected object.

Pick Object Click this, and then select any renderable object to use as a
deflector.

Display Icon group

Icon Size Specifies the size of the UDynaFlect icon.

SDeflector Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > SDeflector
Create menu > Space Warps > Deflectors > SDeflector

The SDeflector space warp serves as a spherical deflector of particles.

b«

SDeflector viewport icon (with particle system on the left)
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SDeflector repelling particles
Procedures
To create an SDeflector:

S
1 W On the Create panel, click Space Warps. Choose Deflectors
from the list, then on the Object Type rollout, click SDeflector.

2 Drag in a viewport to create the spherical icon.

NOTE Because particles bounce off the perimeter of the spherical icon, the
size of the icon affects particle deflection.

3 Apply the deflector to the particle system using the appropriate method:

B If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] _I If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.

4 Position the SDeflector icon to interrupt the particle stream.

2752 | Chapter 14 Space Warps and Particle Systems



5 Adjust the SDeflector parameters as necessary.
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Particle Bounce group

These settings determine how the deflector affects the bound particles.

Bounce Determines the speed with which particles bounce off the deflector.
At 1.0, the particles bounce at the same speed as they approach. At O, they
don't deflect at all.

Variation The amount by which each particle can vary from the Bounce
setting.

Chaos The amount of variation from the perfect angle of reflection (found
when Chaos is set to 0.0). 100% induces a variation in reflection angle of up
to 90 degrees

Friction The amount by which particles are slowed as they move along the
deflector surface. A value of 0% means they're not slowed at all. A value of
50% means they're slowed to half their original speed. A value of 100% means
they stop moving when they strike the surface. Default=0%. Range=0% to
100%.
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TIP To have particles slide along a deflector surface, set Bounce to 0. Also, unless
influenced by a force such as Wind or Gravity, particles meant to slide should strike
the surface at an angle other than 90 degrees.

Inherit Vel (Velocity Inheritance) When the value is greater than O, the motion
of the deflector affects particles as well as the other settings. For example, to
animate the SDeflector passing through a passive array of particles, turn up
this value to affect the particles.

Display Icon group

This option affects the display of the icon.

Diameter Specifies the diameter of the SDeflector icon. This setting also alters
the effect of the deflection, because particles bounce off the perimeter of the
icon. The scale of the icon also affects the particles.

UDeflector Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > UDeflector

Create menu > Space Warps > Deflectors > UDeflector
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Particles scatter when they strike a UDeflector object

The UDeflector is a universal deflector that lets you use any object as a particle
deflector.

Procedures
To create a UDeflector:

=
1 On the Create panel, click Space Warps. Choose Deflectors
from the list, then on the Object Type rollout, click UDeflector.

2 Inaviewport, drag out a rectangle to add a UDeflector warp to the scene.

3 Onthe command panel, click the Pick Object button and select an object
to be a particle deflector.

Deflectors | 2755



4 Apply the deflector to the particle system using the appropriate method:

B If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] _I If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.

5 Position the UDeflector icon to interrupt the particle stream.

6 Adjust the UDeflector parameters as necessary.
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Object-Based Deflector group

Specifies the object to use as a deflector.
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Item Displays the name of the selected object.

Pick Object Click this, and then click any renderable mesh object to be used
as a deflector.

Particle Bounce group

Bounce Determines the speed with which particles bounce off the deflector.
At 1.0, the particles bounce at the same speed as they approach. At O, they
don't deflect at all.

Variation The amount by which each particle can vary from the Bounce
setting.

Chaos The amount of variation from the perfect angle of reflection (found
when Chaos is set to 0.0). 100% induces a variation in reflection angle of up
to 90 degrees.

Friction The amount by which particles are slowed as they move along the
deflector surface. A value of 0% means they're not slowed at all. A value of
50% means they're slowed to half their original speed. A value of 100% means
they stop moving when they strike the surface. Default=0%. Range=0% to
100%.

TIP To have particles slide along a deflector surface, set Bounce to 0. Also, unless
influenced by a force such as Wind or Gravity, particles meant to slide should strike
the surface at an angle other than 90 degrees.

Inherit Vel (Velocity Inheritance) When greater than O, the motion of the
deflector affects particles as well as the other settings. For example, to animate
the SDeflector passing through a passive array of particles, turn up this value
to affect the particles.

Display Icon group

Icon Size This spinner displays and lets you change the size of the icon.

Deflector Space Warp

Create panel > Space Warps > Deflectors > Object Type rollout > Deflector

Create menu > Space Warps > Deflectors > Deflector
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Two streams of particles striking two deflectors

The Deflector space warp acts as a planar shield to repel the particles generated
by a particle system. For example, you can use Deflector to simulate pavement
being struck by rain. You can combine a Deflector space warp with a Gravity
space warp to produce waterfall and fountain effects.

See also:
B SDeflector Space Warp on page 2751

B UDeflector Space Warp on page 2754
Procedures
To create a deflector:

==
1 On the Create panel, click Space Warps. Choose Deflectors
from the list, then on the Object Type rollout, click Deflector.

2 Drag in a viewport to define the deflection area.
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The deflector appears as a wireframe rectangle.

3 Apply the deflector to the particle system using the appropriate method:

m If using Particle Flow on page 2795, specify the deflector in the Collision
test on page 2960 or Collision Spawn test on page 2964 parameters.

G
] If using a non-event-driven particle system on page 3002, bind
on page 2691 the particle system to the deflector icon.
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The deflector's effect is controlled mainly by its size and orientation in the
scene, relative to the particle system that is bound to it. You can also adjust
how strongly the deflector deflects particles.

Bounce Controls the speed at which particles bounce off the deflector. At a
setting of 1.0, particles bounce off the deflector at the same speed they struck
it. At 0.0, particles do not bounce at all. At values between 0.0 and 1.0, particles
bounce off the deflector at a speed reduced from their initial speed. At values
greater than 1.0, particles bounce off the deflector at a speed greater than their
initial speed. Default=1.0.
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Variation The amount by which each particle can vary from the Bounce
setting.

Chaos The amount of variation from the perfect angle of reflection (found
when Chaos is set to 0.0). 100% induces a variation in reflection angle of up
to 90 degrees

Friction The amount by which particles are slowed as they move along the
deflector surface. A value of 0% means they're not slowed at all. A value of
50% means they're slowed to half their original speed. A value of 100% means
they stop moving when they strike the surface. Default=0%. Range=0% to
100%.

TIP To have particles slide along a deflector surface, set Bounce to 0. Also, unless
influenced by a force such as Wind or Gravity, particles meant to slide should strike
the surface at an angle other than 90 degrees.

Inherit Vel (Velocity Inheritance) When the value is greater than 0, the motion
of the deflector affects particles as well as the other settings. For example, if
you want an animated SDeflector passing through an array of particles to
affect the particles, turn up this value.

Width Sets the deflector's width.

Length Sets the deflector's length.

Geometric/Deformable

FFD(Box) Space Warp

Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
FFD(Box)

Create menu > Space Warps > Geometric/Deformable > FFD(Box)

Free-form deformations (FFDs) provide a method of deforming an object by
adjusting the control points of a lattice. The offset position of the control
points to the original lattice source volume causes the distortion of the affected
object.

The FFD(Box) space warp is a box-shaped lattice FFD object similar to the
original FFD modifiers. This FFD is available as both an object modifier and
a space warp. For information on the object-modifier version, see FFD
(Box/Cylinder) Modifiers on page 1460.
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You create FFD space warps as separate objects similarly to the way you create
standard primitives: by dragging the mouse in the viewport. The result is a
lattice of control points. The source lattice of an FFD modifier is fitted to the
geometry it's assigned to in the stack. This might be a whole object or a
sub-object selection of faces or vertices.

Because FFD space warps are separate objects, they carry their own adjustable
dimension parameters among the creation parameters.

You can apply object modifiers to space warp objects. For example, you can
use the Linked XForm modifier with a space-warp FFD.
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Object and object surrounded by an FFD lattice
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Moving control points in the lattice deforms the object.

Procedures

To use the FFD(box) space warp:

a4
1 % On the Create panel, click Space Warps. Choose
Geometric/Deformable from the list, then on the Object Type rollout,
click FFD(Box).

2 Dragin aviewport to create the base. Release the mouse button, and then
move the mouse to define the height of the FFD lattice. Click to finish
the lattice.

G
3 _I Bind the lattice to the object you want to deform.

4 Determine the relative placement of the lattice to the object.

If the lattice is to be outside of the object, turn on All Vertices. To affect
only those vertices inside the lattice, choose Only In Volume, and position
the lattice accordingly.
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5 ? | In the modifier stack display, choose Control Points as the
sub-object level for FFD(box).

6 Adjust the control points.

NOTE The distortion effect of an FFD modifier is based on the positional
offset of the control points from their original positions in the source volume.
If you don't move control points, there is no effect on the target object. Keep
this in mind when using space-warp version of the FFD.

If you're using the Deform group > All Vertices option, once you've distorted
the object you can set the Falloff value to adjust how much the lattice affects
the object, based on distance. This is particularly useful if the lattice is animated
to approach or move away from the target object. When Falloff is set to 0, all
the vertices are affected, regardless of distance.

NOTE When you're at the base-parameters level of an FFD modifier in the Stack,
the Show End Result button is turned off and spring-loaded, as it is in an Edit Mesh
modifier.
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This rollout lets you set the size and resolution of the lattice, and how it
displays and deforms.

Dimensions group

These options let you adjust the unit dimensions of the source volume, and
specify the number of control points in the lattice. Note that the point
dimensions are displayed beside the modifier name in the Stack list.

Length, Width, Height These three spinners display and let you adjust the
length, width, and height of the lattice. To create the space warp, you drag
the mouse in the same way that you would to create a standard Box primitive.
Note that these spinners don't exist in the object-modifier version of the FFD.

Label Displays the current number of controls points in the lattice (for
example: 4x4x4).

Set Number of Points Displays a dialog containing three spinners labeled
Length, Width, and Height, plus OK/Cancel buttons. Specify the number of
control points you want in the lattice, and then click OK to make the change.

NOTE Make changes to the dimensions before you adjust the positions of the
lattice control points. When you change the number of control points with this
dialog, any adjustments you've already made to the control points are lost;
however, you can undo this use of the dialog.

Display group

These options affect the display of the FFD in the viewports.

Lattice When turned on, lines are drawn connecting the control points to
make a grid. Although viewports can become cluttered when these extra lines
are drawn, they help to visualize the lattice.

Source Volume When on, the control points and lattice are displayed in their
unmodified state. This display is helpful when you're adjusting the source
volume to affect specific vertices that lie within or without it. See the All
Vertices and Only in Volume options, later in this topic.

Deform group

These options provide controls that specify which vertices are affected by the
FFD.

Only In Volume Only vertices that lie inside the source volume are deformed.
Vertices outside the source volume are not affected.

2766 | Chapter 14 Space Warps and Particle Systems



All Vertices All vertices are deformed regardless of whether they lie inside or
outside the source volume, depending on the value in the Falloff spinner. The
deformation outside the volume is a continuous extrapolation of the
deformation inside the volume. The deformation can be extreme for points
far away from the source lattice.

Falloff This spinner, enabled only when you choose All Vertices, determines
the distance from the lattice that the FFD effect will decrease to zero. When
this spinner is set to 0, it's effectively turned off, and there is no falloff; that
is, all vertices are affected regardless of their distance from the lattice. The
units of the Falloff parameter are specified relative to the size of the lattice: A
falloff of 1 means that the effect will go to O for points that are a lattice
width/length/height away from the lattice (depending on which side they are
on).

Tension/Continuity Lets you adjust the tension and continuity of the
deformation splines. Although you can't see the splines in an FFD, the lattice
and control points represent the structure that controls the splines. As you
adjust the control points, you alter the splines (which move through each
point). The splines, in turn, deform the geometry of the object. By altering
the tension and continuity of the splines, you alter their effect on the object.

Selection group

These options provide additional methods of selecting the control points. You
can toggle the state of any combination of the three buttons to select in one,
two, or three dimensions at once.

All X, All Y, All Z When one of these buttons is on and you select a control
point, all control points along the local dimension specified by the button
are selected as well. By turning on two buttons, you can select all control
points in two dimensions.

About Displays a dialog with copyright and licensing information.

FFD(Cyl) Space Warp

Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
FFD(Cyl)

Create menu > Space Warps > Geometric/Deformable > FFD(Cyl)

Free-form deformations (FFDs) provide a method of deforming an object by
adjusting the control points of a lattice. The offset position of the control
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points to the original lattice source volume causes the distortion of the affected
object.

The FFD(Cyl) space warp uses a cylindrical array of control points in its lattice.
This FFD is available as both an object modifier and a space warp. For
information on the object modifier version, see FFD (Box/Cylinder) Modifiers
on page 1460.

You create FFD space warps as separate objects similarly to the way you create
standard primitives: by dragging the mouse in the viewport. The result is a
lattice of control points. The source lattice of an FFD modifier is fitted to the
geometry it's assigned to in the stack. This might be a whole object or a
sub-object selection of faces or vertices.

Because FFD space warps are separate objects, they carry their own adjustable
dimension parameters among the creation parameters.

You can apply object modifiers to space warp objects. For example, you can
use the Linked XForm modifier with a space-warp FFD.

Procedures

Example: Create an animated tablecloth:

Finished tablecloth using FFD (Cyl) space warp
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This example shows how to use the FFD(Cyl) space warp to create a tablecloth
that flies in and drapes itself over a table.

Begin by creating the table and tablecloth.

1

Create a table from two cylinders. Make the table top with a radius of 30
units, and a height of 2 units. Make the "table stand" cylinder with a
radius of 3 and a height of 60.

Make a tablecloth from a box 100 units square and 0.5 units in height.
Increase Length and Width Segments to 30, and keep Height Segments
at 1.

Position the tablecloth so it's level with or slightly above the table top,
and a little less than 100 units to the left of the table edge, as seen from
the Top view.

Apply a nice wood grain to the table, and a checker to the tablecloth.
(Set the checker tiling to about 15x15, and choose any color for the
checkers.)

Now, set up a cylindrical FFD space warp that will form the drape of the
tablecloth over the table.

1

From the Create panel > Space Warps > Geometric/Deformable, choose
FFD(Cyl).

In the Top viewport, create a cylindrical FFD space warp, centered on the
table top, with a radius of 45 and a height of 5.

Click the Set Number of Points button and, in the Set FFD Dimensions
dialog, set Side points to 12, Radial points to 5, and Height points to 2.

Move the entire FFD lattice up until it's just over the surface of the table,
as seen from the Front viewport.
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Next, adjust the control points of the lattice to drape over the table.

1
2

Zoom Extents All Selected.

On the Modify panel, in the stack display (below "Modifier List"), click
the FFD(cyl) item so it turns yellow. This means you've enabled direct
access to the FFD space warps control point sub-objects.

In the FFD Parameters rollout > Selection group, turn on All X. This lets
you select control points around the perimeter of the FFD cylinder.

In the Top viewport, use the Select and Move tool on page 959 and
region-select the two visible control points of the two outer rings of
control points at the nine-o'clock position. (This is easier shown than
described. You can actually region-select any number of vertices in the
two outer concentric rings of vertices. Because All X is on, all control
points for the two rings will be selected.)

EI On the status bar, click the Selection Lock Toggle button to lock
the selection. In the Front viewport, drag the selected points halfway
down the height of the table.

Unlock the selection, and then region-select any control point in the
outer ring to select all points in the outer ring.
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7 Lock the selection and, in the Front viewport, drag the outer ring of points
down to the floor.

You now have a truncated cone shape over the table.

8 Unlock the selection. In the Top viewport, again select all the control
points in the two outer rings.

9 Scale the selected control points in, until the radius of the inner ring of
points is slightly larger than the table top.

10 Select only the outer ring of points, and scale them so their radius is
slightly larger than the inner ring.

If necessary, move the points, as seen from the Front viewport, down to
touch the floor again.

You now have a lattice of control points draped over the table.

In this next series of steps, you'll bind the tablecloth to the FFD lattice, and
then animate it to move over the table.

1 In the stack display, click the FFD(cyl) entry again to exit the sub-object
level. It turns gray.

G
2 _I In the main toolbar, click the Bind to Space Warp button, and
drag between the FFD and the tablecloth.
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3 Select the FFD lattice.

4 Choose Deform group > All Vertices.

The tablecloth is immediately deformed because all vertices are now
affected, including those outside the lattice volume, and Falloff is set to
0. A falloff value of 0 means that the distance of the vertices from the
lattice doesn't matter. Any number greater than 0, however, limits the
effect.

5 Set the Falloff spinner to 0.4.

No longer influenced by the FFD space warp, the tablecloth returns to
its square shape.

6 Turn on Auto Key, and go to frame 100.

7 In the Top viewport, select the tablecloth, and move it until it's centered
over the table.

8 As the tablecloth nears the table, it droops down to the floor, sweeps up
and over the table, and finally drapes itself over the table.

9 Asyou move the time slider back and forth and examine the animation,
you might find that the bottom of the tablecloth is deformed to the point
where it's hanging below the floor. To fix this, turn off Auto Key, go to
frame 100, select the lower ring of control points, and move them up
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until the tablecloth is at the height you want it. You can also adjust the
position of the other control points to create drapes, and so on.

10 On the Display command panel > Hide by Category rollout, turn on
Space Warps to hide the FFD space warp.

11 Set up appropriate lights and a camera, and play your animation.
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This rollout lets you set the size and resolution of the lattice, and how it
displays and deforms.

Dimensions group

These options let you adjust the unit dimensions of the source volume, and
specify the number of control points in the lattice. Note that the point
dimensions are displayed beside the modifier name in the Stack list.

Radius, Height These two spinners display and let you adjust the length,
width, and height of the lattice. To create the space warp, drag the mouse in
the same way that you would to create a standard Cylinder primitive. Note
that these spinners don't exist in the object-modifier version of the FFD.

Label Displays the current number of controls points in the lattice (for
example: 4x8x4).

Set Number of Points Displays a dialog containing three spinners labeled
Side, Radial, and Height, plus OK/Cancel buttons. Specify the number of
control points you want in the lattice, and then click OK to make the change.

Side The number of control points around the perimeter of the lattice.

Radial The number of control points, radially, from the center to the outer
perimeter of the lattice.

Height The number of control points along the height of the lattice.

NOTE Make changes to the dimensions before you adjust the positions of the
lattice control points. When you change the number of control points with this
dialog, any adjustments you've already made to the control points are lost;
however, you can undo this use of the dialog.

Display group

These options affect the display of the FFD in viewports.

Lattice When on, lines are drawn connecting the control points to make a
grid. Although viewports can become cluttered when these extra lines are
drawn, they help to visualize the lattice.

Source Volume When on, the control points and lattice are displayed in their
unmodified state. This display is helpful when you're adjusting the source
volume to affect specific vertices that lie within or without it. See the All
Vertices and Only in Volume options, later in this topic.
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Deform group

These options provide controls that specify which vertices are affected by the
FFD.

Only In Volume When on, only vertices that lie inside the source volume
are deformed. Vertices outside the source volume are not affected. This is the
default choice.

All Vertices When on, all vertices are deformed regardless of whether they
lie inside or outside the source volume, depending on the value in the Falloff
spinner. The deformation outside the volume is a continuous extrapolation
of the deformation inside the volume. Note that the deformation can be
extreme for points far away from the source lattice.

Falloff This spinner, enabled only when you choose All Vertices, determines
the distance from the lattice that the FFD effect will decrease to zero. When
this spinner is set to 0, it's effectively turned off, and there is no falloff; that
is, all vertices are affected regardless of their distance from the lattice. The
units of the Falloff parameter are specified relative to the size of the lattice: A
falloff of 1 means that the effect will go to O for points that are a lattice
width/length/height away from the lattice (depending on which side they are
on).

Tension/Continuity Lets you adjust the tension and continuity of the
deformation splines. Although you can't see the splines in an FFD, the lattice
and control points represent the structure that controls the splines. As you
adjust the control points, you alter the splines (which move through each
point). The splines, in turn, deform the geometry of the object. By altering
the tension and continuity of the splines, you alter their effect on the object.

Selection group

These options provide additional methods of selecting control points. You
can toggle any combination of the three buttons to select in one, two, or three
dimensions at once.

All X, All Y, All Z When one of these buttons is on and you select a control
point, all control points along the local dimension specified by the button
are selected as well. By turning on two buttons, you can select all control
points in two dimensions.

About Displays a dialog with copyright and licensing information.
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Wave Space Warp

Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
Wave

Create menu > Space Warps > Geometric/Deformable > Wave

The Wave space warp creates a linear wave through world space. It affects
geometry and behaves the same as the Wave modifier on page 2000. Use the
Wave space warp when you want the wave to affect a large number of objects,
or to affect an object relative to its position in world space.
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Using a wave to deform a box

See also:

B Ripple Space Warp on page 2781

Procedures

To create a Wave space warp:

a4
1 % On the Create panel, click Space Warps. Choose
Geometric/Deformable from the list, then on the Object Type rollout,
click Wave.

2 Drag in a viewport to define the initial size of the wave object icon.

The icon is displayed as a flat mesh wireframe.

3 Release the mouse button to set the icon size; then move the mouse to
define the initial amplitude of the wave.

4 Click to set the wave amplitude.
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The initial amplitude sets both Amplitude 1 and Amplitude 2. Set these
parameters to unequal values to create a cross wave.

Woave group

These options control the wave effect.
Amplitude 1 Sets wave amplitude along the wave warp object's local X axis.

Amplitude 2 Sets wave amplitude along the wave warp object's local Y axis.

Amplitude is expressed in units. The wave is a sine wave along its Y axis and
parabolic along its X axis. Another way to think of the difference between the
amplitudes is that Amplitude 1 is at the center of the wave gizmo and
Amplitude 2 is at the edge of the gizmo.

Wave Length Sets the length of each wave along the wave's local Y axis, in
active units.
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Phase Offsets the phase of the wave from its origin at the wave object's center.
Whole values have no effect; only fractional values do. Animating this
parameter makes the wave appear to travel through space.

Decay When set to 0.0, the wave has the same amplitude or amplitudes
throughout world space. Increasing the Decay value causes amplitude to
diminish as distance increases from the position of the wave warp object.
Default=0.0.

Display group

These options control the geometry of the Wave warp gizmo. In some cases,
such as when the two Amplitude values differ, they change the effect of the
wave.

Sides Sets the number of side segments along the wave object's local X
dimension.

Segments Sets the number of segments along the wave object's local Y
dimension.

Divisions Adjusts the size of the wave icon without altering the wave effect
as scaling would.

Flexibility parameter (Modify panel)

The Wave space warp also has a Flexibility parameter that you can adjust
individually in each bound object's stack, at the Wave Binding level. The
parameter belongs to each binding; it doesn't appear with the Wave warp
parameters.
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Flexibility Makes the bound object more or less responsive to the wave by
multiplying the amplitude by this value.

Ripple Space Warp
Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
Ripple

Create menu > Space Warps > Geometric/Deformable > Ripple
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Using a ripple to deform a surface

The Ripple space warp creates a concentric ripple through world space. It
affects geometry and behaves the same as the Ripple modifier on page 1655. Use
the Ripple space warp when you want the ripple to affect a large number of
objects, or to affect an object relative to its position in world space.

See also:

B Wave Space Warp on page 2777

Procedures

To create a Ripple space warp:

o

1 o @ On the Create panel, click Space Warps. Choose
Geometric/Deformable from the list, then on the Object Type rollout,
click Ripple.

2 Drag in a viewport to define the initial size of the ripple object icon.
The icon is displayed as a wireframe spider web.
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3 Release the mouse button to set the icon size, and then move the mouse
to define the initial amplitude of the ripple wave.

4 Click to set the wave amplitude.

Interface

|- Farameters |
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The amplitude value set by dragging applies equally in all directions. The
ripple's Amplitude 1 and Amplitude 2 parameters are initially equal. Set these
parameters to unequal values to create a ripple whose amplitude varies relative
to the local X and Y axes of the space warp.

Ripple group

Amplitude 1 Sets ripple amplitude along the ripple warp object's local X axis.
Amplitude is expressed in active units.

Amplitude 2 Sets ripple amplitude along the ripple warp object's local Y axis.
Amplitude is expressed in active units.
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Wave Length Sets the length of each wave, in active units.

Phase Offsets the phase of the wave from its origin at the ripple object's center.
Whole values have no effect; only fractional values do. Animating this
parameter makes the ripple appear to travel through space.

Decay When set to 0.0, the ripple has the same amplitude or amplitudes
throughout world space. Increasing the Decay value causes amplitude to
diminish as distance increases from the position of the ripple warp object.
Default=0.0.

Display group

The options control display of the Ripple warp object's icon. They don't change
the effect of the ripple.

Circles Sets the number of circles in the ripple icon.

Segments Sets the number of segments (pie slices) in the ripple icon.
Divisions Adjusts the size of the ripple icon without altering the ripple effect

as scaling would.

Flexibility parameter (Modify panel)

The Ripple space warp also has a Flexibility parameter that you can adjust
individually in each bound object's stack, at the Ripple Binding level. The
parameter belongs to each binding; it doesn't appear with the Ripple warp
parameters.
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Flexibility Makes the bound object more or less responsive to the wave by
multiplying the amplitude by this value.

Conform Space Warp

Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
Conform

Create menu > Space Warps > Geometric/Deformable > Conform

The Conform space warp modifies its bound object by pushing its vertices in
the direction indicated by the space warp icon, until they hit a specified target
object, or until the vertices move a specified distance from their original
position.

After creating a Conform space warp, you specify a target object in the Conform
parameters, and then bind the Conform to the object you want to deform.
You rotate the Conform icon to specify the travel direction (toward the target
object). The vertices of the deformed object move until they hit the target
object.
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There is also a Conform compound object on page 731 that provides additional
methods of conforming one object to another.

Conform viewport icon (a surface is below it)

Procedures

Example: Using the Conform space warp:
Begin by making two objects.

1 Create a terrain by making a wide, flat box with plenty of Length and
Width segments (or a quad patch). Apply a Noise modifier and adjust its
parameters to result in a bumpy terrain (not mountainous, but low and
irregular).

2 Create a short, wide cylinder whose radius is about one-eighth the area
of the box (like a coin). You'll animate the cylinder to float diagonally
over the surface of the terrain.

3 Set Cap Segments in the cylinder to 4, and position the cylinder to float
over the terrain.

4 Set the object color of the cylinder to contrast with the color of the terrain.

5 Move the cylinder inside one corner of the terrain as seen from the Top
viewport. Turn on Animate, move to frame 100, and move the cylinder
to the opposite corner of the terrain.
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The coin/disk moves from one corner of the terrain to the other.

The terrain will become the target object, and the cylinder the deformed
object. The next step is to create the Conform space warp and bind it to the
cylinder.

1 On the Create panel, choose Space Warps, and then, from the drop-down
list, choose Geometric/Deformable. Click the Conform button.

2 In the Top viewport, in the center of the terrain, drag outward to create
the Conform space warp.

3 Click the Pick Object button, and then click the terrain box.

4 In the Front viewport, drag the space warp up until it's above the cylinder.
As seen in the Front viewport, the terrain is at the bottom, the cylinder
is between the terrain and the space warp, and the space warp is at the
top.

5 Bind the space warp to the cylinder.

The cylinder becomes a disk that seems to be painted on the surface of
the terrain.

6 Drag the time slider to see the cylinder/disk move across the box,
following the terrain.

Because the vertices are pushed almost to the level of the terrain, the faces of
the two object might intersect. In the following steps, you'll fix this by
adjusting the standoff distance between the target surface and the pushed
vertices. Then you'll go on to affect only selected vertices in the cylinder.

1 Select the Conform space warp, and open the Modify panel.

2 Set Standoff Distance to 3.
You can now clearly see the surface of the disk above the terrain.

3 Set the Standoff Distance to 20.

The disk floats 20 units above the terrain. Next, change the affected
vertices.

4 Select the disk/cylinder.

5 In the modifier stack display, click the Cylinder item so it's highlighted
in gray.

6 Apply a Mesh Select modifier.
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7 At the Vertex sub-object level, in the Front viewport, region-select the
bottom cap vertices of the cylinder.

8 Remain at the sub-object level, and in the stack display click the Conform
Binding item.

9 In the viewport, select the Conform icon.

10 In the Modify panel, turn on Use Selected Vertices.

Now that only the bottom cap vertices are selected, the rest of the cylinder
is restored. If you adjust the viewing angle and play the animation, you'll
see that the bottom face of the cylinder follows the terrain, while the rest
of the cylinder retains its shape.

Interface
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—'Wap To Object:
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Wrap To Object group

These options provide controls to select the target object.

Pick Obiject Click this, and then select an object in the scene. The object you
select becomes the barrier against which the bound object's vertices will be
pushed.

Object Displays the name of the picked object.

Move Vertices group

These options affect how the vertices are moved.

Default Projection Distance The distance a vertex in the bound object moves
from its original location if it does not intersect the target object.

Standoff Distance The distance maintained between the vertex and the surface
of the target object. For example, if set to 5, the vertices can be pushed no
closer than 5 units from the surface of the target object.

Use Selected Vertices When on, only the sub-object selection of vertices on
the Stack are pushed. When off, all vertices in the object are pushed regardless
of the Stack selection.

Display group

Icon Size Specifies the size of the icon.

Bomb Space Warp

Create panel > Space Warps > Geometric/Deformable > Object Type rollout >
Bomb

Create menu > Space Warps > Geometric/Deformable > Bomb

The Bomb space warp explodes objects into their individual faces.
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Right: Bomb viewport icon
Left: Torus knot

Effect of exploding the torus knot

Procedures
To create a Bomb space warp:
1 = | %l On the Create panel, click Space Warps. Choose

Geometric/Deformable from the list, and then on the Object Type rollout,
click Bomb.

2 Create mesh objects to be exploded.
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I
3 %I On the toolbar, click the Bind to Space Warp button.
4 Drag the mouse between each object and the Bomb space warp.

5 Adjust Bomb parameters to achieve different effects.

Interface
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Explosion group

Strength Sets the power of the bomb. Larger values make the particles fly
farther. The closer an object is to the bomb, the greater the effect of the bomb.
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Spin The rate at which fragments rotate, in revolutions per second. This is
also affected by the Chaos parameter (which causes different fragments to
rotate at different speeds), and by the Falloff parameter (which causes the
force of the explosion to be weaker the farther the fragment is from the bomb).

Falloff The distance from the bomb, in world units, of the effect of the bomb.
Fragments past this distance are not affected by the Strength and Spin settings,
but are affected by the Gravity setting.

For example, this is useful for blowing up the base of a building, and having
the top of the building topple. To see the effect, place a bomb at the base of
a tall cylinder with many height segments, and adjust Falloff to be less than
the height of the cylinder.

Falloff On Turn on to use the Falloff setting. The falloff range appears as a
yellow, tri-hooped sphere.

Fragment Size group

These two parameters define the number of faces per fragment. Any given
fragment will have a number of faces, randomly determined, between the
Min and Max values.

Min Specifies the minimum number of faces per fragment to be randomly
generated by the "explosion."

Max Specifies the maximum number of faces per fragment to be randomly
generated by the "explosion."

General group

Gravity Specifies the acceleration due to gravity. Note that gravity is always
in the direction of the world Z axis. You can have negative gravity.

Chaos Adds random variation to the explosion to make it less uniform. A
setting of 0.0 is totally uniform; 1.0 is a realistic setting. A value greater than
1.0 makes the explosion extra chaotic. Range=0.0 to 10.0.

Detonation Specifies the frame at which the bomb goes off. Bound objects
are unaffected before this time.

Seed Change to alter randomly generated numbers in the bomb. You can
achieve a different bomb effect by changing Seed while maintaining the other
settings.

Although you can animate strength and gravity, the equations used for
projectile motion assume they are constant. Therefore, the motion will not
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be physically correct, but it might look interesting. Also, if the bomb object
is in motion during the blast, the result is not physically correct.

Modifier-Based Space Warps

Create panel > Space Warps > Modifier-Based

Create menu > Space Warps > Modifier-Based

| - Object Tepe |
AutoGnd [
Bend Moize
Shkew T aper
Tuwigt atretch

Modifier-based space warps duplicate the effects of standard object modifiers.
Like other space warps, they must be bound to objects, and they work in world
space. They are useful when you want to apply effects such as Twist or Bend
to a widely scattered group of objects.

Creating Modifier-Based Space Warps

You create modifier-based space warps the same way that you create other
space warps. Modifier-based space warps are listed on the Create panel as a
separate category under Space Warps.

All the modifier-based space warps use a box-shaped (nonrenderable) object.
When you create one, you use the mouse in the viewport as you do when
creating a Box primitive.

Unlike their modifier versions, these space warps do not have sub-object levels.
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Interface

Gizmo Parameters rollout

|- Gizmo Parameters |
— Gizmo Size:

Length: [0.0 =
width: [0.0 2
Height: | 1] ﬂ
— D eformation:

Decay: [0.0 3

Gizmo Size group

Length/Width/Height Let you adjust the warp object's dimensions.

Deformation group

Decay When is set to O, there is no decay, and the space warp affects its bound
object regardless of its distance from the object. When you increase the decay,
the effect on the bound object falls off exponentially. See the topics on the
individual modifiers for more information.

Parameter rollout

The parameters for a modifier-based space warp are identical to those of the
modifier on which the space warp is based:

Bend Modifier on page 1208
Taper Modifier on page 1811
Noise Modifier on page 1573
Twist Modifier on page 1837
Skew Modifier on page 1668
Stretch Modifier on page 1752
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Introduction to Particle Systems

Particle systems are useful for a variety of animation tasks. Primarily, they're
employed when animating a large number of small objects using procedural
methods; for instance, creating a snowstorm, a stream of water, or an explosion.
3ds Max provides two different types of particle systems: event-driven and
non-event-driven. The event-driven particle system, also known as Particle
Flow on page 2795, tests particle properties, and, based on the test results, sends
them to different events. Each event assigns various attributes and behaviors
to the particles while they're in the event. In the non-event-driven systems
on page 3002, particles typically exhibit similar properties throughout the
animation.

IMPORTANT Particle systems can involve a great many entities, each of which is
potentially subject to any number of complex calculations. For this reason, when
using them for advanced simulations, you should have a very fast computer and
as much memory as possible. Also, a powerful graphics card helps speed the
display of particle geometry in the viewports. Even so, it’s still easy to overburden
the system; if you encounter loss of responsiveness, wait for the particle system
to finish its calculations, and then reduce the number of particles in the system,
implement a cache, or use other methods to optimize performance.

Which Particle System to Use?

Having access to a wealth of particle systems in 3ds Max leads to the need to
decide which system to use for a particular application. In general, for a simple
animation, such as falling snow or a water fountain, setup is faster and easier
with a non-event-driven particle system. With more complex animations,
such as an explosion that generates different types of particles over time (for
example: fragments, fire, and smoke), use Particle Flow for greatest flexibility
and control.

Particle Flow

Particle Flow is a versatile, powerful particle system for 3ds Max. It employs

an event-driven model, using a special dialog called Particle View on page 2811.
In Particle View, you combine individual operators on page 8069 that describe
particle properties such as shape, speed, direction, and rotation over a period
of time into groups called events on page 7966. Each operator provides a set of
parameters, many of which you can animate to change particle behavior
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during the event. As the event transpires, Particle Flow continually evaluates
each operator in the list and updates the particle system accordingly.

To achieve more substantial changes in particle properties and behavior, you
can create a flow on page 7983. The flow sends particles from event to event
using tests on page 8147, which let you wire on page 8170 events together in series.
A test can check, for example, whether a particle has passed a certain age, how
fast it's moving, or whether it has collided with a deflector. Particles that pass
the test move on to the next event, while those that don't meet the test criteria
remain in the current event, possibly to undergo other tests.

NOTE Operators and tests are known collectively as actions on page 7897.

Following are the principal sections in the Particle Flow documentation:
Using Particle Flow on page 2796
Particle Flow User Interface on page 2811

Actions on page 2838

See also:

B Non-Event-Driven Particle Systems on page 3002

How Particle Flow Works

Particle View on page 2811 is the primary interface for building and modifying
Particle Flow systems. The first event in the system is always a global event,
whose contents affect all particles in the system. It has the same name as the
Particle Flow source icon. By default, the global event contains a single Render
operator that specifies rendering properties for all particles in the system. You
can add other operators here to have them act globally, such as Material,
Display, and Speed. When you use an operator globally, be sure not to use
the same operator locally (that is, in any other events in the system) to avoid
potential conflicts.

The global event also serves as the Particle View representation of the particle
system. You can create a new system by duplicating this event, or by adding
an Empty Flow or Standard Flow. Conversely, if you clone the Particle Flow
icon in a viewport, or add a new PF Source, the new system appears in Particle
View as well.

The second event is called the birth event, because it must contain a Birth
operator. The Birth operator should exist at the top of the birth event, and in
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no other place. The default birth event also contains a number of operators
that act locally to specify properties of particles while in that event. The default
particle system provides a basic global event and birth event that serve as a
useful starting point for creating your own system. If you like, you can instead
start with an empty system that lets you build a particle system from scratch.

16 Particle Yiew

Edit Select Display Options
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4, Birth event
5. Depot

To add an action to the particle diagram, you drag it to the event display from
the depot (the area at the bottom of the Particle View dialog). If you drag an
action to an event, you can add it to the event or replace an existing action,
depending on where you drop it. If you drop it in an empty area, it creates a
new event. Then, to customize the action, you click its event entry, and then
edit its settings in the parameters panel at the side of Particle View.

To add complexity to the particle system, you can add a test to an event, and
then wire the test to another event. You can adjust the test parameters to
affect particle behavior, as well as determine whether specific conditions exist.
When particles meet these conditions, they become eligible for redirection to
the next event.

Particle Flow provides a number of tools for determining where in the system
particles currently reside, including the ability to change particle color and
shape on an event-by-event basis. You can also easily enable and disable
actions and events, and determine the number of particles in each event. To
speed up checking particle activity at different times during the animation,
you can cache particle motion in memory. Using these tools, plus the ability
to create custom actions with scripting, you can create particle systems of a
level of sophistication previously unachievable.

The Life of a Particle

Another way of looking at Particle Flow is from the perspective of an individual
particle. Each particle first comes into existence, or is born, via the Birth
operator on page 2844, which lets you specify when to start and stop creating
particles, and how many to create.

The particles first appear at an object called an emitter. By default, the emitter
is the Particle Flow source icon using the Position Icon operator on page 2850,
but you can alternatively use the Position Object operator on page 2853 to specify
that particles should be born on the surface of or within any mesh object in
the scene.

After being born, particles can remain stationary at the emission point, or

start moving in two different ways. First, they can move, physically, within

the scene at a speed and in a direction specified by various actions. These are
typically Speed operators, but other actions can also affect particle motion,
including Spin on page 2863 and Find Target on page 2970. In addition, you can
use the Force operator on page 2946 to affect their motion with outside forces.
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1. Particle immediately after creation, with no speed.
2. The Speed operator sets the particle in motion.

3. The particle continues moving until acted upon by another action.

The second way that particles move is logically, from event to event through
the particle diagram, as constructed in Particle View on page 2811. Each event
can contain any number of operators that can affect, in addition to motion,

a particle's surface appearance, its shape and size, and others.

The particles start out in the birth event, which typically is the first event after
the global event. During a particle's residence in an event, Particle Flow
evaluates each of the event's actions from top to bottom, once per integration
step, and makes any applicable changes to the particle. If the event contains
a test, Particle Flow determines whether the particle tests True for the test's
parameters, such as whether it has collided with an object in the scene. If it
does, and if the test is wired to another event, Particle Flow sends the particle
to the next event. If it doesn't, the particle remains in the current event, and
may be further acted upon by its operators and tests. Thus, each particle exists
in only one event at a time.

N 3
I
1

An action in an event can change the particle shape (1), or the particle spin (2), or
spawn new particles (3).
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Actions can also ap Iy forces to particles (1), specify collision effects (2), and alter
surface properties )

In this way, the particle continues to travel through the system. Due to the
flexible nature of schematic construction in Particle Flow, a particle may be
redirected to the same event several times. But at some point, you might want

the particle's life to end. For this purpose, you'd use the Delete operator on

page 2848 or the Collision Spawn test on page 2964 or Spawn test on page 2991.
Otherwise, the particle lives throughout the entire animation.

Particle age can be used to kill a particle.

As a particle moves through the system, it's accompanied by a number of
channels. For example, each particle has a speed channel that defines how
fast it moves, and a material ID channel that lets Particle Flow know which
sub-material to apply to it. However, the material itself is not defined by a
channel, but by a Material operator that acts locally or globally. Properties
that are defined by channels persist, unless altered by an action. For example,
the Material Dynamic operator on page 2925 can change a particle's material
ID. In effect, by setting up a particle diagram and modifying how particles
look and act during the animation, you're deciding how channel values change
based on events and animation keyframes.
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Particle Flow FAQ

This topic offers answers to a number of questions users commonly ask when
first learning to use Particle Flow. The first section contains links to all the
questions, and the subsequent sections contain the questions and answers
organized by category.

Question List

How does Particle Flow handle time? on page 2802

When I go to a different frame, the software sometimes seems to freeze for a
while. What's going on? on page 2803

Is there a way to pre-calculate portions of a particle simulation, as in "baking"
the animation? on page 2803

What else can I do to optimize performance? on page 2804

How do I use Particle Flow to make an object explode? on page 2804

How can I control the accuracy of the Particle Flow simulation? on page 2804
Can I use MAXScript to affect particles? on page 2804

Can I use more than one object as instanced geometry? on page 2805

How can I exclude particles from certain light sources? on page 2805

How do I open Particle View without clicking Particle View button on the
command panel? on page 2805

Do I need multiple Particle Views to manage more than one particle system?
on page 2805

Can I selectively disable or "turn off" portions of a particle system? on page
2805

I sometimes see events named “Action Recovery” in Particle View. Where did
they come from? on page 2806

How do I animate action parameters? on page 2806

How can I synchronize an animated bitmap texture to particle age? on page
2806

Do I still need to bind my Particle Flow particles to space warps? on page 2806
How do I make particles follow a path? on page 2806

Can I use Snapshot or dynamics with Particle Flow? on page 2807
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How do I use motion blur with Particle Flow? on page 2807

How do I use the Particle Age and Particle MBlur maps with Particle Flow? on
page 2807

I'm trying to apply Particle Flow to an animation created with a dynamics
system. Why am I getting strange results such as unexpected spawning of
particles? on page 2808

How can I make all particles appear in the first frame while giving them
different ages? on page 2808

How can I specify the time frame in which animated parameters are applied
to particles? on page 2808

How can I apply bubble motion to particles? on page 2808

How can I branch an event to several other events? on page 2809
Does it matter which order I put actions in an event? on page 2809
How can I tell which particles are in a certain event? on page 2810

Why do my particles lose their material when they move to another event?
on page 2810

Can I have an event receive input from multiple events? on page 2810

I changed an operator setting, but it doesn't seem to have any effect on the
particle system. on page 2810

Can an event be isolated in Particle View and not connected to anything? on
page 2811

General

How does Particle Flow handle time?

Parameters that measure time in Particle Flow, such as Birth on page 2844 > Emit
Start/Stop and Age Test on page 2958 > Test Value, are specified in frames.
However, Particle Flow is always aware of the current system frame rate (fps),
and if you change this rate, it adjusts all time-related parameters to keep the
same timing. For instance, if you set Test Value to 60 when you're using the
NTSC frame rate (30 fps), and then switch to PAL (25 fps), Particle Flow
automatically changes the value to 50, so the age that's tested for is still two
seconds.

On the other hand, rate parameters, such as Speed, are measured in units per
second, so they don't change when you go to a different frame rate.
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When | go to a different frame, the software sometimes seems to
freeze for a while. What's going on?

Most of the animation in Particle Flow is history dependent; that is, to be able
to draw the particles in a particular frame, the program needs to know what
happened in all previous frames. Normally, when you change a parameter
value, the program needs to recalculate all frames between the start and the
current frames. Or, if you go to a different frame, Particle Flow must recalculate
one or more animation frames. If you go forward, it must calculate the frames
between the current frame and the one you go to. So, for example, if you just
go to the next frame, relatively little calculation is needed. But if you go
backward, even only by one frame, it must calculate all frames from the start
of the animation to the frame you go to.

If a lot of calculation is needed, there is a delay. Meanwhile, the software
displays a message like “PF Source 01 Update xx% (Press Esc to cancel)” in the
status bar, so you can get an idea of how the recalculation is progressing. If,
when you see this message, you press the Esc key, Particle Flow displays an
alert with the message “Click OK to turn off PF Source 01.” If you click OK,
the recalculation stops, giving you the opportunity to optimize the animation.
For example, you could reduce the number of particles for testing purposes.
You must turn the source back on to continue. If you click Cancel, the
calculation continues.

TIP An easy way to speed up recalculation and rendering of particles is by adjusting
the total number of particles. To do this, select the Particle Flow source icon, and
then go to the Modify panel > Emission rollout > Quantity Multiplier group. Here
you can increase or decrease by percentage the total number of particles, separately
for viewport display and rendering.

TIP To speed up animation playback when you're not adjusting parameters, use
the Cache operator (see the following item).

Is there a way to pre-calculate portions of a particle simulation, as in
"baking" the animation?

Yes. Particle Flow's Cache operator on page 2935 lets you store all or part of a
particle animation in memory, and then play back the animation from memory
rather than having to recalculate particle motion. This makes it much faster
to jump between different parts of the animation. You can even save the
cached animation to disk as part of the scene file.
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What else can | do to optimize performance?

Particle Flow can place heavy processing and resource demands on your
computer. For optimal performance, the most important thing you can do is
to use the fastest available CPU. Also, when using particle systems with many
particles, install as much memory as possible in your computer, especially if
you're using caching.

Other ways to improve performance include reducing the percentage of
viewport particles with the Quantity Multiplier setting, and temporarily
disabling flows and actions that you're not currently working with. When
making parameter changes, return to the first frame and play forward, or set
Particle View > Options menu > Update Type to “Forward”. That way, if you
change a setting, the particle system is not forced to recalculate its state from
the very beginning. The change will affect only animation from the current
frame forward. On the other hand, the result could be misleading, because
you won't be able to see the difference right away.

Also, be cautious when using spawning; it can quickly create very large
numbers of particles, especially when you use the By Travel Distance option
in the Spawn test on page 2991.

How do | use Particle Flow to make an object explode?

Particle Flow doesn't have a fragmentation operator, but by utilizing PArray
in a Birth Script operator, you can implement fragmentation in Particle Flow.
You can find an example scene, with a commented script operator, in the file
scriptfragmentationwithcache.max, on the install disc in the directory
Samples\Scenes\Version6Features\Scenes\Particle Flow\Fragments.

How can | control the accuracy of the Particle Flow simulation?

On the command panel > System Management rollout on page 2835 of the PF
Source icon, you can adjust the integration step independently for viewport
playback and rendering. The smaller the integration step, the more times
Particle Flow calculates particle motion per frame, resulting in greater accuracy
at the cost of calculation time.

Can | use MAXScript to affect particles?

Yes. Particle Flow includes a Script operator on page 2953 and test on page 2990,
as well as a Birth Script operator on page 2847, that let you fully customize the
particle system. Each scriptable action includes a sample script, which also

lists all relevant scriptable functions. You can also control parameters of the
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Force operator on page 2946 and Keep Apart operator on page 2894 with script
wiring, described in the respective topics.

In addition, you can execute a script at each integration step, and another
just before each frame is viewed or rendered; see Script rollout on page 2836.

Can | use more than one object as instanced geometry?

Yes. With the Shape Instance operator on page 2904, you can use groups,
hierarchies, and objects consisting of multiple elements, with each members
of the combined object constituting a separate particle. These objects can be
emitted in a specific order, or in a random order. For example, you can use a
text object, with the letters emitted in the order in which they appear in the
text.

How can | exclude particles from certain light sources?

To prevent particles from being affected by a light source, use the light'’s
Exclude function, found on the General Parameters rollout (Modify panel),
to specify any events containing particles to be excluded. Specifying the PF
Source XX object (default name) has no effect; you must specify all objects
listed as PF Source XX->Event XX.

Particle View

How do | open Particle View without clicking Particle View button on
the command panel?

J Press the 6 key. It might be necessary to first turn on the Keyboard
Shortcut Override Toggle.

Do | need multiple Particle Views to manage more than one particle
system?

No: All particle systems appear in Particle View. You can scroll and zoom the
event display to see the different systems.

Can | selectively disable or "turn off" portions of a particle system?
Yes. Particle View gives you a number of different ways of doing this. You can

click an action's icon or an event's light-bulb icon to turn it off, or use the
right-click menu, or use Edit menu's Turn On and Turn Off commands. Also,
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if you press Esc while Particle Flow is calculating, the software gives you the
opportunity of turning off the entire particle system, thus immediately
returning control of the software to you. You can then analyze the system to
determine the area of slowdown, optimize or simplify the particle flow, and
then recalculate the animation.

| sometimes see events named ‘“Action Recovery” in Particle View.
Where did they come from?

When you merge a scene containing Particle Flow data, you can import entire

events and isolated actions. If you merge an action without its events, the
software places it in an event named “Action Recovery.”

Animation

How do | animate action parameters?

Use the same Auto Key on page 3083 method as with animating any other
parameter in 3ds Max.

NOTE Avoid animating Particle Flow parameters with Set Key mode or with
Shift+right-click. Also, to see animation keys for actions in the track bar, make sure
the Particle Flow source icon is selected.

How can | synchronize an animated bitmap texture to particle age?

Use the Material Dynamic operator on page 2925 in conjunction with the Bitmap
2D map on page 5795. You'll find a procedure that describes the method in
detail here on page ?.

Do I still need to bind my Particle Flow particles to space warps?

No; you use the Collision test on page 2960, Collision Spawn test on page 2964,
or Force operator on page 2946 to affect particle motion with 3ds Max space
warps. The ability to do this on a global and local (per-event) basis gives you
much greater control over how space warps affect the particles than with
previous systems.

How do | make particles follow a path?
You can use the Speed By Icon operator on page 2876 or the Find Target test on

page 2970, assigning the icon or target to a spline path. You'll find illustrative
procedures in both topics.

2806 | Chapter 14 Space Warps and Particle Systems



Can | use Snapshot or dynamics with Particle Flow?

No. The Snapshot tool is not currently compatible with Particle Flow, nor is
reactor or the legacy dynamics system.

How do | use motion blur with Particle Flow?

You can apply motion blur on a per-event basis by editing the event's object
properties on page 305 with the right-click menu in Particle View, or on a global
basis by editing the global event's object properties. In the Particle View dialog,
highlight the event to edit and then right-click and choose Properties. On the
Object Properties dialog, edit the Motion Blur group settings.

Alternatively, you can apply motion blur to an entire Particle Flow system
without the need to set properties by using the multi-pass motion blur effect
on page 5234 with a camera.

NOTE You can also use Object Properties to set other properties for events and
the particle system, as with any object in 3ds Max. Do this only within Particle View,
not using the source icon in the viewports (right-click menu > Properties or Edit
menu > Object Properties).

NOTE When using Object Motion Blur, if an event contains a Material Dynamic
operator that uses a material with a Particle Age, Particle MBlur, or Bitmap map,
the event should not also contain a Delete operator, or a Spawn or Collision Spawn
test. Also, the event should not contain any tests that are wired to another event.
The only exception to this is the Age Test operator when set to Absolute Time
without any variation; that is, all particles leave the event at the same time. This
applies to the use of Object Motion Blur only; there are no restrictions with Image
Motion Blur.

How do | use the Particle Age and Particle MBlur maps with Particle
Flow?

To use the Particle Age map with Particle Flow, you must use the Delete
operator to give the particles a finite life span. For further information, see
Delete Operator on page 2848.

Also note the following:

W Particle Age, Particle MBlur and a Bitmap map containing an animated
bitmap can be used only with Material Dynamic operator on page 2925, with
Same As Particle ID turned on. You'll find procedures for using Bitmap and
Particle Age at this topic.

Particle Flow | 2807



B The particle material cannot be a submaterial; it must be the main material.

B In the non-event-driven particle systems in 3ds Max, Particle MBlur is used
with a control named Direction Of Travel\MBlur and an accompanying
Stretch parameter. In Particle Flow, you can replicate the stretching effect
by using a Scale operator, turning off Scale Factor > Constrain Properties,
and scaling the particle along one axis.

I’m trying to apply Particle Flow to an animation created with a
dynamics system.Why am | getting strange results such as unexpected
spawning of particles?

The dynamics system probably generates rotation keys using the Euler XYZ
controller. To avoid interpolation discontinuities, change the rotation
controller for such objects to TCB Rotation.

How can | make all particles appear in the first frame while giving
them different ages?

Use a negative frame range in the Birth operator on page 2844. For example, to
get a particle-age spread of 30 frames, set Emit Start to -29 and Emit Stop to
0.

How can | specify the time frame in which animated parameters are
applied to particles?

You can animate many of the Particle Flow parameter values with keyframing.
In most actions, you can choose the time frame by which to apply this
animation to the particles from a drop-down list labeled Sync By. You can
apply this animation to particles in the time frame of the entire animation,
or at a specific time of each particle's life (particle age), or based on the length
of time the particle has been in the current event. See the individual operator
and test topics for details.

How can | apply bubble motion to particles?

Although Particle Flow doesn't have the bubble motion option on page 3067
found in PArray, you can simulate the effect by following this procedure:

1 Add an object to serve as particle geometry and a dummy helper object
on page 261S.

2 Position the dummy away from the center of the particle geometry object
and link on page 3342 your particle geometry to the dummy so that the
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dummy is the parent object (that is, drag from the geometry object to
the dummy). The distance between the pivots on page 3475 of the two
objects determines the radius of the bubble motion.

3 In Particle View, add a Shape Instance operator on page 2904 and a Spin
operator on page 2863 to the event in which the bubble motion is to occur.

4 Click the Shape Instance operator and specify the dummy object as the
particle geometry object.

5 Click the Spin operator and set appropriate values for Spin Rate and
Variation. For Spin Axis, keep the default setting of Random 3D.

The result is particle motion in which the particles bob about while moving
along their paths, similar to bubble motion.

Events

How can | branch an event to several other events?

Particle Flow includes several Split tests, which let you send some particles to
another event based on quantity, selection, or source. You can use any number
of these in a single event to send parts of the particle stream to different events,
and then use a Send Out test on page 2990 to redirect the remaining particles
to another event. Keep in mind that any tests subsequent to the first can work
only with particles remaining in the event, not necessarily all particles that
begin in the event.

Does it matter which order | put actions in an event?

It depends. If an event contains two or more operators of the same type, such
as Shape, the last one overrides the rest. If an event contains two or more tests,
they are evaluated and particles redirected in the order in which the tests
appear.

However, if two actions in an event control the same properties, the interaction

is more complex. An action that works on a continuous basis will typically
prevail over one that affects particles only when they first enter the event. For
example, both the Find Target test on page 2970 and Speed operator on page
2871 can control particle speed and direction, but the test works continuously,
while the operator takes effect only once. If an event contains both, particle
speed and direction will be primarily controlled by the test, in general, even

if the operator comes after the test. However, the operator's settings will still
have some influence over particle behavior, particularly if its Speed value is
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significantly higher than that of the test. For a list of actions’ effective time
frames, see Action Time Frames on page 2839.

Also, if you're testing for a specific condition that can be affected by other
actions in an event, be sure to place the test after the actions. For example, in
an event with a Force operator on page 2946 and a Collision test on page 2960,
place the Collision test after the Force operator. This avoids the possibility of
the force pushing particles past the deflector before the software can test for
the collision, which would allow the particles to penetrate the deflector. In
general, place tests at the end of the event.

How can | tell which particles are in a certain event?

One way is to set the Type option for the Display operator on page 2943 in each
event to a different choice. For example, the first event could use Ticks, the
second Circles, and the third Lines. This way the particles change appearance
in the viewports as they move from event to event. You can also use the
Display operator to change particle colors, to further distinguish them.

Another way is to select all particles in a certain event. Select the Particle Flow
source icon, and then go to the Modify panel > Selection rollout and click the
Event icon. You can then click an event in the Select By Event list to highlight
all of its particles in the viewports.

Why do my particles lose their material when they move to another
event?

A material is a static property of an event. It does not travel along with the
particles from event to event. A particle's material ID does, but its material

does not. If you want particles always to use the same material, define the
material in the global event on page 7997 with a Material operator on page 2918
or a Shape Instance operator on page 2904. Otherwise, you need to define it in
each local event.

Can | have an event receive input from multiple events?

Particle Flow lets you wire any number of tests to a single event.

I changed an operator setting, but it doesn't seem to have any effect
on the particle system.

A similar operator in the global event might be overriding your local operator.

By default, Particle Flow evaluates local operators first, and then global
operators. If a global operator affects the same property, such as speed, as a
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local one, the particle system will use the value set by the global operator.
You can set local operators to override global ones by choosing Particle View
> Options menu > Action Order > Globals First.

Can an event be isolated in Particle View and not connected to
anything?

Yes, but it won't affect the particle system at all.

Particle Flow User Interface

Particle View

Select a Particle Flow source icon > Modify panel > Setup rollout > Click Particle
View (or press 6).

Create panel > Geometry > Particle Systems > Object Type rollout > Click PF
Source. > Setup rollout > Click Particle View (or press 6).

Particle View provides the main user interface for creating and modifying
particle systems in Particle Flow. The main window, known as the event display,
contains the particle diagram, which describes the particle system. A particle
system consists of one or more events wired together, each of which contains

a list of one or more operators on page 2841 and tests on page 2956. Operators and
tests are known collectively as actions.

The first event is called the global event, because any operators it contains can
affect the entire particle system. The global event always has the same name
as the Particle Flow icon; by default, this is PF Source ## (starting with 01 and
counting upward). Following this is the birth event, which must contain a Birth
operator on page 2844 if the system is to generate particles. By default, the birth
event contains this operator as well as several others that define the system's
initial properties. You can add any number of subsequent events to a particle
system; collectively, the birth event and additional events are called local
events. They're called this because a local event's actions typically affect only
particles currently in the event.

You use tests to determine when particles are eligible to leave the current
event and enter a different one. To indicate where they should go next, you
wire the test to another event. This wiring defines the schematic, or flow, of
the particle system.
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By default, the name of each operator and test in an event is followed by its
most important setting or settings in parentheses. Above the event display is
a menu bar, and below is the depot, containing all actions available for use in
the particle system, as well as a selection of default particle systems.

TIP The easiest way to open Particle View is by pressing the 6 key. It's not necessary
to first select a Particle Flow icon.
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Particle View comprises the following elements:

The menu bar on page 2813 provides functions for editing, selection, adjusting
the view, and analyzing the particle system.

The event display on page 2822 contains the particle diagram, and provides
functions for modifying the particle system.

The parameters panel contains rollouts for viewing and editing parameters
of any selected actions. Basic functionality is identical to that of rollouts
on the 3ds Max command panels, including usage of the right-click menu.
To toggle display of the parameters panel, choose Display menu >
Parameters.

The depot contains all Particle Flow actions, as well as several default particle
systems. To see an item's description, click its entry in the depot. To use
an item, drag it into the event display on page 2822.

The contents of the depot fall into three categories: operators on page 2841,
tests on page 2956, and flows on page 2954.

To toggle display of the depot, choose Display menu > Depot.

The Description panel displays a brief description of the highlighted depot
item.

To toggle display of the description panel, choose Display menu >
Description.

The icon-based display tools in the bottom-right corner of the Particle View
dialog let you pan and zoom the event display window. For descriptions,
see Display menu on page 2819.

Particle View Menu Bar

Select a Particle Flow source icon. > Modify panel > Setup rollout > Click
Particle View (or press 6).

Create panel > Geometry > Particle Systems > Object Type rollout > Click PF
Source. > Setup rollout > Click Particle View (or press 6).

The menu bar provides access to a number of important Particle View
functions.
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Procedures

To render only particles in specific events:

1 In Particle View, highlight the events containing the particles you want
to render.

2 Choose Select menu > Assign Selection To Viewport.

3 Render using one of the Render Type on page 6095 > Selected options.

To bring a Particle Flow setup into a different scene:

1 In Particle View, highlight the events containing the particles you want
to merge with a different scene. For example, to designate only a particular
flow, you might highlight its global event, and then choose Select menu
> Select Downstreams.

2 Choose Select menu > Save Selected, and use the file dialog to specify a
file to save.

NOTE Any scene objects on which Particle Flow depends are also saved. For
instance, if a Shape Instance operator on page 2904 in one of the highlighted
events refers to a certain object, that object is saved along with the designated
events.

3 Open or create the scene with which the saved Particle Flow setup will
be combined, and then use Merge on page 7058 to merge the file from step
2.
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Interface

Edit menu
[y 3
Insert Before r
Gppend| To 2
Ter @ Al
Turn CFF Al

Turm & Selected
Turn 2ff Selected

Make Unigue
Wire Selected

Copy
Paste

Faste Instanced

Delete

Renare

Each of the first three commands on this menu presents a submenu containing
all actions. Choose the command, and then choose an action from the
submenu.

NOTE The Undo and Redo commands are available from the main 3ds Max Edit
menu, and their default keyboard shortcuts are the same: Ctrl+Z and Ctrl+Y,
respectively.

New Adds a new event containing the chosen action to the event display.

Insert Before Inserts the chosen item above each highlighted action. Available
only when one or more actions are highlighted.

Append To Inserts the chosen item at then end of each highlighted event.
Available only when one or more events are highlighted.

Turn On All Turns on all actions and events.
Turn Off All Turns off all actions and events.

Turn On Selected Turns on any highlighted, turned-off actions or events.
Available only when one or more highlighted items are turned off.
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Turn Off Selected Turns off any highlighted, turned-on actions or events.
Available only when one or more highlighted items are turned on.

Make Unique Converts an instanced action to a copy that's unique to its
event. Available only when one or more instanced actions are highlighted.

Wire Selected Wires one or more highlighted tests to a highlighted event, or
one or more highlighted global events to a highlighted birth event. Available
only when one or more tests and a single event are highlighted, or when one
or more global events and a single birth event are highlighted.

Copy Copies any highlighted events, actions, and wires to the paste buffer.
Keyboard equivalent: Ctrl+C.

Paste Pastes the contents of the paste buffer to the event display. Keyboard

equivalent: Ctrl+V.

The result of copying and then pasting multiple items depends on what you

copied:

B If you copied multiple actions, pasting adds them all to a single new event,
even if they originally came from different events.

B Copying multiple events or wires pastes them exactly as copied.

B If you copied a combination of actions and events, pasting creates a new
event for each group of actions from a single event. For example, if you
highlight event A, some actions from event B, and some actions from event
C, copying and then pasting would add three events: a copy of event A, a
second event with the actions from event B, and a third event with the
actions from event C.

Paste Instanced Pastes the contents of the paste buffer to the event display,
making instances of any pasted actions and their originals.

For the results of pasting multiple copied items, see Paste, above.

Delete Deletes any highlighted items. Keyboard equivalent: Delete.

Deleting an event also deletes all of its actions.

Rename Lets you enter a new name for any single highlighted item in the
event display. Available only when one action or test is highlighted
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Select menu

v Select Toaol

Select All
Select None

Select Actionz
Select Operators
Select Tests

Select Sources
Select Events
Select Wires

select awnstiesms

Save Selected

et Selection From Wiewpaork
Azzign Selection To Viewport

Sync Source/Events Selection [n YWiewpart

By default, the Select tool is active when Particle View is open, as indicated
by the arrow-shaped mouse cursor. You can use this tool to highlight, move,
and copy events, actions, tools, and wires. You can also use the commands
on this menu to highlight all elements, no elements, or elements by category.

NOTE When you render using any of the Selected options, the software renders
only events that are selected in the viewports. You can use the last three commands
on this menu to manage and coordinate selection of events and flows between
Particle View and the viewports. This also applies to use of the Views menu > Shade
Selected command.

Select Tool Activates the Select tool. Choose this to return to the Select tool
after using interactive tools for panning and zooming the event display.
Alternatively, simply right-click anywhere in the event display to activate the
Select tool.

Select All Highlights all items in the event display.
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Select None Deselects all items in the event display. Alternatively, click an
empty area in the event display.

Select Actions Highlights all operators and tests in the event display.
Select Operators Highlights all operators in the event display.

Select Tests Highlights all tests in the event display.

Select Events Highlights all events in the event display.

Select Wires Highlights all wires in the event display.

Select Downstreams Highlights all events after currently highlighted events.
Available only when one or more events are highlighted.

Save Selected Saves only highlighted elements in the event display to a .max
file. You can then open this file, or combine it with an existing scene with
File menu > Merge.

NOTE The Particle View > Save Selected command saves all items selected in
Particle View and in the scene. So if a PF Source icon is selected in the scene, then
this command will save its global event as well as any birth events associated with
it. if you want to save only parts of a Particle Flow setup, first unselect everything
in the scene.

Also, if an action references an object (for example, a Shape Instance operator
on page 2904 uses a geometry object), and the action or its parent event is
highlighted when you use Save Selected, then the reference object is saved as
well.

Get Selection From Viewport Highlights global events whose source icons
are selected in the viewports.

Assign Selection To Viewport Transfers an event selection to the viewports.
Use this to render only particles in specific events. First, in Particle View,
highlight the events to render. Next, choose this command, and finally, render
using one of the Render Type on page 6095 > Selected options.

Sync Source/Events Selection In Viewport Selects all events of any source
icons selected in the viewports. You can then propagate this selection to
Particle View with the Get Selection From Viewport command.

Use this function to render a specific particle flow using one of the Render >
Selected options.
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Display menu

Pan Tool

Zoom Toaol

Zoom Region Tool
Zoam Extents

Mo Zoom

v Paramebers
v Depok
v Descripkion

The first five commands on this menu are also available as icons, in the Display
tools section on the right side of the bottom border of the Particle View dialog.
Each command's Display tools icon is shown below.

ﬂ Pan Tool Drag in the event display to move the view. The mouse cursor
changes to a hand icon. You can also pan the view by dragging with the middle
mouse button or wheel button held down.

To exit this mode, right-click in the event view or choose the command again.

ﬂ Zoom Tool Drag in the event display to zoom the view. The mouse
cursor changes to a magnifying-glass icon. Drag upward to zoom in, or
downward to zoom out.

To exit this mode, right-click in the event view or choose the command again.

L--=2| Zoom Region Tool Drag in the event display to define a zoom rectangle.
The mouse cursor changes to the image of a magnifying glass inside a zoom
region. When you release the mouse button, the display zooms to show only
the area defined by the region.

To exit this mode, right-click in the event view or choose the command again.

(r! g1
'-E‘ Zoom Extents Sets the zoom to show the entire particle diagram in the
event display.
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g No Zoom Sets the zoom to the default level. This is the level displayed
when you first open Particle View in a given session.

Parameters Toggles display of the parameters panel, on the right side of the
Particle View dialog. Default=on.

Depot Toggles display of the depot, below the Particle View dialog. Default=on.

Description Toggles the Description panel, to the right of the depot.
Default=on.

The Description panel displays a brief description of any action highlighted
in the depot.

Options menu

Elabal
® Local

Default Display
Action Order
Update Type
Track Update

v Lse Dvnamic Mames

v v v

This menu contains a number of options useful in analyzing and debugging
particle systems.

Default Display Determines whether the Display operator is applied locally
or globally to new particle systems and events. Default=Local.

B Global When you create a new particle system, Particle Flow adds a single
Display operator to the global event. It does not add a Display operator to
each new event.

B Local Particle Flow adds a Display operator to each new event. This lets
you easily distinguish particles in different events in the viewports.

Action Order For predictable results, don't use similar actions in the global
and local events. However, if comparable actions do exist in both the global
event and other events, Particle Flow applies them to the system in the order
specified here. Typically, the effect that's applied /ast is the one that's visible
in the particle system. Default=Locals First.

For example, consider a situation in which the global event contains a Shape
operator set to Cube, and the other events in the same system contain Shape
operators set to Tetra or Sphere. By default, Particle Flow applies the global
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Shape operator last at each integration step, overwriting any local shapes, so
all particles would be cubes. But if you set Action Order to Globals First, the
local shapes are applied last, and particles appear as tetrahedrons or spheres,
depending on which event they're in.

B Globals First At each integration step, Particle Flow first applies actions
in the global event, and then actions in the other (local) events. Typically,
the result is that actions in the local events override comparable actions
in the global event.

B Locals First At each integration step, Particle Flow first applies actions in
the local events, and then actions in the global event. Typically, the result
is that actions in the global event override comparable actions in the local
events.

Update Type This setting determines how Particle Flow updates the system
when you change a parameter during playback. Because the state of the particle
system at any given frame can depend on events in previous frames, using
the Complete option can provide a more accurate depiction of the result of
the change, at a cost in speed; it takes more time to recalculate the entire
system starting at the first frame. Default=Complete.

B Complete When you change a setting during playback, Particle Flow
updates the entire system, starting at the first frame.

B Forward When you change a setting during playback, Particle Flow
updates the system starting at the current frame.

Track Update Provides options for visualizing the particle system status in
Particle View.

W Particle Count Adds a tab above each event that shows the number of
particles in the event. The global event's count shows the total number of
particles in the particle system.

Use this, in addition to the ability to display particles differently in each
event, to trace particle progress through the system.

B Update Progress Highlights each action in color whenever Particle Flow
evaluates it.
The highlighting is very fast, but this option can add significant
computational overhead to the particle system, with the result that
real-time playback might skip a greater number of frames. To see all frames,
turn off Time Configuration > Real Time.
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Use Dynamic Names When on, action names in events are followed by their
most important setting or settings, in parentheses. When off, only the names
appear. Default=on.

Particle View Event Display

Select a Particle Flow source icon. > Modify panel > Setup rollout > Click
Particle View (or press 6).

Create panel > Geometry > Particle Systems > Object Type rollout > Click PF
Source. > Setup rollout > Click Particle View (or press 6).

The event display on page 7968 in Particle View contains the particle diagram,
and provides a complete range of intuitive functions for editing the particle
system.

NOTE A number of these functions are also available from the event display
right-click menu on page 2825, as well as the menu bar on page 2813.

Editing the Particle Diagram and Particle System

Interactive functionality in event display includes the following:
General

B To add an action to the particle system, drag it from the depot to the event
display. If you drop it in an empty area of the event display, it creates a
new event. If you drag it to an existing event, the result depends on whether
a red line or a blue line appears when you drop it. If a red line, the new
action replaces the underlying action. If a blue line, the action is inserted
in the list.

B To edit an action's parameters, click its name in an event. The parameters
appear on the right side of Particle View. If not, it means the parameters
panel is hidden; to display it, choose Display menu > Parameters.

[ ] 3% To wire a test to an event, drag from its test output, the

blue dot that by default sticks out to the left of the test, to the event's event
input, which sticks out from the top, or vice-versa. Similarly, you can wire
a global event to a birth event by dragging between the source output on
the bottom of the global event and the event input. The mouse cursor
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changes to the first depicted image when you can begin this operation,
and to the second image when you can complete it.

To pan or zoom the event display, use the controls available from the
Display menu on page 2819, the right-click menu on page 2825, or as icons at
the bottom-right of the dialog.

Modifying Actions and Events in the Event Display

To change the color used by a Display operator, click its color swatch to
the right of its name.

To toggle an operator (that is, turn it off and on), click its icon in
the event. The mouse cursor changes to the depicted image when this
action is possible.

[ |

A turned-off operator does not affect the particle system, and appears
as gray in the event list; however, its parameters are still available for
editing.

Toggling an instanced operator doesn't affect its other instances.

030 T:200)

To toggle an event (that is, turn it off and on),
click the light-bulb icon next to its name in the title bar. Turning off an
event is equivalent to turning off all of its operators and tests, although
you cannot turn the operators and tests back on individually. The event's
items do not affect the particle system, and appear as gray in the event
list. All particles entering a turned-off event are immediately passed on to
the next event, if any.

% .E
To make a test result always True or False, click

its icon's left or right side, respectively. The mouse cursor changes to the
first image at the left (with the left-pointing arrow) when you can click for
always True, and to the second image at the left (without the left-pointing
arrow) when you can click for always False.
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. ! The test icon changes to a green or red light bulb to indicate
current functionality: green for always True, and red for always False.

'{‘lb To return to the original functionality, click the icon again. The
mouse cursor changes to the depicted image when this action is possible.

Selecting, Moving, and Copying

B To copy an action or event, first press and hold the Shift key and position
the mouse cursor over the item to copy. When the plus sign (+) appears
next to the mouse cursor arrow, drag the item to a new location. When
you release the mouse button, the Clone Options dialog appears; choose
Copy or Instance and click OK. In the Clone Options dialog, the Event
And Particle System group is unavailable, as a reminder that you cannot
instance these elements. Reference is not an option when cloning Particle
System elements. Cloning an event or particle system simply creates a new
event or particle system containing clones of the original's actions.

Any instanced actions have identical properties. Changing one instance's
values changes them all. On the other hand, copied actions can have
different values.

To clone multiple items, highlight them all before Shift+dragging. If you
attempt to clone a combination of actions and events, or actions from
different events, the result depends on where you start dragging from. If
you drag a highlighted action, you'll clone only actions from that event.
If you drag an event, only highlighted events are cloned.

NOTE When you highlight an instanced action, Particle View indicates all of
its other instances by changing their background color to a lighter shade of

gray.

B To move an event, drag its title bar, or the icon of any of its actions. If you
drag the event to an edge of the display, and scrolling is possible, the
display window will automatically scroll in that direction.

B To resize an event, drag its right edge.

m To highlight multiple items, drag a rectangle around them, or Ctrl+click
them individually.
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B To delete an event, action, or wire, highlight it and then press Delete. Be
sure the Particle Dialog is active, or you might inadvertently delete a
selection in the scene instead.

B To move an action, drag its name (not its icon) to the new location. If you
drag the event to an edge of the display, and scrolling is possible, the
display window will automatically scroll in that direction.

If you drag an action to an event, you can insert the action or replace an
existing action, depending on where you position the mouse cursor before
releasing the button. A blue line (before releasing) indicates that it will be
inserted at that location, and a red line indicates that it will replace the
underlying action. If you drag the action to an empty space in the event
display, it will form a new event, and, by default, the system will add a
new Display operator.

NOTE Particle Flow doesn't let you perform illegal operations. For instance, a
Birth operator must always be the first item in a birth event on page 7924; the
system doesn't let you position it elsewhere. You can place a Birth operator in
an isolated event, but you can't then wire that event into a particle system,
except in parallel with another birth event. For more information, see the Birth
operator topic on page 2844.

Al

] To move a test output or switch it to the opposite side of the event,
drag from just inside the test output to the desired new location. The mouse
cursor changes to the depicted image when this operation is possible.

Getting Information

B To see a renamed action's original type, position the mouse cursor over its
event list entry until the tooltip appears.

B To see a brief description of an action, click it in the depot. The description
appears on the Description panel, to the right of the depot.

Event Display Right-Click Menu

Select a Particle Flow source icon. > Modify panel > Setup rollout > Click
Particle View (or press 6). > Right-click in event display.
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Create panel > Geometry > Particle Systems > Object Type rollout > Click PF
Source. > Setup rollout > Click Particle View (or press 6). > Right-click in event
display.

The event display right-click menu provides handy access to a number of
contextual commands. The contents of the menu, as well as the results of its

commands, depend in some cases on where you click, in other cases on what's
highlighted, and in still other cases, on both.

In the following descriptions, “item” means an action or event, or, in some
cases, a wire.

Interface

Insert Displays a submenu of all actions, and when you choose a new action,
inserts it where you originally right-clicked. Available only when you right-click
over an event or action.

If you right-click over an action, and then insert an action, the inserted action
replaces the old one. If you right-click above or below an action (no tooltip
appears), the new action is added to the event at that location. If you right-click
over an event, the action is inserted at the first available position.

Append Displays a submenu of all actions, and when you choose a new action,
inserts it at the end of the event. Available only when you right-click over an
event or action.

Turn On Turns on the event or action under the mouse cursor. Available only
when the item under the mouse cursor is turned on.

To affect an event, the mouse cursor must be over its title bar.

Turning on a highlighted item affects all highlighted items.

Turn Off Turns off the event or action under the mouse cursor. Available only
when the item under the mouse cursor is turned off.

To affect an event, the mouse cursor must be over its title bar.

Turning off a highlighted item affects all highlighted items.

Make Unique Converts an instanced action to a copy that's unique to its
event. Available only when the mouse cursor is over an instanced action.

If you right-click over a highlighted, instanced action, Make Unique affects

all such actions.

Wire Wires one or more highlighted tests to a highlighted event, or one or
more highlighted global events to a highlighted birth event. Available only
when one or more tests and a single event are highlighted, or when one or
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more global events and a single birth event are highlighted, and when you
right-click over an eligible, highlighted item.

Copy Copies any highlighted events, actions, and wires to the paste buffer.
Available only when the mouse cursor is over an highlighted action, but affects
all highlighted items.

Paste Pastes the contents of the paste buffer to the event display at the mouse
cursor.

If the cursor is over a list, and you copied actions, the actions are added to
the event. If the cursor is over an empty area of the event display, the software
creates a new event containing the pasted actions. A copied event can be
pasted only in an empty area of the event display.

The result of copying and then pasting multiple items depend on what you
copied and the position of the mouse cursor:

B If you copied multiple actions, pasting adds them all to the event under
the mouse cursor, or, if the cursor is over an empty area, to a new event,
even if they originally came from different events.

B Copying multiple events and/or wires pastes them exactly as copied, but
in this case Paste is available only when the mouse cursor is over an empty
area.

B If you copied a combination of actions and events, you can paste them
only when the mouse cursor is over an empty area. Pasting creates a new
event for each group of actions from a single event. For example, if you
highlight event A, some actions from event B, and some actions from event
C, copying and then pasting would add three events: a copy of event A, a
second event with the actions from event B, and a third event with the
actions from event C.

Paste Instanced Pastes the contents of the paste buffer to the event display,
making instances of any pasted actions and their originals.

For the results of pasting multiple copied items, and the limitations based on
mouse position, see Paste, above.

New Add a new item to the event display from the submenu. The submenu
contents are identical to that of the depot. Available only when the mouse
cursor is over an empty area.

Delete Deletes the item under the mouse cursor. Available only when the
mouse Cursor is over an item.

If the mouse cursor is over a highlighted item, choosing Delete deletes all
highlighted items.
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Rename Lets you rename the item under the mouse cursor. Enter a new name
from the keyboard.

Properties Opens the Object Properties dialog for the event under the mouse
cursor. Available only when the mouse cursor is over the title bar of a
highlighted event.

Particle Flow lets you set object properties on a per-event basis. This lets you
set attributes such as Hide, Renderable, and Motion Blur separately for each
event. Alternatively, you can set properties for the entire particle system from
the global event.

For more information, see Object Properties on page 305.

NOTE Set properties for events and the particle system only within Particle View,
not via the source icon in the viewports (using the right-click menu > Properties
or Edit menu > Object Properties).

Use Script Wiring Lets you use a script to specify certain parameters in the
Force operator on page 2946 and Keep Apart operator on page 2894. This command
appears only when you right-click either of the specified, highlighted operators
in an event.

Comments Lets you add comments to each action and event, and view existing
comments. Available only when the mouse cursor is over an action or the
title bar of an event.

Choosing Comments opens a window for entering text from the keyboard.
Begin typing, and click OK to finish. A commented event or action has a red
triangle near its name to indicate the presence of the comment. You can click
this triangle to open the comment.

E r}{eep Spart 01 [(Group)

rSn:ript Dperatar 01
r.ﬂ-.ge Test 02 (Evert=0)

Commented actions; click the triangle to view a comment.
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NOTE A comment is specific to the action or event to which it's applied. If you
copy a commented event or action, the comment is not included in the copy,
because it's probably not applicable to the copy.

Pan Switches to the Pan tool. Drag in the event display to change the view;
right-click to exit. Available only when you click over an empty area of the
event display.

Zoom Switches to the Zoom tool. Drag upward in the event display to zoom
in, and downward to zoom out; right-click to exit. Available only when you
click over an empty area of the event display.

Zoom Region Switches to the Zoom Region tool. Drag a rectangle in the event
display to specify the area to zoom into; right-click to exit. Available only
when you click over an empty area of the event display.

Particle Flow Source

Add a Particle Flow system to the scene. > Create panel
Select a PF Source icon. > Modity panel

Particle View on page 2811 > Click a global event (title bar). > Parameters panel

The Particle Flow source is the viewport icon for each flow on page 7983, and
also serves as the default emitter. By default, it appears as a rectangle with a
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central logo (see above illustration), but you can change its shape and
appearance using the controls described below.

When you select a source icon in the viewport, the Particle Flow emitter-level
rollouts appear on the Modify panel. Alternatively, click the title bar of a global
event in Particle View to highlight it, and to access the emitter-level rollouts
from the parameters panel on the right side of the Particle View dialog. Use
these controls for setting global attributes, such as icon properties and the
maximum amount of particles in the flow.

The particle source icon is roughly equivalent to the corresponding global
event on page 7997 in Particle View. They have the same name, but selecting
one does not select the other. If you delete a particle source icon from the
scene, the software converts the global event to an isolated local event in
Particle View, retaining its operators with their settings intact. Any other
events in the system remain in Particle View, along with their wiring. However,
if you delete a global event, the software also removes any local events used
exclusively by that system, as well as the corresponding particle source icon.
To retain the local events, first delete the wire from the global event, and then
delete the global event.

If you clone a particle source in a viewport with Shift+transform or Edit menu

> Clone, an equal number of copies of the global event appear in Particle View,
each wired to the original birth event on page 7924. The Clone Options dialog
offers only the Copy option. However, if you clone a global event in Particle
View, the Clone Options dialog also lets you create instances of the cloned
operators and tests. It's not possible to create instances of global and local
events, so these options are unavailable in the Clone Options dialog, as a
reminder. Also, global events cloned in Particle View are not automatically
wired to the original birth event.

Interface

Modifier stack

In the modifier stack, expanding the hierarchy of a Particle Flow source object
provides access to two sub-object levels: Particle and Event. For further
information, see Selection rollout on page 2833.
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Setup rollout

[- Setup

¥ Enable Particle Emission

Particle Yiew |

Use these controls to turn the particle system on and off, and to open Particle

View.

NOTE This rollout appears only on the Create and Modify panels, not on the

Particle View dialog > parameters panel.

Enable Particle Emission Turns the particle system on and off. Default=on.

You can also turn off all particle flows in Particle View with Edit menu > Turn
Oft All, or a specific particle flow by right-clicking its global event's title bar

and choosing Turn Off.

Particle View Click to open the Particle View dialog on page 2811.

Emission rollout

- Ernisgion

— Emitter lzor;

Logao Size: IEEI.EIEE ﬂ

lcon Tepe: IHectangIe vI
Length: [E2 731 2]

width: [ST5T4 2]

Height: [0 =

Show: v Logo W lcon

— Quantity Multiplier:

Wiewpart; IW
Render: |1 00.0

Sets the physical characteristics of the emitter (particle source) icon, and the
percentage of particles produced in the viewports and when rendering.
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Emitter Icon group

Logo Size Sets the size of the Particle Flow logo, which appears at the center
of the source icon, as well as the arrow that indicates the default direction of
particle motion.

By default, the logo size is proportional to that of the source icon; with this
control, you can make it larger or smaller.

This setting affects only the viewport display of the logo; changing it has no
effect on the particle system.

Icon Type Choose the basic geometry of the source icon: Rectangle, Box,
Circle, or Sphere. Default=Rectangle.

This choice matters only if you use the source icon as the particle emitter. The
available size settings depend on which icon type you choose, and, again, are
important only if you use the source icon as an emitter.

The default icon type is Rectangle. If you add a particle system, and then
change the icon type to Box, the icon continues to resemble a rectangle. To
make it look like a box, increase the Height setting.

Length/Diameter Sets the length of the Rectangle and Box icon types, and
the diameter of the Circle and Sphere icon types.

Width Sets the width of the Rectangle and Box icon types. Unavailable with
the Circle and Sphere icon types.

Height Sets the height of the Box icon type. Available only with the Box icon
type.

Show Logo/Icon Turns display of the logo (with arrow) and icon on and off,
respectively.

These settings affect only the viewport display of these items; they have no
effect on the particle system.

Quantity Multiplier group

These settings determine the percentage of the total number of particles in
each flow on page 7983 that are actually produced in the viewports and at render
time. They don't affect the percentage of particles that are visible; those are
determined by the Display operator on page 2943 and Render operator on page
2951. You can use them to quickly decrease or increase the number of particles
consistently throughout all events in the particle system. The maximum
setting, 10,000%, lets you multiply the number of particles generated by the
flow by 100.
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The total number of particles is determined by the combined effects of the
following operators and tests: Birth on page 2844, Birth Script on page 2847, Delete

on page 2848, Collision Spawn on page 2964, and Spawn on page 2991. Scripted
operators and tests can also affect this number.

Viewport Sets the percentage of the total number of particles in the system
produced in the viewports. Default=50.0. Range=0.0 to 10000.0.

Render Sets the percentage of the total number of particles in the system
produced at render time. Default=100.0. Range=0.0 to 10000.0.

Selection rollout

- Selection

— Select by Particle 1D:
ID: [ 3 add |
[T Clear Selection Hemm-'el

et Fram Event Level |

r Select by Event:

Ewvent 01
Restore Pozition, zet speed
Set Speed to extract float

59 Particles Selected

Use these controls for selecting particles on a per-particle or event basis.
Selection of particles at the Event level is for debugging and tracking purposes.
Particles selected at the Particle level can be acted upon by the Delete operator
on page 2848 and the Split Selected test on page 3000. You cannot directly
manipulate selected particles with standard 3ds Max tools such as Move and
Rotate.

NOTE This rollout appears only on the Modify panel, not on the Create panel or
Particle View dialog > parameters panel.
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Particle Lets you select particles by clicking them or dragging a region.

E Event Lets you select particles by event. At this level, you can select all
particles in one or more events by highlighting the event(s) in the Select By
Event list on page 2834, or in the viewports with standard selection methods.
To convert a selection from the Event level to the Particle level for use with
the Delete operator or Split Selected test, use Get From Event Level on page
2834.

Selected particles appear in the viewports in red (if not geometry), in the form
designated by the Display operator > Selected setting on page 2946.

Select by Particle ID group

Each particle has a unique ID number, starting with 1 for the first particle and
counting up. Use these controls to select and deselect particles by their ID
numbers. Available only at the Particle selection level.

TIP You can display particle IDs in the viewports by turning on Display operator
> Show Particle IDs.

ID Use this to set the ID number of the particle you want to select. You can
set only one number at a time.

Add After setting the ID number of a particle to select, click Add to add it to
the selection. By default, selecting a particle doesn't deselect any others.

Remove After setting the ID number of a particle to deselect, click Remove
to remove it from the selection.

Clear Selection When on, clicking Add to select a particle deselects all other
particles.

Get From Event Level Click to convert an Event-level selection to the Particle
level. Available only at the Particle level.

Select By Event This list shows all events in Particle Flow, and highlights
selected events. To select all of an event's particles, click its list entry, or use
standard viewport-selection methods.

# Particles Selected Shows the number of selected particles.
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System Management rollout

- System Management |

— Particle Amant;
IJpper Lirnit: |1 Qo000 ﬂ

— |ntegration Step:
Wiewport: IFrame "I
Render: IHaIf Frame "’I

Use these settings to limit the number of particles in the system, and to specify
the frequency of updating the system.

Particle Amount group

Upper Limit The maximum number of particles the system may have.
Default=100000. Range=1 to 10000000.

TIP You can have more than 10,000,000 particles in a single system by using
multiple particle sources and wiring them to the same birth event. Note, however,
that Particle Flow is limited to sending a maximum of 5,000,000 particles per
event to the renderer.

Integration Step group

At each integration step, Particle Flow updates the particle system, applying
each active action to particles in its event. A smaller integration step can
improve accuracy, at the cost of calculation time. These settings let you apply
different integration steps to the particle animation in the viewports and at
render time.

In most cases, the default Integration Step settings work fine. One instance
in which increasing the integration-step frequency might help is when
fast-moving particles that should collide with a deflector penetrate it instead.

Viewport Set the integration step for animation playback in the viewports.
Default=Frame (once per animation frame). Range=1/8 Frame to Frame.

Render Set the integration step at render time. Default=Half Frame (twice per
animation frame). Range=1 Tick to Frame.

There are 4,800 ticks in a second; thus, at the NTSC video rate of 30 frames
per second, there are 160 ticks per frame.
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Script rollout

- Script |
— Ewery Step Update:

[~ Enable Script Edit |

[T Usze Seiipt File

Haone |

— Final Step Lpdate;

[ Enable Script Edit |
I Use Script File

[Hane |

This rollout lets you apply a script to the particle system at each integration
step, as well as after the last integration step of each frame you view. Use an
Every Step Update script to set up history-dependent properties, and a Final
Step Update script to set up history-independent properties.

Every Step Update group

The Every Step Update script is evaluated at the end of each integration step,
after all actions in the particle system are evaluated, and all particles are finally
in their respective events. When, for example, you are setting up Material ID
according to a particle index, it is important to be sure that particles are not
about to jump to another event.

When you set up history-dependent properties, such as speed, it is important
to do that at every integration step, because otherwise the final position would
be quite different.

Enable Script Turn on to cause a script in memory to be executed at each
integration step. You can modify this script by clicking the Edit button, or
load and use a script file with the remaining controls in this group.

The default script modifies particle speed and direction, causing particles to
follow a wavy path.
Edit Click this button to open a text-editor window with the current script.

When Use Script File is off, this is the default Every Step Update script
(3dsmax\scripts\particleflow\example-everystepupdate.ms). When Use Script File
is on, this is the loaded script, if you've loaded one. If you haven't, clicking
Edit displays the Open dialog.
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Use Script File When on, you can load a script file by clicking the button
below.

[button] Click this button to display an Open dialog that lets you specify a
script file to load from disk. After you load a script, the name of script file
appears on the button.

Final Step Update group

The Final Step Update script is executed after the last integration step has been
completed for each frame that you view (or render). For example, if you play
the animation in the viewport with Real Time turned off, Particle Flow runs
this script at each frame, immediately before the particle system is rendered
to the viewport. However, if you simply jump to a different frame, the script
is run once only, so if the script assumes a certain history, you might get
unexpected results.

For this reason, it's best to use the Final Step Update script to modify
history-independent properties. For example, if no operators in the system
depend on the material indices, you could use it to modify the material index.
In this case there's no need to set those indices in every intermediate
integration step. Also, you can set up a position channel in the Final Step
Update script if you know the analytical expression for the position.

Enable Script Turn on to cause a script in memory to be executed after the
final integration step. You can modify this script by clicking the Edit button,
or load and use a script file with the remaining controls in this group.

The default script modifies particle speed and direction, causing particles to
follow a bulb-shaped path.

Edit Click this button to open a text-editor window with the current script.

When Use Script File is off, this is the default Final Step Update script
(3dsmax\scripts\particleflow\example-finalstepupdate.ms). When Use Script File is
on, this is the loaded script, if you've loaded one. If you haven't, clicking Edit
displays the Open dialog.

Use Script File When on, you can load a script file by clicking the button
below.

[button] Click this button to display an Open dialog that lets you specify a
script file to load from disk. After you load a script, the name of script file
appears on the button.
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Particle Flow Keyboard Shortcuts

To use Particle Flow keyboard shortcuts, the Keyboard Shortcut Override Toggle
on the main toolbar must be turned on.

To view and customize these shortcuts, open the Customize User Interface
dialog from the Customize menu, and then, from the Group drop-down menu,
choose Particle Flow.

Particle Flow Function Keyboard Shortcut Description

Copy Selected In Particle View* Ctrl+C

Particle Emission Toggle ; Toggles active status of all particle syst

Particle View Toggle 6 Toggles Particle View dialog.

Paste In Particle View* Ctrl+V

Select All In Particle View* Ctrl+A Selects all events, actions, and wires.

Selected Particle Emission Toggle Shift+; Toggles active status only of particle
tems whose icons are selected in the
viewports.

* These functions are specific to Particle
View. It is recommended that you use
Customize User Interface to change their
keyboard shortcuts only, and not assign
them to toolbars, quads, or menus.

Actions

The Particle Flow components for creating particle systems are known
collectively as actions. These are subdivided into three main categories:

B Operators on page 2841

m Flows on page 2954
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W Tests on page 2956

Action Time Frames

Most actions in Particle Flow operate on particles in either of two time frames:
once, when the particle first enters the event, or on a continuous basis,
potentially changing particle behavior at each integration step. Some actions
can work only in one time frame, while others can work on an instantaneous
or continuous basis, depending on their settings. The tables below list each
action with its time frame.

Operators

Operator Time Frame
Birth n/a

Birth Script n/a

Delete n/a

Force Continuous
Keep Apart Continuous
Mapping Continuous
Material Dynamic Continuous
Material Frequency Once
Material Static Once

Position Icon Once, except continuous with Lock On

Emitter
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Operator

Time Frame

Position Object

Once, except continuous with Lock On
Emitter

Rotation Once, except continuous with Speed Space
Follow

Scale Once, except continuous with Absolute
and Relative options

Script Operator Depends on script

Shape Once

Shape Facing Continuous

Shape Instance

Once, except continuous with Animated
Shape

Shape Mark Once, except continuous with Align To
Surface Animation

Speed Once

Speed By Icon Continuous

Speed By Surface

Depends on setting

Spin

Once, except continuous with Speed Space
Follow

n/a=not applicable

Tests

Most tests in Particle Flow function only as tests. At each integration step,
they check each particle for the specified conditions, and then return the test
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result: True or False. So, as tests, they work on a continuous basis. For example,
Age Test checks each particle's age at every integration step, because particles
might not reach the specified age until remaining in the event for a while,
and also because another action in the event might change or reset particle
age.

The principal exceptions to this are the Split tests, which test each particle
only when it first enters the event. That is, a Split test splits the particle stream
only once for each particle that enters the event. Any particles that remain in
the event are not subject again to being split off from the stream by the same
test. Also, the Send Out test performs no test, but simply moves particles along
to the next event.

Some tests also function as operators, in that they directly affect particle
behavior. These are the ones listed here, and the specified time frame is related
to the operator functionality, not the test.

Test Time Frame

Collision Spawn Continuous

Find Target Continuous

Go To Rotation Continuous

Script Test Depends on script

Spawn Continuous, except once with Once
Operators

The operator is the basic element of the particle system; you combine operators
into events to specify the particles' characteristics over a given period of time.
Operators let you describe particle speed and direction, shape, appearance,
and more.

The operators reside in two groups in the Particle View depot, and within each
group appear in alphabetical order. Each operator's icon has a blue background,
except for the Birth operators, which have a green background. The first group
contains operators that directly affect particle behavior, such as transformation.
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The second group, found at the end of the depot listing, contains four operators
that serve more of a utility function: Cache, for optimizing particle-system
playback; Display, for determining how particles appear in the viewports;
Notes, for adding comments; and Render, for specifying render-time
characteristics.

ﬂ Scale

. Scrpt Operatar
38 Birth [ shape
Birth Script H Shape Facing
. Delete H Shape Instance
. Force H Shape Mark

. Speed

. Speed By lcon
. b atenial Dynamic . Speed By Surface
. b aterial Frequency . Spin E Cache
. b aterial Static E Dizplay
- Fosition [con E Motes
l Position Object . Render
. Raotation

The Particle Flow operators in the Particle View depot

The primary operators in Particle Flow are:
Birth Operator on page 2844

Birth Script Operator on page 2847

Delete Operator on page 2848

Force Operator on page 2946

Keep Apart Operator on page 2894
Mapping Operator on page 2932

Material Dynamic Operator on page 2925
Material Frequency Operator on page 2923
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Material Static Operator on page 2920
Position Icon Operator on page 2850
Position Object Operator on page 2853
Rotation Operator on page 2861

Scale Operator on page 2865

Spin Operator on page 2863

Select and Uniform Scale on page 963
Script Operator on page 2953

Shape Operator on page 2900

Shape Facing Operator on page 2901
Shape Instance Operator on page 2904
Shape Mark Operator on page 2911
Speed Operator on page 2871

Speed By Icon Operator on page 2876

Speed By Surface Operator on page 2886

The utility operators are:
Cache Operator on page 2935
Display Operator on page 2943
Notes Operator on page 2950
Render Operator on page 2951

See also:
B Flows on page 2954

B Tests on page 2956
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Birth and Death

Birth Operator

Particle View on page 2811 > Click Birth in an event or add a Birth operator to
the particle system and then select it.

The Birth operator enables creation of particles within the Particle Flow system
using a set of simple parameters. In general, use Birth as the first operator in
any event connected directly to a global event on page 7997; this is called the
birth event on page 7924.

You can specify a total number of particles, or a rate of particles born per
second. You can also tell the system when to begin emitting particles, and
when to stop.

NOTE The Birth operator must always come at the beginning of a particle stream;

the system doesn't let you position it elsewhere. You can place a Birth operator in

an isolated event, but you can't then wire that event in series with a stream that
already uses a Birth operator. However, you can wire multiple Birth operators,

each in its own event, into a particle stream with an existing Birth operator, in
parallel. The following procedure illustrates this. If you need to create particles
midstream, use the Spawn Test on page 2991 or Collision Spawn Test on page 2964
test.

See also:

B Birth Script Operator on page 2847

Procedures

To use the Birth operator:

This procedure demonstrates the impossibility of using multiple Birth operators
in series, and shows how to use multiple Birth operators in parallel.

1 Start or reset the software, and add a new PF Source object to the scene.

2 DPress 6 to open Particle View.

The default particle system contains a Birth operator as the first action
in the birth event.

3 Try to drag the Birth operator elsewhere in Event O1.
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You can't. As you drag over the different actions in Event 01, a red line
appears at the top of the event, showing that the Birth operator will be
placed here, no matter where you release the mouse button.

Try to drag a new Birth operator from the depot to Event 01.

As in the previous step, the only place you can drop the Birth operator
is at the top of the event, replacing the existing Birth operator.

From the depot, drag the Birth operator to an empty area in the event
display.

Particle Flow creates a new birth event, Event 02, containing the Birth
operator and a Display operator.

Wire the output of the global event, PF Source 01, to the event input of
Event 02.

Each birth event must be associated with a global event to be able to
generate particles.

From the depot, add a Send Out test at the end of both Event 01 and
Event 02.
Try to wire the test output of Event 02 to the event input of Event 01.

Particle Flow doesn't let you, because this would result in two Birth
operators in series.

Try to wire the test output of Event 01 to the event input of Event 02.

Again, Particle Flow doesn't let you, because this would result in two Birth
operators in series.

Drag a Speed operator to an empty area of the event display.
Particle Flow creates a new event, Event 03.

Wire the test output of Event 01 to the event input of Event 03.

Wire the test output of Event 02 to the event input of Event 03.

There's no problem wiring the two birth events to a single, third event.
The birth events exist in the particle stream in parallel, each generating
particles independently and then feeding its particle stream into a
common event, where the two streams are combined.

If the second birth event had its own global event, you could, at any
point further downstream, separate the streams back out according to
their origin using the Split Source test on page 3001. To do this, delete the
wire from PF Source 01 to Event 02, add an Empty Flow on page 2954 to
the system, and then wire it to Event 02.
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Interface

I= Birth 01 |

Emit Start: [0 %]

Emit Stop: |3E|— J

@ Amount [200 %
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v Subframe Sampling
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Emit Start The frame number at which the operator begins emitting particles.

Emit Stop The frame number at which the operator stops emitting particles.

NOTE The Emit Start and Emit Stop values are tied to the system frame rate. If
you change the frame rate, Particle Flow automatically adjusts the Emit values
accordingly. For example, if you set Emit Start to 120 and Emit Stop to 300 using
the default NTSC frame rate (30 fps), and then switch to PAL (25 fps) using the
Time Configuration dialog, you've reduced the frame rate to 5/6 of the original
value. Thus, Particle Flow automatically uses the same ratio to adjust the Emit
settings, resulting in an Emit Start value of 100 and an Emit Stop value of 250.
This allows the particle system to retain the timing you specify, no matter which
frame rate you use.

NOTE With Subframe Sampling off, such adjustments are rounded off to the
nearest integer frame number. With Subframe Sampling on, fractional frame values
that result from such adjustments will be used, but not displayed.

Amount To specify the total number of particles emitted by the operator,
choose Amount, and then set the quantity of particles.

Using the Amount option, the first particle is always emitted at the Emit Start
frame, and the last particle is always emitted at the Emit Stop frame. Particles
emitted between these endpoints appear at equal intervals within the emission
period. For example, if you set Amount to 3, the second particle is emitted
halfway through the emission period.

To determine the number of particles emitted per frame when using Amount,
divide the Amount value by the number of emission frames (Emit Stop-Emit
Start+1).
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Rate To specify the number of particles emitted per second, choose Rate, and
then set the value. The operator emits this number of particles per second
starting at the Emit Start frame and ending at the Emit Stop frame.

If you specify a birth rate value that isn’t an integer multiple of the system
frames-per-second value (set in the Time Configuration dialog), Particle Flow
uses interpolation to determine when to emit particles. For example, if you
use the system default rate of 30 frames per second, and set the birth rate to
4, the system would emit each particle at intervals of seven or eight frames if
Subframe Sampling is off, or at intervals of 7.5 frames if Subframe Sampling
is on.

Total The calculated total number of particles emitted by the operator.

Subframe Sampling Turning this on helps avoid particle "puffing" by emitting
particles at a much higher subframe resolution (that is, throughout each
frame), rather than using the relatively coarse frame resolution. Default=on.
"Puffing" is the effect of emitting separate "puffs" or clusters of particles, rather
than a continuous stream. This effect is especially noticeable when the emitter
is animated.

Turn off Subframe Sampling to cause particles to be emitted exactly at frame
times. This makes it easier to sort particles by their age later.

TIP If, when using the Collision on page 2960 or Collision Spawn test on page 2964,
you experience an irregular particle stream, try turning off Subframe Sampling.

Birth Script Operator

Particle View on page 2811 > Click Birth Script in an event or add a Birth Script
operator to the particle system and then select it.

The Birth Script operator enables creation of particles within the Particle Flow
system using a MAXScript script. The script can use any program functionality
available to MAXScript.

The default script (3dsmax\scripts\particleflow\example-scriptbirth.ms) emits
particles for 100 frames in a wavy, circular path. To see this, turn off or delete
any Speed and Position operators in the event.

See also:

B Birth Operator on page 2844
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Edit Script Click this button to open the current script in a MAXScript Editor
window.

For detailed information about the MAXScript utility, open the MAXScript
Reference, available from Help menu > MAXScript Reference.

Emit Start The frame number at which the operator begins emitting particles.

Uniqueness group

The Uniqueness setting provides a randomization seed that the script can use
or ignore.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Delete Operator

Particle View on page 2811 > Click Delete in an event or add a Delete operator
to the particle system and then select it.

Use the Delete operator to remove particles from the particle system. By default,
particles live “forever,” that is, for the duration of the animation. The Delete
operator lets you give them a finite life span. This is useful for eliminating
particles once they've served their purpose in the animation.

The Delete operator is also necessary when using the Particle Age map, which,
when incorporated into the Material Dynamic operator, applies different

materials to particles depending on their age. Because the map works on the
basis of a percentage of the particle's life span, you need to use a Delete operator
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to define the particles' maximum age. For an example of usage, see Material
Dynamic operator on page 2925.
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The user interface appears in the Parameters panel, on the right side of the
Particle View dialog.

Remove group

Choose whether to delete all particles, selected particles, or particles past a
specific age.

The Uniqueness setting enables randomization of maximum particle age using
the By Particle Age > Variation setting.
All Particles Deletes all particles in the event immediately.

Selected Particles Only Deletes particles selected at the Particle sub-object
level in the event immediately. See Selection rollout on page 2833.

By Particle Age Deletes particles in the event after they've existed for a specific
length of time, with an optional random variation. Choosing this makes the
Life Span and Variation settings available.

Life Span The number of frames of life allowed to the particles. After this
period, they're deleted. Default=60.

Variation The maximum amount by which Life Span may vary. To get each
particle's actual life span, this value is multiplied by a random number between
-1.0 and 1.0, and then added to Life Span. Default=10.
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Uniqueness group

The Uniqueness setting enables randomization of maximum particle age using
the By Particle Age > Variation setting.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Transforms

Position Icon Operator

Particle View on page 2811 > Click Position in an event or add a Position operator
to the particle system and then select it.

By default, particles are born, or emitted, from the Particle Flow icon. This
topic uses the term emitter to refer to this icon. Use the Position Icon operator
to control the initial placement of particles on the emitter. You can set the
emitter to emit particles from its surface, volume, edges, vertices, or center.
And, if you animate the emitter, you can cause its motion to be imparted to
the particles it emits.

Alternatively, you can use Position Object on page 2853 to emit particles from
any other object.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Lock On Emitter When on, causes all particles to remain at their initial
positions on the emitter. In effect, they're “glued” to the emitter. When off,
each particle's birth position is determined by the emitter's current location.
Default=off.

Inherit Emitter Movement When on, the software sets each particle's rate
and direction of motion to that of the emitter at the time of birth. When off,
the emitter movement doesn't affect that of the particles. Available only when
Lock On Emitter is off. Default=off.

NOTE If a Speed operator exists later in the event, it overrides any motion imparted
by Inherit Emitter Movement.

Multiplier Determines, as a percentage, the extent to which particles inherit
the emitter's motion. Available only when Inherit Emitter Movement is on.
Default=100.

To have the particles move half as fast as the emitter, set Multiplier to 50. To
have them move the same speed, use the default setting of 100. To make the
particles move twice as fast as the emitter, set Multiplier to 200.
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Location group

The Location drop-down list lets you specify where on the emitter the particles
appear. You can create a variety of emission behaviors by varying the icon
type on page 2832, Location setting, and direction of emission. Default=Volume.

B Pivot Emits particles from the center of the icon.

B Vertices For the Box and Rectangle icon types, emits particles from the
corners of the icon. For the Sphere icon type, emits particles from the six
intersections of the three circles that define the sphere. For the Circle icon
type, emits particles from the center.

B Edges Emits particles from random points along the edges of the icon.
B Surface Emits particles from random points on the surface of the icon.
B Volume Emits particles from random points within the volume of the

icon.

Distinct Points Only Limits emission to a specific number of points (see Total,
below) on the specified Location type.

Emission points are still randomized; change the Uniqueness setting to alter
these.

Total Sets the number of emission points. Available only when Distinct Points
Only is on. Default=10.

Subframe Sampling When on, the operator acquires animation of the emitter
icon on a tick basis (every 1/4800th of a second) rather than a frame basis.
This provides greater precision in allowing the particle positions to follow
animation of the emitter icon. Default=off.

Uniqueness group

The Uniqueness setting lets you alter the randomization of emission points.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.
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Position Object Operator

Particle View on page 2811 > Click Position Object in an event or add a Position
Object operator to the particle system and then select it.

By default, particles are born, or emitted, from the Particle Flow icon. The
Position Object operator lets you emit particles from any other object or objects
in the scene instead. This topic uses the term emitter to refer to an object or
objects used to emit particles with this operator. For example, use it to create
a meteor's fiery trail.

Use the Position Object settings to control the initial placement of particles
on the emitter. You can set the emitter to emit particles from its surface,
volume, edges, vertices, or pivot, or from a sub-object selection. You can also
control particle emission with a material applied to the object.

Alternatively, you can use the Position Icon operator on page 2850 to emit
particles from the Particle Flow icon.

NOTE Typically, you would use Position Object in a birth event, so the particles
appear initially at the emitter object(s). If you use it in a non-birth event, the
particles jump to the designated emitter(s) upon entering the event. This could
be useful for a teleportation effect.

TIP The default speed operator, Speed on page 2871, typically uses the Particle Flow
icon to control the direction of the particle flow, so if the emitter object(s) and
the icon aren't coincident and aligned, you might get unexpected results. For
better control over the direction of particle movement when using Position Object,
use the Speed By Surface operator on page 2886 instead and designate as Surface
Geometry the same object(s) as with Position Object.

Procedures

To use Position Object:

1 Create a Particle Flow system and one or more mesh objects to use as
emitters. Animate the emitter objects and set particle system parameters
as necessary.

2 In Particle View, add a Position Object operator to the birth event,
replacing the Position Icon operator if one exists. Click the operator to
display its parameters.
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3 In the Emitter Objects group, click Add, and then select an object to serve
as the emitter. Alternatively, click By List and then use the Select Emitter
Obijects dialog to designate one or more objects as emitters.

4 Use the Location drop-down list to choose where the particles should
appear on the emitter: surface, vertices, and so forth.

5 Set other options as necessary. For example, if you want the particles to
use the same motion as the emitter at the time of emission, turn on
Inherit Emitter Movement. Or if you're using an emitter object whose
shape is animated, turn on Animated Shape.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Lock On Emitter When on, causes all particles to remain at their initial
positions on the emitter. In effect, they're “glued” to the emitter. When off,
each particle's birth position is determined by the emitter's current location.
Default=off.

Inherit Emitter Movement When on, the software sets each particle's speed
and direction of motion to those of the emitter at the time of birth. When
off, the emitter movement doesn't affect that of the particles. Available only
when Lock On Emitter is off. Default=off.

NOTE If a Speed operator exists later in the event, it overrides any motion imparted
by Inherit Emitter Movement.

Multiplier Determines, as a percentage, the extent to which particles inherit
the emitter's motion. Available only when Inherit Emitter Movement is on.
Default=100.

To have the particles move half as fast as the emitter, set Multiplier to 50. To
have them move the same speed, use the default setting of 100. To make the
particles move twice as fast as the emitter, set Multiplier to 200.

Variation Determines, as a percentage, the extent to which inherited emitter
motion can vary per particle. To determine the final multiplier for each particle,
the Variation value is multiplied by a random number between -1.0 and 1.0,
and then added to the Multiplier value. Default=0.

Emitter Objects group

Use these controls to assign objects to be used as particle emitters. The list in
this group shows the objects, or reference geometry, that the operator uses as
emitters.

If you don't assign any objects, Particle Flow uses the world origin (0,0,0) as
the emitter source.

With more than one emitter object, the division of particles among the objects
depends on which option you choose for Location. If you set Location to
Pivot, then each object has one emission point and each object emits the same
number of particles (total number of particles/number of objects). But if you
set Location to any other option, each object emits a number of particles
proportionate to the number of available emission points per object. For
instance, if you set Location to Volume, then a larger object will emit more
particles than a smaller one. Similarly, with Location set to Vertices, an object
with 100 vertices will emit twice as many particles as an object with 50.
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If you delete from the scene an object designated as an emitter, its entry in
the list is replaced with “<deleted>".

Use the Add and Remove buttons to edit this list.

Add Adds an object to the list. Click Add, and then click an object in the
viewport.

By List Adds multiple objects to the list. Click By List to open the Select Emitter
Objects dialog. This works just like Select From Scene on page 228: Highlight
the objects to use as emitters, and then click the Select button.

Remove Removes an object from the list. Highlight the object in the list, and
then click Remove.

Animated Shape Turn on to allow particles to emit from the surface of an
object whose form is animated by morphing or with modifiers.

Subframe Sampling When on, the operator acquires animation of the emitter
shape on a tick basis (every 1/4800th of a second) rather than a frame basis.
This provides greater precision in allowing the particle positions to follow
animation of the emitter object's form.

Location group

The Location drop-down list lets you specify where on each emitter the
particles appear. This choice applies to all emitter objects. Default=Surface.

The Selected Vertices/Edges/Faces options in this list let you emit particles
from a specific part of the emitter object by using an existing sub-object
selection. To create this selection, first convert the object to an editable mesh
or poly, or apply a Mesh Select or Poly Select modifier (or equivalent), select
the sub-objects that are to emit particles, and then choose the corresponding
Location option. If the software doesn't find a sub-object selection, it uses all
sub-objects of the indicated type.

Pivot Emits particles from the original position of the emitter object's pivot.
Moving the pivot does not affect this option.

Vertices Emits particles from randomly selected vertices of the emitter objects.

Edges Emits particles from random points along the edge sub-objects of the
emitter objects.

Surface Emits particles from random points on the surface of the icon.
Volume Emits particles from random points within the volume of the icon.

Selected Vertices Emits particles from the current vertex sub-object selection.

Particle Flow | 2857



Selected Edges Emits particles from the current edge sub-object selection.

Selected Faces Emits particles from the current face or polygon sub-object
selection.

You can modify the Location choice with any combination of the following:
Surface Offset Lets you specify a range of distances from the object surface
for particle placement.

Surface Offset is unavailable when Location is set to Pivot or Volume. Use the
Min and Max parameters to set the range.

NOTE Negative values offset the particles below the surface.

Min/Max When Surface Offset is on, these let you specify the range of offset
distances from the object surface. The Min value cannot exceed the Max value,
and vice-versa. If you try to raise Min above Max, or lower Max below Min,
both values change equally.

Density by Material Varies emission over the emitter surface based on
properties of the material applied to the emitter. For example, if the object is
assigned a black-and-white checkered diffuse map and you choose the
Grayscale option, particles are emitted only from the white checks.

IMPORTANT For material-influenced emission to appear properly in the viewports,
two conditions are required:

B At least one viewport must be set to a shaded display mode.

B The material or map must have Show Map In Viewport turned on in the
Material Editor.

The options are as follows:

B Grayscale The software internally converts the material-based coloring
(diffuse) to grayscale, and then emits more particles in lighter areas and
fewer in darker areas.
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The box emitter is mapped with a gradient. With Position Object set to Density By
Material > Grayscale, the particles appear with greater frequency in the lighter
areas of the box.

B Opacity Particles are more likely to appear on opaque areas than on
transparent areas.

B Grayscale & Opacity Combines the two: More particles appear on light,
opaque areas than on dark, transparent areas.

B Red/Green/Blue Considers only the specified color channel. The higher
its value at any given pixel, the more likely particles are to appear there.

Use Sub-Material When on, uses a sub-material from the Multi/Sub-Object
material assigned to the emitter to define density values.

This option allows usage of “invisible” materials for particle placement. If the
emitter uses a Multi/Sub-Object material but its geometry doesn't use the ID
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that corresponds to one of the sub-materials, the sub-material doesn't appear.
However, the operator can use it to calculate the density of particle placement.
The software assumes the material to be applied to the entire object surface.

Mtl ID Specifies the material ID of the sub-material to be used for particle
emission.

Separation When on, the software attempts to keep the particles apart by the
amount specified in Distance. The likelihood of successfully separating particles
depends on the number of particles, the specified distance, and the Attempts
Max value.

Distance Specifies the distance, in system units, by which the software should
try to keep the particles separate. Default=1.0.

Distinct Points Only Limits emission to a specific number of points (see Total,
below) on the specified Location type.

Emission points are still randomized; change the Uniqueness setting to alter
these.

Total Sets the number of emission points. Available only when Distinct Points
Only is on. Default=10.

If Location Is Invalid group

Delete Particles When on, if the software cannot place a particle according
to the current option, it deletes the particle. When off, particle placement is
undefined; that is, it depends on other variables. Default=off.

If the number of particles is more important than the position on the object,
leave this off. However, if exact placement is of higher priority than the
number of particles, turn Delete Particles on.

Uniqueness group

The Uniqueness setting enables randomization of placement on the emitters.
Seed Specifies a randomization value.
New Calculates a new seed using a randomization formula.

Attempts Max When using the Separation option, this specifies the maximum
number of times Particle Flow will try to set particle positions that maintain
the requested distance. If unsuccessful within this number of attempts, particles
might be closer together than the requested distance. Also affects placement
with Density By Material using either of the Grayscale options.
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Rotation Operator

Particle View on page 2811 > Click a Rotation operator in an event or add a
Rotation operator to the particle system and then select it.

The Rotation operator lets you set and animate particle orientation during an
event, with optional random variation. You can apply orientation in any of
five different matrices: two random and three explicit. For some options you
can set a degree of random variation or divergence from the specified
orientation.

To cause particles to spin, use the Spin operator on page 2863.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Orientation Matrix group

The Orientation Matrix setting includes options that give particles random
orientations, or let you specify orientation in any of three different ways.
Default=Random 3D.

Random 3D Gives each particle an arbitrary, random 3D orientation.

Random Horizontal Gives each particle an arbitrary, random 3D orientation
about the Z axis only. Rotation about the X and Y axes doesn't change (unless
Divergence is used), so the particles remain vertical.
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World Space Orientation is specified in the world coordinate space.
Use the X/Y/Z settings to specify the orientation for all particles.

Speed Space The coordinate space for particle orientation is determined by
the particles' direction upon entering the event.

By default, using the Speed operator on page 2871 > Along Icon Arrow option,
particles are aimed straight down when born.

Use the X/Y/Z settings to specify the orientation for all particles.

Speed Space Follow The coordinate space for particle orientation is determined
continually while the particles are in the event. Thus, by default, particles
constantly reorient themselves to “aim” in the direction they're traveling.

For example, if you add a Find Target test on page 2970 to the end of the default
Event 01, move the target sideways, and set Rotation to Speed Space Follow,
the particles start out pointing straight down, as oriented by the Speed
operator, and then gradually reorient themselves to point in the direction
they're traveling: toward the target.

Use the X/Y/Z settings to specify the orientation for all particles. The
Divergence setting is unavailable when using Speed Space Follow.

X/Y/Z Set the basic orientation about the particles' local axes. Unavailable
with the Random 3D and Random Horizontal options.

Divergence Defines the range of variation (in degrees) for particle orientation.
The actual deviation is calculated at random within this range. Unavailable
with the Random 3D or Speed Space Follow option. Default=0.0.

Restrict Diverg[ence] To Axis When on, lets you use the Divergence Axis
controls to set the axis to which divergence will be applied. When off, the
software uses a random axis for each particle. Unavailable with the Random
3D or Speed Space Follow option. Default=off.

Divergence Axis Use the X/Y/Z settings to set the axis to which divergence
will be applied. Default=1,0,0. Range=-1.0 to 1.0.

To specify one of the world axes, set the corresponding parameter to any
non-zero value, and the others to 0. A negative value flips the axis. The numeric
values come into play when you want to use an axis that's not aligned with
the X, Y, or Z axis. In that case, you specify multiple non-zero values whose
effect is relative to one another. For example, if you want the axis to be
oriented halfway between the positive X and Y axes, you would set X and Y
to the same positive amount. The actual value doesn't matter. Similarly, to
set the axis to 30 degrees (1/3 of the angle) from the X axis to the Y axis, you'd
set the Y value to twice that of the X value. For example, X=0.2 and Y=0.4, or
X=0.5 and Y=1.0.

2862 | Chapter 14 Space Warps and Particle Systems



Uniqueness group

The Uniqueness setting affects the randomization of orientation with the
Random 3D and Random Horizontal options, and also Divergence.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Spin Operator

Particle View on page 2811 > Click a Spin operator in an event or add a Spin
operator to the particle system and then select it.

The Spin operator gives an angular velocity to particles in an event, with
optional random variation. Spin is applied once per event per particle, except
when using the Speed Space Follow option; however, the settings can be
animated.

To simply specify particle orientation, use the Rotation operator on page 2861.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Spin Rate The rate of revolution in degrees per second.

Particle Flow | 2863



Variation The maximum amount, in degrees per second, by which the spin
rate can vary. The actual variation is calculated once, at random, for each
particle.

Spin Axis group

The Spin Axis setting includes options that let you apply the spin on a random
or specific axis, with optional random variation of the spin axis.
Default=Random 3D.

Random 3D Spins each particle about an arbitrary, random 3D axis.

World Space The spin axis is specified in the world coordinate space.
Use the X/Y/Z settings to specify the spin axis.

Particle Space The spin axis is specified in the local coordinate space of each
particle.

Use the X/Y/Z settings to specify the spin axis.

Speed Space The coordinate space for particle orientation is determined by
the particles' direction upon entering the event.

The X axis is aligned with the particle direction, while the Z axis is
perpendicular to the X axis and is pointed upward with respect to world space
as much as possible.

Use the X/Y/Z settings to specify the orientation for all particles.

Speed Space Follow The coordinate space for particle orientation is determined
by the particles' direction throughout the event. Use this option to allow
particles that change direction during the event to keep the spin axis aligned
with their direction.

The X axis is aligned with the particle direction, while the Z axis is
perpendicular to the X axis and is pointed upward with respect to world space
as much as possible.

Use the X/Y/Z settings to specify the orientation for all particles.

X/Y/Z Use these to set the spin axis. Unavailable for the Random 3D option.
Default=0,0,1. Range=-1.0 to 1.0.

To specify a single axis, set the corresponding parameter to any non-zero
value, and the others to 0. A negative value flips the axis, and reverses the
direction of rotation. The numeric values come into play when you give more
than one axis a non-zero value, in which case their effect is relative to one
another. For example, if you want the spin axis to be oriented halfway between
the positive X and Y axes, you would set X and Y to the same positive amount.
The actual value doesn't matter. Similarly, to set the spin axis to 30 degrees
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(1/3 of the angle) from the X axis to the Y axis, you'd set the Y value to twice
that of the X value. For example, X=0.2 and Y=0.4, or X=0.5 and Y=1.0.

Divergence Defines the range of variation (in degrees) for spin-axis orientation.
The actual deviation is calculated at random within this range. Unavailable
for the Random 3D option. Default=0. Range=0 to 180.

Uniqueness group

The Uniqueness setting affects the randomization of spin rate variation, spin
axis with the Random 3D option, and Divergence with the other options.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Scale Operator

Particle View on page 2811 > Click a Scale operator in an event or add a Scale
operator to the particle system and then select it.

The Scale operator lets you set and animate particle size during an event, with
optional random variation. Options for how scaling and animation are applied
give this operator a great deal of flexibility.

Procedures

Example: To animate particle scale:

This procedure gives an overview of animating particles to grow for 30 frames,
remain at full size for the next 30 frames, and then shrink for 30 frames. It
also gives an option for having the particles pulsate in size during the middle
period. To follow this procedure, you should be familiar with the basic usage
of Particle Flow and Track View.

1 Set up a default Particle Flow system. Set the Shape operator to Sphere,
and set the Display operator to Geometry.

2 Add a Send Out test to Event 01.

3 Add a new Scale operator to the event display, creating a new event. Set
the new event's Display operator to Geometry, and make sure it's a
different color than the one in Event 01.

4 Wire the Send Out test in Event 01 to Event 02.
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In the Event 02 > Scale operator, set Type to Absolute, and animate the
Scale Factor values from 10 to 100 over frames O to 30. In the Animation
Offset Keying group, set Sync By to Event Duration.

Add an Age Test to Event 02. Set it to Event Age, set Test Value to 30, and
Variation to 0.

In this event, particles grow from 10 percent of their original size to full
size over the first 30 frames of their existence, which is the same as their
duration in the event. At that point, they'll be eligible to move to the
next event.

Use a new Scale operator to create a new event, Event 03. Set the new
event's Display operator to Geometry, and make sure it's a different color
than the others.

Wire the Age Test in Event 02 to Event 03.

In the Event 03 > Scale operator, Set Type to Absolute, and in the
Animation Offset Keying group, set Sync By to Event Duration.
Copy and paste the Age Test as an instance from Event 02 to Event 03.

Particles in Event 03 remain at full scale for 30 frames, and then move
on to the next event.

Use a new Scale operator to create a new event: Event 04. Set the new
event's Display operator to Geometry, and make sure it's a different color
than the others.

Wire the Age Test in Event 03 to Event 04.

In the Event 04 > Scale operator, set Type to Absolute, and animate the
Scale Factor values from 100 to 10 over frames O to 30. In the Animation
Offset Keying group, set Sync By to Event Duration.

Copy and paste the Age Test as an instance from Event 03 to Event 04.

In this event, particles shrink from full size to 10 percent of their original
size over 30 frames.

Play the animation.

Next, you'll use a Noise controller to cause the particles in Event 03 to
pulsate in size.

Add a second Scale operator to Event 03, below the existing Scale operator.
Set it to Relative Successive, and set Sync By to Event Duration.

The name of this operator should be Scale 04.

14 Space Warps and Particle Systems



17

18

19

20

21

22

In Particle view, right-click the Scale Factor X % parameter field on the
Scale 04 rollout, and choose Show In Track View.

The Curve Editor opens with the X Scale Factor parameter highlighted.

Right-click the X Scale Factor item and choose Assign Controller from
the menu.

In the Assign Float Controller dialog, double-click Noise Float.

The Noise Controller dialog opens.

Set Strength to 200, and to the right of Strength, turn on the >0 check
box.

Copy this controller, and then paste it as instances to Y Scale Factor and
Z Scale Factor.

Although the Scale operator defaults to constraining all scale factors to
the same value, thus scaling particles uniformly, changing controllers in
Track View works on a per-parameter basis.

Play the animation.

This time, the particles grow in size for 30 frames, then pulsate in size
for the next 30 frames, and then shrink from the size at the end of Event
03 to 10 percent of that over the next 30 frames.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Type

The scaling Type setting includes options that let you scale particles once in
an event or repeatedly, and apply scaling as an absolute or relative factor.
Default=Overwrite Once.

Overwrite Once Sets the scale one time only as an absolute percentage value,
disregarding any previous scaling.

To produce a range of different birth sizes, and specify the scaling explicitly,
use Overwrite Once with animated scale factors.

Inherit Once Sets the scale one time only as a percentage of existing scaling.
The existing scaling should be specified with a previous Scale operator, the
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Scale setting in the Shape operator on page 2900, or a Shape Instance operator
on page 2904.

For instance, if you previously used Scale with Overwrite Once to scale particles'
birth size within a range, and then want to scale them to half their previous
size, use Inherit Once and set Scale Factor to 50%.

Absolute Sets the scale continuously, while the particle is in the event, as an
absolute percentage value, disregarding any previous scaling.

Use Absolute if you want to animate the particles' scale explicitly.

Relative First Sets the scale continuously, while the particle is in the event, as
a percentage of existing scaling. The existing scaling should be specified with
a previous Scale operator, or a Shape Instance.

Use Relative First when you want to scale the particles relative to the scaling
at which they enter the event, and optionally animate the scaling, or before
a Relative Successive operator.

Relative Successive Scales the particles continuously, relative to scaling set
earlier in the same event.

NOTE Always precede Relative Successive in the same event with an operator that
modifies the scale channel all the time, such as a Scale operator set to Absolute
or Relative First, or a Shape Instance operator with the Scale check box turned on
(it's on by default).

Scale Factor group

The operator performs scaling on each particle's local axes. It can scale particles
on a single axis or on any combination of axes.

X/Y/Z Sets the scaling as a percentage of the particle's current size. To scale
uniformly, turn on Constrain Proportions, and then change any axis setting.
Range=0 to 10000000. Default=100.

Constrain Proportions When on, retains the current ratio of scale factor
settings, so that changing any axis setting changes all of them. Default=on.

Scale Variation group

X/Y/Z Sets the scaling variation as a percentage of the particle's previous size.
To scale uniformly, turn on Constrain Proportions, and then change any axis
setting. Range=0 to 100. Default=0.

Constrain Proportions When on, retains the current ratio of scale variation
settings, so that changing any axis setting changes all of them. Default=on.
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Bias Lets you choose how to distribute the scaling variation within the
specified range or ranges. Default=None.

B None No bias; scaling variation is distributed equally through the range.

B Centered Scaling variation is concentrated near the middle of the range;
that is, at 0.0%.
With this choice, scaling will occur more frequently with low percentage
values than with ones near the values you set. In other words, most scaling
variants will be close to the specified scaling value.

B Towards Minimum Scaling variation is concentrated near the lower end
of the range (base-variation); that is, most scaling variants will be smaller
than the scaling value.

B Towards Maximum Scaling variation is concentrated near the upper end
of the range (base+variation); that is, most scaling variants will be larger
than the scaling value.

Animation Offset Keying group

If you animate the Scale Factor or the Scale Variation settings or both, the
software can begin applying this animation to all particles as of the start frame
of the animation or the first frame of the current event, or to each particle
based on its age. For instance, if you set Sync By to Particle Age, and set Scale
Factor keys at frames 0 and 30, then the software will animate the scaling
factor for each particle between its birth and its 30th frame of existence, if the
particle is in the scaling event or a prior event. Following this example, any
particle that has already reached its 30th frame of existence before reaching
the event will enter the event fully scaled. That is, the software will apply the
Scale Factor value that you set at frame 30 to each particle aged 30 or above
at the moment it enters the scaling event. However, any particle that leaves
the scaling event before reaching age 30 will stop scaling as of its exit frame.
In other words, with respect to particles in other events, animation of action
parameters is retroactive, but not post-active.

Alternatively, if you set Sync By to Absolute Time, the scaling is animated
from frame O to frame 30 of the animation, regardless of particle age, and even
if no particles are in the event at that time. Or, if you set Sync By to Event
Duration, the scaling animation is applied to each particle as of the time that
it enters the event.
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NOTE With the Overwrite Once and Inherit Once scaling types, scaling always
occurs with respect to the entire animation; that is, in Absolute Time mode. Thus,
when either of those scaling types is in effect, the Sync By setting is unavailable.
Also, if you animate Scale Factor or Scale Variation when using Overwrite Once
or Inherit Once, it doesn't cause scaling animation in the particles, but rather
applies one-time scaling to particles born during that period. For instance, if you
animate Scale Factor on all three axes from 100% to 200% over frames 0 to 30,
particles born at frame 0 are normal size, particles born at frame 15 are
one-and-one-half times normal size, and particles born at frame 30 (and thereafter)
are twice normal size.

Sync By Choose the time frame for applying animated parameters:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

Uniqueness group

The Uniqueness setting affects the randomization of scale variation.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Speed

Speed Operator

Particle View on page 2811 > Click Speed in an event or add a Speed operator
to the particle system and then select it.

This is the default Speed operator, which appears in the first event when you
create a new Particle Flow icon. It provides basic controls over particle speed
and direction.

Directional controls provided by the Speed operator are based on the position
and orientation of the Particle Flow icon. For best results when using other
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objects as emitters, use the Speed By Surface Operator on page 2886 operator
instead.

See also:
B Speed By Icon Operator on page 2876

B Keep Apart Operator on page 2894

Procedures

Example: To change particles' speed:

The Speed operator works on an instantaneous basis: It sets each particle's
speed once only, when it enters the event. Even if you animate the Speed
value, each particle moves at a constant rate of speed, defined by the value at
the time it enters the event. This procedure demonstrates a trick you can use
to change particle speed with an animated Speed value, thanks to Particle
Flow's looping ability.

1 Create a default particle system, and position it at the top of the
Perspective viewport.

2 Play the animation.

The particles fall downward at the default rate: 300 units per second.
3 Add a Send Out test at the bottom of Event 01.

4 Add a Speed operator to an empty area of the event display.
This creates a new event.

Auto Ke I

Turn on Auto Key, and move the time slider to frame 30.

6 In Particle View, click the new Speed 02 operator, and then in the Particle
View parameters panel, set Speed to 0.

This animates the Speed value from 300 at frame O to O at frame 30.

7 Auto k.ey Turn off Auto Key.

8 Wire the Send Out test in Event 01 to Event 02.

9 Play the animation.

The particles born later move slower, but all still move at a constant rate
of speed.
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11

12
13
14

Add a Send Out test at the end of Event 02.

Create a new event using an Age Test. Click the Age Test to display its
parameters, and then set the following:

B Event Age
B Test Value=1

W Variation=0

Wire the Send Out test in Event 02 to Event 03.
Wire the Age Test in Event 03 to Event 02.

Play the animation.

All the particles slow down simultaneously and eventually come to a
stop.

Here's how it works: As each particle enters Event 02, its speed is set to
the current Speed value in the Speed operator. Particle Flow then sends
the particle immediately to Event 03, where it sits for one frame. Event
03 then returns the particle to Event 02, whose Speed value is now lower.
Particle Flow perceives the returned particle as newly entering the event,
so it changes its speed to the current Speed value. Thus, the particles
continually return to Event 02 one frame later than before, and are
assigned a progressively lower speed.

If you wanted the particles to do something else after they stop, you could
add a Speed Test to Event 02, above the Send Out test, set Test True If
Particle Value to Is Less Than Test Value, and set Test Value to a very low
value, such as 0.01. Then wire the Speed Test to a different event.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Speed The particle speed in system units per second. Default=300.

A positive Speed value moves the particles in the direction determined by the
Direction setting; a negative Speed value moves the particles in the opposite
direction.

NOTE Speed sets each particle's speed once only: when the particle enters the
event (or is born, in the case of a birth event). If you animate the Speed value,
particle speed does not vary: rather, each particle is given a constant speed equal
to the current Speed value when it enters the event.

Variation The amount by which particle speed can vary, in system units per
second. Default=0.0.

To obtain each particle's speed, the system multiplies the Variation value by
arandom number between -1.0 and 1.0, and then adds the result to the Speed
value. For example, if Speed=300 and Variation=100, then each particle's speed
would be between 200 and 400.

Direction group

The Direction drop-down list lets you specify which way the particles go after
they're born. Default=Along Icon Arrow. In most cases, the actual direction
also depends on the icon orientation. The primary exception is when Position
> Location is set to Pivot.
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Particle movement is always in a straight line unless influenced by other
factors.

Along Icon Arrow Particles move parallel to the icon arrow. Rotate the icon
to change the direction.

Icon Center Out Each particle moves along an imaginary line drawn between
the particle's location and the icon center.

With the flat icon types (Rectangle and Circle), this results in all the particles
moving in one plane, unless you increase Divergence above 0.0. With icons
that have height (Box and Sphere), the particles move outward in three
dimensions.

Particles at the center, as is the case when the Position operator's Location
parameter is set to Pivot, arbitrarily move along the world X axis.

Icon Arrow Out Each particle moves along an imaginary line drawn between
the particle's location and the icon arrow. The line is perpendicular to the
icon arrow, which is considered an infinite line for this purpose.

With the flat icon types (Rectangle and Circle), this results in all the particles
moving in one plane, unless you increase Divergence above 0.0. With icons
that have height (Box and Sphere), the particles move outward in a cylindrical
formation.

Random 3D Particles move in all directions. This option is affected by the
Uniqueness setting.

Random Horizontal Each particle moves in a random horizontal direction;
that is, parallel to the world XY plane. This option is affected by the
Uniqueness setting.

Inherit Previous Uses the current direction of motion.

If you choose Inherit Previous but no direction was previously specified, the
speed and direction are undefined; the particles don't move.

Reverse When on, the direction is reversed. Default=off.
Using Reverse is the equivalent of multiplying the Speed value by -1. This
option is unavailable if Random 3D or Random Horizontal is chosen.

Divergence When on, spreads out the particle stream. Use the numeric setting
to define the extent of the divergence, in degrees. Range=0 to 180. Default=0.
The value can be animated.

This option is unavailable if Random 3D is chosen.

Particle Flow | 2875



TIP For a fountain-like spray, set Position > Location to Pivot, set Direction to
Along Icon Arrow, set Divergence to the desired angle, and rotate the icon so its
arrow points upward.

Uniqueness group

The Uniqueness setting enables randomization of speed variation, and
randomization of direction with the Random 3D and Random Horizontal
options.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Speed By Icon Operator

Particle View on page 2811 > Click Speed By Icon in an event or add a Speed By
Icon operator to the particle system and then select it.

Click a Speed By Icon operator icon in the viewport > Modify panel
Create panel > Helpers > Particle Flow > SpeedBylcon

The Speed By Icon operator lets you use a special, non-rendering icon to
control particle speed and direction.

Speed By Icon operator icon

When you add a Speed By Icon operator to the particle system in Particle View
on page 2811, the Speed By Icon operator icon icon appears in the scene at the
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world origin (0,0,0). When animated, the operator icon's motion is imparted
to the particles. If you delete the icon, the software also deletes the operator.

NOTE If you add Speed By Icon from the Create panel, Particle Flow creates a
separate event for the operator in the particle diagram.

WARNING If you delete a Speed By Icon operator icon in the viewport, you also
delete the corresponding operator in the Particle Flow system.

See also:
B Speed Operator on page 2871
B Speed By Surface Operator on page 2886

B Keep Apart Operator on page 2894

Procedures

To use the Speed By Icon operator:

1 Add a Speed By Icon operator to an event. Be sure to add it after any
existing Speed operators in the event. Alternatively, delete or turn off
any existing Speed operators.

The Speed By Icon operator icon appears at the world origin (0,0,0).
2 Animate the icon as you would any object. You can do this manually, or

with a controller such as Path Constraint. See the following procedure
for an example of this.

The particles' motion is now under the influence of the animated icon.
3 Set the Speed By Icon parameters. With the icon selected, you can do this
in the Modify panel.

In general, the default Icon Animation > Sync By setting, Event Duration,
works best. It causes the icon animation to be applied to the particles
within the time frame of the event containing the Speed By Icon operator.

Example: To send particles along a path:

1 Reset the software, and then add a Particle Flow system in the Perspective
viewport.
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2 On the Create panel, choose Shapes > Splines > Helix, and then, in the
Perspective viewport, at the center of the grid, create a helix shape. Then,
on the Parameters rollout, set the following:

Radius 1=100
Radius 2=20
Height=20

Turns=3

Bias=0

This will serve as the particle path.

3 Move and rotate the Particle Flow source icon so that it's at the start of
the helical path, and aimed along the path, as shown. Get the base of
the arrow as close as possible to the start of the path.

4 Open Particle View (press 6).
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In Event 01, click the Position Icon operator and set Location to Pivot.
This causes the particles to be emitted in a thin stream.

Insert a Speed By Icon operator at the end of Event O1.
The operator icon appears at the world origin.

Select the operator icon, and then, from the Animation menu, choose
Position Controllers > Path Constraint on page 3297.

When you move the mouse cursor into the viewport, a rubber-band line
joins the cursor to the icon.

Select the Helix object.

The command panel switches to the Motion tab, and the controls indicate
that the software has applied a Position List controller to the icon, with
the listed controllers being a Position XYZ and a Path Constraint. You
can delete the former if you like, but it doesn't make any difference for
the purposes of this procedure.

Close Particle View, and then drag the time slider back and forth between
its extents a few times.

TIP The best way to view the results is from the Top viewport.

The particles follow the path fairly closely, but diverge noticeably at the
end of the path, where the turns are tightest. Correcting divergence in
tight turns typically requires an increase in the acceleration limit.
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The particle stream diverges from the path at its endpoint.

Stop at frame 100.

This will let you see the results of changing the Speed By Icon parameters
as you make the changes.

Open the Modify panel, and, if necessary, select the Speed By Icon
operator icon.

The operator parameters appear on the Modify panel. This is the case
with any action that uses a unique icon, and lets you adjust the parameters
without using Particle View.

On the Parameters rollout, use the Accel Limit spinner to slowly increase
the value as you observe the changes to the particle path.

As you approach a value of 150, the end of the particle path comes closer
and closer to the Helix. You shouldn't see much change above 150.
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The endpoints now coincide.

Drag the time slider again.

The particle path remains similar to that of the Helix for the entire
duration of the animation. With other setups, you might need to use
different values for Influence %, and for paths with tight twists and turns,
you might need to increase Accel Limit as well.

You might be wondering why you didn't simply replace the default Speed
operator with the Speed By Icon operator. To see why not, try this:

Go to frame 100, open Particle View, and click the Speed 01 operator's
icon to turn it off. Play the animation.

The entire particle path is offset from the Helix, so it's difficult to tell
how closely it follows the latter's curves.

Try adjusting the Speed By Icon's Accel Limit and Influence % setting to
get the particles to follow the helical path more closely.

It's not easy. You get more reliable results using the Speed operator to set
the initial speed, and then Speed By Icon to set the particle path.
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To use the Use Icon Orientation option:

The Use Icon Orientation option applies arc-like motion to the particles based
on rotation animation of the icon. To best understand how it works, it's
necessary to isolate its influence by eliminating any potentially conflicting

factors.

1 Reset the software, and then add a Particle Flow system in the Perspective
viewport. Set its position to the world origin: (0,0,0).

2 Open Particle View and click the Birth operator. Set Emit Stop=0.

This causes all particles to appear at frame 0.

3 Click the Speed operator and press the Delete key to delete it.

4 Drag a Speed By Icon operator from the Depot to the end of Event O1.
The Speed By Icon operator icon appears at the world origin.

Auto Key _ , _

5 il Select the Speed By Icon operator icon, and then right-click
the icon and choose Rotate from the menu. Go to frame 20, turn on Auto
Key, and rotate the icon 180 degrees about the X axis.

Auto Fe
6 J Turn off Auto Key.
7 Drag the time slider.
The particles aren't affected by the icon animation.
Because the Speed By Icon operator icon is selected, the operator's
parameters appear on the Modify panel.

8 On the Modify panel, turn on Use Icon Orientation. Drag the time slider
again.

This time, the particles move in unison with the icon rotation, as if they
were glued to an infinite plane coincident with the icon.

9 Go to frame 10, select the Particle Flow source icon (not the Speed By
Icon operator icon), and then right-click the icon and choose Move from
the menu. Move the icon straight up, on the Z axis, about 100 units.

As you drag upward, the particles move away from the icon.
10 Drag the time slider again. This time the particles move in an arc around
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11 Try moving and rotating the two icons, playing the animation each time
you make a change. Also set Emit Stop back to 30.

As you can see, the possibilities with just this simple setup are myriad.
In combination with the many other variables and options in Particle
Flow, they're endless.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog. When the icon is selected, the parameters also appear
on the Modify panel.

Accel(eration) Limit The maximum amount, in system units per second per
second, by which the particles' speed can change in order to match the speed
of the operator icon. Default=100.0.

If the operator icon changes speed or direction rapidly, increase this value to
let the particles follow it more closely.
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TIP Use a lower Accel Limit value for smooth motion, and a higher value when
greater accuracy is needed, such as when the particles should hit a small target.
You can animate this setting (use Sync By > Event Duration) to specify different
appropriate values, depending on the required results.

Influence % Determines the mix of the previous speed with the speed of the
operator icon. Default=100.0. Range=0.0 to 100.0.

At the default value of 100, the speed is controlled only by that of the icon.
At O, the icon speed doesn't affect particle speed at all. At in-between values,
the mix proportion is determined by the Influence % value.

Speed Variation Enables random variation of the particles' speed, so they
don't all move at exactly the same rate as the icon. Turn this on, and then set
the minimum and maximum percentages of variation. Default=off.

Using Speed Variation can help keep the particles from bunching up as they
travel along the animation path. Note, however, that each individual particle's
speed doesn't vary; it travels at a constant speed.

Min %/Max % Set the minimum and maximum percentages, respectively,
of particle speed variation. Default=50.0 (Min %), 100.0 (Max %).

For example, if you set Min % to 50 and Max % to 200, the particles will vary
in speed between half and two times the speed of the icon.

Use Icon Orientation Applies animation of the icon's orientation to the
particles.

By default, Speed By Icon controls particle motion only by animation of the
icon's position. If you turn on Use Icon Orientation, the software also applies
rotation of the icon to the particle motion. In essence, this motion is circular,
and its extent depends on the distance between each particle and the icon.
Default=off.

The best way to understand how this works is by using it. To try out Use Icon
Orientation, see this procedure on page ?.

Steer Towards Trajectory Particles farther away than the Distance value from
the icon are moved directly toward the icon. Default=off.

Distance Sets the distance between the particles and the operator icon beyond
which Steer Towards Trajectory takes effect. Default=10.0.

Parameters Animation group
If you animate the operator settings, the software can begin applying this

animation to all particles as of the start frame of the animation or the first
frame of the current event, or to each particle based on its age. For instance,
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if you set Sync By to Particle Age, and set Speed Variation keys at frames O
and 30, then the software will animate the speed variation for each particle
born while the event is active between its birth and its 30th frame of existence.
Alternatively, if you set Sync By to Absolute Time, the speed variation is
animated from frame O to frame 30 of the animation, even if no particles are
in the event at that time. Or, if you set Sync By to Event Duration, the speed
variation animation is applied to each particle as of the time that it enters the
event. For further information, see Animation Offset Keying group on page
2870.

Sync By Choose the time frame for applying animated parameters:
B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
relative to the frame at which it first enters the event.

Icon Animation group

The software can begin applying animation of the Speed By Icon operator
icon to all particles as of the start frame of the animation or the first frame of
the current event, or to each particle based on its age. For an explanation, see
Animation Offset Keying group on page 2870.

Sync By Choose the time frame for applying animation of the icon to the
particles:

B Absolute Time Any keys set for icon motion are applied at the actual
frames for which they're set.

B Particle Age Any keys set for icon motion are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for icon motion are applied to each particle
relative to the frame at which it first enters the event.

Icon Size Sets the size of the operator icon. This setting is for visibility only;
it doesn't affect particle behavior.

Uniqueness group

The Uniqueness setting enables randomization of the speed variation range.
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Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Speed By Surface Operator

Particle View on page 2811 > Click Speed By Surface in an event or add a Speed
By Surface operator to the particle system and then select it.

The Speed By Surface operator lets you control particle speed and direction
with any object or objects in the scene. This is in contrast to the default Speed
operator on page 2871, which uses the Particle Flow icon to control particle
speed and direction. Speed By Surface also provides options for controlling
speed by materials in the scene, and continuous speed control.

Typically, you use Speed By Surface to assign speed and direction characteristics
based on the objects used as emitters with the Position Object operator on
page 2853. That is, you assign the same objects as emitters with Position Object
and as Surface Geometry objects with Speed By Surface.

TIP For greater control over particle motion on the surface, apply a Speed operator
on page 2871 before the Speed By Surface operator in the same event. Use the Speed
operator to specify particle direction on the surface, and the Speed By Surface
operator to adjust the vertical component of the speed vector to follow the contour
of the surface.

See also:
B Speed By Icon Operator on page 2876

B Keep Apart Operator on page 2894

Procedures

Example: To use Speed By Surface:

The Speed By Surface operator offers a wealth of possibilities for usage. This
procedure will lead you through several examples, but you're encouraged to
explore the operator further on your own to learn more about it.

1 Start or reset the software, and add a Particle Flow system. Position the
source icon at the world origin (X/Y/Z=0), and set the icon's Length and
Width values both to 30.
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Add a Cylinder primitive to the scene. Position it above the source icon:
X/Y=0 and Z=30. Set Radius=20 and Height=40.

Play the animation, and then stop.

The particles move downward, using the default starting setup.

Open Particle View and add a Speed By Surface operator to the end of
Event 01. Click the operator in the event to display its parameters panel
in Particle View.

In the Surface Geometry group, click Add, and then select the cylinder.

Play the animation again, and then stop.

The particles still move downward.

Go to frame 15, so you can see the particles, and then slowly move the
cylinder downward along the Z axis, while watching the particles in the
Perspective and Front viewports. Stop when the emitter is above the
cylinder.

As the bottom of the cylinder passes below the emitter, more and more
particles start moving on the XY plane rather than perpendicular to it.
That's because they eventually become closer to one of the vertical sides
of the cylinder, rather than the bottom, at which point they move
perpendicular to the vertical sides. When the top becomes the closest
side, the particles again move vertically, but upward instead of downward.

Move the cylinder back up until the emitter is at its vertical center. Then,
on the Modify panel, click the lower part of the Sides spinner to decrease
the number of sides, one at a time.

Each time you click, the particle streams traveling outward change, to
move perpendicular to the vertical sides as they change position. You

might also try rotating the cylinder, and note that the particle streams
also rotate, like the spokes of a wheel.

In the Speed By Surface parameters, change Direction to Out Of Surface,
and then move the cylinder up and down.

The overall behavior doesn't change much. Out Of Surface becomes more
useful when you use the Control Speed Continuously option, as you'll
observe shortly.

In the Speed By Surface parameters, change Direction to Parallel To
Surface, and then move the cylinder up and down.

Now the particle behavior is effectively opposite of that with the other
two options. When the particles are closer to the top or bottom, they
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move along the XY plane, and when they're closer to the vertical sides,
they move downward. If you want them to move upward instead, set
Speed to a negative value.

Next, you'll discover how the Control Speed Continuously option alters
particle behavior.

In the Speed By Surface parameters, choose Control Speed Continuously,
and then drag the time slider.

The particles spread out from the emitter, and then start orbiting the
cylinder in a roughly cylindrical overall formation. The software
continually checks to see which side of the cylinder a particle is closest
to, and, if necessary, changes its direction to make it travel parallel to
that side. You can affect the size of the particles' orbits by changing their
speed.

Lastly, you'll see how to contain particle motion within the cylinder.

Make the cylinder considerably larger: Radius=60 and Height=90. Activate
the Perspective viewport, if necessary, and then press F3 to set it to
Wireframe view.

In Particle View, click the Speed 01 operator and set Direction to Random
3D.

Click the Speed By Surface operator. Set Speed to 300 if necessary. In the
Direction group, choose Out Of Surface, and then drag the time slider.

After exiting the emitter, the particles always move away from the nearest
surface, with the result that they end up milling about in the center of
the cylinder.

Gradually increase the Speed value, up to 1,000 or so.

The particles start to spread out vertically, and eventually start moving
so fast that they escape the cylinder. You can make them stay inside the
cylinder by letting them accelerate more quickly, so they can turn before
moving past the nearest surface.

Increase the Accel Limit setting until the particles no longer exit the
cylinder.

Try giving the particles more room to move about in by increasing the
size of the emitter. Also try changing other settings throughout the particle
system to see their effects. The possibilities don't end here, and the more
you experiment, the more you'll learn about how this powerful operator
works.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

The first setting lets you choose whether the operator controls speed once or
continuously.

Set Speed Once The operator sets the speed for each particle once: when the
particle enters the event.

Control Speed Continuously The operator sets particle speed throughout
the event. When you choose this option, the Continuous Speed Control group
on page 2893 becomes available.

Speed The particle speed in system units per second. Default=300.

With the Control Speed Continuously option, you can turn off Speed. This
causes Particle Flow to use the current particle speed.

Using a negative Speed value causes particles to move in the opposite direction
of that effected by a positive speed.

Variation The amount by which particle speed can vary, in system units per
second. Default=0.0.

To obtain each particle's speed, the system multiplies the Variation value by
arandom number between -1.0 and 1.0, and then adds the result to the Speed
value. For example, if Speed=300 and Variation=100, then each particle's speed
would be between 200 and 400.

Surface Geometry group

Use these controls to assign objects to affect particle speed and direction. The
list in this group shows the objects, or reference geometry, that the operator
uses to control speed and direction.

If you don't assign any objects, the current particle speed and direction are
not affected.

You can assign multiple Surface Geometry objects, but if they're not all emitters
as well, the results can be difficult to interpret. In general, assign the same
objects as Surface Geometry that your system uses as emitters.

TIP For optimal performance, when moving particles with respect to high-polygon
objects, create a low-poly proxy version to use as surface geometry, link it as a
child of the high-poly object if necessary, and then hide the low-poly proxy.

Use the Add and Remove buttons to edit this list.
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Add Adds an object to the list. Click Add, and then click an object in the
viewport.

By List Adds multiple objects to the list. Click By List to open the Select Surface
Objects dialog. This works just like Select From Scene on page 228: Highlight
the objects to use to control speed and direction, and then click the Select
button.

Remove Removes an object from the list. Highlight the object in the list, and
then click Remove.

Animated Shape Turn on to allow particles to follow the surface of an object
whose form is animated by morphing or with modifiers.

Subframe Sampling When on, the operator acquires animation of the Surface
Geometry shape on a tick basis (every 1/4,800th of a second) rather than a
frame basis. This provides greater precision in allowing the particle positions
to follow animation of the Surface Geometry object's form.

Speed by Material Varies particles' existing speed and direction based on
properties of the material applied to each Surface Geometry object. For
example, if an object is assigned a black-and-white checkered diffuse map and
you choose the Grayscale Multiplier option, particles near the white-checked
areas move faster than those from the black-checked areas.

NOTE For material-influenced speed to appear properly in the viewports, two
conditions are required: at least one viewport must be set to a shaded display
mode, and the material or map must have Show Map In Viewport turned on in
the Material Editor.

The options are as follows:

B Grayscale Multiplier Lets material luminance control speed, with darker
areas producing slower particles and lighter areas producing faster ones.
The software multiplies the luminance of the material near each particle,
converted to a percentage, by the particle's current speed. A luminance of
0 converts to 0%, of 128 converts to 50%, and of 255 converts to 100%.
For example, if the speed of a particle traveling at 50 units per second is
influenced by a pixel whose luminance is 90, the resulting speed is
90/255*50, or about 17.6 units per second.

B Signed Grayscale Works like Grayscale Multiplier, but the multiplier can
be negative as well, causing reversal of motion. Signed Grayscale uses a
material luminance value of 128 as the midpoint, and assigns it a multiplier
of 0%. Luminance values from O to 127 result in multipliers of -100% to
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about -1%, respectively, and values of 129 to 2535 result in multipliers of
about 1% to 100%, respectively.

B RGB as World XYZ Mult. Works like Grayscale Multiplier, but uses the
intensity of the material's red, green, and blue channels to affect particle
speed on the world X, Y, and Z axes, respectively. So, for example, if the
material pixel is pure red, that is, its RGB value is (255,0,0), then the particle
will retain its current speed on the world X axis, but its speed on the Y and
Z axes will be reduced to 0. Similarly, a medium-yellow pixel (128,128,0)
will cause speed on the world X and Y axes to be reduced by half, and will
cut speed on the Z axis to 0.

B RGB as Local XYZ Mult. Works like RGB as World XYZ Mult., but uses
the object's local coordinates rather than world coordinates.

Use Sub-Material When on, uses a sub-material from the Multi/Sub-Object
material assigned to the Surface Geometry object to define speed.

This option allows usage of “invisible” materials for controlling particle speed.
If the emitter uses a Multi/Sub-Object material but its geometry doesn't use
the ID that corresponds one of the sub-materials, the sub-material doesn't
appear. However, the operator can use it to calculate the density of particle
placement. The software assumes the material to be applied to the entire object
surface.

Mtl ID Specifies the material ID of the sub-material to be used for particle

speed control.

Direction group

The Direction drop-down list lets you specify which way the particles go after
they're born. Default=Surface Normals. In most cases, the actual direction also
depends on the icon orientation. The primary exception is when Position >
Location is set to Pivot.

Particle movement is always in a straight line unless influenced by other
factors.

Surface Normals Each particle moves along a line perpendicular to the nearest
face. The direction the surface faces doesn't matter.

Out Of Surface Particles move away from the closest face.

2892 | Chapter 14 Space Warps and Particle Systems



TIP You can use this option to confine particles to the interior of an object. Position
the emitter inside the object, designate the object as the Surface Geometry, choose
Control Speed Continuously, and choose Out Of Surface. Each time a particle
comes close to a surface, it turns to travel directly away from the surface. Control
the particles' travel range with the Speed setting, but keep in mind that particles
moving very fast might “escape” their container. If this happens, increase the
Accel Limit setting; this lets the particles turn more quickly.

Parallel To Surface Each particle travels parallel to the nearest face.

To make particles orbit an object, use this with Control Speed Continuously,
and set appropriate Continuous Speed Control values (see the following
section).

Divergence When on, spreads out the particle stream. Use the numeric setting
to define the extent of the divergence. Range=0 to 180. Default=0. The value
can be animated.

This option is unavailable if Control Speed Continuously is chosen.

TIP For a fountain-like spray, set Position > Location to Pivot, set Direction to
Along Icon Arrow, set Divergence to the desired angle, and rotate the icon so its
arrow points upward.

Continuous Speed Control group

When you choose the Control Speed Continuously option, these controls
become available. Basically, these controls let the particles move about within
the region of the Surface Geometry object rather than in a straight line away
from the emitter.

Accel Limit Sets the maximum acceleration. The higher this value, the more
quickly particles can turn and change speed.

TIP Use a lower Accel Limit value for smooth motion, and a higher value when
greater accuracy is needed, such as when the particles should hit a small target.
You can animate this setting (use Sync By > Event Duration) to specify different
appropriate values, depending on the required results.

Unlimited Range When on, the surface controls speed and direction of
particles at any distance. When off, particles must be within a specified range.
Default=on.

Range The maximum distance, in system units, between the particles and
controlling surface. The Surface Geometry will not control particles beyond
this distance.
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Falloff Zone The distance, in system units, beyond the Range value within
which the Surface Geometry exerts partial control over particles. The degree
of control diminishes from 100% at the Range distance to 0% at the
Range+Falloff Zone distance.

Animation Offset Keying group

Choose the time frame for applying animated parameters. For an explanation,
see Animation Offset Keying group on page 2870.

Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

Event Duration Any keys set for parameters are applied to each particle starting

when it first enters the event.

Uniqueness group

The Uniqueness setting enables randomization of speed variation, and
randomization of direction with the Random 3D and Random Horizontal
options.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Keep Apart Operator

Particle View on page 2811 > Click Keep Apart in an event or add a Keep Apart
operator to the particle system and then select it.

The Keep Apart operator, a member of the Speed operator family, lets you
apply forces to particles to cause them to separate, in order to prevent or
minimize collisions among particles. Alternatively, you can use a negative
force to keep particles from separating too much. The operator works by
controlling particle speed and acceleration.

NOTE Keep Apart doesn't use particle geometry; rather, it creates a spherical force
field centered on the pivot of each particle. You can adjust the size of the force
field by changing the particle size.
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TIP In certain cases, the default settings might not be sufficient to keep particles
from interpenetrating. For increased separation, use higher values for Force and
Accel Limit, choose Relative To Particle Size, and increase the Core % value.

See also:
B Speed Operator on page 2871
B Speed By Surface Operator on page 2886

B Speed By Icon Operator on page 2876

Script Wiring rollout

This rollout appears in the parameters panel below the main operator rollout
after you highlight the operator, right-click it, and then choose Use Script
Wiring. Thereafter, a check mark appears next to the Use Script Wiring in the
right-click menu, and the rollout appears whenever you highlight the operator.
To turn off script wiring, choose Use Script Wiring again from the right-click
menu.

Script wiring lets you use a script to control the Force and Range parameters,
which you normally specify in the operator's parameters. Place a Script operator
on page 2953 before the Keep Apart operator in the event, and then use it to
define values in the particleFloat and particleVector channels. For an example
of a script that sets particleFloat values, see particleFloat Sample Script on page
2947.

On the Script Wiring rollout, choose either of the following:

Use Script Float As Choose either of the following:

B NotUsed Particle Flow uses the Force setting on page 2898 specified in the
Parameters rollout.

B Influence Particle Flow applies the script particleFloat value to the Force
value.

Use Script Vector As Choose one of the following. Choosing Absolute Size
Range or Relative Size Range makes the Range settings on the Parameters
rollout unavailable.

B Not Used Particle Flow uses the Range on page 2898 settings specified in
the Parameters rollout.
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B Absolute Size Range Particle Flow applies the script particleVector values
to the Absolute Size Range values. The X component of the vector value
is used for the core radius, and the Y component for the falloff radius.

B Relative Size Range Particle Flow applies the script particleVector values
to the Relative Size Range values. The X component of the vector value is
used for the core percent, and the Y component for the falloff percent.
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The user interface appears in the parameters panel, on the right side of the

Particle View dialog.
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Force The amount of force applied to the particles. Use positive values to
separate particles, or negative values to move them closer together.
Default=100.0

Accel(eration) Limit When on, lets you set a maximum acceleration value
that can be applied to particles' motion. When off, the software uses any
necessary acceleration. Default=on, 1000.0.

TIP Use a lower Accel Limit value for smooth motion, and a higher value when
greater accuracy is needed, such as when the particles should hit a small target.
You can animate this setting (use Sync By > Event Duration) to specify different
appropriate values, depending on the required results.

Speed Limit When on, lets you set a maximum speed value that can be applied
to particles' motion. When off, the software uses any necessary speed.
Default=off, 600.0.

Range group

You can set a volume and falloff within which the force takes effect, either as
absolute distances or relative to particle size. Default=Absolute Size.

Absolute Size Choose this to set the core radius and falloff zone as absolute
distances, in system units.

Core Radius The distance from each particle's pivot point, in system units,
within which the force is applied at full strength. Default=10.0

Falloff Zone The distance beyond the core radius, in system units, over which
the force diminishes from full strength to 0. Default=10.0

Relative to Particle Size Choose this to set the core radius and falloff zone
as percentages, relative to the radius of each particle. The particle radius is
determined by measuring the distance from the pivot point to the farthest
corner of its bounding box.

Core % The distance from each particle, as a percentage of the particle radius,
within which the force is applied at full strength. Default=200.0

Falloff % The distance beyond the core radius, as a percentage of the radius,
over which the force diminishes from full strength to 0. Default=100.0

Variation % The amount by which range values can vary randomly, as a
percentage of the specified values. The software uses the same random variation
value for both Core and Falloff values, whether absolute or relative. Default=0.0

For example, if you choose Absolute Size, set Core Radius to 40 and Falloff
Zone to 20, and set Variation % to 50, then each particle's actual core radius
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will be a random number in the range 20 to 60, and the falloff zone a random
number in the range 10 to 30. For each particle, the software uses the same
Variation % value, so if Core Radius is determined to be 20, then Falloff Zone
would be 10.

Scope group

By default, the Keep Apart force keeps particles only in the current event (that
is, the event that contains the Keep Apart operator) apart from each other
when used locally, or particles in each event in the current flow on page 7983
apart when used globally. These settings let you alternatively keep particles
away from particles in other events or flows without affecting the behavior
of latter. Default=Current Event.

Current Event Keeps particles in the current event only away from each other.
When used globally, keeps particles in each event in the current flow apart
from each other, but not apart from particles in other events in the flow.

Current Particle System Keeps particles in the current event away from each
other, and away from all other particles in the current flow on page 7983. The
particles not in the current event are not influenced by the Keep Apart operator.
When used globally, keeps apart and influences all particles in the current
flow.

Selected Events Keeps particles in the current event away from all particles
in the events highlighted in the list below this choice. Particles not in the
current event are not influenced by the Keep Apart operator.

When used globally, keeps all particles in the current flow apart from all
particles in the events highlighted in the list below this choice, but influences
only particles in the current flow.

After choosing this option, click items in the list to highlight them.
Selected Particle Systems Keeps particles in the current event away from all

particles in the flows on page 7983 highlighted in the list below this choice. The
particles not in the current event are not influenced by the Keep Apart operator.

When used globally, keeps all particles in the current flow apart from all
particles in the flows highlighted in the list below this choice, but influences
only particles in the current flow.

After choosing this option, click items in the list to highlight them.

Uniqueness group

The Uniqueness setting enables randomization of the Range on page 2898 >
Variation % calculations.
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Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Shape

Shape Operator

Particle View on page 2811 > Click Shape in an event or add a Shape operator
to the particle system and then select it.

Shape is the default operator for defining the geometry used in the particle
system. You can use it to specify particles in the shape of pyramids, cubes,
spheres, or vertices, as well as particle size.

NOTE All primitive particles created with Shape have pivot points in their geometric
centers.

See also:
B Shape Instance Operator on page 2904
B Shape Facing Operator on page 2901

B Shape Mark Operator on page 2911

Interface
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Shape Sets the shape of the particles to Vertex or one of three geometric
primitives. Default=Pyramid.

B Vertex Use this option to create non-rendering particles whose sole
attribute is their location. This can be useful when using script operators.
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B Tetra These tetrahedron-shaped particles have a four triangular sides.
Having only four polygons, the tetra is the simplest of the rendering particle
shapes.

B Cube These box-shaped particles have six square sides, all the same size.

B Sphere Creates spherical particles. The sphere has the most polygons of
the rendering particle shapes, and its orientation isn't obvious.

Size Sets the overall size of the particles in system units. Default=10.0
Setting Size=0 makes the particles invisible.

Scale Turn on to set the size of the particles as a percentage of the Size value.
Use the numeric field to set the Scale percentage value. Default=100.

Scale is animatable, while Size is not. Also, turning on Scale creates the scale
data that any Scale operators further on in the flow can work with.

Shape Facing Operator

Particle View on page 2811 > Click Shape Facing in an event or add a Shape
Facing operator to the particle system and then select it.

The Shape Facing operator creates each particle as a rectangle that always faces
a particular object, camera, or direction. For effects like smoke, fire, water,
bubbles, or snowflakes, use Shape Facing with a material containing appropriate
opacity and diffuse maps.

By default, the particles' top and bottom sides are parallel to the horizontal
plane. The Orientation setting lets you change this default alignment.

NOTE For the Shape Facing operator to be able to calculate the particle orientation,
it must know the current particle position. For this reason, always place the Shape
Facing operator below a Position operator in an event.

See also:
B Shape Operator on page 2900
B Shape Instance Operator on page 2904

B Shape Mark Operator on page 2911
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Look At Camera/Object group

Use this control for defining the camera or object toward which the particle
will face. This object is known as the Look At object. For the technically minded,
the facing is maintained by keeping each particle's local Z axis pointed at the
Look At object, or when Use Parallel Direction is on, aligned with the vector
between the Particle Source icon and the Look At object.

Name After picking a Look At object, its name appears here.

Pick Camera or Object Click this button, and then select a camera or object
in the scene to use as the Look At object. The mouse cursor changes to a cross
shape when positioned over a valid object.
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Use Parallel Direction When off, all particles continuously rotate to stay
facing toward the Look At object. Each particle's orientation varies because
its location differs from those of the others. When on, all particles face in the
same direction, defined by an imaginary line between the Particle Source
gizmo center and the Look At object. Default=off.

Size/Width group

Use these settings to specify the coordinate system for setting the size, as well
as the size parameters. The numeric settings in this group are not animatable.

In World Space Sets the absolute size in system units, using the World
coordinate system.

Units With the In World Space option, sets the particle size in system units.
Range=0 to 1000000000. Default=1.

In Local Space Sets particle size relative to the existing size, in local space.
The software uses the dimensions of the existing shape to determine the size
of the “facing rectangle.”

Inherited % Sets the facing particles' size as a percentage of the existing size.
Range=0 to 100. Default=100.

In Screen Space Sets the facing particles' size as a percentage of the screen
width. The actual size of each particle changes as necessary throughout the
animation, depending its distance from the camera, to maintain a constant
size from the camera's point of view.

This option is available only when the Look At object is a camera, and Use
Parallel Direction is off.

Proportion % Sets the particle size as a percentage of the screen width.
Default=1.

Variation % Sets the percentage by which particle size can vary. Default=0.

Pivot At Specifies the part of the particle around which rotation is performed
when maintaining the facing direction. The choices, available from the
drop-down list, are Top, Center, and Bottom. Default=Center.

With Top and Bottom, the center of the corresponding side is used as the
particle center for rotation.

This option is useful, for example, when particles are lying on a surface, and
each particle is an explosion. In this situation, you'd probably want the entire
particle rectangle to appear above the surface, so you'd set Pivot At to Bottom.

W/H Ratio Defines the aspect (width-to-height) ratio of the shape rectangle.
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Adjust this ratio to that of the particle-map imagery. For the commonly used
TV aspect ratio of 4:3, set W/H Ratio=1.33. The parameter is not animatable.
Range=0.001 to 1000. Default=1 (square particles).

This value is not animatable.

Orientation

Use this drop-down list to choose how particles rotate on the axes not specified
by the Look At direction. Default=Align to Horizon.

Align to Horizon Keeps the top edge aligned with the horizon (the world XY
plane).

Align to Speed Follow Uses the right side of each particle as the leading edge,
so the top and bottom edges are aligned with the direction of particle motion.

Random Orients the top edge at random.

Allow Spinning To spin the particles, choose this option, and in the same
event use a Spin operator on page 2863. In the latter, set Rotation Axis to Particle
Space and use the default axis values: X=0, Y=0, Z=1.

Uniqueness group

The Uniqueness setting enables changing the randomization of the size/width
variation.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Shape Instance Operator

Particle View on page 2811 > Click Shape Instance in an event or add a Shape
Instance operator to the particle system and then select it.

Shape Instance lets you use any reference object on page 8107 in the scene as
particles. You can effectively define only one reference object per event, but
the object can comprise any number of sub-objects, each of which Particle
Flow can treat as a separate particle. Also, using tests, you can divide the
particle stream into multiple branches and define a different particle shape
for each.

As the name of the operator indicates, reference geometry is instanced into
the particle system. Thus, any physical changes you make to the original
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geometry are reflected instantly in the particle system. If you hide the original
geometry, the particles still appear. However, if you delete the original
geometry, the particles are deleted as well.

Using Transform-Animated Reference Objects

You can create animated particle shapes by animating the reference object
with modifiers, and then turning on Animated Shape on page 2910. However,
Shape Instance ignores any rotational and positional transformations applied
directly to the reference object; it uses only the pure scale component. For
example, if you scale an object non-uniformly using the View reference
coordinate system, the result might skew the object's shape. Because the
skewing is the by-product of a rotational transform, it wouldn't be reflected
in the particles' shape. However, modifiers and comparable functions that
contain transformations applied to the reference object are reflected in the
instanced particles. For example, if you want particles to use rotational
transforms applied to the reference object, use the Reset XForm function on
the reference object. Reset XForm is available from the Utilities panel.

TIP Particle Flow can, however, use rotational and positional animation applied
to descendant objects in a hierarchy, when you use the entire hierarchy as a single
particle. To do this, create a hierarchy, animate the descendant objects, and then
designate the parent as the reference object. Do not turn on Separate Particles
For > Object And Children. You'll find a procedure illustrating this, below.

When using an animated reference object, it is recommended that you hide
the reference object after instancing it in the particle system.

See also:
B Shape Operator on page 2900
B Shape Facing Operator on page 2901

B Shape Mark Operator on page 2911

Procedures

Example: To use the reference object's rotational and positional animation
in the particle system:

1 Create an object you want to use as the particle shape, such as a teapot,
and a Dummy helper object.

2 Animate the teapot using the Move and Rotate tools.
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This step isn't necessary, but it can help to obtain more consistent results.

4 E%h Link the teapot as a child of the dummy (drag from the teapot to
the dummy).

sl Use the Align tool to center the teapot to the dummy.

You can use any object as the parent, but using a dummy, which doesn't
render, lets you animate all instanced particles visible in the final
animation.

Create a default Particle Flow system.
In Particle View, delete the Rotation operator.

Replace the Shape operator with a Shape Instance operator.

® N O W

In the Shape operator parameters, designate the dummy as the Particle
Geometry Object.

]

Turn on Animated Shape.

10 For sequential animation, which can be more interesting visually, in
Animation Offset Keying, set Sync By to Particle Age or Event Duration.
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Particle Geometry group

Use this control for defining the object to be used as the particle geometry.
This object is known as the reference object.

[button] Click this button, and then select a geometry object in the scene to
be used as the particle shape. The mouse cursor changes to a cross shape when
positioned over an object that's valid for use as a reference object. Valid objects
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include multi-shape objects such as groups and hierarchies; see Separate Particles
For group on page 2908.

After picking a reference object, its name appears on the button.

You can use almost any geometry object as a reference object. By default, the
operator automatically converts closed splines to rendering geometry by “filling
in” the area defined by the shape outline. To use the shape outline instead,
select the original shape and, on the Modify panel > Rendering rollout, turn
on Display Render Mesh. You needn't turn on Renderable, but changes to all
other Rendering rollout settings, such Thickness and Sides, are reflected in
the rendered particles.

Particle Flow does not automatically “fill in” open shapes such as Line
(non-closed) and Arc. To render these shapes when using them as particles,
turn on Modify panel > Rendering rollout > Display Render Mesh.

If a Shape Instance operator is in effect for which the geometry object is not
defined, and the viewport display type is set to Geometry, then the particles
appear in the viewports as X characters.

NOTE If a multi-shape object used as a reference object comprises objects both
with and without materials applied, and Acquire Material is on, Particle Flow will
apply the first available material to any objects without materials applied.

NOTE You can use a NURBS surface as a reference object, but not a NURBS curve.
To use a NURBS curve as particle geometry, first convert it to a surface using a
method such as the Cap function.

TIP For best results, when using an animated reference object, it's highly
recommended that you hide the original object before rendering, or use Object
Properties to turn off its Renderable check box.

NOTE If using a group as a reference object, make sure the group is closed before
selecting it. Selecting an open group will add only the group member you click,
not the entire group.

Separate Particles For group

3ds Max provides a number of methods for combining disparate objects into
single entities, including grouping, building hierarchies with linking, and
attaching. By default, when using such a multi-shape object as particle geometry,
each particle comprises all member objects. Alternatively, you can instruct
Particle Flow to treat each member object as a separate particle with these
options. When on, the software uses each member object as a single particle,
in left-to-right order according to its X-axis position, by default. So, for

2908 | Chapter 14 Space Warps and Particle Systems



example, if you create text in the Front viewport, assign it as reference
geometry, and turn on Object Elements, the letters come out in the proper
order.

You can vary the order randomly by turning on Multi-Shape Random Order
on page 2910.

You can turn on any combination of Separate Particles items. All are off by
default.

Group Members When on, group members are treated as separate particles.
Object and Children When on, linked objects are treated as separate particles.

Object Elements When on, element sub-objects of a single mesh object are
treated as separate particles.

Vertices/Faces Show the number of vertices and triangles per particle. If the
reference geometry is multi-shape and the appropriate check boxes in the
Separate Particles are on, then these displays show an average vertex/face
count.

Number of Shapes Shows number of different particle shapes. This number
is always 1 unless the reference geometry is multi-shape and the appropriate
check boxes in the Separate Particles For group are on, in which case this
displays the number of resulting different shapes.

Scale (%) Specifies a uniform scaling factor for all particles. Range=0 to 100000.
Default=on, 100.

The center of scaling for multi-shape object members treated individually
depends on how the objects are combined. For grouped and linked objects,
the scaling is done about the objects' pivot points. For object elements, the
scaling center is the geometric center of each object; that is, the averaged
location of all the vertices.

This value cannot be animated. To animate particle size, use the Scale operator
on page 963.

Variation (%) Specifies a randomized percentage of scaling variation. Use the
Uniqueness setting to change the randomization. Range=0 to 100. Default=0.
This value cannot be animated. To animate scaling variation, use the Scale
operator on page 2865 operator.

Acquire Mapping When on, all mapping data from the reference object is
transferred to particles. Default=on.

Acquire Material When on, material data from the reference object is
transferred to particles. Default=on.
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If the reference object is a group, with different materials applied to the group
members, the software creates a new Multi/Sub-Object material containing
all of the materials and uses it as the particle material.

TIP Because materials are “sticky” in Particle Flow, if you turn off Acquire Material
after specifying a reference object with an attached material, the material remains
applied to the particles. To avoid applying the instanced shape's material to the
particles, turn off Acquire Material before specifying the reference object.

Multi-Shape Random Order When on, assigns shapes to particles in random
order. When off, Particle Flow emits each shape in the multi-shape object as
a single particle, in the order of the shape's X coordinate. In other words, the
shape with the lowest X-axis coordinate is emitted first, then the one with
the next highest, and so on. The option is available only if at least one of
Separate Particles For group check boxes is on. Default=off.

For example, if you want the particles to spell out a word or phrase, use
extruded text created in the Front viewport as the reference object, turn on
Separate Particles For > Group Elements, but leave Multi-Shape Random Order
off.

Animated Shape When on, particles use any animation in the reference
object, including cyclic animation applied with the Parameter Curve
Out-of-Range Types controls. When off, the particles are not animated.

With this option, you can use the Animation Offset Keying controls to specify
how to synchronize the reference-object animation with the particles. See the
next section.

NOTE A particle that uses this option is animated only while in the event containing
the Shape Instance operator. If it moves to another event that doesn't contain a
shape operator, it keeps the same shape, but the animation stops. The easiest way
to keep the animation going from event to event is to place the Shape Instance
operator in the global event on page 7997. Otherwise, you need to place the operator
in each event in which the particle should be animated.

Acquire Current Shape When on, Particle Flow acquires the particle shape
from the reference object as each particle enters the event. Thus, if the reference
object is animated, particles that enter at different times get different shapes.
However, these shapes are not animated. When the option is off, the shape
is acquired from frame 0. Default=off.

This option is available only when Animated Shape is off.
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Animation Offset Keying group

These controls are available only when Animated Shape is on.

Sync By Lets you choose how to synchronize reference-object animation with
the particles.

B Absolute Time All particles have the same shape at any given moment.
B Particle Age Animation of the reference object is synchronized with

particle age: Frame O of the reference-object animation corresponds to the
frame of each particle's birth.

B Event Duration Frame O of the reference-object animation corresponds
to the moment the particle enters the event.

Rand Offset When on, randomly varies the start of each particle's animation.
Use the numeric setting to specify the number of frames by which the
animation start can vary.

Update Particle Shape Refreshes instanced particle shapes from the reference
object. Use this after changing an object in a hierarchical reference object.

In most cases, Particle Flow automatically updates instanced particles when
changes are made to the reference object. However, in some cases, when you
change an object deep in a hierarchy, the particle instances might not be
updated. In such a case, click Update Particle Shape to refresh the instances.

Uniqueness group

The Uniqueness setting enables changing the randomization of the scale
variation, animation offset, and the multi-shape random order.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Shape Mark Operator

Particle View on page 2811 > Click Shape Mark in an event or add a Shape Mark
operator to the particle system and then select it.

Use the Shape Mark operator to replace each particle with either a rectangle
or a box cut out from the particle geometry with an image mapped onto it.
The image can be animated and the animation can be synchronized with
particle events.
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A typical application of Shape Mark would be to leave marks after particles
impact objects in the scene. For example, when a torpedo hits a boat and
explodes, you could use Shape Mark to leave scorch marks on the boat surface.

TIP By default, the mark left by Shape Mark is always rectangular, no matter what
shape the particles are. To leave a differently shaped mark, choose the Shape
group > Rectangle option, and use a material on page 2918 in the same event with
transparent areas to define the mark's outline. For example, apply a Mask map to
the material's Opacity channel, and to the map's Mask channel, apply a bitmap
containing an alpha channel. On the Bitmap Parameters rollout, set Mono Channel
Output to Alpha.

NOTE With its default settings, the Shape Mark operator can generate coplanar
faces, which the mental ray renderer cannot render well. If you want to use mental
ray rendering with Shape Mark, adjust the operator's settings as follows:

In the Shape group, choose Box Intersection.
Set Surface Offset to 0.01.

Set Offset Variation to 0.005.

Set Vertex Jitter to 0.002.

With these settings, faces are no longer coplanar, and the mental ray renderer
gives better results.

See also:
B Shape Operator on page 2900
B Shape Instance Operator on page 2904

B Shape Facing Operator on page 2901

Procedures

Example: To use Shape Mark:

1 Determine which object is to receive the marks; this will be the contact
object. Apply a deflector to this object.

2 Set up your particle system with an event that causes particles to collide
with the contact object deflector.

3 At the end of this event, add a Collision test on page 2960.
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4 In the Collision test, designate the deflector from step 1.

5 Create a new event with the Shape Mark operator, and wire the Collision
test to this event.

6 In the Shape Mark operator > Contact Object group, designate the object
from step 1. Change the other Shape Mark settings as necessary.

Now, when the particles strike the contact object, they disappear, leaving
marks on the object.

If you want the particles to bounce after leaving marks, rather than
disappearing, use a Collision Spawn test on page 2964 instead, and turn off
its Delete Parent check box. The spawned particles become the marks,
and the original particles remain in the first event.

7 Optionally, add a Material operator to define the surface characteristics
of the marks.
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Contact Object group

Use this control for defining the object on which marks are to be left.

[button] Click this button, and then select an object in the scene to use as
the contact object. The mouse cursor changes to a cross shape when positioned
over a valid object.

After picking a contact object, its name appears on the button.

Align to Surface Animation When on, Shape Mark takes into account surface
changes due to vertex animation of the contact object. If Shape on page 2916
is set to Rectangle, then the mark changes its orientation and position to
appear be stuck to the surface of the contact object. If Shape is set to Box
Intersection, then the mark changes shape along with that of the contact
object. When off, only transformation of the contact object is taken into
consideration. Default=off.

Turn this on only if there is significant vertex animation at the contact point,
such as with an animated water surface.

WARNING This option requires significant CPU and memory resources.

Orientation group

Align To Depending on the setting for Shape on page 2916, Shape Mark creates
either a rectangle or a box cutout on the contact geometry. The Orientation
setting specifies how the shape is oriented. In the mark's local coordinate
system, the X axis is Length, the Y axis is Width, and with the box cutout, Z
is height. The Z axis is perpendicular to the surface of the object at the contact
point.

The alignment choices are as follows:

B Speed The Length direction is parallel to the projection of the particles'
speed vector onto the contact plane.

B Particle X/Y/Z The Length direction is parallel to the projection of the
particle's local coordinate axis X, Y, or Z, respectively, as the particle moves
toward the contact object.

B Random Uses a random Length direction in the contact plane.

Divergence Applies a range of random variation, in degrees, to the orientation
of the Length direction. Unavailable when using the Random option.
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Size group

Use these settings to specify the coordinate system for setting the size of the
mark, as well as the size parameters. The numeric settings in this group are
not animatable.

In World Space Sets the absolute size of the mark in system units, using the
World coordinate system.

Width/Length With the In World Space option, sets the particle dimensions
in system units. Range=0 to 1000000000. Default=1.0.

In Local Space Sets the mark size relative to the existing particle size, in local
space. The software uses the dimensions of the existing shape to determine
the size of the “facing rectangle.”

Inherited % Sets the percentage of the mark size, relative to the existing
particle size. Range=0 to 100. Default=100.0.

Variation % Sets the percentage by which particle size can vary. Default=0.0.

Impact Angle Distortion When on, increases the Length value of the mark
according to the particle's angle of approach. This effectively stretches the
mark shape if particle approaches the contact geometry at a low angle.
Available only when Align To is set to Speed. Default=off.

For example, if a drop of paint hits a surface perpendicularly, it creates a
circular mark, but if it hits the surface at a lower angle, the resulting shape is
an ellipse.

Distor(tion) Max % Sets the maximum percentage by which the software
may stretch the mark. Available only when Impact Angle Distortion is on.
Default=1000.

With very low angles of approach, the stretching factor can become very high.
For example, value 500% means that the stretching factor cannot exceed 5.

Shape group
These settings let you specify the mark-making object as a rectangle or a box.
Default=Rectangle.

Rectangle The mark shape is a two-faced rectangle.
When using a material with Shape Mark, always choose this option.

Box Intersection With this option, the software creates a box for each particle
that leaves a mark, and derives the mark shape from a Boolean intersection
between the contact object and the box.
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Box Height Sets the height of the box used with the Box Intersection method.
Available only with Box Intersection. Default=10.0.

Allow Multiple Elements When on, particles can leave marks on all parts of
contact objects that contain multiple elements. When off, a particle marks
only the first element it collides with. Available only with Box Intersection.
Default=off.

Particles falling onto a two-element cylinder

Left: Allow Multiple Elements is off; Right: Allow Multiple Elements is on.

Continuous Update When on, the shape of the mark is recalculated at each
frame, according to the current positions of the particle and the contact surface.
This option can consume a great deal of CPU time. Available only with Box
Intersection.

Generate Mapping Coords. Allows correct application of the shape mark
when using a mapped material. Default=on.

If you're not using a mapped material, you can save memory by turning this
off.

Pivot Offset % Shifts the position of the shape mark along its length
dimension with respect to the pivot of the impacting particle. Default=0.0.
Range=-50.0 to 50.0.

By default, the center of the mark's length dimension coincides with the point
where the particle's pivot strikes the contact object. This setting lets you offset
the mark's position to anywhere along its length.

NOTE The width dimension and the Box Intersection's height dimension are
always centered at the intersection of the particle pivot and the contact object's
surface.

Surface Offset Specifies the distance of the shape mark above the contact
object's surface. Default=0.001.
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The mark is slightly elevated above the contact geometry to achieve the visual
effect of the mark spot overlapping the contact geometry. This parameter is
not animatable.

Offset Variation Specifies the maximum extent of a random variation in the
actual surface offset among particles. Default=0.0.

Adjusting this value can help to alleviate rendering artifacts with overlapping
marks.

Vertex Jitter Specifies the maximum extent of a random variation in the
positions of vertices of marks created using the Box Intersection method.
Available only with the Box Intersection method. Default=0.0.

Adjusting this value can help to alleviate rendering artifacts with overlapping
marks.

Uniqueness group

The Uniqueness setting enables changing the randomization of the size/width
variation.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Materials and Mapping in Particle View

Particle Flow provides three operators for applying materials to particles. To
give the same appearance to all particles throughout an event, use Material
Static Operator on page 2920. If you're using a compound material such as
Multi/Sub-Object on page 5720, you can assign different sub-materials to different
particles with the Material Frequency operator on page 2923. And to assign
materials that change in appearance over time, use the Material Dynamic
operator on page 2923.

Related to this is the Mapping operator on page 2932, which lets you give the
same mapping coordinates to the entire surface of each particle in an event,
thus using a single pixel from a material to color the particles. By animating
the mapping coordinates, you can cause the particles to change color over
time. This is particularly effective with a gradient material.

The Bitmap map on page 5795, used in conjunction with Material Dynamic,
lets you assign different frames from an image sequence to particles based on
the particle age, among other effects.
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Following are some items to keep in mind when using materials with Particle
Flow:

B A material is a static property of an event. It does not travel along with
the particles from one event to the next. A particle's material ID does, but
its material does not. If you want particles always to use the same material,
define the material in the global event on page 7997 with a Material operator
or a Shape Instance operator on page 2904. Otherwise, you need to define it
in each local event.

B The primitive particle shapes available with the Shape operator on page
2900 do not have mapping coordinates. The Mapping operator on page 2932
applies the same mapping coordinates to each particle's entire surface, so
it's not suitable in this situation. If you want to apply image-based materials
to particles, use Shape Instance on page 2904 instead.

B If you use a Material operator with Shape Instance on page 2904, be sure to
apply mapping coordinates to the reference object(s) on page 8107. You can
do this by making sure the object's Generate Mapping Coords option is
on (if available), or applying a UVW Map modifier on page 1931 or Unwrap
UVW modifier on page 1841. If you don't apply mapping coordinates, the
system generates a Missing Map Coordinates warning when you render
the scene.

B If you use an object with a material already applied as a reference object
on page 8107 for instanced particles, you don't need a Material operator in
the same event. However, the material appears only in the event containing
the Shape Instance operator on page 2904; it does not persist from event to
event.

B If you use the Cache operator on page 2935 with Update set to Always,
toggling the Material Editor > Show Map In Viewport switch causes Particle
Flow to recalculate the cache.

B You can drag a material from the Material Editor to a Particle Flow source
icon, but the material will not have any effect on the system. You must
use a Material operator or Shape Instance to apply materials to particles
in Particle Flow.

B Once you've assigned a material to a Material operator, the material shows
up in the Material Editor as “hot”; that is, triangles appear in the corners
of its sample slot. However, because of the nature of the Particle Flow data
structure, the Material Editor functions Select By Material and Get Material
> Browse From Selected do not work correctly with Particle Flow systems.
You can, however, use Get Material > Browse From Scene.
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Material Static Operator
Particle View on page 2811 > Click Material Static in an event or add a Material

Static operator to the particle system and then select it.

The Material Static operator lets you give particles material IDs that remain
constant throughout the event. It also lets you assign a material to each particle
based on its material ID. The operator can assign the same material ID to all
particles, or different IDs to successive particles on a cyclical or random basis.
The most common usage of this latter capability is with a Multi/Sub-Object
material, for applying a different material to each particle.

See also:
B Materials and Mapping in Particle View on page 2918
B Material Frequency Operator on page 2923

B Material Dynamic Operator on page 2925
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Assign Material When on, the operator assigns a material to the particles.
Default=on.

[button] Use this button to assign a material to the operator. Click the button
and then use the Material/Map Browser to choose the material. Alternatively,
drag the material from a Material Editor sample slot to the button. After you
assign a material to the operator, its name appears on the button.

Assign Material ID When on, the operator defines a material ID number for
each particle. Default=off.

Show In Viewport When on, the material is shown applied to the particles
in the viewports.

Assignment Method

The Material Static operator gives you a choice of three different methods for
assigning Material IDs to particles:

Material ID Assigns the same material ID to all particles. Use the numeric
field to set the ID value.

Cycle Assigns each particle a material ID in the range 1 to N, where N=#
Sub-Materials, in increasing sequential order. The first ID assigned is 1, then
2, then ..., then N, then 1 again, and so on.

Random Assigns each particle a random material ID in the range 1 to N, where
N=# Sub-Materials.

# Sub-Materials The highest ID number assigned to particles using the Cycle
or Random option.

In general, set this to the same number of sub-materials in the Multi/Sub-Object
material. If you set it to a smaller number, the operator will use only that
many sub-materials, starting with the first and counting upward.

NOTE The software automatically sets this value to the number of sub-materials
in the material, once only, the first time you apply the material to the operator.
Any subsequent changes in the material itself, or applying a different material to
the operator, will not change or update the setting.

Particle Flow | 2921



Rate group

These settings let you choose the basis on which the operator changes material
ID assignments, and specify the rate of change.

Per Second Sets the number of times per second that the assigned material
ID is incremented. If this value is the same as the rate at which particles enter
the event, then one ID is assigned per particle. If it's lower, then multiple
particles are given the same ID, or if it's higher, then the software increments
the assigned ID faster than 1 per particle.

For instance, if particles enter the event at intervals of 1/60 of a second, and
Per Second=30, then each pair of particles will be assigned the same ID. Or if
particles enter the event at intervals of 1/15 of a second, and Per Second=30,
then the ID is incremented (or changed randomly) twice per particle.

Per Particle Sets the number of particles that must appear before material ID
assignment changes. For example, If you set Per Particle=3, the material ID
changes every three particles.

If you set Per Particle to a number less than 1.0, the software then moves
through the sub-material list more rapidly than one (or more) particle per ID.
That is, the software divides this value into 1.0, and adds the result to the
current material ID to obtain the next one. For example, with eight
sub-materials, if you set Per Particle=0.33, and use the Cycle option, the
following series of IDs will result: 1, 4, 7, 2, 5, 8, 3, 6, 1, ... In general, this
option is useful only with the Cycle option.

Loop When on, and the last ID has been assigned, the software loops back
around to the first ID and continues the cycle. When off, the software assigns
the last cycle ID to all subsequent particles. Available only with the Cycle
assignment method. Default=on.

For example, say you want the first eight particles that enter the event to use
different materials, and all subsequent particles to use a ninth material. To do
so, you would create a nine-sub-material Multi/Sub-Object material and assign
it to the Material Static operator. Turn on Assign Material ID, choose the Cycle
assignment method, and set # Sub-Materials=9. For Rate, use the default settings
of Per Particle and 1.0. Lastly, turn off Loop.

Uniqueness group

The Uniqueness setting varies the sequence of assigned IDs with the Random
option.

Seed Specifies a randomization value.
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New Calculates a new seed using a randomization formula.

Material Frequency Operator

Particle View on page 2811 > Click Material Frequency in an event or add a
Material Frequency operator to the particle system and then select it.

The Material Frequency operator lets you assign a material to an event, and
specify the relative frequency with which each sub-material appears on the
particles. Typically, the material is a Multi/Sub-Object or other compound
material, and you specify the frequency by setting a percentage for each of
up to 10 different sub-materials (or material ID). The software assigns IDs to
particles in a random sequence, based on these percentages. You can also use
other materials that use sub-materials, such as Double Sided and Top/Bottom.

See also:
B Materials and Mapping in Particle View on page 2918
B Material Static Operator on page 2920

B Material Dynamic Operator on page 2925
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Assign Material When on, the operator assigns a material to the particles.
Default=on.

[button] Use this button to assign a material to the operator. Click the button
and then use the Material/Map Browser to choose the material. Alternatively,
drag the material from a Material Editor sample slot to the button. After you
assign a material to the operator, its name appears on the button.

Assign Material ID When on, the operator defines a material ID number for
each particle, and enables the remaining parameters. Default=on.

In general, this should remain on. Particle Flow uses the material ID with
compound materials to know which sub-material to assign to a particle.
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Show In Viewport When on, the material is shown applied to the particles
in the viewports.

# Sub-Materials Displays the number of sub-materials in the assigned material.

Material ID #1-10 Specifies the relative likelihood of particles to be assigned
the corresponding material ID. Assign values for all IDs, or sub-materials, in
the material that you want to have applied to the particles. So, for example,
with a Multi/Sub-Object material containing five sub-materials, you'd set
values for Material IDs #1-5.

This value is not absolute, but relative to the other settings. To follow the
previous example, if you wanted all five materials to appear with equal
frequency, you'd set the same non-zero value for Material IDs #1-5; the actual
value wouldn't matter. On the other hand, if you wanted the materials to
appear with decreasing frequency, you'd set the lower Material ID settings to
relatively higher values; say 100, 80, 50, 33, and 10. In this case, each particle
would twice as likely to be assigned material ID 1 as it would material ID 3,
and one-tenth as likely to be assigned ID 5 as it would ID 1.

The actual sequence of material ID assignments is random, and can be varied
by changing the Uniqueness Seed setting.

Uniqueness group

The Uniqueness setting varies the random sequence of assigned IDs.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Material Dynamic Operator

Particle View on page 2811 > Click Material Dynamic in an event or add a
Material Dynamic operator to the particle system and then select it.

The Material Dynamic operator lets you give particles material IDs that can
vary during the event. It also lets you assign a different material to each particle
based on its material ID. When used with an animated texture on page 7907,
this lets you assign a different frame or map to each particle based on its total
age or the amount of time it has spent in the current event. In this context,
one example of an animated texture is a material that uses a multi-frame
bitmap, such as an AVI file, as the Diffuse Bitmap map on page 5795. Other
examples of animated textures are materials that use the Particle Age map on

Particle Flow | 2925



page 5889 or the Particle MBlur map on page 5891. Alternatively, you can use
different sub-materials from a compound material such as Multi/Sub-Object.

NOTE When using Object Motion Blur, if an event contains a Material Dynamic
operator that uses a material with a Particle Age/MBlur/Bitmap map, the event
should not also contain a Delete operator, or a Spawn or Collision Spawn test.
Also, the event should not contain any tests that are wired to another event. The
only exception to this is the Age Test operator when set to Absolute Time without
any variation; that is, all particles leave the event at the same time. This applies to
the use of Object Motion Blur only; there are no restrictions with Image Motion
Blur.

See also:
B Materials and Mapping in Particle View on page 2918
B Material Static Operator on page 2920

B Material Frequency Operator on page 2923

Procedures

Example: To assign animation frames to particles based on age:

1 Prepare a file to be used as the animated bitmap. This can be a
multiple-frame format such as AVI, or an image file list (IFL file) that
points to a sequence of still images. With the latter, you can use images
in a format such as Targa that contain predefined alpha channels to
specify particle opacity selectively.

@.J
=1 e . , .
2 Open the Material Editor, and assign a Bitmap map as the Diffuse

map.

3 Use the Select Bitmap Image File dialog to assign the file from step 1 as
the bitmap. This dialog appears automatically when you first assign a
Bitmap map; alternatively, click the Bitmap button on the map's Bitmap
Parameters rollout.

4 On the map's Time rollout, turn on Sync Frames To Particle Age.

5 If you want to use the image background or alpha channel to define
transparency, on the Maps rollout, copy this map to the Opacity slot,
and set the parameters accordingly.
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@ At the material level, turn on Show Map In Viewport.

Add a camera to the scene and set it up as desired. Activate the Perspective
viewport and press the C key to set the viewport to show the camera view.

Create a default Particle Flow system.
Open Particle View.

Replace the Shape operator with a Shape Facing operator.
Using this operator makes it easier to see the animation.

Click the Shape Facing operator, and in its rollout, click the Look At
Camera/Object button, and then select the camera.

In the Size/Width group, increase In World Space > Units to about 15.

Add a Material Dynamic operator to Event 01, and assign it the material
from the beginning of this procedure.

Turn on Show In Viewport.

In the Animated Texture group, make sure Same As Particle ID is chosen,
and turn on Reset Particle Age.

Always choose Same As Particle ID with an animated texture, and one of
the Sub-Material Rotoscoping options when using a compound material.

Turning on Reset Particle Age causes the software to set particles to age
0 as they enter the event. In this example, the particles are born in the
event, so technically it's not necessary to turn on Reset Particle Age.
However, it's a good habit to get into to ensure that the animation always
plays from the first frame.

Play the animation.

In the viewport, the bitmap animation advances as the particles move,
but all the particles show the same frame, regardless of age. This is
anomalous behavior related to the limitations of viewport interactivity.
The particles render correctly, however.

Render the animation.

As each particle is born, it begins displaying the animation from the first
frame. At each frame, each particle's age is incremented, and it displays
the next frame from the applied map.
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Example: To use the Particle Age map:

The Particle Age map on page 5889 applies up to three different colors or maps
to particles throughout their life span, gradually changing from one to the
next as the particles age. This effect can be used, for example for sparks flying
from a fire: At first they're yellow; then, as they cool down, they turn red, and
finally they become gray ashes. In order for Particle Age to know how far a
particle has progressed through its life span, the particle has to be given a
finite life. You do this using the Delete operator on page 2848.

1
2
3
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Start or reset the program, and add a Particle Flow system.

Open Particle View and the Material Editor. Position them side by side.
In Particle View, add a Material Dynamic operator and a Delete operator
to Event O1.

For Particle Age to work, the Delete operator must be in the same event
as the Material Dynamic operator. Alternatively, you can add the Delete
operator to the global event on page 7997 so that it affects every event.

Click the Delete operator, and in the parameters panel, choose By Particle
Age, and set Life Span=100 and Variation=0.

This gives each particle a life span of 3 1/3 seconds.
Click the Material Dynamic operator.

In the Material Editor, assign a Particle Age map as the Diffuse map. On
the Particle Age Parameters rollout, set three different colors, such as red,
green, and blue. Also change the Age percentage values as necessary. For
example, if you want each particle to show the second color a third of
the way through its life instead of halfway, change Age #2 to 33.

Drag the active material from its sample slot to the material button on
the Material Dynamic parameters rollout in Particle View. When the
Instance (Copy) dialog appears, click OK to accept the default choice:
Instance.

In the Material Dynamic parameters, make sure Assign Material ID is on.
If it isn't, the particles all change color at the same time.

There's no need to turn on Show In Viewport; the Particle Age map doesn't
appear in the viewports.

Render the animation, or a few representative frames.

As each particle falls, it gradually changes color, with the oldest particles
changing first.
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TIP You needn't actually delete the particles to use this method. There are
several ways to avoid this. You could set Life Span to a higher number than
the length of the animation, and then, in the Particle Age map parameters,
lower the Age #2 and Age #3 settings. Or, if you're using a local Delete
operator, you could use an Age test on page 2958 to move the particles into
another event just before they're scheduled to be deleted. In that case, to
avoid an abrupt color change, you might want to add to subsequent events
a Material Static operator on page 2920 with a material that uses the same final

color or map as the Particle Age map.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Assign Material When on, the operator assigns the specified material (see
next parameter) to the particles. Default=on.

[button] Use this button to assign a material to the operator. Click the button
and then use the Material/Map Browser to choose the material. Alternatively,
drag the material from a Material Editor sample slot to the button.

After you assign a material to the operator, its name appears on the button.

Assign Material ID When on, the operator defines a material ID number for
each particle. Default=on.

In general, this should remain on. Particle Flow uses the material ID with the
Particle Age map to find the particle's other properties, including its life span
and current age. And it uses the material ID with compound materials to know
which sub-material to assign to a particle.

Show In Viewport When on, the material is shown applied to the particles
in the viewports when the particles are displayed as geometry.

Assignment Method

The Material Dynamic operator lets you assign Material IDs to particles in
several different ways, depending on whether you're using an animated texture
or a compound material. Default=Same As Particle ID.

Animated Texture group

Same As Particle ID Assigns the same material ID to a particle as its particle
ID. Choose this when using a material containing an animated texture, such
as a Bitmap, Particle Age, or Particle MBlur map.

NOTE Particle Flow assigns Particle IDs consecutively to particles at birth, starting
with 0. Although the highest possible Particle ID is over 2,000,000,000, the highest
possible material ID is 65535. Thereafter, the numbering sequence starts again at
0. Thus, when using a Particle Age map in a material assigned to the Material
Dynamic operator, for best results, use a total of 65,536 particles or fewer.

Reset Particle Age When on, sets each particle's age to O when it enters the
event.

When using an animated material with a Bitmap map, turn this on to ensure
that the animation always plays from the first frame.
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Randomize Age Offset When on, the software varies the difference between
the particle age and the starting material ID at random. The maximum
difference is determined by the Max Offset parameter.

Max Offset The maximum number of frames by which the software can
randomly vary particle age.

Sub-Material Rotoscoping group

These settings let you choose the basis on which the operator changes material
ID assignments when using a compound material such as Multi/Sub-Obiject,
and specify the rate of change.

Material ID Assigns the same material ID to all particles. Use the numeric
field to set the ID value.

Cycle Assigns each particle a material ID in the range 1 to N, where N=#
Sub-Materials, in increasing sequential order. The first ID assigned is 1, then
2, continuing to increment each by 1 until N; then 1 again, and so on.

Random Assigns each particle a random material ID in the range 1 to N, where
N=# Sub-Materials.

# Sub-Materials The highest ID number assigned to particles using the Cycle
or Random option.

In general, set this to the same number of sub-materials in the Multi/Sub-Object
material. If you set it to a smaller number, the operator will use only that
many sub-materials, starting with the first and counting upward.

NOTE The software automatically sets this value to the number of sub-materials
in the material, once only, the first time you apply the material to the operator.
Any subsequent changes in the material itself, or applying a different material to
the operator, will not change or update the setting.

Rate Per Sec(ond) Sets the number of times per second that the assigned
material ID is incremented. If this value is the same as the rate at which
particles enter the event, then one ID is assigned per particle. If it's lower, then
multiple particles are given the same ID, or if it's higher, then the software
increments the assigned ID faster than 1 per particle.

For instance, if particles enter the event at intervals of 1/60 of a second, and
Per Second=30, then each pair of particles will be assigned the same ID. Or if
particles enter the event at intervals of 1/15 of a second, and Per Second=30,
then the ID is incremented (or changed randomly) twice per particle.
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Loop When on, and the last ID has been assigned, the software loops back
around to the first ID and continues the cycle. When off, the software assigns
the last cycle ID to all subsequent particles. Available only with the Cycle
assignment method. Default=off.

For example, say you want the first eight particles that enter the event to use
different materials, and all subsequent particles to use a ninth material. To do
so, you would create a nine-sub-material Multi/Sub-Object material and assign
it to the Material Dynamic operator. Choose the Cycle assignment method,
and set # Sub-Materials=9. Set the Rate Per Sec value to the rate at which
particles enter the event. Lastly, turn off Loop.

Sync By Choose the time frame for applying animated parameters. Available
only with the Material ID and Cycle options.

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle

starting when it first enters the event.

Rand Offset When on, the software varies the difference between the particle
age and the assigned material ID at random. The maximum difference is
determined by the numeric parameter. Available only with the Material ID
and Cycle options.

Uniqueness group

The Uniqueness setting varies the sequence of assigned IDs with the Random
option, and the offset with the Randomize Age Offset option.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Mapping Operator

Particle View on page 2811 > Click Mapping in an event or add a Mapping
operator to the particle system and then select it.

The Mapping operator lets you assign a constant UVW mapping to the entire
surface of the particles. It works in conjunction with a map specified in a
material operator in the current event. By animating the mapping coordinates,
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you can vary the location on the material map from which the particle color
is taken, thus changing the particle color in a predictable way over time.

The Mapping operator was designed primarily to be used with gradient maps,
although you can use it with any map you like. The procedure below describes
a recommended method for using the Mapping operator.

See also:
B Material Static Operator on page 2920
B Material Frequency Operator on page 2923

B Material Dynamic Operator on page 2925

Procedures

Example: To animate particle coloring using the Mapping operator:

@J
d o , .
1 Open the Material Editor, and create a material that uses Gradient
Ramp as the Diffuse map.

2 On the map's Gradient Ramp Parameters rollout, make sure Gradient
Type is set to Linear.

3 Create a colorful gradient. The Mapping operator uses the colors in
left-to-right order as the U value increases from 0.0 to 1.0.

Add a Particle Flow Source object to the scene.
Open Particle View.
In Event 01, click the Speed operator and set Speed to 100.

In Event 01, click Display and set Type to Geometry.

® N O un »H

Add a Material Static operator to Event 01, and then click the operator
in the event.

9 Drag the material you created from its Material Editor sample slot to the
button (labeled “None”) on the Material Static parameters rollout in
Particle View.

10 Add a Mapping operator to Event 01, and then click the operator in the
event.
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12
13
14

15

On the Mapping rollout in Particle View, turn on Show Map In Viewport.

Auto Eep

Go to frame 100 and turn on Auto Key.
On the Mapping rollout in Particle View, set Map Values > U=1.0.

For Sync By, choose Particle Age.

Auta key [F]

Turn off Auto Key, and click Play Animation.

As each particle is born and falls, its U mapping coordinate gradually
changes from 0.0 to 1.0, while its color changes to match the
corresponding position across the Gradient Ramp map.

To vary the effect, try changing the Gradient Type setting, and animate
the V and W values as well. Or, for more sophisticated effects, assign
animation controllers such as Noise Float to the Mapping coordinate
values, or wire them to other changing parameters in the scene
(Animation menu > Wire Parameters > Parameter Wire Dialog).

TIP In the Material Editor, it's easier to see the result of the Gradient Type
choice if you set Sample Type to Cube.

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.
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Map Values group

U/V/W Set the coordinates on the map from which the particle color is taken.
One pixel from this location is used to color the entire particle.

In general, U and V represent the horizontal and vertical dimensions,
respectively, beginning at the upper-left corner of the map, and W is useful
only with three-dimensional maps, in which context it specifies depth.

Sync By Choose the time frame for applying animated parameters. For further
information, see Animation Offset Keying group on page 2870.

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any Kkeys set for parameters are applied to each particle
starting when it first enters the event.

Channel group

The Channel setting determines whether the mapping is applied to a map
channel or to a vertex color channel.

Map Channel The mapping is applied to the specified map channel.
Vertex Color Channel The mapping is applied to the particles' vertex color

channel.

Show Map In Viewport The map coloring is visible in the viewports.

Additional Operators

Cache Operator

Particle View on page 2811 > Click Cache in an event or add a Cache operator
to the particle system and then select it.

The Cache operator records and stores particle states to memory. When it's
in effect, the first time you play or go to a frame, the particle motion up to
and including the frame is calculated and recorded in the cache. Thereafter,
playing the frame or any previous frames uses the data in the cache, rather
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than recalculating the particle action. This is particularly useful with large or
complex particle systems, where playback, and particularly backtracking, are
slow because of the large amount of processing required. With caching on,
the particle system needs to be calculated only once for each frame, and
thereafter playback and moving among frames is significantly faster.

To cache an entire flow, add a Cache operator to the global event. To cache
an individual local event, add a Cache operator to it.

To determine how best to implement caching in your particle system, turn
on Particle View > Track Update > Update Progress, and then play the
animation or go to a frame relatively distant from the current frame. Observe
the particle diagram, and watch for events with actions that highlight longer
than a fraction of a second, or events with more activity than the rest. Any
such events could benefit from caching.

NOTE Use no more than one Cache operator per event, unless you’re using two:
one set up for viewports, and the other for rendering. Similarly, don’t use global
and local Cache operators in the same flow, unless one is set up for viewports,
and the other for rendering.

TIP When using real-time playback, if playback isn't fast enough, you can use the
Cache operator to speed it up. For best results, set the Viewport integration step
to the same value as the real-time playback speed, and set cache sampling to
Integration Step. For example, if the real-time playback speed is set to 1/4x, then
the Viewport Integration Step for viewport should be also set to 1/4 Frame, and
the Cache operator Sampling parameter should be set to Integration step. Thus,
because real-time playback is showing four times as many frames per second, and
the Cache operator has stored four times as many frames per second, the two are
synchronized. If the real-time playback speed is set to 2x or 4x, set the Viewport
Integration Step to Frame.

Procedures

Example: To use the Cache operator:
1 Start or reset the software, and then add a Particle Flow system.
2 Open Particle View.

3 In Particle View, go to Options menu > Track Update and turn on Update
Progress.

This lets you monitor calculation of the particle system by highlighting
actions in Particle View as the system executes them.

2936 | Chapter 14 Space Warps and Particle Systems



10

11

12

In Particle View, Add a Keep Apart operator on page 2894 to Event 01.
Keep Apart is a fairly calculation-intensive operator.

Go to frame 100 by clicking the right end of the time slider track.

There is a delay as the system calculates all particle motion between
frames O and 100. This is necessary because Particle Flow is a
history-dependent system. At the same time, the actions in the system
highlight briefly in Particle View as they're executed at each frame.

Go to frame 50 by clicking the center of the time slider track.

There is a another delay as the system calculates all particle motion
between frames 0 and 50.

In Particle View, drag a Cache operator from the depot to Event 01. Insert
it anywhere in the event.

When you release the mouse button, there is a delay as the Cache operator
automatically caches particle motion from the start of the animation to
the current frame. Meanwhile, each action highlights briefly at each
frame.

Go to frame 20 or so.

The only operators that highlight are Cache (very fast) and Display; there
is no delay for calculation. All frames between 0 and 50 have been cached.

Go to frame 100.

The delay this time is a result of caching particle motion for frames 50
to 100.

Jump to different frames, and drag the time slider.

All particle motion is now cached, so no delays occur. But if you change
a setting's value, the Cache operator automatically recalculates and stores
the particle motion.

Go to frame 100, and then, in Particle View, click the Keep Apart operator
and use the keyboard to change the Falloff Zone value to 8.0.

By default, the Cache operator automatically updates the cache when
you change any parameters it stores. Thus, when you change the Falloff
Zone value at frame 100, it recalculates and recaches the entire animation.

Next, you'll briefly explore how manual caching works.

Click the Cache operator and set Update to Manually.

The Cache operator no longer updates the stored data automatically when
you change a parameter.
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13 Click the Keep Apart operator, change the Falloff Zone value to 9.0, and
then drag the time slider.

There is no delay, because the animation is still playing back from the
cached data. However, the cached data is now invalid, because you
changed a parameter in the particle system.

14 Click the Cache operator, and in the Manual Update group, click Update.

The software closes Particle View, updates the cache for the active
segment, and then reopens Particle View. The cached data is now accurate.

Other manual update options let you update the cache for the entire
animation or a custom frame range.

As you can see, the Cache operator is quite powerful. When present and
active, by default it overrides recalculation of the particle system, except
when you change any action parameters, whereupon it automatically
updates the cached data. Used appropriately, it can save a good deal of
time in setting up and testing particle systems.
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The user interface appears in the parameters panel, on the right side of the

Particle View dialog.

Use At Caches particle motion when playing back in the viewports, or at

render time, or both. Default=Viewport.

IMPORTANT Choose the Viewport/Render option only when using the same
number of particles in the viewports and for rendering (see Quantity Multiplier
group on page 2832). Otherwise, unpredictable results can occur.
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Update If you change a parameter in the particle system, the cached data
might become invalid. This setting determines whether Particle Flow should
update the cache automatically, or let you do it manually. Default=Always.

B Always Changing any parameter under the Cache operator's purview
causes it automatically to update stored data from the start of the current
range (see next parameter) to the current frame.

B Manually Updating occurs only when you click the Update button, or
clear the cache and then move to a different frame.

Range Sets the frame range within which the Cache operator operates.
Default=Active Segment.

B Complete The software caches the entire animation.

B Active Segment The software caches only frames in the active segment,
as defined by the Start Time and End Time settings on the Time
Configuration dialog. This is the frame range shown on the track bar. You
can also change the active segment by holding down Alt and Ctrl and
dragging the track bar with the left, middle, or right mouse button.

B Custom The software caches only frames in the custom range, as defined
by the Cache operator's Start Time and End Time settings (see following).

NOTE If you cache only part of the animation, Particle Flow calculates particle
behavior in subsequent, non-cached frames using the cached data. For example,
if you cache frames 0 to 50, and then jump to frame 60, Particle flow will
calculate frame 51 based on the cached data, and frames 52 to 60 based on
each previous frame.

Start/End Time The first and last frames of the range considered for caching
when Range=Custom (see above). Default=0, 30.

NOTE The frame range time frame is in absolute time; that is, in terms of the
entire animation. If you use a Cache operator locally, and specify a frame range
during which no particles are present in the event, Particle Flow won't use the
cache.

Sampling Determines how often the Cache operator samples and caches the
animation. Default=Every Frame.

B Every Frame The software caches animation data once per frame.

B Integration Step The software caches animation data at each integration
step, using the Integration Step setting as specified in the Use At setting
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(see above). If Use At is set to Viewport/Render, it uses lower of the two
Integration Step values. For example, if Viewport is set to Half Frame, and
Render to 1/8 Frame, the sampling rate would be eight per frame.

B Every Nth Frame The software caches animation data at frame intervals
specified by the N value, below.

N Determines the frame interval for caching when Sampling (above) is set to
Every Nth Frame. Default=5.

For example, with N set to the default value of 5, the cache stores animation
data for every fifth frame.

Cache Test Results When caching particle data, this caches the results of test
actions as well. Default=on.

This is important if Cache is used as a local operator, and the next event
doesn’t have a Cache operator. For the next event to work properly, it should
receive particles from the current event. Those particles result from the activity
of a test action. The Cache operator can record the test activity to play it back
later.

If the Cache operator is used as a global operator, there is no need to cache
the test results. This is because the system has cache data for every event, and
is able to jump to an arbitrary frame without the need for test results.

Save Cache with File When on, the software Includes the cached data with
scenes that you save to disk. This can significantly increase the size of saved
files, but saves the time of recalculating the particle motion upon reloading
the file. Default=0ff.

Normally, the cache data is saved only in disk files that you create with the
Save or Save As commands. You can also instruct the software to include
cached data with other types of files using the two following options.

Save Cache with Hold Saves cached data in the Hold file, created with Edit
menu > Hold. Default=off.

Manual Update group

These controls let you update or clear the cache manually within a frame
range, or clear the entire cache.

Update Calculates particle motion within the current range (defined below)
and stores it in the cache, replacing any existing cached data. Available only
when Range is set to Active Segment or Custom.

During the update, the software temporarily closes Particle View and displays
a Cache Update Progress bar, while moving the time slider through the cached
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range. At the same time, by default, the animation plays in the viewports. To
prevent this, and speed calculation, turn off Update Viewports.

If the cache runs out of memory during a manual update, Particle Flow halts
the update operation and displays an alert. Click OK to continue, and then,
if possible, increase the Limit value before updating the cache again.

Clear Deletes any cached data.

After you clear the cache buffer, if you go to a different frame or change any
action parameters, the software automatically caches particle motion even if
Update is set to Manually.

Range Sets the frame range within which the Cache operator recalculates data
when you click Update. Default=Active Segment.

B Complete The software clears the cache for entire animation. Choosing
Complete makes the Update button unavailable; this option is for clearing
the cache only.

To update the entire animation, set the active segment or the custom range
to encompass all frames, and then use the corresponding choice and click
Update.

B Active Segment The software updates the cache only for frames in the
active segment, as defined by the Start Time and End Time settings on the
Time Configuration dialog. This is the frame range shown on the track
bar. You can also change the active segment by holding down Alt+Ctrl and
dragging the track bar with the left, middle, or right mouse button.

B Custom The software updates the cache only for only frames in the
custom range, as defined by the Start Time and End Time settings (see
following).

Start/End Time The first and last frames of the range that's updated when
Range=Custom (see above). Defaults=0, 30.

Update Viewports When on, the animation plays in the viewports during
manual updating of the cache. Turn this off to disable playing the animation
in the viewports during manual caching; this can speed up the caching process,
especially with large or complex particle systems. Default=on.

Memory Used (K) group
The Cache operator stores data in system memory; you can specify an upper

limit for the amount of memory it uses. If the Limit setting and the amount
of cached data exceeds the available free memory, the computer system might
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use virtual (hard disk-based) memory instead, which slows down the caching.
If Particle Flow fills the cache, any remaining frames are calculated on the fly.

This group also lets you monitor the amount of memory used for caching
data.

Limit The maximum amount of system memory used to cache particle data,
in kilobytes. Default=100,000, or 97.6 MB.

Total The amount of memory currently used by the cached data, in kilobytes.
Read-only.

NOTE Even animation frames with no particles will probably consume a certain
amount of cache memory. The reason for this is that the cache also stores states
for randomly calculated values such as Variation, to ensure that particle activity is
consistent across a rendering network, and with machines that might not have
regular access to all frames.

Current Frame The amount of memory used by the data cached for the current
frame, in kilobytes. Read-only.

Display Operator

Particle View on page 2811 > Click Display in an event or add a Display operator
to the particle system and then select it.

The Display operator lets you specify how particles appear in the viewports.
The default display mode is Ticks, which is the simplest, and thus the fastest
to display. It's useful for animations that use a large number of particles. At
the opposite end of the complexity spectrum is the Geometry option, which
lets the software depict particles as their actual shapes. In addition, the Display
operator provides a variety of simple shapes that provide fast feedback in
testing animation, as well as the ability to easily distinguish among particles
in different events. It also lets you set the percentage of visible particles.

By default, Particle Flow automatically inserts a new Display operator in each
local event you add to the system. Alternatively, you can choose Particle View
> Options menu > Default Display > Global. With this option, the software
automatically inserts a Display operator in new global events, but does not
add one to new local events.

Particles in any local event that doesn't contain a Display operator don't appear
in the viewports, unless an associated global event contains a Display operator
(that is, a global Display operator). If a particle is affected by multiple Display
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operators (for example, both global and local operators) simultaneously, the
software generates all viewport particle representations at the same time.

See also:

B Render Operator on page 2951

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Type Choose how particles appear in the viewports. The two-dimensional
particle markers depict position only. Geometry shows how particles will
actually render, in three dimensions; Lines shows speed and direction of
motion; and Bounding Boxes reflects scale and orientation.

In the following list, each choice's description is preceded by the number of
dimensions used by each particle representation:

B None Particles do not appear in the viewports.

B Dots (0D) Each particle appears as a single pixel.
B Ticks (2D) Each particle appears as a + sign.

B Circles (2D) Each particle appears as a small circle.
|

Lines (1D) Each particle appears as a line, one pixel thick. The line's
length indicates particle speed, and its orientation reflects the direction of
motion. Use this option for fast, accurate feedback when experimenting
with the Speed operators.
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TIP When using the Lines display type with the OpenGL display driver,
slow-moving particles might not appear properly in the viewports. In such
cases, to see all particles, add a second Display operator in the same event and
set its Type to Dots.

B Bounding Boxes (3D) Each particle appears as a bounding box. Use this
option for a good representation of the final animation, at a slight cost in
computational speed.

B Geometry (3D) Each particle appears as its actual geometry. Use this
option for the best representation of the final animation, at the greatest
cost in computational speed.

Diamonds (2D) Each particle appears as a diamond.
Boxes (2D) Each particle appears as a small square.

Asterisks (2D) Each particle appears as an asterisk (*).

Triangles (2D) Each particle appears as a small triangle.

Visible % Specifies the percentage of particles visible in the viewports. This
option lets you speed up viewport redrawing by reducing the number of visible
particles.

Show Particle IDs When on, each particle's unique index number is visible
in the viewports. Particles are numbered in the order of their birth, starting
with 1 for the first particle born.

[color swatch] Shows the color for particles displayed using options other
than Geometry, as well as for the particle IDs. The software chooses a different
color at random for each Display operator added to the system. In addition
to the Type options, using different colors helps to distinguish among particles
in different events.

To change the color, click the color swatch and use the Color Selector dialog
to choose a new color.

If a system has a global Display operator, and you select its Source icon in a
viewport, then you can change the color of the global Display operator from
the color swatch on the Modify panel. However, changing the global Display
operator's color in Particle View does not change the color of the swatch on
the Modify panel.
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NOTE When a Particle Flow source icon is selected, all of its non-selected particles,
other than those shown as geometry, are colored white in the viewports. To see
all assigned particle colors, deselect the particle system.

Selected Choose how selected particles on page 2833 appear in the viewports.
The choices are the same as for Type, above.

Force Operator

Particle View on page 2811 > Click a Force operator in an event or add a Force
operator to the particle system and then select it.

The Force operator lets you influence particle motion with one or more space
warps from the Forces category. Use this operator along with different forces
to simulate the effects of wind, gravity, and so on. The following force space
warps work with the Force operator:

Displace on page 2727
Drag on page 2706
Gravity on page 2721
Motor on page 2696
PBomb on page 2712
Push on page 2691

Vortex on page 2701

Wind on page 2724

NOTE By default, the influence of these space warps on Particle Flow particles is
equivalent to their influence on the 3ds Max 2 particle systems: PArray, Super
Spray, Blizzard, and PCloud. To obtain an influence on Particle Flow particles
equivalent to that of the 3ds Max 1 particle systems Snow and Spray, set Influence
on page 2949 to 100.0.

TIP To make the particles follow a path, use the Speed By Icon operator on page
2876 and use Path Constraint to assign its icon to the path. For a procedure, see
Example: To send particles along a path: on page 2877.

To employ deflectors for particle dynamics, with or without the Force operator,
use the Collision test on page 2960 and Collision Spawn test on page 2964.
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Script Wiring rollout

This rollout appears in the parameters panel below the main operator rollout
after you highlight the operator, right-click it, and then choose Use Script
Wiring. Thereafter, a check mark appears next to the Use Script Wiring in the
right-click menu, and the rollout appears whenever you highlight the operator.
To turn off script wiring, choose Use Script Wiring again from the right-click
menu.

Script wiring lets you use a script to control parameters that you normally

specify in the operator's parameters. Place a Script operator on page 2953 before

the Force operator in the event, and then use it to define values in the

particleFloat channel. You'll find an example script below.

Use Script Float As Choose either of the following:

B Not Used Particle Flow uses the Influence setting on page 2949 specified
in the Parameters rollout.

B Influence Particle Flow applies the script to the Influence setting.

particleFloat Sample Script

NOTE See this topic in the online User Reference for the particleFloat sample
MAXScript code.

Procedures

To affect particle motion with force space warps:

1 Add one or more force space warps to the scene, and set them up as
necessary.

2 In Particle View, add a Force operator to any events in which particles
are to be affected by the forces. To affect particles in all events, add the
Force operator to the PF Source instead.

3 Highlight the Force operator, and then use the Add or By List button to
apply the force space warps to the operator.
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Interface

- Force 01
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Force Space Warps group

This group displays the forces currently in effect, and let you add and remove
forces.

[List] Shows the forces that apply to this operator. If more than three forces
apply, a scroll bar appears at the right side of the list.

If you delete a listed space warp from the scene, its name is replaced in the
list by the entry “<deleted>".

NOTE Particle Flow applies the forces to particle motion in the order in which the
space warps appear in the list; the effect is cumulative in top-to-bottom order.
First, the topmost space warp is applied to particle motion, then the second space
warp is applied to the result of the first space warp, and so on. Changing the order
can alter the final result.

Add Click this button, and then select a force space warp in the scene to add
it to the end of the list.
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By List Click this button, and then use the Select Force Space Warps dialog
to add one or more space warps to the list. The space warps must already exist
in the scene.

The software adds space warps to the list in same order in which they appear
in the dialog. To effect a different order, use the Add button to add them one
at a time.

Remove Highlight a space warp in the list, and then click this button to
remove it from the list. Any removed space warps remain in the scene.

Force Field Overlapping Determines how multiple forces that occupy the
same volume of space affect the particles. With Additive, the forces are
combined according to their relative strengths. With Maximum, only the
force with the greatest strength affects the particles.

For example, you might apply Wind and Gravity space warps to particles, and
set their Strength parameters to 1.5 and 1.0, respectively. If you choose
Additive, the Wind space warp will have approximately 50 percent more
influence over the particles than the Gravity space warp. But if you choose
Maximum, only the Wind space warp will affect the particles.

Influence Specifies the strength with which the force or forces are applied to
the particles as a percentage. Default=1000.0.

A negative Influence value reverses the force effects.

NOTE By default, the influence of the Force space warps on Particle Flow particles
is equivalent to their influence on the 3ds Max 2 particle systems PArray, Super
Spray, Blizzard, and PCloud. To obtain an influence on Particle Flow particles
equivalent to that of the 3ds Max 1 particle systems Snow and Spray, set
Influence=100.0.

Offset Influence group

Choose the time frame for applying animated parameters. For an explanation,
see Animation Offset Keying group on page 2870.

Sync By Choose the time frame for applying animated parameters:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.
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Notes Operator

Particle View on page 2811 > Click Notes in an event or add a Notes operator to
the particle system and then select it.

The Notes operator lets you add a textual comment to any event. It doesn't
have any direct effect on the particle system, but it helps you keep track of
the overall function of each event.

NOTE You can also add a comment directly to an event or action by right-clicking
it and choosing Comments.

Interface

- MNaotes 01 |

Type your camments here ;I

[

The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

The interface is a simple text box. Click in the box and enter your text.
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Render Operator

Particle View on page 2811 > Click a Render operator in an event or add a Render
operator to the particle system and then select it.

The Render operator provides controls related to rendering particles. You can
specify the form that rendered particles are to take, and how to convert the
particles to individual mesh objects for rendering purposes.

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Type Lets you render particles as bounding boxes or geometry, or disable the
particle system at render time, or enable the particle system but prevent it
from sending renderable particles to the 3ds Max renderer. Default=Geometry.

B None The particle system (or event, if used locally) is considered
non-renderable, and therefore is never evaluated during render.

B BoundingBox Particles render as boxes whose sizes represent the particle
geometry extents.
Use this option with complex particle systems to speed up test renders.

B Geometry Particles render with their actual geometry.
Use this option with simpler particle systems, and for the final render.

B Phantom Use this option when you want Particle Flow to function
normally, calculating the animation at each frame, but not to render
geometry directly. An example would be when you're using a Final Step
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Update script on page 2837 to pass data from the particle system to other
objects in the scene.

Visible % The percentage of particles that render. Range=0 to 100. Default=100.
Lower this value for faster rendering of complex particle systems.

You can also reduce the number of particles in the system at render time with
the Quantity Multiplier > Render setting on page 2832.

Render Result group

These settings determine how the system converts particles to mesh format
for rendering. By default, the software renders all particles as a single mesh
per event, which provides for the most efficient operation under most
conditions. However, in some situations each particle should be converted to
an individual mesh object by turning on Mesh Per Particle. For example, with
particles each of whose face count exceeds 10,000, it's most efficient to render
a mesh per particle. Alternatively, you can opt to combine particles into
multiple meshes by specifying a face count and number of particles per mesh.

Certain renderers might require a non-default setting for Render Result. Consult
the renderer documentation for further information.

NOTE The number of particles Particle Flow can handle per frame is limited only
by system resources, but each single mesh is allowed a maximum of 5,000,000
faces or vertices. If the total number of faces or vertices in a mesh exceeds
5,000,000, Particle Flow ignores particles beyond this limit.

Single Mesh Sends the renderer one mesh object comprising all particles in
the system.

Multiple Meshes Sends the renderer the specified number of mesh objects,
each containing the specified number of particles. If the result of dividing the
total number of particles by the Particles p/Mesh value is less than the specified
Mesh Count value, some of the meshes might contain few or no faces.

This is a compromise method of operation, and can be used with renderers
that cannot handle all particles in a single mesh, but can deal with groups of
particles of a certain size.

Mesh Count The maximum number of mesh objects that Particle Flow will
send to the renderer.

Particles p/Mesh The number of particles that each mesh object will comprise.

Mesh Per Particle Sends the renderer a separate mesh for each particle.
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This is the least efficient method of operation, but might be required by certain
renderers.

NOTE With the default scanline and mental ray renderers, this method does not
support rendering of particles born after the start of the rendered frame sequence.
In general, use Mesh Per Particle only with renderers that require it.

Script Operator

Particle View on page 2811 > Click Script Operator in an event or add a Script
Operator to the particle system and then select it.

The Script operator enables control of particles within the Particle Flow system
using a MAXScript script. The script can use any program functionality
available to MAXScript.

When you add a new Script operator, it contains a default script that slows
particles, and then, when they are slow enough, splits off the first 50 particles
into a stream traveling in a negative direction on the world X axis, and the
remainder traveling in the opposite direction.

TIP You can use MAXScript to align particle scale with the underlying bitmap,
thus providing a “scale bitmap” function. This requires a sandwich with three
operators: two Script operators, and a Speed By Surface operator in between. The
first Script operator reads the current speed vector into the MXVector channel,
thus caching the current speed. The Speed By Surface operator changes the speed
according to the underlying bitmap. And the second Script operator reads the
speed channel into a temporary variable, restores the speed from the MXVector
channel (the cached value), and uses the temporary variable to define the scale.
This way, the original speed is restored, and the scale value is defined by the
bitmap.

Interface

[ - Script Operator 01 |
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Particle Flow | 2953



The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Edit Script Click this button to open the current script in a MAXScript Editor
window.

For detailed information about the MAXScript utility, open the MAXScript
Reference, available from Help menu > MAXScript Reference.

Uniqueness group

The Uniqueness setting provides a randomization seed that the script can use
or ignore.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Flows

The flows category contains two operators for creating initial particle system
setups. These are:

Empty Flow on page 2954
Standard Flow on page 2955

See also:
B Operators on page 2841

W Tests on page 2956

Empty Flow

Particle View on page 2811 > depot

Empty Flow provides a starting point for a particle system consisting of a single
global event containing a Render operator. This lets you build a system
completely from scratch, without having first to delete the default operators
provided by the Standard Flow system.

To use Empty Flow, drag it from the depot to the event display. In Particle
View, this creates a global event containing a single Render operator. If the
Global default display option is active in the Particle View > Options menu,
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the global event will also contain a Display operator. Adding an Empty Flow
also creates a Particle Flow Source icon in the viewports, at the world origin
(0,0,0).

NOTE If an orthogonal viewport is active when you add an Empty Flow to the
system, the software orients the new source icon parallel to the plane of the active
viewport, with the default emission direction pointing forward. For example, if
the Front viewport is active, the icon is oriented parallel to the XZ plane in the
world coordinate system, with the default emission direction along the positive Y
axis. If a Camera or Perspective viewport is active, Particle Flow uses the default
orientation: parallel to the XY plane, pointing in the negative Z direction.

See also:

B Standard Flow on page 2955

Standard Flow

Particle View on page 2811 > depot

Standard Flow provides a starting point for a particle system consisting of a
global event containing a Render operator, wired to a birth event containing
a Birth, a Position, a Speed, a Rotation, a Shape, and a Display operator, with
all parameters set to default values. This is the same system that the software
creates automatically when you add a Particle Flow icon to the viewport.

To use Standard Flow, drag it from the depot to the event display. In Particle
View, this creates the particle system described above. If the Global default
display option is active in the Particle View > Options menu, the global event
will also contain a Display operator. Adding a Standard Flow also creates a
Particle Flow Source icon in the viewports, at the world origin (0,0,0).

NOTE If an orthogonal viewport is active when you add a Standard Flow to the
system, the software orients the new source icon parallel to the plane of the active
viewport, with the default emission direction pointing forward. For example, if
the Front viewport is active, the icon is oriented parallel to the XZ plane in the
world coordinate system, with the default emission direction along the positive Y
axis. If a Camera or Perspective viewport is active, Particle Flow uses the default
orientation: parallel to the XY plane, pointing in the negative Z direction.

See also:

B Empty Flow on page 2954
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Tests

The basic function of a test in Particle Flow is to determine whether particles
satisfy one or more conditions, and if so, make them available for sending to
another event. When a particle passes a test, it is said to “test True.” To send
eligible particles to another event, you must wire the test to that event. Particles
that don't pass the test (“test False”) remain in the event and are repeatedly
subjected to its operators and tests. Or, if the test isn't wired to another event,
all particles remain in the event. You can use several tests in an event; the
first test checks all particles in the event, and each test after the first checks
only particles that remain in the event.

One test, Spawn, doesn't actually perform a test, but simply creates new
particles from existing ones, and sets the new particles' test result to True so
they're automatically eligible for redirection to another event. And the Send
Out test simply sends all particles to the next event by default.

Some tests can also serve as operators, in that they contain parameters that
modify particle behavior. If you don't wire a test to another event, it functions
only as an operator; the test aspect doesn't affect particle flow.

TIP Always place a test at the end of its event, unless you have specific reasons
for placing it elsewhere. That way, all preceding actions can take effect during
each integration step before the test is evaluated.

All the tests are grouped together in the Particle View depot, and are listed in
alphabetical order. All test icons are the same: a yellow diamond containing
a simplified diagram of an electrical switch.
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@ scale Test
@ Script Test
@ Send Out

@5' Spawn

@ Speed Test
@ Split Armount
45 5piit Selected

@5' Split Source

@ Age Test
45> Callision

@ Collizion Spawn
@ Find T arget

The Particle Flow tests in the Particle View depot

The tests are:

Age Test on page 2958

Collision Test on page 2960
Collision Spawn Test on page 2964
Find Target Test on page 2970

Go To Rotation Test on page 2981
Scale Test on page 2987

Script Test on page 2990

Send Out Test on page 2990
Spawn Test on page 2991

Speed Test on page 2995

Split Amount Test on page 2998
Split Selected Test on page 3000
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Split Source Test on page 3001

See also:
B Operators on page 2841

m Flows on page 2954

Age Test

Particle View on page 2811 > Click Age Test in an event or add Age Test to the
particle system and then select it.

Age Test lets the particle system check whether a specific amount of time has
passed since the start of the animation, or how long a particle has existed, or
how long a particle has been in the current event, and branch accordingly.

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

The first interface element is a drop-down list that lets you choose the type
of age to test. Default=Particle Age.

B Absolute Age Tests the current frame number in the animation.
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B Particle Age Tests the current age of each particle in frames. This is the
default test type.

B Event Age Tests the current duration of the current event in frames.

Test True if Particle Value Lets you specify whether the test passes particles
on to the next event if the age test succeeds or fails. Default=Is Greater Than
Test Value

By default, Age Test returns True if the value tested for exceeds the Test Value
quantity, but you can alternatively choose Is Less Than Test Value. For example,
if you use the Absolute Age test type and set Test Value=60 and Variation=0,

and choose Is Less Than Test Value, then particles will move to the next event
only until frame 60. After frame 60, any remaining particles stay in the current
event unless another test returns True.

Test Value The specific frame number, particle age (in frames), or event
duration (in frames) to test for. Default=30.

This value cannot be animated.

Variation The number of frames by which the value tested for can vary
randomly. Default=5.

This value cannot be animated.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then adds the
result to the Test Value setting. For example, if Test Value=300 and
Variation=10, then tested value for each particle would be between 290 and
310.

Subframe Sampling Turning this on helps avoid particle "puffing" when
passing particles to the next event by testing the time at a much higher
subframe resolution (that is, throughout each frame), rather than using the
relatively coarse frame resolution. Default=on.

"Puffing" is the effect of creating separate "puffs" or clusters of particles, rather
than a continuous stream.

Turn off Subframe Sampling to cause the test to be executed exactly at frame
times.

Uniqueness group

The Uniqueness setting enables randomization of the test value variation.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.
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Collision Test

Particle View on page 2811 > Click Collision in an event or add Collision to the
particle system and then select it.

Collision tests for particles that collide with one or more specified Deflector
space warps. It can also test whether a particle has slowed down or sped up
after one or more collisions, has collided more than once, and even whether
it will collide with a deflector in a specified number of frames.

The Collision test supports all deflector space warps except the DynaFlect
deflectors:

POmniFlect on page 2732
SOmniFlect on page 2743
UOmniFlect on page 2746
SDeflector on page 2751

UDeflector on page 2754

Deflector on page 2757

TIP When testing for collisions with multiple deflectors, for best results, place all
the deflectors in a single Collision test. This tests for collisions with all the deflectors
simultaneously, and helps avoid possible missed collisions.

See also:

B Collision Spawn Test on page 2964

Procedures

Example: To test for particles slowing down after one or more collisions:

In the real world, particles bouncing repeatedly against a surface lose kinetic
energy at each collision, and slow down gradually. Rather than testing for a
specific number of bounces, you can use the Is Slow After Collision(s) to test
whether particle speed has sunk below a specific level.

1 Start or reset 3ds Max. Set the animation length to 500 frames.
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Add a Gravity space warp and a Deflector space warp. Decrease the
deflector's Bounce setting below 1.0, and increase the Variation and Chaos
values above 0.0. Set the deflector's Width and Length to 500.

Create a default Particle Flow system. Position the emitter directly above
the deflector.

Add a Force operator on page 2946 to the end of Event 01 and add the
Gravity space warp to the Force operator.

Create a new event with a Display operator on page 2943, and change the
display type to a different choice than is used in Event 01.

Add a Collision test to Event 01, below the Force operator, and wire it to
the new event.

In the Collision test settings, add the deflector. Choose Is Slow After
Collision(s), and set Speed Min=100 (assuming you're using the default
initial speed of 300).

Play the animation. You might need to adjust one or more settings before
seeing the expected behavior.

After several bounces, the particles change in appearance and move
steadily away from the deflector, indicating that they've entered the
second event. Of course, you can set any behavior you like in this event.

In the next step, you'll see what happens when actions in an event are
not in the right order.

In Event 01, move the Collision test above the Force operator, and then
play the animation.

Quite a few particles leak through the deflector. This happens because
the software first tests the particles for a collision, and then applies the
Gravity force. The particles that are approaching the deflector and are
very close to it are being tested for a collision, which tests False because
they haven't actually struck the deflector yet. The software then applies
the gravity, which pushes them past the deflector, making them no longer
eligible for testing for collision. Generally speaking, it is best to keep Force
operators above Collision tests in each event to ensure that particles don't
leak through the deflector.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Deflectors group

This group displays the deflectors currently in effect, and let you add and
remove deflectors.

[list] Shows the deflectors that apply to this operator. If more than three
deflectors apply, a scroll bar appears at the right side of the list.

If you delete a listed space warp from the scene, its name is replaced in the
list by the entry “<deleted>".
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Add Click this button, and then select a Deflector space warp in the scene to
add it to the list.

By List Click this button, and then use the Select Deflectors dialog to add one
or more space warps to the list. The space warps must already exist in the
scene.

Remove Highlight a deflector in the list, and then click this button to remove
it from the list. Any removed space warps remain in the scene.

Test True If Particle group

Choose the condition under which the test will pass particles on to the next
event, and then adjust the associated setting or settings. Default=Collides.

Collides Choose this option, and then set Speed according to how particle

speed should be affected by the collision.

Speed Choose one of the following. Default=Bounce.

B Bounce The speed and direction after collision is determined by the
deflector properties.

B Continue Particle speed and direction are unaffected by the collision.

B Stop Particle speed is set to O after the collision.

B Random Particles bounce off the deflector in random directions.

Is Slow After Collision(s) The test succeeds if, after collision, particle speed
is less than the Speed Min value.

With this choice, particle behavior with respect to the deflector(s) is the same
as with the Collides > Bounce option.

Speed Min Particles traveling at less than this speed, in system units per
second, test True and become eligible for moving to the next event.
Default=1.0.

Is Fast After Collision(s) The test succeeds if, after collision, particle speed is
greater than the Speed Max value.
With this choice, particle behavior with respect to the deflector(s) is the same

as with the Collides > Bounce option.

Speed Max Particles traveling faster than this speed, in system units per
second, test True and become eligible for moving to the next event.
Default=1000.0.
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Collided Multiple Times The test becomes True after a particle collides a
specific number of times. The particle is moved to the point of the last collision
and then redirected to the next event.

# Times The number of times a particle must collide in order to test True.

Speed Determines speed and direction after the specified number of collisions.
See above for explanations of the choices.

Will Collide The software extrapolates particle motion in a linear fashion,
based on the current direction and speed, and the test becomes True if the
results suggest that the particle will collide with the deflector during a specified
time interval. The particle is redirected to the next event without updating
its speed or position.

# Frames The number of frames ahead during which the software looks for
an impending collision.

Uniqueness group

The Uniqueness setting enables randomization of the Random options in the
Speed drop-down lists.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Collision Spawn Test

Particle View on page 2811 > Click Collision Spawn in an event or add Collision
Spawn to the particle system and then select it.

Collision Spawn creates new particles from existing ones that collide with one
or more Deflector space warps. You can specify different post-collision behavior
for the colliding particles and their offspring. Each spawned particle is born
at the same location as its parent, and has the same orientation and shape.
Collision Spawn can give the spawned particles a different speed and scaling
factor. If you wire the Collision Spawn test to another event, spawned particles
are sent to that event, where you can specify different properties for the new
particles.

Examples of Collision Spawn usage include marks or explosions resulting from
collisions between particles and objects. To achieve these effects, you can use
Collision Spawn in conjunction with the Shape Mark on page 2911 and Shape
Facing on page 2901 operators.
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The Collision Spawn test supports all deflector space warps except the
DynaFlect deflectors:

POmniFlect on page 2732
SOmniFlect on page 2743
UOmniFlect on page 2746
SDeflector on page 2751

UDeflector on page 2754

Deflector on page 2757

TIP When testing for collisions with multiple deflectors, for best results, place all
the deflectors in a single Collision Spawn test. This tests for collisions with all the
deflectors simultaneously, and helps avoid possible missed collisions.

See also:
B Collision Test on page 2960

B Spawn Test on page 2991
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

In the context of Collision Spawn, a parent is the original particle from which

new particles are spawned.

Test True for group

These check boxes let you specify which particles, if any, should become
eligible for redirection to the next event upon satisfaction of the test
conditions.

NOTE After a particle tests True, the Collision Spawn test no longer tests the
particle for collision. If you simply want particles to spawn every time they collide,
turn either or both of these off and use a different test for redirection.

Parent Particles When on, parent particles qualify for redirection when the
test conditions are met. Default=on.

When using the Spawn On First Collision option on page 2968, Parent Particles
is available only when Delete Parent is off.

This option is also available when using the Spawn On Each Collision option
on page 2968. In this case, parent particles test True only after colliding the
number of times specified by the Until # value.

Spawn Particles When on, spawned particles qualify for redirection when
the test conditions are met. Default=on.

Deflectors group

This group displays the deflectors currently in effect, and let you add and
remove deflectors.

[list] Shows the deflectors that apply to this operator. If more than three
deflectors apply, a scroll bar appears at the right side of the list.

If you delete a listed space warp from the scene, its name is replaced in the
list by the entry “<deleted>".

Add Click this button, and then select a Deflector space warp in the scene to
add it to the list.

By List Click this button, and then use the Select Deflectors dialog to add one
or more space warps to the list. The space warps must already exist in the
scene.
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Remove Highlight a deflector in the list, and then click this button to remove
it from the list. Any removed space warps remain in the scene.

Spawn Rate And Amount group

Use these settings to specify when particles are to spawn and other values
related to how many particles are spawned.

Spawn On First Collision Particles spawn only the first time they collide with
a deflector.

Delete Parent When on, deletes each original particle from which a new one
is spawned. Available only with the Spawn On First Collision option.

Spawn On Each Collision Particles spawn on each of multiple collisions, up
to a limit specified with the Until # parameter.

Until # The maximum number of collisions by the parent particles that
produce spawned particles. Available only with the Spawn On Each Collision
option. Default=3.

When Test True For > Parent Particles is on, parent particles test True only
after colliding the number of times specified by the Until # value.

Spawnable The percentage of particles in the current event that will spawn
new particles. This is determined once for each particle, when it enters the
event. However, the parameter is animatable. Default=100.0.

For values other than 100.0, Spawnable uses a randomized selection process,
which is affected by the Uniqueness Seed value. For example, with five parent
particles, Offspring #=1, and Spawnable=80.0, you might get any number of
spawned particles between two and five for each collision. The average per
spawning would be four, however.

Offspring # The number of new particles the system creates from each parent
particle for each spawning event. Default=1.

Variation The amount by which the Offspring # value can vary randomly.
Default=0.0.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then applies
the result as a percentage of the Offspring # setting. For example, if Offspring
#=20 and Variation=10, then the actual number of offspring for each particle
would be between 18 and 22.
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Sync By Choose the time frame to use when animating Offspring # and
Variation:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

B Restart Particle Age When on, sets the age of each newly spawned particle
at 0. When off, each spawned particle inherits its parent's age. Default=on.

Speed group

Lets you specify the behavior of spawned particles, as well as their speed in

absolute terms or relative to the parents' speed, with optional random variation.
The direction of a spawned particle is always in relation to that of its parent,
but you can set a Divergence so they eventually spread out. Default=Inherited.

Parent Specify the parent's behavior. Available only when Delete Parent is
off.

B Bounce The speed and direction after collision is determined by the
deflector properties.

B Continue Particle speed and direction are unaffected by the collision.

Offspring Specify the behavior of the newly spawned particles.
B Bounce The speed and direction of offspring after collision is determined
by the deflector properties.

B Continue Speed and direction of offspring are unaffected by the collision.

In Units Choose this to specify the speed of spawned particles in system units
per second. Default=100.0.

A positive value inherits the parent's direction; a negative value reverses it.

Inherited Choose this to specify each spawned particle's speed as a percentage
of its parent's speed. Default=100.0

A positive value inherits the parent's direction; a negative value reverses it.

Variation The amount by which a spawned particle's speed can vary randomly.
Default=0.0.
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To obtain the actual speed for each spawned particle, the system multiplies
the Variation value by a random number between -1.0 and 1.0, and then adds
the result to the particle's speed as specified or inherited. For example, if a
particle's speed is 100 units/second and Variation=20, then the tested value
for each particle would be between 80 and 120 units/second.

Divergence When on, spreads out the stream of spawned particles. Use the
numeric setting to define the extent of the divergence in degrees. Range=0 to
180. Default=0.

Size group
Scale Factor The amount of uniform scaling to apply to each spawned particle,
as a percentage of its parent's size. Default=100.0.

Variation The amount by which a spawned particle's scale can vary randomly.
Default=0.0.

To obtain the actual scaling for each spawned particle, the system multiplies
the Variation value by a random number between -1.0 and 1.0, and then adds
the result to the Scale Factor value. For example, if Scale Factor=100 and
Variation=20, then each spawned particle would be between 80 and 120
percent of its parent's size.

Uniqueness group

The Uniqueness setting enables randomization of the Spawnable result, when
less than 100.0, as well as of the Variation values.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Find Target Test

Particle View on page 2811 > Click Find Target in an event or add Find Target
to the particle system and then select it.

Select a Find Target icon in the viewport. > Modify panel > Parameters rollout
Create panel > Helpers > Particle Flow > Find Target

By default, Find Target sends particles to a specified target or targets. Upon
reaching a target, the particles become eligible for redirection to another event.
You can specify that the particles should use a particular speed or time frame
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in moving toward the target. You can also specify where on the target the
particles should go.

Alternatively, you can use Find Target as a simple proximity test: If a particle
comes within a certain distance of its target, it becomes eligible for redirection
to the next event.

Find Target icon

When you add a Find Target test to the particle system in Particle View on
page 2811, a spherical Find Target icon appears in the scene at the world origin
(0,0,0). You can use this icon as a target, or you can use one or more mesh
objects in the scene as targets. To display the Find Target parameters on the
Modify panel, select the icon. If you delete the icon, the software also deletes
the test.

NOTE If you add Find Target from the Create panel, Particle Flow creates a separate
event for the test in the particle diagram.

TIP In a particle loop, all particles end up at their respective starting positions,
enabling seamless repetition of the resulting animation. You can make particle
loops with Particle Flow using a Script operator and a Find Target operator. At the
start of the loop, the Script operator should read all particle positions and write
them into the MXS Vector channel. Then, at the end of the loop, set the Find
Target operator to Control by Time, set Timing to Absolute Time, set Time to the
end of the loop, and in the Target group, set Point to By Script Vector. Particle
Flow will direct particles to the previously cached position at the specified frame.
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Script Operator Example

NOTE See this topic in the online User Reference to view the script operator sample
MAXScript code.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Control By ... The drop-down list at the top of the parameters panel lets you
choose whether to send particles to a target by specifying the speed and
acceleration, or by specifying the amount of time they should take.
Alternatively, by choosing No Control, you can test particles' distance from
a target.

B Control By Speed Specify speed and acceleration settings for the particles
to follow while traveling to the target. Use the Control By Speed group to
set the parameters.

B Control By Time Specify time-based settings for the particles to follow
while traveling to the target. Use the Control By Time group to set the
parameters.

B No Control With this option, Find Target functions only as a proximity
test. When a particle comes within the specified distance of the target, the
particles become eligible for redirection to the next event.

NOTE When you choose No Control, the Find Target test does not affect
particle speed or direction.

Test True If Distance To group

These settings let you choose which distance the Find Target test measures
and specify the measured distance. You can choose Target Pivot or Target
Point, and specify a distance with the Is Less Than setting.

Target Pivot Measures the distance between the particle and the target pivot.
If the particles are directed to the outside of the target and the Is Less Than
value is small, this condition might never be satisfied.

Target Point Measures the distance between the particle and the target point
on page 2978.

Is Less Than When particles are closer than this distance from target pivot
or point, they test True and become eligible for redirection to the next event.
Measured in scene units.

NOTE If you set Is Less Than to 0, the particles might never test True. This might
be desirable for an animation of, for example, bees buzzing around a flower but
not landing on it. In this case, you might want to use a low value for Accel Limit
so the bees don’t circle too close to the flower.
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Control By Speed group

Use these settings to specify speed and acceleration parameters when using
Control By Speed or Speed Then Time. This group is available only when using
Control By Speed.

Use Cruise Speed When on, the software gives you explicit control over
particle speed and speed variation. When off, the software calculates particle
speed automatically using the Accel Limit value. Default=on.

Speed Particle speed in scene units per second. Default=300.0.

Variation The amount by which the actual Speed value can vary randomly.
Default=0.0.

To obtain the actual speed for each particle, the system multiplies the Variation
value by a random number between -1.0 and 1.0, and then applies the result
as a percentage of the Speed setting. For example, if Speed=200 and
Variation=10, then the actual speed for each particle would vary randomly
between 190 and 210.

Accel Limit Sets the acceleration limit. This value impacts the inertia and
speed of the particles. Default=1000.0.

The default acceleration limit value is based on the default Speed value of
300.0. If you change the Speed value, it is recommended that you also change
the Accel Limit value proportionately.

TIP Use a lower Accel Limit value for smooth motion, and a higher value when
greater accuracy is needed, such as when the particles should hit a small target.
You can animate this setting (use Sync By > Event Duration) to specify different
appropriate values, depending on the required results.

Ease In % Controls the rate by which particles slow down when it approaches
the target point.

The software calculates the final speed with this formula: (100% - Ease In) *
Speed. Therefore, if the Ease In value is 100%, a particle should approach the
target with a speed of 0, and if Ease In is 0%, the particle doesn't slow down
at all when approaching the target. At intermediate values, the speed is
calculated according to the distance to the target point, as linear interpolation
between the initial (cruise) speed, and the final speed. When a particle enters
the event, the distance to the target point is calculated and later used for the
interpolation. Default=0.0.
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Sync By Choose the time frame to use when animating Speed, Variation, and
Accel Limit:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

Control By Time group

— Contral By Time:
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Lets you specify the amount of time particles should take to reach the target.

This group is unavailable when using Control By Speed.

Timing Determines how the software applies the specified timing, defined
by the Time and Variation values. The possible options are:

B Absolute Time Time refers to the overall time of the system. Each particle
will reach its target at the frame number specified by Time.

B Particle Age Time refers to the time elapsed since the birth of the particle.
Each particle will reach its target when its age reaches the value specified
by Time.

B Event Duration Time refers to the time elapsed since the particle entered
the current event. Each particle will reach its target when it has been in
the current for the number of frames specified by Time.

Time The number of frames particles should take to reach the target.
Default=60.
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Variation The number of frames by which Time can vary randomly. Default=5.

To obtain the actual time to the target for each spawned particle, the system
multiplies the Variation value by a random number between -1.0 and 1.0, and
then adds the result to the Time value. For example, if Time=60 and
Variation=20, then the time to target for each particle would be between 40
and 80 frames.

Subframe Sampling Turning this on helps avoid particle "puffing" by timing
particles at a much higher subframe resolution (that is, throughout each
frame), rather than using the relatively coarse frame resolution. Default=on.

"Puffing" is the effect of clustering particles, rather than producing a continuous
stream. This effect is especially noticeable when the emitter is animated.

Use Docking Speed Lets you specify particles' speed when they reach the
target.

A particle might be required to reach the target from a specific direction at a
specific speed. When Use Docking Speed is off, the software calculates a path
for particles to reach the target in the shortest distance with the least
acceleration along the path. When Use Docking Speed is on, the software
calculates particles' final speed when they reach the target using the Speed
and Variation parameters. Therefore if you want a “smooth landing,” set Speed
to 0.0. Default=off.

Speed The speed of particles when they reach the target in scene units per
second. Default=100.0.

Variation The amount by which the actual Speed value can vary randomly.
Default=0.0.

Target group

By default, Find Target uses its own target icon, but you can use these controls
to designate other scene objects as targets instead.
Icon Use the Find Target icon as the target.

Each Find Target test has its own target icon. Even if you don't use it as a
target, it still influences particle behavior if you set the docking type to Parallel,
Spherical, or Cylindrical.

Mesh Objects Use one or more scene mesh objects as targets. Choose this to
make the list and list-management buttons available.

If you designate more than one target, the target used by each particle is
determined by the choice in the Object drop-down list on page 2979 in this

group.
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[list] Shows the mesh objects used as targets. If more than three target objects
apply, a scroll bar appears at the right side of the list.

Add Click this button, and then select a mesh object in the scene to add it to
the list as a target.

By List Click this button, and then use the Select Target Objects dialog to add
one or more mesh objects to the list. The objects must already exist in the
scene, and the dialog shows only eligible objects.

Remove To remove a target object from the list, first highlight it and then
click this button. Any removed objects remain in the scene.

Sync By Choose the time frame to use when sending particles toward animated
objects when using Animated Shape or Follow Target Animation:

B Absolute Time Animation derived from the target is applied to particles
immediately.

B Particle Age Animation derived from the target is applied to particles at
the corresponding frames of each particle's existence.

B Event Duration Animation derived from the target is applied to particles
is applied to each particle starting when it first enters the event.

Animated Shape Turn on to allow particles to target the surface of an object
whose form is animated by scaling, by morphing, or with modifiers. This
requires more computation, because the destination must be updated at every
integration step.

Follow Target Animation Turn on to allow particles to follow a moving
target; that is, a target whose location is animated. This requires more
computation, because the destination must be updated at every integration
step.

Point Lets you specify where on its target a particle should land.
B Random Each particle targets a random point on the target.

B Closest Surface Each particle targets the nearest point of the target’s
surface.

B By Script Vector The target point or points are defined using a Script
operator that defines values in the particleVector channel. The Script
operator can be anywhere upstream of the Find Target test.
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NOTE When using By Script Vector to target absolute positions, such as vertex
locations, be sure to set Target to Icon. If you set it to Mesh, the positions
specified by the script will be relative to the position of the mesh object. This
latter option is useful for placing scripted targets on the surface of a moving
object.

Object With multiple mesh targets, lets you specify how the software should
choose among them. Available only when targeting more than one object.

B Random For each particle, the software chooses a target object at random.

B Closest Pivot For each particle, the software chooses as its target the
object whose pivot is nearest to the particle.

B Closest Surface For each particle, the software chooses as its target the
object whose surface is nearest to the particle.

B Least Deviation For each particle, the software chooses as its target the
object that requires the least change in its current direction (or resteering)
to reach.

B By Script Integer For each particle, the choice of a targeted object is
defined by a script operator that sets an index. This index corresponds to
a target-object entry position in the target list. See Script Operator Example
on page 2972.

Lock On Target Object When on, the software calculates each particle's target
object once: when the particle enters the event. Thereafter, the particle is
“locked on” to its target object. When off, the software can continually
recalculate the target object for each particle. Available only when multiple
target objects are designated.

For example, if you set particles to target the closest surface, due to the target
animation and particle movement, the definition of the closest surface is
constantly changing. Thus the particle may change the target object due to
the circumstances.

NOTE Each time Find Target sets a target object, it “locks on” to a specific point
on that object. This point can change only if the target object changes. Thus, with
a single target object, the target point always remains constant relative to the target
object. That is, if the target object or its surface is animated, and Follow Target
Animation or Animated Shape is on, the absolute coordinates of the target point
may change.
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NOTE When Lock On Target Object is off, more calculation is required because
the system might have to recalculate each particle's optimal target point in each
frame.

Docking Direction group

Docking type Lets you specify from which direction particles should approach

targets.

B None Specified No docking constraints. Particles reach their targets in
the most efficient way, based on their assigned parameters and their current
attributes.

B Along lcon Arrow The final direction is the same as the Find Target icon
arrow.

NOTE When using this option, arrows appear on the Find Target icon to
indicate the direction particles will use for docking. You can change the docking
direction by reorienting the icon. This applies even when using mesh objects
as targets.

B lcon Spherical The final direction points toward the center of the operator
icon.

NOTE When using this option, arrows appear on the Find Target icon to
indicate the directions particles will use for docking. You can change the
docking directions by reorienting the icon. This applies even when using mesh
objects as targets.

B Icon Cylindrical The final direction points toward the icon arrow as a
line, thus forming a cylindrical field with the arrow as the cylinder's main
axis.

NOTE When using this option, arrows appear on the Find Target icon to
indicate the directions particles will use for docking. You can change the
docking directions by reorienting the icon. This applies even when using mesh
objects as targets.

B Surface Normals Each particle reaches its target point from a direction
perpendicular to the surface at that point.

2980 | Chapter 14 Space Warps and Particle Systems



NOTE When using this option, arrows appear on the Find Target icon to
indicate that particles will use surface normals for docking; the actual directions
they will use depends on the target surface. This applies even when using mesh
objects as targets.

Distance The distance from the target at which particles begin docking
behavior. This includes the docking direction, and, when using Control By
Time, the docking speed.

Icon Size Set the size of the Find Target icon. This affects particle behavior
when using the icon as the target.

Color Coordinated When on, the Find Target icon uses the color of the event
containing the test as defined by its local Display operator, if one exists. This
applies even if the Display operator is turned off. When off, the Find Target
icon uses the default Test Gizmos color as defined in Customize User Interface
> Colors > Particle Flow. Default=on.

Turn on Color Coordinated to make it easier to spot the Find Target icon,
because the particles in the event use the same color as the icon.

Uniqueness group

The Uniqueness setting enables randomization of the Random options and
the Variation options.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Go To Rotation Test

Particle View on page 2811 > Click Go To Rotation in an event or add Go To
Rotation to the particle system and then select it.

The Go To Rotation test enables a smooth transition in the rotational
component of a particle, so that the particle can gradually rotate to a specific
orientation over a specific period. An example of its usage would be with
falling leaves, which spin chaotically as they fall, but land on a flat side rather
than an edge. The test aspect lets you direct the particle to a new event when
the transition period ends.

To set a target orientation, place the Go To Rotation test before an
orientation-type operator (Rotation on page 2861 or a Script operator on page
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2953 if it defines the rotation channel) in the same event. In this situation, the
Go To Rotation test can grab the particle rotational component before the
orientation-type operator overwrites it. The Go To Rotation operator modifies
the particle orientation and spinning in the post-evaluation cycle. For an
example, see the procedure below.

WARNING The Go To Rotation test is not compatible with the Spin, Shape Facing,
and Shape Mark operators. Do not use any of these operators in the same event
with a Go To Rotation test.

NOTE You can define the transition period only in terms of time. You cannot set
the test to come to a specific rotation by the time of another test, such as a collision
test. Also, limited control is provided over the axis of spinning when a particle
comes to the final rotation.

Procedures

Example: To make falling particles land smoothly, face up:

This procedure assumes a basic knowledge of Particle Flow usage.

1 In the Perspective viewport, add a Particle Flow system and raise its icon
about 80 units on the Z axis.

2 In Event 01, make the following changes:
B Birth > Amount=50

B Speed=100

B Shape=Cube (or use Shape Instance with a custom object, such as a
coin-shaped cylinder)

B Display > Type=Geometry

This reduces the number of particles and slows them down, making it
easier to see what's going on.

3 Add a Spin operator on page 2863 to Event 01, and set both Spin Rate and
Variation to 150.

This gives the particles random spinning behavior as they fall.

4 Add an Age test to the end of Event 01, and set Test Value=1S5.

This allows each particle to fall and tumble for 15 frames before Go To
Rotation takes effect.
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From the Depot, drag a Go To Rotation test to an empty area in Event
Display. Set Duration=15 and keep all other default settings.

Insert a Rotation operator immediately after the Go To Rotation test.
Choose Random Horizontal as the orientation matrix. Keep the other
default settings.

The Go To Rotation test will use this as the final orientation for the
particles.

Use a Speed event to create a third event. Set Speed=0.0.
This stops the particles at the end of the animation.

In both new events, set Display > Type=Geometry.

Wire the Age Test in Event 01 to Event 02, and then wire the Go To
Rotation test in Event 02 to Event 03.

Play the animation.

The particles tumble chaotically as they fall for about 30 frames, and then
come to a smooth stop, facing up.
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Test True When group
Transition Period Ends When on, the particles test True at the end of the
specified transition period, and become eligible for redirection to the next

event. When off, particles will not go to the next event, even if wired. Turn
off to disable the test aspect of Go To Rotation. Default=on.

Transition By group

Determines how the software applies the specified timing, defined by the Time
and Variation values. Default=Event Duration.
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The possible options are:

B Absolute Time Time refers to the overall time of the system. Each particle
will reach its target orientation at the frame number specified by Time.

B Particle Age Time refers to the time elapsed since the birth of the particle.
Each particle will reach its target orientation when its age reaches the value
specified by Time.

B Event Duration Time refers to the time elapsed since the particle entered
the current event. Each particle will reach its target orientation when it
has been in the current for the number of frames specified by Time.

Duration The number of frames particles should take to reach the target
orientation. Default=30.

Variation The number of frames by which Duration can vary randomly.
Default=0.

To obtain the actual time to the target orientation for each particle, the system
multiplies the Variation value by a random number between -1.0 and 1.0, and
then adds the result to the Duration value. For example, if Duration=60 and
Variation=20, then the time to target orientation for each particle would be
between 40 and 80 frames.

Target Rotation group

When you use an orientation-type operator with Go To Rotation, this setting
lets you determine whether the test sets the target orientation on a one-time
or ongoing basis. Default=Constant.

Constant Defines that the orientation-type operator sets a constant orientation
for a particle.

For example, when using a Rotation operator set to an orientation matrix
other than Speed Space Follow, the Go To Rotation operator would acquire
the target orientation only once, and then use it as its goal.

Changing Defines that the orientation-type operator sets a changing rotation
for a particle. At each frame the desirable final rotation may be different.

For example, if you use the test with a Rotation operator set to Speed Space
Follow, the test will adjust the particle rotation constantly to aim at the
changing final rotation.
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Target Rotation Spin group

Defines the angular velocity for each particle when it reaches the target
orientation.

Match Initial Spin Sets the angular velocity at the end of the transition period
to the same as the angular velocity when particle enters the event.

NOTE The axis of rotation might still be different, because it is calculated on the
fly to let the particle come to the target orientation.

Spin Rate Defines each particle's angular velocity, in degrees per second, when
it reaches the target orientation. Available only when Match Initial Spin is
off. Default=0.0.

For a smooth transition to the target orientation, set to 0.0.
Variation Defines a random variation in the Spin Rate value when a particle
reaches the target orientation. Default=0.0.

To obtain the final angular velocity for each particle, the system multiplies
the Variation value by a random number between -1.0 and 1.0, and then adds
the result to the Spin Rate value. For example, if Spin Rate=6.0 and
Variation=1.0, then the final angular velocity for each particle would be
between 5.0 and 7.0 degrees per second.

Ease In % Defines a curve in achieving the final spin rate. Default=0.0

When set to 0.0, the test produces a linear interpolation between the initial
and final spin rate, and when set to 100.0, the final spin rate is achieved earlier.
For the smoothest approach to the target orientation, set Spin Rate and
Variation to 0.0, and Ease In to 100.0.

Transition End group

Stop Spinning When on, halts particle rotation when it reaches the target
orientation. Default=on.

Even with Spin Rate spinner set to 0.0, we recommend that you keep this
check box on to avoid slow spinning at the end, due to computational
averaging and marginal errors.

Uniqueness group

The Uniqueness setting enables randomization of the Variation options.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.
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Scale Test

Particle View on page 2811 > Click Scale Test in an event or add Scale Test to

the particle system and then select it.

Scale Test lets the particle system check particle scaling, or particle size before
or after scaling, and branch accordingly. The test provides a variety of axis

options for measuring scale or size.

You can use this test to cause a change in behavior based on size. For example,
a bubble could grow to a certain size, and then pop. Or an object could shrink
in size until it falls under the influence of a force, like wind.

Interface
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The user interface appears in the parameters panel, on the right side of the

Particle View dialog.
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Type Choose the type of measurement to test. You can test actual scaling, or
the size before or after scaling. Default=Scale.

For example, if the X-axis size of a particle's bounding box starts out at 10
system units, and you then use the Scale operator to scale it by 150% on the
X axis, the pre-scale size is 10, and the post-scale size is 15. And, of course,
the scale is 150.

NOTE The software measures particle size based on each particle’s bounding-box
dimensions in the particle's local coordinate space. With the low-polygon Shape
options Tetra and Sphere, the result of this measurement might not be the same
as the Shape operator’s Size value.

B PreScale Size Tests the size before scaling.
B PostScale Size Tests the size after scaling.

B Scale Tests the scaling percentage.

Axis Choose the axis to measure. Default=Average.
B Average Obtains an average measurement by adding the sizes on all
three axes and then dividing by three.

B Minimum Uses the smallest dimension.

B Median Uses the middle dimension in order of size. For example, if the
particle dimensions are X=5, Y=6, Z=12, then the number compared to
Test Value would be 6.

B Maximum Uses the largest dimension.

B X/Y/Z Uses the specified dimension.

Test True if Particle Value Lets you specify whether the test passes particles
on to the next event if the speed test succeeds or fails. Available for all tests
except True When Accelerates/Decelerates. Default=Is Greater Than Test Value.

By default, Scale Test returns True if the value tested for exceeds the Test Value
quantity, but you can alternatively choose Is Less Than Test Value. For example,
if you set Type to Scale and set Test Value=150 and Variation=0, and choose

Is Less Than Test Value, a particle will move to the next event only when its

scaling factor is less than 150%.

Size group

These settings are available when Type is set to PreScale Size or PostScale Size.
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Test Value The specific size to test for. Default=10.0.

Variation The amount by which the value tested for can vary randomly.
Default=0.0.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then adds the
result to the Test Value setting. For example, if Test Value=10 and Variation=5,
then the tested value for each particle would be between 5 and 15.

Scale group

These settings are available when Type is set to Scale.
Test Value The specific scaling factor to test for. Default=100%.

Variation The amount by which the value tested for can vary randomly.
Default=0.0%.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then adds the
result to the Test Value setting. For example, if Test Value=100% and
Variation=10%, then the tested value for each particle would be between 90%
and 110%.

Test Value Offset Keying group

Sync By Choose the time frame to use when animating Test Value and
Variation:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

Uniqueness group

The Uniqueness setting enables randomization of the test value variation.
Available only when either Variation value exceeds 0.0.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.
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Script Test

Particle View on page 2811 > Click Script Test in an event or add a Script Test
operator to the particle system and then select it.

Script Test lets you test particle conditions using a MAXScript script. The script
can use any program functionality available to MAXScript.

The default test script tests for the presence of all particles within a spherical
volume of radius 20.

Interface
[ - Seript Test 01 |
Edit Seript |
Uniqueness;:
lrﬁeed: [T2385 2| Mew

The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Edit Script Click this button to open the current script in a MAXScript Editor
window.

For detailed information about the MAXScript utility, open the MAXScript
Reference, available from Help menu > MAXScript Reference.

Uniqueness group

The Uniqueness setting provides a randomization seed that the script can use
or ignore.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Send Out Test

Particle View on page 2811 > Click Send Out in an event or add Send Out to the
particle system and then select it.
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The Send Out test simply sends all particles to the next event, or, conversely,
keeps all particles in the current event. Use Send Out when you simply want
to send particles to another event without any conditions.

TIP You can temporarily convert any test to Send Out. To specify that a test should
send all particles out without any conditions, click the left side of its icon in Particle
view; the icon changes to a green light bulb to indicate that all particles
automatically test True. Or, if you click the right side of the icon, it changes to a
red light bulb, indicating that all particles test False and thus will stay in the current
event. To revert to the test's original function, click its icon again.

Interface

[- Send Out 01
Test True For:
# Al Particles
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Test True For Lets you specify whether the test passes all particles on to the
next event or keeps them in the current event. Default=All Particles.

B All Particles All particles are passed on to the next event.

B No Particles All particles are retained in the current event.

Spawn Test

Particle View on page 2811 > Click Spawn in an event or add Spawn to the
particle system and then select it.

Spawn creates new particles from existing ones. Each spawned particle is born
at the same location as its parent, and has the same orientation and shape.
Spawn can give the spawned particles a different speed and scaling factor. If
you wire the Spawn test to another event, spawned particles are sent to that
event, where you can specify different properties for the new particles.

Spawn is a test only in that it sends the spawned particles to another event
(if wired); it doesn't actually test any properties. All particles that encounter
Spawn are immediately affected by it. Thus, if you want particles to spawn
based on the results of a test, use a different test that branches to an event
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containing the Spawn. In such a case, you might want to then send the
spawned particles to yet another event, or the particles will continually
respawn. Alternatively, to spawn particles after a collision, use Collision Spawn
Test on page 2964.

See also:

B Collision Spawn Test on page 2964

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

In the context of Spawn, a parent is the original particle from which new
particles are spawned.

Spawn Rate And Amount group

Use these settings to specify how often particles are to spawn, the measurement
system to use, and other values related to how many particles are spawned.

Once Particles spawn one time only. For each existing particle, one new one
is born.

Delete Parent When on, deletes each original particle from which a new one
is spawned. Available only with the Once option.

Per Second Lets you specify a number of particles to spawn every second. For
example, if you use the default Rate setting of 10.0, at 30 fps a new particle is
born every three frames.

Rate The number of particles to spawn per second. Available only with the
Per Second option.

By Travel Distance Lets you spawn new particles at regular intervals over the
path of a moving parent particle.

Step Size The system spawns a new particle every time the parent moves this
distance, in system units.

Spawnable The percentage of particles in the current event that will spawn
new particles. This is determined once for each particle, when it enters the
event. However, the parameter is animatable. Default=100.0.

For values other than 100.0, Spawnable uses a randomized selection process,
which is affected by the Uniqueness Seed value. For example, with five parent
particles, Offspring #=1, and Spawnable=80.0, you might get any number of
spawned particles between two and five. The average per spawning would be
four, however.

Offspring # The number of new particles the system creates from each parent
particle for each spawning event. Default=1.

Variation The amount by which the Offspring # value can vary randomly.
Default=0.0.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then applies
the result as a percentage of the Offspring # setting. For example, if Offspring
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#=20 and Variation=10, then the actual number of offspring for each particle
would be between 18 and 22.

Sync By Choose the time frame to use when animating Rate, Step Size,
Offspring #, and Variation:

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

Restart Particle Age When on, sets the age of each newly spawned particle
at 0. When off, each spawned particle inherits its parent's age. Default=on.

Speed group

Lets you specify the speed of spawned particles in absolute terms or relative
to the parents' speed, with optional random variation. The direction of a
spawned particle is always in relation to that of its parent, but you can set a
Divergence so they eventually spread out. Default=Inherited.

In Units Choose this to specify the speed of spawned particles in system units
per second. Default=100.0.

A positive value inherits the parent's direction; a negative value reverses it.

Inherited Choose this to specify each spawned particle's speed as a percentage
of its parent's speed. Default=100.0

A positive value inherits the parent's direction; a negative value reverses it.

Variation The amount by which a spawned particle's speed can vary randomly.
Default=0.0.

To obtain the actual speed for each spawned particle, the system multiplies
the Variation value by a random number between -1.0 and 1.0, and then adds
the result to the particle's speed as specified or inherited. For example, if a
particle's speed is 100 units/second and Variation=20, then the tested value
for each particle would be between 80 and 120 units/second.

Divergence When on, spreads out the stream of spawned particles. Use the
numeric setting to define the extent of the divergence in degrees. Range=0 to
180. Default=0.
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Size group

Scale Factor The amount of uniform scaling to apply to each spawned particle,
as a percentage of its parent's size. Default=100.0.

Variation The amount by which a spawned particle's scale can vary randomly.
Default=0.0.

To obtain the actual scaling for each spawned particle, the system multiplies
the Variation value by a random number between -1.0 and 1.0, and then adds
the result to the Scale Factor value. For example, if Scale Factor=100 and
Variation=20, then each spawned particle would be between 80 and 120
percent of its parent's size.

Uniqueness group

The Uniqueness setting enables randomization of the Spawnable result, when
less than 100.0, as well as of the Variation values.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Speed Test

Particle View on page 2811 > Click Speed Test in an event or add Speed Test to
the particle system and then select it.

Speed Test lets the particle system check particle speed, acceleration, or the
rate of circular travel, and branch accordingly. The test provides a number of
variants that let you test speed or acceleration on specific axes, or simply
whether the particle is accelerating or decelerating.
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Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

The first interface element is a drop-down list that lets you choose the type
of measurement to test:

B Velocity Magnitude Tests the particle velocity, in system units per second,
without consideration of direction. This is the default test type.

B Velocity X/Y/Z Tests the particle velocity on the specified axis, in system
units per second, using the world coordinate system.
An example of this option would be with fireworks: As the particles move
upward, their velocity on the world Z axis is positive. When the reach the
top of their trajectory and begin to move downward, their velocity on the
world Z axis slows to 0, and then becomes negative. If you choose Velocity
Z and Is Less Than Test Value, and set Test Value to 0.0, you can send
particles to another event at the moment they begin to move downward.

B Acceleration Magnitude Tests the particle acceleration (change in
velocity), in system units per second per second, without respect to
direction.

B Acceleration X/Y/Z Tests the particle acceleration (change in velocity)
on the specified axis, in system units per second per second, using the
world coordinate system.

B Steering Rate Tests the circular component of particle travel in degrees
per second, without consideration of rotation or spinning.
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For example, if a particle travels along a parabolic path, its motion has
both linear and circular components. The circular component is greatest
at the top of the parabola. If a particle travels in a full circle in one second,
the rate is 360; if it travels in a half circle, the rate is 180.

Potential usage: When a particle is forced to turn too sharply, it might
explode or change its type of movement. For example, missiles chase a jet
fighter, which maneuvers to elude the missiles. The missiles are forced to
change their course rapidly, but the missile construction cannot stand the
fast change in steering, so the missiles blow up or disintegrate.

TIP You can test steering rate by setting the particle speed with Speed By Icon
on page 2876, and linking the Speed By Icon operator icon to a circular path.

B True When Accelerates Returns a True value when the particle velocity
is increasing in value.

B True When Decelerates Returns a True value when the particle velocity
is decreasing in value.

Test True if Particle Value Lets you specify whether the test passes particles
on to the next event if the speed test succeeds or fails. Available for all tests
except True When Accelerates/Decelerates. Default=Is Greater Than Test Value.

By default, Speed Test returns True if the value tested for exceeds the Test
Value quantity, but you can choose Is Less Than Test Value as well. For
example, if you use the Velocity Magnitude test type and set Test Value=200
and Variation=0, and choose Is Less Than Test Value, then particles will move
to the next event only when they travel faster than 200 units per second. Any
particles traveling 200 units per second or slower stay in the current event
unless they later exceed that speed or another test returns True.

Test Value The specific speed or acceleration to test for. The unit of
measurement depends on the type of test; see above. Default=300.0.

Variation The amount by which value tested for can vary randomly.
Default=0.0.

To obtain the actual test value for each particle, the system multiplies the
Variation value by a random number between -1.0 and 1.0, and then adds the
result to the Test Value setting. For example, if Test Value=300 and
Variation=10, then tested value for each particle would be between 290 and
310.
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Sync By Choose the time frame to use when animating Test Value and
Variation. For further information, see Animation Offset Keying group on
page 2870.

B Absolute Time Any keys set for parameters are applied at the actual frames
for which they're set.

B Particle Age Any keys set for parameters are applied at the corresponding
frames of each particle's existence.

B Event Duration Any keys set for parameters are applied to each particle
starting when it first enters the event.

Uniqueness group

The Uniqueness setting enables randomization of the test value variation.
Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Split Amount Test

Particle View on page 2811 > Click Split Amount in an event or add Split Amount
to the particle system and then select it.

The Split Amount test lets you send a specific number of particles to the next
event, keeping all remaining particles in the current event. You can split the
particle stream by a specific number or percentage, or by every Nth particle.

With a specific number of particles, the splitting takes place once per event,

but you can animate the percentage and “every Nth” values to vary the amount
of split-off particles over time.
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Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Test True For group

Lets you choose how to split the particle stream. Default=Fraction Of Particles,
50%.

Fraction Of Particles Split the particle stream on a percentage basis, specified
with the Ratio value. With Ratio greater than 0.0, whether a particular particle
is split off depends on a randomization factor; change this with the Uniqueness
Seed value.

Ratio Specify the percentage of particles that will test True. Animatable.
Default=50.0.

Available only with the Fraction Of Particles option.
Every Nth Particle Splits off a regular sample of particles.

N Specify how often to split off a particle. Animatable. Default=3.
For example, enter 8 to split off every eighth particle.
Available only with the Every Nth Particle option.

First N Particles Splits off the number of particles specified as the N value
(below), starting with the first particle to enter the event, and retains the rest.
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Particles After N First Splits off all particles starting with the first one after
N particles, as specified with the N parameter (below). All particles starting
with the first to enter the event up to N are retained in the event.

N Specify the number of particles to split off, with First N Particles, or to retain
in the event, with Particles After N First.

Available only with the First N Particles or the Particles After N First option.

Per Emission Source When on, the software applies the N value for the options
First N Particles and Particles After N First separately for each emission source.

Use this option with multiple Particle Flow sources converging into a single
Split Amount test.

Uniqueness group

The Uniqueness setting enables randomization of particle retention with the
Fraction Of Particles option.

Seed Specifies a randomization value.

New Calculates a new seed using a randomization formula.

Split Selected Test

Particle View on page 2811 > Click Split Selected in an event or add Split Selected
to the particle system and then select it.

The Split Selected test lets you split the particle stream based on particles'
selection status. For information about selecting particles, see Selection rollout
on page 2833.

NOTE This test considers only particles selected at the Particle sub-object level.
To use all particles in an event at a specific frame, go to that frame, go to the Event
sub-object level, and highlight the event. Then go to the Particle sub-object level,
and on the Selection rollout, click Get From Event Level.

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.

Test True If Particle group

Lets you choose how to split the particle stream. Default=Is Selected.
Is Selected All selected particles are eligible for redirection to another event.

Is Not Selected All non-selected particles are eligible for redirection to another
event.

Split Source Test

Particle View on page 2811 > Click Split Source in an event or add Split Source
to the particle system and then select it.

The Split Source test lets you split the particle stream based on particles' origin.
You can specify that particles from one or more specific Particle Flow sources
should or should not be eligible for redirection to the next event.

Interface
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The user interface appears in the parameters panel, on the right side of the
Particle View dialog.
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Test True If Particle group

Lets you choose how to split the particle stream. Default=Is From Selected
Source.

Is From Selected Source All particles from sources highlighted in the Selected
Emission Sources list are eligible for redirection to another event.

Is Not From Sel(ected) Source All particles from sources not highlighted in
the Selected Emission Sources list are eligible for redirection to another event.

Selected Emission Sources Lists all emission sources in the system. Highlight
the sources to be considered by the test.

Non-Event-Driven Particle Systems

Create panel > Geometry > Particle Systems

Create menu > Particles

Fountain spray created as a particle system
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Non-event-driven particle systems provide relatively simple, straightforward
methods for generating particle sub-objects over time for the purpose of
simulating snow, rain, dust, and so on. You use particle systems primarily in
animations.

3ds Max provides six built-in, non-event-driven particle systems:
Spray Particle System on page 3016

Snow Particle System on page 3020

Super Spray Particle System on page 3025

Blizzard Particle System on page 3029

PArray Particle System on page 3042

PCloud Particle System on page 3034

NOTE You can take advantage of the AutoGrid feature to orient and position new
particle systems with respect to existing objects. For details, see AutoGrid on page
2597.

See also:
B Particle System Usage on page 3004
B Creating a Particle Emitter on page 3006

B Particle Flow on page 2795

Interface

Snowstorm created as a particle system
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This topic describes only the general properties of particle systems. Other
plug-in particle systems might be available in your configuration.

The built-in particle systems share these controls:

Emitter Specifies where in the scene the particles are generated. The emitter
is the particle system's main sub-object. It doesn't render. Particles appear on
the surface of the emitter and fall (or drift, drop, flurry, spray) from the emitter
in a particular direction.

Timing The timing parameters control the dynamics of particles in the system.
They specify how quickly particles appear, how quickly they disappear, whether
the emission rate is constant, and so on.

Particle-specific parameters These parameters are specific to the kind of
particle system. Examples are particle size and speed.

Rendering properties These parameters are also specific to the kind of particle
system. There are options for displaying particles in viewports and rendering
them in scenes and animations. Particles do not necessarily appear the same
in renderings as they do in viewports.

You can modify and animate particle system parameters. You can also affect
particle system behavior with space warps on page 2685. In addition, you can
deform particle systems with the Mesher compound object on page 837.

NOTE Particles can participate in dynamics simulations.

Particle System Usage

You create particle systems when you want to model an object or effect that
can best be described as a large collection of similar objects behaving in a
similar fashion. Obvious examples of such effects include rain and snow, but
other equally valid examples include water, smoke, ants, and even crowds of
people.

On the Create panel, click Spray, Snow, Super Spray, Blizzard, PArray, or PCloud
to create a particle system. Spray and Snow exist primarily for compatibility
with earlier releases of 3ds Max, and are superseded by Super Spray and
Blizzard.

To create a particle system, first choose Create menu > Particles > Spray or
Snow.
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These are the basic steps for creating a particle system:

1

Create a particle emitter. All particle systems require an emitter. Some
particle systems use the particle system icon as the emitter while others
use an object you select from the scene as the emitter.

Determine the number of particles. You set parameters such as birth rate
and life span to control how many particles can exist at any given time.

Set particle shape and size. You can select from many standard particle
types (including metaballs) or you can select an object to be emitted as
a particle.

Set initial particle motion. You can set the speed, direction, rotation, and
randomness of particles as they leave the emitter. Particles can also be
affected by animation of the emitter.

Modify particle motion. You can further modify the motion of particles
after they leave the emitter by binding the particle system to a space warp
in the Forces group, such as Path Follow, or make them bounce off a
deflector in the Deflectors space warp group, such as UDeflector.

IMPORTANT When you use forces and deflectors together, always bind the
forces before the deflectors.

TIP If the particles don't follow the emitter after it's moved, then change any
Path Follow parameter on page 2717. The motion will be applied to the particles.

Rain and Snow

Create rain and snow using Super Spray on page 3025 and Blizzard on page 3029.
These particle systems are optimized for droplet (Super Spray) and tumbling
flake (Blizzard) effects. Add space warps such as Wind on page 2724 to create
spring rains or winter storms.

Bubbles

Create bubbles by using the Bubble Motion options of Super Spray on page
3025. If you require good rendering speed, consider using constant or tetra
particles. If you require bubble detail, consider using opacity-mapped facing
particles, instanced spheres, or metaparticles.
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Flowing Water

You generate flowing liquid effects by setting Super Spray on page 3025 to
generate closely packed metaparticles. The metaparticles blob together forming
astream. Add a Path Follow on page 2717 space warp to send the stream down
a trough.

Explosions

Particle Array (PArray) on page 3042 uses another object as its particle emitter.
You can set the particle type to use fragments of the emitter object to simulate
the object exploding.

Volume Effects

Particle Cloud (PCloud) on page 3034 constrains its particles within a specified
volume. You can use Particle Cloud to generate bubbles in a glass of soda, or
bees buzzing inside a jar.

Crowds

Super Spray on page 3025, Blizzard on page 3029, Particle Array on page 3042, and
Particle Cloud on page 3034 can use instanced geometry as their particle type.

You can create a stream of ants, a flock of birds, or a cloud of dandelion seeds

using instanced geometry particles.

Creating a Particle Emitter

After you choose a particle system type to add, you create the particle system
icon in the scene. The icon serves different purposes depending on the type
of particle system.

As an emitter: The icon defines the starting location and direction of the
particles. Spray, Snow, Super Spray, Blizzard, and Particle Cloud use the icon
as the particle emitter.

As a placeholder: The icon serves only to hold the parameters for the particle
system. The particles are emitted from another selected object. Particle Array
and Particle Cloud use the icon as a placeholder.

You can choose whether Particle Cloud uses its icon or another selected object
as the emitter.
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Procedures

To create emitter icons:

B Drag in a viewport to set the size and orientation of the particle emitter
icon for Spray, Snow, Super Spray, Blizzard, and Particle Cloud.
Spray, Snow, Blizzard, and Particle Cloud use the icon size as the area of
particle emission. Super Spray emits particles from its center regardless of
its icon size.

All particle systems align the particle direction with the Z axis of the
creation grid.
To create placeholder icons:

1 Dragin a viewport to set the size of the placeholder icon for Particle Array
and Particle Cloud.

The size and location of the particle system icon has no effect on the
particles.

2 After placing the particle system icon, click Pick Object on the Basic
Parameters rollout to select the object to use as the particle emitter.

Using Materials with Particle Array

The material that appears on the particles comes from one of three places:
B The particle system itself
B The material assigned to the distribution object (PArray only)

B The material assigned to the instanced objects
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Particles with various materials assigned to them

You make this choice in the Material Mapping and Source group near the
bottom of the Particle Type rollout. Choose Icon to use the material assigned
to the particle system, choose Picked Emitter to use the material assigned to
the distribution object, or choose Instanced Geometry to use the material
assigned to the instanced objects. Note that this third option is available only
when Instanced Geometry is the current particle type (selected in the Particle
Types group at the top of the Particle Type rollout).

NOTE SuperSpray and Blizzard don't have distribution objects. PCloud has a
distribution object but you can't get the material from it. In these cases, a radio
button lets you use the material from the instanced geometry. Only PArray lets
you get the material from the distribution object.

IMPORTANT A particle-system object, like any other object, can carry only asingle
material at any time. Thus, if you choose either Picked Emitter or Instanced
Geometry, an instance of the chosen material is actually copied to the particle
system, overwriting the material assigned to the emitter. If you want to restore
the emitter material, choose Icon, and then reassign the material from the Material
Editor or the Browser.

No matter what choice you make, if the material used is not mapped, then
all particles take on the surface properties of the material, regardless of which
object is used as the source of the material.
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Achieving Particle Motion Blur

Particle motion blur is actually the result of varying the opacity and the length
of particles based on their speed. To accomplish this requires coordination
between material assignment and the settings in the particle systems. Follow
these instructions:

B Use the Particle MBlur map on page 5891 in the material that you assigned
to the particles. For best results, assign it as an opacity map.

B Make sure that the particle system, PArray, PCloud, and Super Spray, or
Spray, supports the Particle MBlur map.

m Choose Rotation and Collision rollout > Spin Axis Controls group >
Direction of Travel/Mblur option.

B In this same group, set the Stretch spinner greater than O to stretch the
particles as a percent of their length based on the particle Speed setting.

B Use the correct type of particle. MBlur works on all particle types except
Constant and Facing.

NOTE Instanced objects with multi/sub-object materials cannot be image
motion blurred.

Using Mapped Materials with Particle Systems

Mapped materials affect particles differently, depending on the source of the
material.
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Particles with a diffuse-mapped material

When you choose Icon, the mapping coordinates of the material are applied
across the V (vertical) axis, from V=0 (the bottom edge of the map) to V=1
(the top edge of the map). The bottom edge of the map is applied at the birth
of the particle, and the top edge at either the death of the particle (if Time is
on) or the distance of the particle at its death (if Distance is on).

The Time spinner specifies the number of frames from birth that it takes to
complete one mapping of a particle. Thus, if set to 15, the particle uses the
bottom edge of the map at its birth, and moves through to the top edge of
the map at frame 15.

The Distance spinner specifies the distance, in units, from birth that it takes
to complete one mapping of a particle. Thus, if set to 50, as the particle moves
along the normal vector, it displays the bottom edge of the map at birth, and
the top edge at 50 units along the normal vector.

The one exception to this is when you use the Tetra particle type. In this case,
each particle is always constantly mapped with V=0 at the head and V=1 at
the tail.

When you choose Picked Emitter, the particles take on the color of the object
at the point at which they're created. If the mapped surface is yellow where
the particle emerges, then the particle is yellow.

Again, Tetra particles are an exception and the distribution-object material is
mapped from head to tail.
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Fragment particles use the same technique, with additional options when the
Thickness setting is greater than 0.

When Thickness is O, all faces in the fragment are mapped the same as the
portion of the object surface from which they're derived.

When Thickness is greater than 0, the outer faces of the fragment copy the
surface of the distribution object, and are assigned the material ID specified
in the Outside ID spinner in the Particle Type rollout > Fragment Materials
group. The thickness edges use the Edge ID number, and the inner faces use
Backside ID. Thus, by assigning a multi/sub-object material to the object-based
emitter, you can specify a different material for the outer fragment surfaces,
the edges, and the inner surfaces. Note that the Outside ID spinner defaults
to a value of 0, which means "use whatever material is currently assigned."
Change this to a specific sub-material number to assign a sub-material to the
outside edges of the fragments.

Using Multi/Sub-Object Materials with Particle
Systems

Particles with a Multi/Sub-Object material
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If the assigned material is a Multi/Sub-Object material, particles are affected
in the following ways, depending on the source of the material:

Icon: In most cases, each particle, at its birth, is assigned a different
sub-material, cycling through each available sub-material. For example, if
there are only three sub-materials, the first particle receives sub-material
#1, the second #2, the third #3, the fourth #1, and so on. The exceptions
to this are as follows:

MetaParticles use only the first sub-material.

Object fragments are born at once, so all of them use only the first
sub-material.

Picked Emitter: When used with object fragments as particles, each particle
uses the three ID numbers in the Fragment Materials group. If this source
is used with the other particle types, the particles are assigned sub-materials
in the same way as when Icon is chosen.

Instanced Geometry: When used with Instanced Geometry particles, each
particle is assigned a sub-material in exactly the same way as the source
object, so each particle looks just like the source object. When used with
other particle types, the particles are assigned sub-materials in the same
way as when Icon is chosen.

NOTE Instanced objects with Multi/Sub-Object materials cannot be image
motion blurred.

Using Spawned Particles

The examples in this topic start you out with a very simple spawning using
the Super Spray particle system.

Example: Setting up the particle system:

1

In the Perspective viewport, create a pyramid that's 5 units in all
dimensions.

Create a cylinder with a radius and height of 3, and 6 sides.
In the center of the Perspective viewport, create a Super Spray emitter.

Set Speed in the Particle Motion group (Particle Generation rollout) to
3.0.
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On the Particle Type rollout, choose Instanced Geometry, then in the
Instancing Parameters group click Pick Object, and select the pyramid.

In the Viewport Display group of the Basic Parameters rollout, choose
Mesh and set the Percentage of Particles to 100.

On the Particle Generation rollout, choose Use Rate, and set the spinner
to 1.

Set Emit Start and Emit Stop to 0, set Display Until to 100, set Life to 10,
and leave Variation at 0.

Under Particle Size, set Grow For and Fade For to 0.

Drag the time slider between frames 0 and 15.

A single pyramid particle emerges from the emitter, moves up, and then
dies and disappears at frame 10.

Example: Adding spawning effects:

1

2
3
4

On the Particle Spawn rollout, choose Spawn on Death.
Leave Spawns spinner at 1, and set the Multiplier to 2.
Set the Direction Chaos spinner to 50.

Drag the time slider slowly over frames 8 to 25 (approximately).

At frame 10, two pyramids appear at the death of the original particle
(because of the Multiplier setting), and move off in different directions
(because of the Direction Chaos setting). All particles die after frame 20
because only one generation of spawned particles is specified.

Set Spawns to 4, and the Multiplier to 4.

Drag the time slider over frames 8 to 50.

With each spawned generation the particles increase exponentially.

Example: To mutate the objects:

1

2

In the Object Mutation Queue group, click Pick Object, and then select
the cylinder.

The name of the cylinder appears in the list window.
Click Pick Object and select the pyramid. Then click Pick Object again,

and select the cylinder. Your list now reads: CylinderO1, PyramidO1,
CylinderO1.
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3 Drag the time slider over frames O to 50.

The pyramid appears over frames O to 10, then changes to four cylinders
at frame 11, then 16 pyramids at the next spawning, and so on.

Using Interparticle Collision

Particles colliding and then rebounding

You can set up particles to detect collisions with each other. This can be useful
when the particles are meant to model solid objects such as marbles.

Procedures

Example: To create particles that collide with each other:

1 Create a Super Spray particle emitter, and place a Deflector space warp
on page 2757 a short distance from it with the surface of the deflector
perpendicular to the stream of the particles. Bind the deflector to the
Super Spray.
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2 Set the Super Spray values as follows:
B Off Axis: 1, Spread: 1, Off Plane: 180, Spread: 180

Mesh: chosen, Percent of Particles: 100

Particle Quantity: Use Rate chosen and set to: 1

Speed: 3, Variation: 100%

Emit Start: 0, Emit Stop: 5, Display Until: 100, Life: 100

Size: 4.0, Grow For: 0, Fade For: 0

Particle Type: Sphere

3 Drag the time slider so you can see the particle spheres bounce off the
deflector. Note that the rebounding particles move through each other.

4 On the Rotation & Collision rollout, turn on Enable in the Interparticle
Collisions group. View the animation again. This time, the particles
bounce off each other.

TIP InterParticle Collisions, Deflector Binding, and Bubble Noise do not get
along well together. Particles may leak through the deflector when these
three are used together. Instead of bubble motion use animated mapping.
Use facing particles with an animated map of a bubble, where the bubble is
smaller than the map size. The bubble is animated moving around the map.
This simulates bubble motion at the map level.

Spray Particle System

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > Spray

Create menu > Particles > Spray

Spray simulates water drops such as rain, a fountain, the spray from a garden
hose, and so on.
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Kinds of Spray

NOTE SuperSpray on page 3025 is a more powerful and advanced version of Spray.
It provides all the functionality of Spray, plus additional features.

TIP To animate particles following a path through space, use the Path Follow
space warp on page 2717.

Procedures

To create spray:

1 = | El On the Create panel, make sure the Geometry button is
active and Particle Systems is chosen in the object category list, then click
Spray.

2 Drag in a viewport to create the Spray emitter; see Creating a Particle
Emitter on page 3006.

The emitter's direction vector points in the negative Z direction of the
active construction plane. For example, if you create the emitter in the

Top viewport, the particles will move downward in the Front and Left
viewports.
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Interface

- Pararneters |

— Particles:
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Particles group

Viewport Count Maximum number of particles displayed in viewports at any
given frame.

TIP Setting the viewport count less than the render count can improve viewport
performance.
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Render Count Maximum number of particles that can appear in a single
frame when you render it. Works in combination with the particle system's
timing parameters.

B When the number of particles reaches the Render Count value, particle
creation is suspended until some particles die.

B When enough particles die, particle creation resumes until Render Count
is reached again.

Drop Size Size of a particle in the active units.

Speed Initial velocity of each particle as it leaves the emitter. Particles travel
at this speed unless they are affected by a particle system space warp.

Variation Varies the initial speed and direction of particles. The greater the
Variation, the stronger and broader the spray.

Drops, Dots, or Ticks Choose how particles are displayed in viewports. The
display setting does not affect how particles are rendered. Drops are streaks
that appear like raindrops, dots are points, ticks are small plus signs.

Render group

Tetrahedron Particles are rendered as long tetrahedrons, with the length you
specify in the Drop Size parameter. Tetrahedron is the default setting for
rendering. It provides a basic simulation of water drops.

Facing Particles are rendered as square faces whose width and height equals
the Drop Size. Facing particles always face the camera (or the user's perspective).
They are provided especially for use with material maps. Use with an
appropriate opacity map for bubbles or snowflakes.

NOTE Facing works correctly only in a perspective or camera view.

Timing group

Timing parameters control the "birth and death" rates of emitted particles.

At the bottom of the Timing group is a line that displays the maximum
sustainable rate. This value is based on the Render Count and the lifetime of
each particle. To be precise:

maximum sustainable rate=Render Count/Life

Because the number of particles in a frame never exceeds Render Count, if
the Birth Rate exceeds the maximum rate, the system will run out of particles,
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pause until some die off, and then start again, generating particles in bursts
or spurts.

Start Number of the first frame where particles appear.
Life The lifetime of each particle, in number of frames.

Birth Rate The number of new particles born per frame.

If this is less than or equal to the maximum sustainable rate, the particle
system generates an even flow of particles. If it is greater than the maximum
rate, the particle system generates particles in bursts.

You can animate the Birth Rate parameter.
Constant When on, Birth Rate is unavailable and the birth rate used equals
the maximum sustainable rate. When off, Birth Rate is available. Default=on.

Turning Constant off does not mean that the birth rate varies automatically;
the birth rate remains constant unless you animate the Birth Rate parameter.

Emitter group
The emitter specifies the area where particles appear in the scene. It has a
geometry you can display in viewports, but it isn't renderable.

The emitter is displayed as a rectangle with a vector pointing out of one side.
The vector shows the direction in which the system emits particles.

Width and Length You implicitly set the initial value of these parameters
when you drag in a viewport to create the emitter. You can adjust the values
in the rollout.

The space occupied by the particle system at any given time is the result of a
combination of its initial parameters (such as size of the emitter, and speed
and variation of emission) and any space warps that have been applied.

Hide Turn on to hide the emitter in viewports. When Hide is off, the emitter
is displayed in viewports. The emitter is never rendered. Default=off.

Snow Particle System
Create panel > Geometry button > Choose Particle Systems from the drop-down

list. > Object Type rollout > Snow

Create menu > Particles > Snow
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Snow simulates falling snow or confetti. The snow system is similar to Spray,
but it has additional parameters to generate tumbling snowflakes, and its
rendering options are different.

Kinds of Snow

NOTE Blizzard on page 3029 is a more powerful and advanced version of Snow. It
provides all the functionality of Snow, plus additional features.

TIP To animate particles following a path through space, use the Path Follow
space warp on page 2717.

Procedures

To create snow:

1 % 2' In the Create panel, make sure the Geometry button is active
and Particle Systems is selected from the object category drop-down list,
then click Snow.

2 Drag in a viewport to create the Snow emitter; see Creating a Particle
Emitter on page 3006.

The emitter's direction vector points in the negative Z direction of the
active construction plane.
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Interface
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Particles group

Viewport Count Maximum number of particles displayed in viewports at any
given frame.
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TIP Setting the viewport count less than the render count can improve viewport
performance.

Render Count Maximum number of particles that can appear in a single
frame when you render it. Works in combination with the particle system's
timing parameters.

B When the number of particles reaches the Render Count value, particle
creation is suspended until some particles die.

B When enough particles die, particle creation resumes until Render Count
is reached again.

Flake Size Size of a particle in the active units.

Speed Initial velocity of each particle as it leaves the emitter. Particles travel
at this speed unless they are affected by a particle system space warp.

Variation Varies the initial speed and direction of particles. The greater the
Variation, the broader the area of snowfall.

Tumble Amount of random rotation for snowflake particles. This parameter
can range from O to 1. At 0, flakes do not rotate; at 1, they rotate the most.
The axis of rotation is generated randomly for each particle.

Tumble Rate Speed at which snowflakes rotate. The greater the Tumble Rate,
the faster the rotation.

Flakes, Dots, or Ticks Select how particles are displayed in viewports. The
display setting does not affect how particles are rendered. Flakes are star-shaped
snowflakes, dots are points, ticks are small plus signs.

Render group

Six Point Each particle is rendered as a six-pointed star. Each side of the star
is a face to which you can assign a material. This is the default setting for
rendering.

Triangle Each particle is rendered as a triangle. Only one side of the triangle
is a face to which you can assign a material.

Facing Particles are rendered as square faces whose width and height equals
the Drop Size. Facing particles always face the camera (or the user's perspective).
They are provided especially for use with material maps. Use with an
appropriate opacity map for bubbles or snowflakes.

NOTE Facing works correctly only in a perspective or camera view.
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Timing group

Timing parameters control the "birth and death" rates of emitted particles.

At the bottom of the Timing group is a line that displays the maximum
sustainable rate. This value is based on the Render Count and the lifetime of
each particle. To be precise:

maximum sustainable rate=Render Count/Life

Because the number of particles in a frame never exceeds Render Count, if
the Birth Rate exceeds the maximum rate, the system will run out of particles,
pause until some die off, and then start again, generating bursts or spurts of
particles.

Start Number of the first frame where particles appear.
Life The lifetime of a particle, in number of frames.

Birth Rate The number of new particles born per frame.

If this is less than or equal to the maximum sustainable rate, the particle
system generates an even flow of particles. If it is greater than the maximum
rate, the particle system generates particles in bursts.

You can animate the Birth Rate parameter.
Constant When on, Birth Rate is unavailable and the birth rate used equals
the maximum sustainable rate. When off, Birth Rate is available. Default=on.

Turning Constant off does not mean that the birth rate varies automatically;
the birth rate remains constant unless you animate the Birth Rate parameter.

Emitter Group

The emitter specifies the area where particles appear in the scene. It has a
geometry you can display in viewports, but it isn't renderable.

The emitter is displayed as a rectangle with a vector pointing out of one side.
The vector shows the direction in which the system emits particles.

You set emitter parameters in the Emitter group of the particle system's
Parameters rollout.

Width and Length You implicitly set the initial value of these parameters
when you drag in a viewport to create the emitter. You can adjust the values
in the rollout.

The space occupied by the particle system at any given time is the result of a
combination of its initial parameters (size of the emitter, and speed and
variation of emission) and any space warps that have been applied.
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Hide Turn on to hide the emitter in viewports. When off, the emitter is
displayed in viewports. The emitter is never rendered. Default=off.

Super Spray Particle System

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > Super Spray

Create menu > Particles > Super Spray

Super Spray emits a controlled spray of particles. This particle system is like
the simple Spray particle system with the added power provided by all the
newer particle systems.
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TIP To animate particles following a path through space, use the Path Follow
space warp on page 2717.

+
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Super Spray viewport icon (emitter)

Particles emerging from a super spray system
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Procedures

To create a super spray particle system:

1 % El On the Create panel, make sure the Geometry button is
active and Particle Systems is chosen in the object category list, then click
Super Spray.

2 Drag in any viewport to create the Super Spray emitter icon; see Creating
a Particle Emitter on page 3006.

The icon appears as an intersecting plane and circle with an arrow. The
initial direction of the spray (based on the orientation of the emitter icon
and indicated by the icon arrow) depends on the viewport in which you
create the icon. Generally, the particles spray toward you when created
in an orthographic viewport, or spray upward when created in a
Perspective viewport.

3 Adjust the various parameters to alter the spray effect.

Interface

NOTE This section describes the Particle Formation group in the Basic Parameters
rollout, and the Particle Motion group in the Particle Generation rollout. These
are the only controls unique to Super Spray. The other Super Spray rollouts and
their contents are identical with those in Particle Array, except that Object
Fragments and associated settings are not available on the Particle Type rollout.
See PArray Particle System on page 3042 for details or choose from the following
list for rollout information.

Particle Generation Rollout on page 3049
Particle Type Rollout on page 3053

Rotation and Collision Rollout on page 3063
Object Motion Inheritance Rollout on page 3066
Bubble Motion Rollout on page 3067

Particle Spawn Rollout on page 3069

Load/Save Presets Rollout on page 3075
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Basic Parameters rollout > Particle Formation group

|- Bazic Parameters |
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These items control the direction and spread of particles.

Off Axis Affects the angle of the particle stream off the Z axis (along the plane
of the X axis).

Spread Affects the spread of the particles away from the emission vector (along
the plane of the X axis).

Off Plane Affects the angle of emission about the Z axis. This has no effect if
Off Axis is set to 0.
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Spread Affects the spread of the particles about the Off Plane axis. This has
no effect if Off Axis is set to 0.

Particle Generation rollout > Particle Motion group

Speed The speed of the particle at birth, in units per frame.

Variation Applies a percentage of variation to the speed of emission for each
particle.

Blizzard Particle System

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > Blizzard

Create menu > Particles > Blizzard

This is an advanced version of the original Snow particle system.
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TIP To animate particles following a path through space, use the Path Follow
space warp on page 2717.

Blizzard viewport icon (emitter)

Snowflake particles in a blizzard
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Procedures

To create a blizzard particle system:

1 % El On the Create panel, make sure the Geometry button is
active and Particle Systems is chosen in the object category list, then click
Blizzard.

2 Drag in a viewport to create the Blizzard emitter; see Creating a Particle
Emitter on page 3006.

The icon appears as a plane with a perpendicular line pointing in the
direction of emission.

3 Adjust the various parameters on the command panel.

Interface

This section describes the Display Icon group in the Basic Parameters rollout,
the Particle Motion group in the Particle Generation rollout, and the Material
Mapping and Source group in the Particle Type rollout. These are the only
controls unique to Blizzard. The other Blizzard rollouts and their contents are
identical with those in Particle Array, except that Object Fragments and
associated settings are not available on the Particle Type rollout. See PArray
on page 3042 for details or choose from the following list for rollout information.

Particle Generation Rollout on page 3049
Particle Type Rollout on page 3053

Rotation and Collision Rollout on page 3063
Object Motion Inheritance Rollout on page 3066
Particle Spawn Rollout on page 3069

Load/Save Presets Rollout on page 3075
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Basic Parameters rollout > Display Icon group

|- Bazic Parameters |
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The emitter specifies the location where particles are generated in the scene.
It has a geometry you can display in viewports, but it isn't renderable.

The emitter is displayed as a rectangle with a vector pointing out of one side.
The vector shows the direction in which the system emits particles.

You set emitter parameters on the particle system's Basic Parameters rollout,
in the Display Icon group.

Width and Length You implicitly set the initial value of these parameters
when you drag in a viewport to create the emitter. You can adjust the values
on the rollout.

The space occupied by the particle system at any given time is the result of a
combination of its initial parameters (such as size of the emitter, and speed
and variation of emission) and any space warps that have been applied.

Emitter Hidden Hides the emitter in viewports. When off, the emitter is
displayed in viewports. The emitter is never rendered. Default=off.
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Particle Generation rollout > Particle Motion group

Specifies the number, size, and motion of particles.
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Speed The speed of the particle at birth, in units per frame.
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Variation Applies a percentage of variation to the speed of emission for each
particle.

Tumble Amount of random rotation of the particles.

Tumble Rate Speed at which the particles rotate.

Particle Type rollout > Mat'l Mapping and Source group

— Inztancing Parameters
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Emitter Fit Planar Maps particles at birth, based on their point of emission
from the rectangular Blizzard emitter icon. The UV range of the mapped
material runs from O to 1 over the width and length of the emitter.

PCloud Particle System

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > PCloud
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Create menu > Particles > PCloud

Use the PCloud (or Particle Cloud) particle system when you want a "cloud"
of particles that fill a specific volume. PCloud can provide a flock of birds, a
starfield, or a troupe of soldiers marching over terrain. You can confine the
particles using basic supplied volumes of a box, sphere, or cylinder, or you
can use any renderable object in the scene as a volume as long as that object
has depth. Two-dimensional objects do not work with PCloud.
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TIP There is no automatic way to hide the object chosen as the object-based
emitter. Hide it by using Hide Selected on the Display panel, or by applying a Hide
key in Track View.

PCloud viewport icon (default emitter)

R

PCloud viewport icon (object-based emitter)
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PCloud used to form a school of fish (each fish is a particle)

Procedures

To create a particle cloud:

1 W El On the Create panel, make sure the Geometry button is
active and Particle Systems is chosen in the object category list, then click
PCloud.

2 Drag in a viewport to create the PCloud emitter; see Creating a Particle
Emitter on page 3006.

Adding a PCloud emitter works the same way as creating a box primitive:
First drag out the length and width, then release the mouse button and
move the mouse vertically to set the height, and then click to finish.

The emitter appears with a letter "C" representing the particle cloud.

3 Adjust the various parameters on the command panel.

Interface
This section describes the Object-Based Emitter, Particle Formation, and Display

Icon groups in the Basic Parameters rollout, and the Particle Motion group in
the Particle Generation rollout. These are the only controls unique to PCloud.
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The other PCloud rollouts and their contents are identical with those in Particle
Array, except that Object Fragments and associated settings are not available
on the Particle Type rollout. See PArray on page 3042 for details or choose from
the following list for rollout information.

Particle Generation Rollout on page 3049
Particle Type Rollout on page 3053

Rotation and Collision Rollout on page 3063
Object Motion Inheritance Rollout on page 3066
Bubble Motion Rollout on page 3067

Particle Spawn Rollout on page 3069

Load/Save Presets Rollout on page 3075
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Basic Parameters rollout
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Object-Based Emitter group

This button lets you select a renderable mesh object to use as a particle emitter.
This object is used only when the Object-Based Emitter option is chosen in
the Particle Formation group.

Pick Object Click this, and then select a renderable mesh object to be used
as a custom emitter.

Object Displays the name of the picked object.
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Particle Formation group

These options let you specify the shape of the emitter.
Box Emitter Chooses a box-shaped emitter.

Sphere Emitter Chooses a sphere-shaped emitter.
Cylinder Emitter Chooses a cylindrical emitter.

Object-Based Emitter Chooses the object selected in the Object-Based Emitter
group.

NOTE With regard to animation of the object-based emitter, the particles will
properly fill a deformed object at frame 0, but they can't stay with the emitter
while it's moving. If the emitter moves in a straight line, this can give the
appearance of the cloud moving with the emitter.

Display Icon group

These options let you adjust the dimensions of the emitter icon when a custom
object is not used as an emitter. When a custom object is used you can still
resize the "Fill" icon using these options.

Rad/Len Adjusts the radius of a spherical or cylindrical icon, and the length
of a box icon.

Width Sets the width of a box emitter.
Height Sets the height of a box or cylindrical emitter.

Emitter Hidden Hides the emitter.
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Particle Generation rollout > Particle Motion group

— Particle Mabion
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Speed The speed of the particle at birth along the normal, in units per frame.

NOTE For the correct volume effect, Speed should be set to 0.

Variation Applies a percentage of variation to the speed of emission for each
particle.

Random Direction One of three options that affect the direction of the
particles. This option emits particles in random directions.

Direction Vector Specifies the direction of the particles by a vector defined
by the three X, Y, and Z spinners.

X/Y/Z Displays the particle direction vectors.

Reference Object Emits particles in the direction of the local Z axis of a
specified object.

Object Displays the name of the picked object.
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Pick Obiject Click this, and then select an object in the scene to use as a
reference object. This button is available only when you choose Reference
Object.

Variation Applies a percentage of variation to the direction when you choose
either the Direction Vector or Reference Object option. This spinner is
unavailable and has no effect when you choose Random Direction.

PArray Particle System

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > PArray

Create menu > Particles > PArray

Basket used as a distribution object for random particles over its surface

The PArray (Particle Array) particle system provides two types of particle effects:

B You can use it to emit particles using a selected geometric object as the
emitter template (or pattern) for the emission. This object is referred to
here as the distribution object.
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How particles can be distributed on an object:

Left: Edges
Center: Vertices

Right: Faces

You can use it to create sophisticated object explosions.

TIP A good way to create explosions is to set the particle type to Object
Fragments and then apply a PBomb space warp on page 2712.

See also:

Particle System Usage on page 3004

Using Materials with Particle Array on page 3007

Achieving Particle Motion Blur on page 3010

Using Mapped Materials with Particle Systems on page 3010

Using Multi/Sub-Object Materials with Particle Systems on page 3012
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B Using Spawned Particles on page 3013

B Using Interparticle Collision on page 3015

Procedures

To set up a particle array:

1 Create an object that will become the distribution object, providing the
emitter pattern (or exploded object) for the particle array.

2 % El On the Create panel, make sure the Geometry button is
active and Particle Systems is chosen in the object category list, then click
PArray.

3 Drag anywhere in a viewport to create the particle-system object; see
Creating a Particle Emitter on page 3006.

4 On the Basic Parameters rollout, click Pick Object, and then click the
object to use as the distribution object.

5 Adjust the various options in the Particle Array rollouts to achieve the
effect you want.

The distribution object can be any object containing renderable faces.

The particle-system object does not appear in the rendered scene. Its
placement, orientation or size in the scene has no influence on the particle
effect. To access the Particle Array parameters after creation, open the
Modify panel and select the particle-system object (or click any visible
particles in the viewport). To transform or otherwise modify the
distribution object, select the distribution object itself.

Also, you can share a single distribution object among more than one
particle-system object. The distribution object merely provides the
template for the particles, which are actually generated by the particle
system.

Example: To assign three different mapped materials to fragments:

1 Apply mapping coordinates to the distribution object, either by turning
on Generate Mapping Coords, if necessary, or by applying a UVW Map
modifier on page 1931.

2 Assign a Multi/Sub-Object material on page 5720 to the distribution object.
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3 Set up the first three sub-materials to be mapped materials.
4 Select the PArray icon.

5 On the Particle Type rollout in the Mat'l Mapping And Source group,
choose Picked Emitter.

6 In the Particle Type rollout > Particle Types group, turn on Object
Fragments.

7 Make sure the three spinners in the Fragment Materials group are set to
1, 2, and 3, respectively (or match the numbers with the sub-materials
you've assigned in your multi/sub-object material).

TIP Using a complex distribution object for object-fragment particles can
really slow down viewport interaction. You can use a simple stand-in object
as the distribution object, and then later use the File/Replace command to
replace the distribution object with a more complex object of the same name.

Interface

Basic Parameters Rollout (PArray) on page 3045
Particle Generation Rollout on page 3049
Particle Type Rollout on page 3053

Rotation and Collision Rollout on page 3063
Object Motion Inheritance Rollout on page 3066
Bubble Motion Rollout on page 3067

Particle Spawn Rollout on page 3069

Load/Save Presets Rollout on page 3075

Basic Parameters Rollout (PArray)

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > Parray > Basic Parameters rollout

The items on the Basic Parameters rollout let you create and adjust the size of
the particle system, and pick the distribution object. In addition, they let you
specify the initial distribution of the particles in relation to the geometry of
the distribution object, and the initial velocity of the particles from the
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distribution object. From here, you can also specify how the particles appear
in the viewport.

Interface
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Object-Based Emitter group

Pick Object After you create the particle-system object, the Pick Object button
becomes available. Click this button, and then click to select an object in your
scene. The selected object becomes the object-based emitter, and is used either
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as the source geometry over which particles form, or the source geometry used
to create particles that appear to be fragments of the object.

Obiject text field Displays the name of the picked object.

Particle Formation group

These options determine how standard particles are initially distributed over
the surface of the object-based emitter. These controls are available only when
the picked object is used as a distribution grid for standard particles,
MetaParticles, or instanced geometry; see Particle Type rollout on page 3053.
When Object Fragments is chosen in the Particle Type rollout, these controls
are unavailable.

Over Entire Surface Emits particles randomly over the entire surface of the
object-based emitter. This is the default choice.

Along Visible Edges Emits particles randomly from the visible edges of the
object.

At All Vertices Emits particles from the vertices of the object.

At Distinct Points Places a specified number of emitter points randomly over
the surface of the object.

Total Specifies the number of emitter points used when At Distinct Points is
chosen.

At Face Centers Emits particles from the center of each triangular face.

Use Selected SubObjects With mesh-based emitters, and to a limited extent
with patch-based emitters, limits the source of the particle stream to the
sub-object selection passed up the modifier stack in the object-based emitter.
For example, if your emitter object is a cylinder converted to an editable mesh,
and the top cap of that cylinder is selected at the Face or Polygon sub-object
level, if Use Selected SubObjects is on and Particle Formation group > At Face
Centers is on, the particles will stream only from the top cap of the cylinder.
Default=off.

The type of particle formation you specify determines the type of sub-object
geometry used, as follows:

B Over Entire Surface Faces
B Along Visible Edges Edges
B At All Vertices Vertices
|

At Distinct Points Faces
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B At Face Centers Faces
If you've converted your object to an editable mesh, and selected different
sub-object sections of it with vertex, edge, and face selection, as you switch
particle formation options, you'll see the particles emit from different areas
of the object.

NOTE Use Selected SubObijects is applicable to patch object emitters only at
the patch and element sub-object levels, and is not applicable NURBS objects
used as emitters.

TIP You can best see the emission patterns by first setting Speed on the Particle
Generation rollout > Particle Motion group to 0. Move to a frame in which the
particles appear, and then choose the various particle formation options.

Display Icon group

Adjusts the display of the particle-system icon in the viewports. (The
particle-system icon is usually called the "emitter." In this case, however, it
doesn't actually emit particles, so we're avoiding the term.)

Icon Size Sets the overall size of the icon, in units.
Icon Hidden When on, the PArray icon is hidden in the viewports. Note that
the icon does not render, in any case. Default=off.

Viewport Display group

Specifies how the particles are displayed in the viewports.
Dots Displays the particles as dots.
Ticks Displays the particles as crosses.

Mesh Displays the particles as mesh objects. This results in slower viewport
redraws.

BBox For instanced geometry only, this displays each instanced particle,
whether a single object, a hierarchy, or a group, as a bounding box.

Percentage of Particles This spinner specifies the number particles displayed
in the viewports as a percentage of the number of rendered particles.
Default=10 percent.

Set the display percentage to 100 percent if you want to see the same number
of particles as will be rendered in your scene. However, this can considerably
slow viewport display.
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Particle Generation Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Particle
Generation rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Particle
Generation rollout

Items on this rollout control when and how quickly particles form, how
particles move, and the size of the particles over time.
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Particle Quantity group

In this group, you can choose one of two methods by which the number of
particles is determined over time. These settings are unavailable if you set
Particle Type (in the Particle Type rollout on page 3053) to Object Fragments.
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Use Rate Specifies a fixed number of particles emitted per frame. Use the
spinner to set the number of particles formed per frame.

Use Total Specifies a total number of particles formed over the life of the
system. Use the spinner to set the number of particles formed per frame.

The life of the system, in frames, is specified by the Life spinner in the Particle
Timing group, described later in this topic.

TIP Generally, Use Rate is best for a continuous flow of particles, like a trail of pixie
dust, while Use Total is better for bursts of particles over a short period of time.

Particle Motion group

These spinners control the initial particle velocity, which is directed along
the surface, edge, or vertex normals (interpolated for each emitter point).

Speed The velocity of the particle at birth, along the normal, in units traveled
per frame.

Variation Applies a percentage of variation to the speed of emission for each
particle.

Divergence Applies an angular degree of variation by which each particle's
velocity can vary from the emitter normal.

NOTE The initial direction for a fragment cluster is the normal of the cluster's seed
face. Clusters are created by choosing a single face (the seed face), and then
creating a cluster outward from that face, depending on the method chosen in
the Object Fragment Controls group on the Particle Type rollout.

Particle Timing group

These options specify when particle emission starts and stops, and the lifespan
of the individual particles.

Emit Start Sets the frame at which particles begin to exist in the scene.

Emit Stop Sets the last frame at which particles are emitted. This setting has
no effect if you choose the Object Fragments particle type.

Display Until Specifies the frame at which all particles will disappear,
regardless of other settings.

Life Sets the lifespan in number of frames of each particle from the frame of
creation.
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Variation Specifies the number of frames by which the life of each particle
can vary from the norm.

Subframe Sampling Turning on any of the three check boxes below helps
avoid particle "puffing" by sampling particles at a much higher subframe
resolution, instead of the relatively coarse frame resolution. Depending on
your needs, you can do this over time, over motion, or over rotation. "Puffing"
is the effect of emitting separate "puffs" or clusters of particles, rather than a
continuous stream. This effect is especially noticeable when the emitter is
animated.

B Creation Time Enables the addition of a time offset to the equations of
motion that prevents puffing in time. This setting has no effect with the
Object Fragments particle type. Default=on.

B Emitter Translation If the object-based emitter is moving in space,
particles are created at integral times at positions along the geometry's
path between renderable positions. This prevents puffing in space. This
setting has no effect if Object Fragment particle type is on. Default=on.

B Emitter Rotation If the emitter is rotating, turn this on to avoid puffing
and produce smooth spiral effects. Default=off.

IMPORTANT Each additional subframe sampling check box that you turn on
progressively increases the necessary computation. In addition, the methods
are listed in order of least amount of computation to most. Thus, Emitter
Rotation is more costly than Emitter Translation, which is more costly than
Creation Time.

Particle Size group

These spinners specify the size of the particles.

Size This animatable parameter specifies the target size for all particles in the
system, depending on the type of particle:

B Standard Particles The major dimension of the particle.

B Constant The dimension, in rendered pixels, of a Constant type of
particle.

B Object Fragments No effect.

Variation The percentage by which the size of each particle may vary from
the norm. This is applied to the Size value. Use this parameter to get a realistic
mix of large and small particles.
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Grow For The number of frames over which the particle grows from being
very small to the Size value. The result is subject to the Size/Variation value,
since Grow For is applied after Variation. Use this parameter to simulate natural
effects such as bubbles growing as they reach the surface.

Fade For The number of frames over which the particle will shrink to 1/10th
its Size setting prior to its death. This is also applied after Variation. Use this
parameter to simulate natural effects such as sparks fading to ash.

Uniqueness group

By changing the Seed value in this spinner, you achieve different results using
otherwise identical particle settings.

New Randomly generates a new seed value.

Seed Sets a specific seed value.

Particle Type Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Particle Type
rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Particle
Type rollout
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Left: A stream from a fountain

Right: The same stream with various types of particles

The controls on this rollout let you specify the type of particle used and the
type of mapping performed on the particles.
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Interface
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Particle Types group

These options specify one of four categories of particle type. Depending on
which option you choose, different controls become available in the lower
portion of the Particle Type rollout.

Standard Particles Uses one of several standard particle types, such as triangle,
cube, tetra, and so on.

MetaParticles Uses Metaball particles. These are particle systems in which the
individual particles blend together in blobs or streams.

Object Fragments Creates particles out of fragments of an object.

Object Fragments is available only with Particle Array. Choose it when you
want to fracture the particle emitter object and use the pieces as particles. This
option is useful for animating explosions and shattering collisions.

The fragments are created at the Emit Start frame. The Use Rate, Use Total,
Emit Stop, and Particle Size parameters are unavailable.

Instanced Geometry Generates particles that are instances of either an object,
a linked hierarchy of objects, or a group. The object is selected in the Instancing
Parameters group on the Particle Type rollout.

Choose Instanced Geometry when you want particles to be identical instances
of another object in your scene. Instanced geometry particles are extremely
effective for creating crowds, flocks, or flows of very detailed objects. Here are
a few examples:

B Instance a red blood cell and use Super Spray to animate blood flowing in
an artery.

B Instance a bird and use Particle Cloud to animate a flock of birds flying.

B Instance a rock and use Particle Cloud to animate an asteroid field.

NOTE Only one type of particle can be used for the particle system. However,
you can have more than one particle array bound to a single object, and each
particle array can emit a different type of particle.

TIP Image motion blur, described in Object Properties on page 305 > Motion
Blur group, is known not to work properly with instanced particles. Use object
motion blur with instanced particles, or use image motion blur with standard
particles.
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Standard Particles group

When you choose Standard Particles in the Particle Types group, the options
in this group become available. Choose one of the following options to specify
the particle type:

Triangle Renders each particle as a triangle. Use Triangle particles with noise
opacity for steam or smoke.

Cube Renders each particle as a cube.

Special Each particle consists of three intersecting 2D squares. These are
effective when you use a face-map material, described in Shader Basic
Parameters Rollout on page 5397, optionally along with an opacity map, to
create the effect of a three-dimensional particle.

Facing Renders each particle as a square that always faces the view. Use with
an appropriate opacity map for bubbles or snowflakes.

Constant Provides a particle that remains the same size, in pixels, specified
in the Size spinner. This size never changes, regardless of its distance from the
camera.

IMPORTANT You must render either a camera or a perspective view for Constant
particles to render correctly.

Tetra Renders each particle as a mapped tetrahedron. Use Tetra particles for
raindrops or sparks.

The default alignment of the tetra particles depends on the particle system
type and emitter setup. To specify an alignment, use controls in the Rotation
and Collision rollout on page 3063.

SixPoint Renders each particle as a six-pointed, two-dimensional star.

Sphere Renders each particle as a sphere.

MetaParticle Parameters group

When you choose the MetaParticles option in the Particle Types group, the
options in this group become available, and metaballs are used as particles.
Metaparticles take extra time to render but are very effective for spraying and
flowing liquid effects.

Tension Determines the tightness of the particles, with regard to their tendency
to blend with other particles. The higher the Tension, the harder the blobs,
and the harder it is for them to merge.
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Variation Specifies the percent of variation of the Tension effect.

Evaluation Coarseness Specifies how accurately the metaparticle solution is
calculated. The higher the coarseness values, the less calculation. However, if
the coarseness is too high, there may be little or no metaparticle effect at all.
Conversely, if the coarseness is set too low, the time for calculation can become
extremely long.

Render Sets the coarseness for metaparticles in the rendered scene. This option
is unavailable when Automatic Coarseness is on.

Viewport Sets the coarseness for the viewport display. This option is
unavailable when Automatic Coarseness is on.

Automatic Coarseness A general rule is to set the Coarseness value between
1/4 and 1/2 the size of the particles. When this item is on, the rendering
coarseness is automatically set, based on the size of the particles, and the
viewport coarseness is set to about twice that of the rendering coarseness.

One Connected Blob When off (the default), all particles are calculated; when
on, a shortcut algorithm is used that calculates and displays only those particles
that are adjoining or contiguous to each other.

NOTE One Connected Blob mode speeds particle calculations, but you should
use it only when your metaparticles form one connected blob, as the label indicates.
That is, all particles' blobs must be touching. For example, if you were to use One
Connected Blob on a stream of particles containing a mass of 10 contiguous
particles followed by a space, then 12 contiguous particles followed by another
space, and finally 20 contiguous particles, one of the particles will be chosen, and
only the mass connected to that particle will be displayed and rendered.

TIP When in doubt, leave this option off. If you think all your particles are
contiguous and want to save time, turn on One Connected Blob, and then display
various frames to see if everything appears.

Object Fragment Controls group

With a particle array, when you choose the Object Fragments particle type,
the items in this group become available, and the object-based emitter is
exploded into fragments, rather than being used to distribute particles.

NOTE To see the fragments in the viewports, choose Mesh in the Viewport Display
group near the bottom of the Basic Parameters rollout on page 3045.

3058 | Chapter 14 Space Warps and Particle Systems



The items in this group include a Thickness spinner, along with three option
buttons that determine how the fragments are formed.

TIP There is no automatic way to hide the distribution object that explodes into
fragments. To create the illusion that an object is exploding, you must either set
the original object to be invisible at the start of the explosion, as described in Add
Visibility Track on page 3611, or move or scale the original object so it doesn't remain
in view.

Thickness Sets the thickness of the fragments. At O, the fragments are
single-sided with no thickness. When greater than 0, the fragments are
extruded, at fragmentation time, by the amount specified. The outer and inner
surfaces of the fragment use identical smoothing, which is picked up from
the object-based emitter. The edges of the fragments are not smoothed.

The three options that follow specify how the object fragments.

All Faces Each face of the object becomes a particle. This results in triangular
particles.

Number of Chunks The object breaks into irregular fragments. The Minimum
spinner, below, specifies the minimum number of fragments that will appear.
The method of calculating the chunks may result in more fragments than
specified.

Minimum Determines a number of "seed" faces in the geometry. Each seed
face collects connecting faces surrounding it until all available faces are
exhausted. Any leftover faces become unique particles, thus increasing the
minimum number of fragments.

Smoothing Angle The fragments are broken based on the angles between
face normals, as specified in the Angle spinner. Generally, the higher the Angle
value, the fewer the number of fragments.

Angle Sets the amount of smoothing angle.
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These options are used when you specify Instanced Geometry in the Particle
Types group. They let you generate each particle as an instance of either an
object, a linked hierarchy of objects, or a group.

NOTE Instanced objects can be animated, providing the animation incorporates
one or more of the following types:

B Animation of object geometry parameters, such as a sphere's Radius setting.

B Animation of object-space modifiers, such as the Angle setting of a Bend
modifier on page 1208.

B Transform animation of a hierarchical object's children. Transform
animation of the top-level parent and non-hierarchical objects is not
supported. For example, if you use the toolbar Select and Rotate function
on page 960 to animate a box rotating, and then use the box as instanced
geometry with a particle system, the system will not use instanced box's
keyframed animation.

Obiject Displays the name of the picked object.

Pick Object Click this, and then select an object in the viewport to be used
as a particle. If you select an object that's part of a hierarchy and Use Subtree
Also is on, then the picked object and its children become a particle.

If you pick a group, all objects in the group are used as a particle.

Use Subtree Also Turn this on when you want to include the linked children
of the picked object in the particle. If the picked object is a group, all children
of the group are included. Note that you can turn this on or off at any time
to alter the particles.

Animation Offset Keying Because the instanced objects can be animated,
the options here let you specify the timing of the animations for the particles.

None Each particle duplicates the timing of the original object. As a result,
the animation of all particles will be identically timed.

Birth The firstborn particle is an instance of the current animation of the
source object at the moment of that particle's birth. Each subsequent particle
then uses the same start time for the animation. For example, if the animation
of the source object is a bend from 0 to 180 degrees, and the first particle is
born at frame 30, when the object is at 45 degrees, then that particle, and all
subsequent particles will be born starting at a bend of 45 degrees.

Random This option is the same as None when Frame Offset is set to 0.
Otherwise, each particle is born using the same animation as the source object
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at the time of birth, but with a random offset of frames, based on the value
in the Frame Offset spinner.

Frame Offset Specifies an offset value from the current timing of the source
object.

Mat'l Mapping and Source group

Specifies how a mapped material affects the particles, and lets you specify the
source of the material assigned to the particles. A detailed description of how
materials affect particles is in the topic Using Mapped Materials with Particle
Systems on page 3010.

Time Specifies the number of frames from the birth of the particle that it takes
to complete one mapping of the particle.

Distance Specifies the distance, in units, from the birth of the particle that it
takes to complete one mapping of the particle.

NOTE Tetra particles are an exception. They always have their own local mapping
from head to tail, as described in the following section.

Get Material From Updates the material carried by the particle system, using
the source specified by the option buttons below this button.

IMPORTANT Remember to click Get Material From whenever you choose a
different source option button, or whenever you assign a new material to the
specified source. Only a single material (or multi/sub-object material) is carried by
the particle-system object at any time. Thus, when you change sources, you actually
overwrite the currently assigned material with an instance of the source material.

Icon The particles use the material currently assigned to the particle system
icon.

NOTE The Time and Distance options are available only when you choose this
option.

Picked Emitter The particles use the material assigned to the distribution
object.

Instanced Geometry The particles use the material assigned to the instanced
geometry. This option is available only when you choose Instanced Geometry
in the Particle Types group.

3062 | Chapter |4 Space Warps and Particle Systems



IMPORTANT When you turn on either Picked Emitter or Instanced Geometry, an
instance of the material from the chosen source is copied to the emitter icon,
overwriting the material originally assigned to the icon. Thus, if you've assigned
a material to the particle emitter, and then switch to Picked Emitter, the material
originally assigned to the icon is replaced by an instance of the material carried
by the picked object. If you then return to the Icon option, the particle system
does not revert to the material that was assigned the icon, but retains the material
taken from the picked object.

Fragment Materials group

These spinners let you assign different material ID numbers to outside surfaces,
the edges and the back sides of fragment particles. You can then assign different
materials to the front, edge and back of the fragments by using a
multi/sub-object material.

Outside ID Specifies which face ID number is assigned to the outside faces of
the fragments. This spinner defaults to 0, which is not a valid ID number,
forcing the outside of the particle fragments to use whatever material is
currently assigned to the associated faces. Thus, if your distribution object
already has several submaterials assigned to its outer faces, these materials are
retained by using ID 0. If you want a single, specific submaterial, you can
assign it by changing the Outside ID number.

Edge ID Specifies which submaterial ID number is assigned to the edges of
the fragments.

Backside ID Specifies which submaterial ID number is assigned to the back
sides of the fragments.

Rotation and Collision Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Rotation
and Collision rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Rotation
and Collision rollout

Particles often move at high rates of speed. In such cases, you might want to
add motion blur to the particles to enhance their motion. Also, real-world
particles typically rotate as they move, and collide with each other.
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The options on this rollout affect the rotation of the particles, provide motion
blur effects, and control inter-particle collisions.

Interface
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Spin Speed Controls group

Spin Time The number of frames for one rotation of a particle. If set to 0, no
rotation takes place.

Variation The percent of variation of the Spin Time.
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Phase Sets the initial particle rotation, in degrees. This has no meaning for
fragments, which always begin with zero rotation.

Variation The percent of variation of the Phase.

Spin Axis Controls group

These options determine the spin axis for the particles, and provide a partial
method of applying motion blur to the particles.

Random The spin axis for each of the particles is random.

Direction of Travel/Mblur (Not available with the Blizzard particle system.)
Rotates the particles about a vector formed by the direction in which they're
moving. This option also lets you apply a form of motion blur to the particles
by using the Stretch spinner. For further information, see Achieving Particle
Motion Blur on page 3010.

Stretch When greater than 0, the particles stretch along the travel axis,
depending on their speed. Specifically, the Stretch value specifies the percent
of their length per each unit of the Speed setting (in the Particle Motion group).
Thus, if you set Stretch to 2 while Speed is set at 10, the particles are stretched
20 percent longer than their original size along the axis of their travel. This
spinner is available only when you choose Direction of Travel/Mblur.

NOTE For best results when using Stretch, you should also assign the Particle
MBIlur map as an opacity map of the material assigned to the particle system.

User Defined Uses a vector defined in the three X, Y, and Z axis spinners.

X/Y/Z Axis Specifies the spin vector of the X, Y, or Z axis, respectively. These
spinners are available only when User Defined is chosen.

Variation The amount, in degrees, by which the spin axis of each particle
may vary from the specified X Axis, Y Axis, and Z Axis settings. This spinner
is available only when you choose User Defined.

Interparticle Collisions group

These options enable collisions between particles, and control how the
collisions occur. Note that this involves intensive calculation, particularly
when large numbers of particles are involved.

Enable Enables inter-particle collisions in the calculation of the particle
movements.
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Calc Intervals Per Frame The number of intervals per rendering interval,
during which an inter-particle collision test is conducted. The higher the value,
the more accurate the simulation, but the slower the simulation will run.

Bounce The degree to which speed is recovered after a collision.

Variation The percentage of random variation of the Bounce value, applied
to the particles.

Object Motion Inheritance Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Object
Motion Inheritance rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Object
Motion Inheritance rollout

Each particle's position and direction of movement are determined by the
position and orientation of the emitter at the time the particle is created. If
the emitter is moving through the scene, particles are scattered along the
emitter's path.

Use these options to affect the motion of the particles by the motion of the
emitter.

Procedures

Example: To observe object motion inheritance:
1 Create a Super Spray particle system.

2 Animate the emitter moving sideways (perpendicular to the direction of
the particle stream) between frames 1 and 15.

3 Play the animation while observing it from the Top viewport.

The emitter stops at frame 15, while the particles it has emitted up to
that point continue moving along the diagonal between the emitter's
path and that of the particles. The remaining particles move straight out
from the emitter.

4 On the Object Motion Inheritance rollout, set Influence to 50.

5 Play the animation again.
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This time, only some of the particles inherit the emitter's motion, while
the rest move straight out from the emitter. Note that the latter form a
diagonal stream because each particle emerges at a subsequent point on
the emitter path.

Interface
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Influence The percent of particles that inherit the motion of the object-based
emitter at the moment of particle formation. For example, when this is set at
100 (the default), all particles travel along with a moving object; when it's set
at 0, none of the particles are affected by the translation of the object and fall
behind its movement.

Multiplier Modifies the amount by which the emitter motion affects the
particle motion. This can be a positive or negative number.

Variation Provides a percentage of variation of the Multiplier value.

Bubble Motion Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Parray/PCloud > Bubble Motion rollout

Select a SuperSpray/Parray/PCloud emitter. > Modify panel > Bubble Motion
rollout

Bubble motion provides the wobbling effect you see in bubbles rising
underwater. Typically, it's used when the particles are set to rise in thin streams.
Bubble motion is similar to a waveform, and the Bubble Motion parameters
let you adjust the amplitude, period, and phase of the bubble "wave."

NOTE The bubble motion is not affected by space warps, so you can use a space
warp to control the direction of the particle flow without altering the local,
wobbling bubble effect.
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TIP InterParticle Collisions, Deflector Binding, and Bubble Noise do not get along
well together. Particles may leak through the deflector when these three are used
together. Instead of bubble motion, use animated mapping. Use facing particles
with an animated map of a bubble, where the bubble is smaller than the map
size. The bubble is animated moving around the map. This simulates bubble
motion at the map level.

Interface
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Amplitude The distance the particle moves off its usual velocity vector as it
travels.

Variation The percent of Amplitude variation applied to each particle.

Period The cycle time for one complete oscillation of a particle through the
bubble "wave." A recommended value might be 20 to 30 intervals.

NOTE Bubble motion is measured in time, not in rate, so a very large Period value
means the motion takes a long time to complete. Thus, there is no motion,
effectively. Period is therefore set to a very large default value so that the default
motion of this type is none.

Variation The percent of Period variation for each particle.
Phase The initial displacement of the bubble pattern along the vector.

Variation The percent of Phase variation for each particle.
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Particle Spawn Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Particle
Spawn rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Particle
Spawn rollout

The options on the Particle Spawn rollout let you specify what happens to
particles when they die, or when they collide with a particle deflector. Using
the options on this rollout, you can have particles generate additional
generations of particles upon collision or death.
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Interface
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Particle Spawning Effects group

Choose one of these options to determine what happens to the particles at
either collision or death.
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None Uses none of the spawning controls, and the particles act as they
normally would. That is, upon collision, they either bounce or stick, depending
on Particle Bounce settings in the deflector, and on death they disappear.

Die After Collision Particles disappear when they strike a deflector to which
they're bound, such as the SDeflector.

Persist The life, in frames, that the particle will persist after the collision.
Setting this to O (the default) causes particles to vanish immediately after the
collision.

Variation Varies the Persist value of each particle, when Persist is greater than
0. This lets you "feather" the dying off of particle density.

Spawn on Collision Spawn effects take place upon collision with a bound
deflector.

Spawn on Death Spawn effects take place at the end of each particle's life.

Spawn Trails Particles are spawned from existing particles at each frame of
that particle's life. The Multiplier spinner specifies the number of particles
that are spawned from each particle. The base direction of the spawned particles
is opposite that of the parent's velocity. The Scale, Direction, and Speed Chaos
factors are applied to that base direction.

NOTE If the Multiplier is greater than 1, at least one of the three Chaos factors
must be greater than 0 in order to see the additional spawned particles. Otherwise,
the multiples will occupy the same space.

WARNING This option can produce many particles. For best results, begin by
setting Particle Quantity on the Particle Generation rollout to Use Rate and to 1.

Spawns The number of spawns beyond the original particle generation. For
example, if this is set to 1, and you're spawning at death, one spawning will
occur beyond the original lifespan of each particle.

Affects Specifies the percentage of particles that will spawn. Reducing this
reduces the number of particles that produce spawned particles.

Multiplier Multiplies the number of particles spawned at each spawning
event.

Variation Specifies a percentage range by which the Multiplier value will vary,
frame by frame.
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Direction Chaos group

Chaos Specifies the amount by which the direction of the spawned particle
can vary from the direction of the parent particle. A setting of O means no
variance. A setting of 100 causes the spawned particle to travel in any random
direction. A setting of 50 causes the spawned particle to deviate from its
parent's path by up to 90 degrees.

Speed Chaos group

These options let you vary the spawned particles' speed randomly in relation
to their parents' speed.

Factor This is the range of a percentage of change in the speed of the spawned
particle relative to its parent. A value of 0 means no change.

Slow Applies the speed factor randomly to slow the speed of the spawned
particles.

Fast Randomly speeds up particles based on the speed factor.

Both Some particles speed up, while others slow down, based on the speed
factor.

Inherit Parent Velocity Spawned particles inherit the speed of their parents,
in addition to the effect of the speed factor.

Use Fixed Value Uses the Factor value as a set value, rather than as a range
applied randomly to each particle.
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Scale Chaos group
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These options apply random scaling to the particles.

Factor Determines a random percentage range of scaling of the spawned
particles relative to their parents, and dependent on the options below.

Down Randomly scales down spawned particles to be smaller than their
parents, based on the Factor value.

Up Randomly scales up spawned particles to be larger than their parents.
Both Scales spawned particles both larger and smaller than their parents.

Use Fixed Value Uses the Factor value as a fixed value, rather than a range
of values.

Lifespan Value Queue group

These options let you specify a list of alternative lifespan values for each
spawned generation of particles. The spawned particles use these lifespans
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rather than the lifespan specified for the original particles in the Life spinner
on the Particle Generation rollout on page 3049.

List window Displays a list of lifespan values. The first value on the list is
used for the first generation of spawned particles, the next value is used for
the next generation, and so on. If there are fewer values on the list than there
are spawnings, then the last value is used repeatedly for all remaining
spawnings.

Add Adds the value in the Lifespan spinner to the list window.
Delete Deletes the currently highlighted value in the list window.

Replace Lets you replace a value in the queue with a value in the Lifespan
spinner. To use, first place a new value in the Lifespan spinner, then select
the value in the queue you want to replace, and click the Replace button.

Lifespan Use this to set a value, and then click the Add button to add the
value to the list window.

Object Mutation Queue group

The options in this group let you switch between instanced-object particles
with each spawning (as set with the Spawns spinner). These options are
available only if Instanced Geometry is the current particle type.

List window Displays a list of objects to be instanced as particles. The first
object on the list is used for the first spawning, the second for the second
spawning, and so on. If there are fewer objects on the list than there are
spawnings, then the last object on the list is used for all remaining spawnings.

Pick Click this, and then select an object in the viewport to add to the list.
Note that the type of object you use is based on the settings in the Instancing
Parameters group of the Particle Type rollout. For example, if you've turned
on Subtree in that group, you can pick object hierarchies. Likewise, if you've
picked a group, you can use groups as your spawned particles.

Delete Deletes the currently highlighted object in the list window.

Replace Replaces an object in the queue with a different object. Select an
object in the queue to enable the Replace button. Click Replace, and then pick
an object in the scene to replace the highlighted item in the queue.
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Load/Save Presets Rollout

Create panel > Geometry button > Choose Particle Systems from the drop-down
list. > Object Type rollout > SuperSpray/Blizzard/Parray/PCloud > Load/Save
Presets rollout

Select a SuperSpray/Blizzard/Parray/PCloud emitter. > Modify panel > Load/Save
Presets rollout

These options let you store preset values that can be used in other, related
particle systems. For example, after setting parameters for a PArray and saving
it under a specific name, you can then select another PArray system, and load
the preset values into the new system.

Interface
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Preset Name An editable field in which you can define a name for your
settings. Click the Save button to save the preset name.

Saved Presets Contains all the saved preset names. A number of presets are
included with 3ds Max; to see what they do, create a particle system, load a
preset, and play back the animation. Some of the presets, such as Particle
Array's Shimmer Trail, are most effective with moving particle systems.

Load Loads the preset currently highlighted in the Saved Presets list.
Alternatively, double-click the preset name in the list to load it.
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Save Saves the current name in the Preset Name field and places it in the
Saved Presets window.

Delete Deletes the selected items in the Save Presets window.

NOTE Animated parameter values subsequent to frame 0 are not stored.
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Animation

3ds Max gives you a variety of different ways to create animation, and a wealth of tools for
managing and editing animation. See the following links for documentation of some of the
animation methods in 3ds Max:

Animation Concepts and Methods on page 3078 provides information about basic animation
with 3ds Max.

Animation in 3ds Max is accomplished by means of controllers; Working with Controllers
on page 3101 gives you an overview of how they work. For specifics about controllers, see
Animation Controllers on page 3133.

A special type of animation controller is the constraint; for details, see Animation
Constraints on page 3287.

A powerful method for creating sophisticated, procedural animation is covered in Wire
Parameters on page 3322.

For animating characters both humanoid and other, as well as complex mechanical
assemblies, it's important to know about Hierarchies and Kinematics on page 3330.

Track View on page 3503 gives you access to powerful tools for analyzing and editing
animation.

Animation Utilities on page 3795 can help ease tedious animation tasks.

When animating a number of different objects the same way, or transferring animation
from one object to another, it's useful to know the information covered in Saving and
Loading Animation on page 7074.

The Motion Mixer on page 3698 is a powerful tool for combining individual movements
into complex animations.

Another way of combining animation segments is the Animation Layers on page 3164 system.
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Animation Concepts and Methods

With 3ds Max, you can create 3D computer animation for a variety of
applications. You can animate characters or vehicles for computer games, or
you can animate special effects for film or broadcast . You can create animation
for serious purposes such as medical illustration or forensic presentation in
the courtroom. Whatever reason you have to animate, you'll find 3ds Max a
capable environment for achieving your goals.

The basic way to animate is quite simple. You animate the transform
parameters of any object to change its position, rotation, and scale over time.
Turning on the Auto Key on page 7549 button, then moving the time slider
places you in a state in which any changes you make will create animation
for the selected objects in the viewport.

Animation is used throughout 3ds Max. You can animate the position, rotation,
and scale of an object, and almost any parameter setting that affects an object's
shape and surface. You can link objects for hierarchical animation, using both
forward and inverse kinematics, and you can edit your animation in Track
View on page 3503.

This section discusses the basics of creating animation. It looks briefly at a
comparison between computer animation and classic hand-drawn animation,
and then describes the creation of keyframed animation. The following topics
are covered here:

Animation Concepts on page 3079

Using Auto Key Mode on page 3083

Using Set Key Mode on page 3086

Viewing and Copying Transform Keys on page 3092
Controlling Time on page 3095

Setting Time Segments on page 3097

Moving Through Time on page 3098

Choosing a Frame Rate and Playback Speed on page 3100
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Animation Concepts

Animation is based on a principle of human vision. If you view a series of
related still images in quick succession, you perceive them as continuous
motion. Each individual image is referred to as a frame.

A frame is a single image in an animated film.

Traditional Animation Method

Historically, the main difficulty in creating animation has been the effort
required of the animator to produce a large number of frames. One minute
of animation might require between 720 and 1800 separate images, depending
on the quality of the animation. Creating images by hand is a big job. That'’s
where the technique of keyframing comes in.

Most of the frames in an animation are routine, incremental changes from
the previous frame directed toward some goal. Traditional animation studios
realized they could increase the productivity of their master artists by having
them draw only the important frames, called keyframes. Assistants could then
figure out what belonged on the frames in between the keyframes. The
in-between frames were called tweens.
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Once all of the keyframes and tweens were drawn, the images had to be inked
or rendered to produce the final images. Even today, production of a traditional
animation usually requires hundreds of artists to generate the thousands of
images needed.

The frames marked 1,2, and 3 are key frames. The other frames are tweens.

The 3ds Max Method

This program is your animation assistant. As the master animator, you create
the keyframes that record the beginning and end of each animated sequence.
The values at these keyframes are called keys. The software calculates the
interpolated values between each key to produce the completed animation.

3ds Max can animate just about any parameter in your scene. You can animate
modifier parameters, such as a Bend angle or a Taper amount, material
parameters, such as the color or transparency of an object, and much more.

Once you have specified your animation parameters, the renderer takes over
the job of shading and rendering each frame. The result is a high-quality
animation.
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The object's position at 1 and 2 are the keyframed models at different times. The
computer generates the in-between frames.

Comparing Frames and Time

Traditional animation methods, and early computer animation programs, are
rigidly locked to the concept of producing animation frame by frame. This is
okay if you always work in a single format or do not need to specify an
animated effect at a precise time.

Unfortunately, animation comes in many formats. Two of the more common
formats are film at 24 frames per second (FPS) and NTSC video on page 8059 at
30 FPS. Also, the need for accurate time-based animation versus frame-based
animation is critical as animation becomes more common for scientific and
legal presentation.
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Different animation formats have differing frame rates.

3ds Max is a time-based animation program. It measures time, and stores your
animation values, with an internal precision of 1/4800 of a second. You can
configure the program to display time in a format best suited for your work,
including traditional frames format. See Time Configuration on page 7565.

Many of the examples in the following sections describe time using the frames
method for the sake of tradition and familiarity. Keep in mind that you are
really animating using a very precise time-based method, and frames aren't
created until you instruct the software to render your animation.

Identifying Animation Tools

You can locate the basic animation tools in the following areas of the interface:
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Track View Provides detailed animation editing capabilities in several floating
or dockable windows. See Track View on page 3503.

Track Bar Provides quick access to keyframes and interpolation controls. Can
be expanded for function curve editing. See Track Bar on page 7531.

Motion Panel Use this panel to adjust transform controllers that affect all
position, rotation, and scale animation. See Working with Controllers on page
3101.

Hierarchy Panel Use this panel to adjust all parameters governing the linkage
of two or more objects. These include inverse kinematics parameters and pivot
point adjustments. See Hierarchy Panel on page 7661.

Time Controls Use these controls to move through time in the viewport
displays. You can move to any point in time, and play animations in the
viewports. The time controls, documented in Animation and Time Controls
on page 7548, include:

Time slider on page 7528

Auto Key button on page 7549

Set Key buttons on page 7552

Animation playback buttons on page 7561
Current frame field on page 7563

Key Mode toggle on page 7564

Time Configuration button on page 7565

To get started with animation, see Using Auto Key Mode on page 3083.

Using Auto Key Mode

Start creating an animation by turning on the Auto Key button, setting a
current time, and then changing something in your scene. You can change
the position, rotation, or scale of an object, or change almost any setting or
parameter.

When you make a change, a key storing the new value for the changed
parameter is created at the current time. If that key was the first animation
key created for the parameter, a second animation key is also created at time
0 to hold the parameter’s original value.
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Keys are not created at time O until you create at least one key at another time.
After that, you can move, delete, and re-create keys at time 0.

Turning Auto Key on has the following effects:

B The Auto Key button, the time slider, and the border of the active viewport
turn red to indicate you are in animation mode.

B Whenever you transform an object or change an animatable parameter,
the software creates keys at the current frame, as indicated by the time
slider position.

To begin animating an object:

1 Auto k.ey Click Auto Key to turn it on.

2 Drag the time slider to a time other than 0.

3 Do one of the following:
B Transform an object.

B Change an animatable parameter.

For example, if you have a cylinder that has not been animated yet, it has no
keys. If you turn on Auto Key, and at frame 20 you rotate the cylinder 90
degrees about its Y axis, rotation keys are created at frames 0 and 20. The key
at frame O stores the original orientation of the cylinder, while the key at
frame 20 stores the animated orientation of 90 degrees. When you play the
animation, the cylinder rotates 90 degrees about its Y axis over 20 frames.

TIP To change the default start frame to 1, or to disable automatic start-frame
recording, use the Animation Preferences > Auto Key Default Frame controls on
page 7776.

Modeling Without Animating

Just as you can animate at any time by turning Auto Key on, you can also
model at any time in your animation without creating animation keys.
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The results of changing an object or any other parameters with Auto Key off
varies according to whether or not the object or parameters have been
animated yet.

B If you create a new object, or change an object parameter that has not
been animated yet, you can work at any time with Auto Key off. The
changes you make are constant through the entire animation.

For example, you might animate an object bouncing around your scene
and then decide to create pads for the object to land on. To do that, you
drag the time slider to a time when the bouncing object hits the ground,
and make sure Auto Key is off before you proceed. You can then create a
pad under the bouncing object and repeat the process at the next time
where it hits the ground. Because Auto Key is off, the frame at which you
create the pad objects does not matter. They remain present and inanimate
through the entire animation.

B If you change an object or parameter that is already animated, while Auto
Key is off, the amount of change is applied equally across all the animation
keys.

For example, you might animate a sphere’s radius to be 15 at frame 0, 30
at frame 10, and 50 at frame 20. If you drag the time slider to frame 10,
turn Auto Key off, and increase the sphere’s radius from 30 to 40, the
change in the radius is applied to the other two keys as well. Because you
increased the radius by 10 units with Auto Key off, all radius keys are
increased by 10 units. The sphere’s radius is now 25 at frame 0, 40 at frame
10, and 60 at frame 20.

If Auto Key had been on when you changed the radius, it would have been
an animated change applied only to the key at frame 10.

Identifying What Can Be Animated

Because most parameters in 3ds Max can be animated, the easiest way to find
out if something can be animated is just to try it. Usually, if you want to
animate a parameter, it can be animated.

Sometimes you need to know in advance if you can animate a parameter. If
s0, you can use Track View on page 3503. The Track View Hierarchy list displays
every parameter that can be animated. You might also need to add a controller
on page 3133 to a track before it can be animated.
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Using Set Key Mode ﬂ

The Set Key animation system is designed for the professional character
animator who wants be able to try out poses and then commit those poses to
keyframes intentionally. It can also be used by any animator to set keys on
specific tracks of objects. This way of working allows more control than the
Auto Key method, because it gives you the chance to try out ideas and discard
them quickly without having to undo work. It lets you transform objects and
selectively key certain tracks on certain objects through the use of Key Filters
and Keyable tracks in Track View.

NOTE Although the following information uses the example of animating a
character, it also applies to animating a complex mechanical assembly.

Straight-Ahead and Pose-to-Pose

Traditional animation is created one of two ways, either straight-ahead
animation or pose-to-pose animation. Straight-ahead animation is drawn
starting from the beginning and then additional frames are drawn sequentially
thereafter, moving straight ahead in time. Pose-to-pose animation is created
by drawing the important frames first, (extremes and breakdowns), and then
the intervening frames are filled in later.

Once a character has been correctly drawn for a specific frame, pose-to-pose
animation requires that all the keyable tracks needs to be keyframed. This
creates a pose of the character that will not be affected if animation for the
character is edited at other points in time. If all the animatable tracks are keyed
in the extremes, the in-betweening work will not destroy any of those poses.

Set Key and Pose-to-Pose Animation

The number of objects and tracks that require keying for a character, even a
simple character, is not something that can be easily handled manually. Set
Key makes this process easier by listing all the tracks that are parts of the
character that have to be keyed when you want to fix a pose and create a
snapshot in time. Keyable tracks let you determine which tracks can be keyed,
then Key filters let you work on them selectively, placing keys on only the
tracks you want.

Differences Between Set Key and Auto Key Modes

Set Key mode differs from Auto Key in a number of ways.

3086 | Chapter |5 Animation



Ato Ke 1)

In Auto Key mode, the workflow is to turn on Auto Key, move to
a point in time, then transform objects or change their parameters. All changes
register as keyframes. When you turn off Auto Key mode, you no longer are
creating keys. Changes made to objects when Auto Key mode is off are applied
globally to the animation. This is referred to as Layout mode.

Set key

In Set Key mode, the workflow is similar, but the behavior is
fundamentally different. Turn on Set Key mode, then move to a point in time.
Before you transform or change object parameters, you determine the tracks
you want to set keys on using Keyable icons in Track View and Filters. Once
you know what you plan to key, you try out poses in the viewport (transform
the objects, change parameters, and so forth).

O
J When you like what you see, click the large Set Keys button or press K
on the keyboard to set a key. If you don't do this, no keys are set.

If you move to another point in time, your changes are lost and have no effect
on your animation. For example, if you find that you have a posed character,
but at the wrong frame in time, you can hold down Shift and the right-mouse
button and drag the time slider to the correct frame without losing your pose.

Using Set Key with Inverse Kinematics

Choosing IK Parameters in Key Filters allows you to use Set Key to keyframe
inverse kinematics. This lets you set keys for IK goals and end effectors using
Set Key as well as other IK parameters such as Swivel Angle or Twist.

As always, when using Set Key, you can selectively keyframe tracks by
combining Keyable icons in Track View with Key Filters.

Set Key doesn't currently support IK/FK Enabling, so don't try to keyframe the
Enable button using the Set Key button or the keyboard shortcut. Use the
Auto Key method when you want to work with IK/FK blending.

Using Set Key with Materials

If you select Materials in Key Filters, you can use Set Key to create keys for
materials. Be forewarned that you need to use Keyable Icons to limit the tracks
which get keyed. If you simply turn on Materials and set a key, you will place
keys on every Material track, something you probably don't want to have
happen.
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Using Set Key with Modifiers and Object Parameters

When you want to set a key on an object's parameters, and you have the
Object Parameters Key Filter selected, every parameter will receive a key, unless
you have turned off the parameter track in the Controller window of Track
View using Keyable icons. It might be easier to simply Shift+right-click the
parameter spinner to set the key.

Also make sure both Modifiers and Object Parameters are turned on in the
Filters dialog on page 3585 when you are keyframing a modifier gizmo.

Additional Set Key Tools

Additional Set Key Tools are found in the Customize User Interface dialog on
page 7697. On the Keyboard panel, choose Set Key Tools from the Category
field. Here, you can set keyboard shortcuts to clear the Set Key buffer, as well
as create keys on just a single axis for a transform.

Using Set Key with Sub-Object Animation

When using Set Key with sub-object animation, you must first assign a
controller before creating a key. Sub-objects do not have a default controller
assigned upon creation. The controller is assigned by animating at the
sub-object level.

Other Methods to Set Keys
You can also set position, rotation, and scale keys by right-clicking the Frame
Indicator of the time slider. To set keys on parameters that have spinners,

hold down the Shift key and right-click to set a key using the existing parameter
value.

Procedures

To use Set Key animation:

1 Set Key Turn on the Set Key button.

Set Key

When the button is red you are now in Set Key mode.

This is a mode where you can try out ideas before you commit to them.

2 Open Track View (either Curve Editor or Dope Sheet).
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3 @ Click the Show Keyable button on the Track View toolbar.
4 Turn off all the other tracks you don't want to keyframe.

0 The red key means the track will be keyed. If you click the red key,
it turns to a gray key, which means that track will not be keyed.

TIP You can toggle multiple tracks as keyable by using the Controller menu
> Keyable command.

When you are finished, minimize or close Track View.

5 Key Filters... Click the Key Filters button, and turn on the Filters to

choose the tracks you want keyframed.
Position, Rotation, and Scale are on by default.

You can use the Key Filters button to work on individual tracks selectively.
For example, if you are in Track View and the Rotation and Position tracks
of a character's arm are keyable, you can use the key filters to turn off the
Position filter and only work on the Rotation tracks.

6 Move the time slider to another point in time, transform your objects or
adjust parameters in the command panels to create animation.

This does not yet create keyframes.

O
7 J Click the Set Keys button or press K on the keyboard to set a key.

When the button turns red, it sets a key which appears on the time
ruler. The keys are color coded to reflect which tracks are being keyed.

<| 67 /100 | =

I
[T [TTTTI
E!UW mJﬂ &0 0 100
2 E O Auto Keylm
Click ar \f‘ F.ey Filkers...

If you don't click Set Keys and you move to another point in time, the
pose is lost.
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TIP To move the pose to another point in time, use the right mouse button
to press and drag the time slider. This lets you move to another frame number
without losing the pose.

To animate a vertex using Set Key:
1 Create an editable spline.
2 Select a vertex.
3 Turn on Set Key mode.
4 Move the selected vertex.
5 Click the Set Keys button.

Now a controller has been assigned to the vertex. From this point forward,
you can animate.

To set a key on every keyable track of an object:
1 Select the object for which you need to set keys.

2 On the Key Filters dialog, click All.

3 Click the Set Keys button or press K on the keyboard.

Spinner Right-Click Menu

To open the spinner right-click menu, right-click the editable field of an
animatable parameter. This menu provides options for cutting, copying, and
pasting values, wires, and animation tracks between various object parameters.
It also allows you to show the parameter in Track View on page 3503 or in the
Parameter Wiring dialog on page 3324.

Interface
With the exceptions of Undo and Select All, each of the following commands

takes effect on the parameter you right-click. It's not necessary to first click
in the value field.

3090 | Chapter |5 Animation



IInda

Cut
Copy
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Delete
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Copy Animation
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Show in Track YWew
Show in Parameter Wire Dialog

Undo Reverses the effect of the last action.

Cut Removes highlighted text to be pasted elsewhere.

Copy Copies highlighted text to be pasted elsewhere.

Paste Inserts cut or copied text into the editable field.
Delete Removes highlighted text.

Select All Highlights all text within the active editable field.

NOTE In order for Select All to work, the text cursor must be active in the field
that you right-click to open the menu. For best results, first click in the field, and
then right-click the field and choose Select All.

Copy Animation Copies the animation controller, including all animation
keys, to a buffer, which you can then assign elsewhere by pasting.

Paste Animation - Copy Assigns a copy of animation controller in the buffer
to the right-clicked field.

Paste Animation - Instance Assigns an instance on page 8014 of the copied
animation controller to the right-clicked field.

Paste Animation - Wire Opens a Parameter Wiring dialog on page 3324 with
the copied parameter and the paste destination parameter selected. This is
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equivalent to creating a wire parameter on page 3322 in the viewport between
two parameters.

Edit Wire Opens the Parameter Wiring dialog on page 3324 expanded and
positioned to show the wire controller assigned to the selected parameter.

NOTE Edit Wire is available only if a two-way connection on page ?is currently
applied on the right-clicked parameter.

Show in Track View Opens a Track View - Curve Editor window, titled
“Selected,” expanded and positioned to show the selected parameter. This is
very useful for fast access to a particular curve or track.

Show in Parameter Wire dialog Opens a Parameter Wiring dialog expanded
and positioned to show the selected parameter.

Viewing and Copying Transform Keys

The viewports display white brackets around objects that have transform keys
at the current time. These key brackets only appear in viewports using the
wireframe shading method.

Use the Track View to view all key types. You can also see all keys for the
current selection in the track bar on page 7531.

For example, suppose you animate a sphere by moving it at frame 20, and
scale and rotate it at frame 50. When you drag the time slider, white brackets
appear around the sphere at frames 50, 20, and O, and keys appear at the same
frames in the track bar.

If you then apply a modifier such as Bend, and animate its Angle setting at
frame 40, you won't see a white bracket around the sphere at frame 40, but
track bar displays a key for the Bend animation.
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Controlling Key Bracket Display

r— K.ey Bracket Display

#® Al Objects [V Use Current Transform
¢ Selected Objects ¥ Position ¥ Rotation W Scale
£ None
r Animate MIDI Time Slider Contral
[V Local Center During &nimate ’7 I~ On Setup...
— Sound Plug-ln
|Defau|t Sound Assign...

r Contraller D efault

v Overide Parametric Controller Range by Default

I™ Spring Quick Edit Rolback: [§ =

Set Defaults... | Fiestore To Factory Seftings... |

—Auto Key Default Frame

2

Animation

Cancel

Animation panel of the Preference Settings dialog

You can control the display of key brackets using options in the Preference
Settings dialog > Animation panel on page 7772.

Creating Transform Keys with the Time Slider

You can use the time slider on page 7528 to create transform keys by copying
transform values from one time to another. To specify the type of key to create
and the source and destination time for the key values, right-click the time

slider to display the Create Key dialog.
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You set parameters in the Create Key dialog:

Source Time Specifies the time from which transform values will be copied.
Destination Time Specifies the time where the key will be created.

Position, Rotation, Scale Determine which transform key values will be
copied to the destination time.

When you click OK, new keys for the specified transforms are created at the
destination time, using values from the source time. Keys do not have to exist
at the source frame, because the interpolated values at the frame are used.

You might find it easier to create and manipulate keys with the track bar on
page 7531.

When Auto Key mode is on, you can right-click and drag the time slider at
the same time. When you do this, the Source time uses the frame number
that you were on when you pressed the mouse button, and the Destination
time accepts the frame number that you move the time slider to.

When Set Key mode is on, you can right-click and drag the time slider to move
to another frame in time, without losing your character pose. If you find you
have posed your character on the wrong frame, simply right-click and drag
the time slider, and the pose will be copied to the new frame. Click Set keys
to set keys for the pose on the new frame.

Creating Position Lock Keys and Rotation Lock Keys

Creating a lock key creates a key with Linear interpolation. If you create the

lock key while an existing key is selected, it changes that key's interpolation

from Smooth to Linear. (Different types of interpolation are described in Bezier
Controllers on page 3138.)

You can create a lock key for position or for rotation.
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Lock keys are useful when you want an object to be stationary, but smooth
interpolation is causing it to "wobble" on its stationary spot.

To create a lock key:

1
2

From the Customize menu, choose Customize User Interface.

On the Customize User Interface dialog, click the Quads tab, and then,
from the drop-down list at the upper right of the dialog, choose
Animation.

Click the top-left quadrant of the four gray squares that comprise the
quad menus.

The quad turns yellow.

In the Action list to the left, find Create Position Lock Key. Drag it to the
window on the right below any menu item. Choose Save and click OK
to apply this and close the dialog.

(Optional.) Select a key.

Alt+right-click the object you're animating.

NOTE The Auto Key button need not be on.

From the quad menu that appears, choose Create Position Lock Key .

You can also create keyboard shortcuts for these two commands. Create
Position Lock Key and Create Rotation Lock Key are main user interface
shortcuts. See Keyboard Shortcuts on page 7857.

Controlling Time

You create animation by changing your scene over time. You can exercise
great control over time, as follows:

How time is measured and displayed.

The length of the active time segment (the part of the animation in which
you're currently working).

How much time is covered by each rendered frame of your animation.

Other issues in the topics which follow describe how to move through time
and how to view animation in the viewports.
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Choosing the Time Display Format

When you start 3ds Max, the default time display is in frames, but you can
use alternative time-display formats. For example, you might want to see time
in seconds and minutes.

You can specify different time-display formats using the Time Configuration
dialog on page 7565 > Time Display group settings. When you change the time
display format, you not only change the way that time is shown in all parts

of the software, but you also change the method with which you access time.

Time Configuration 7| x|

—Frame Bate———— — Time Dizplay
& k.
& NTSC ¢ Fim ; Frames —
 paL & Customn SMPTE Cancel

" FRAME:TICKS

FPS:[Z0 = © MM:SSTICKS

— Playback
v Real Time v Active Viewport Only W Loop

Speed: £ 14w © 1/2¢ & 1 O Zx O 4y
Direction: & Fopward € Beverse € Ping-Fong

— Arimation

Start Time:l 0 H Length: I 100 ﬂ
End Time:l 100 ﬂ Frame Enunt:l 1m ﬂ
Re-zcale Time | Current Time:l 36 ﬂ

— K.ep Stepz
v Use TrackBar

¥ Selected Objects Only W Use Curent Transform
I¥ Position W Rotation M Scale

You can use these time display formats:
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Frames Displays time in whole frames.

This is the default display mode. The amount of time covered by a single frame
depends on your choice for the current frame rate. For example, in NTSC video
each frame represents 1/30th of a second.

SMPTE Displays time using the Society of Motion Picture and Television
Engineers format.

This is the standard time-display format for most professional animation work.
From left to right, the SMPTE format displays minutes, seconds, and frames,
delineated by colons. For example, 2:16:14 represents 2 minutes, 16 seconds,
and 14 frames.

FRAME:TICKS Displays time using frames and the program's internal time
increment, called "ticks."

There are 4,800 ticks per second, so you can actually access time intervals as
small as 1/4800 of a second.

MM:SS:TICKS Displays time in minutes (MM), seconds (SS), and ticks,
delineated by colons. For example, 2:16:2240 represents 2 minutes, 16 seconds,
and 2,240 ticks.

Setting Time Segments

The active time segment specifies a block of working time. You might think
of it as a window in time that you use to focus on a specific part of your
animation.

Specifying an Active Time Segment

You specify the active time segment by setting the Start Time and End Time
for the segment on the Time Configuration dialog on page 7565.

You can change the active time segment whenever you want without affecting
the keys you've already created. For example, if you have keys scattered over
a range of 1000 frames, you can narrow your active time segment to work
only on frames 150-300.

Changing the active time segment has the following effect:

B Restricts the range of time you can access using the time slider on page
7528.

B Restricts the range of time displayed when using the animation playback
buttons.
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The default setting for the active time segment runs from frames 0 to 100, but
you can set it to any range.

You can also increase the active time segment using the track bar on page 7531.

Rescaling the Active Time Segment

You use the Re-scale Time button on the Time Configuration dialog on page
7565 to change your entire animation based on the active time segment.

Use Re-scale Time as follows:

W Scale all animation in the active time segment to fit within a new time
range.

B Move the entire animation to a new time.

Click Re-scale Time and then enter new Start Time and End Time values on
the Re-scale Time dialog. When you click OK all the animation in the active
time segment is moved and scaled to fit the new Start Time and End Time
settings. Any animation outside the active time segment is moved to match
the new active time segment boundaries.

For example, say you have an animation from frame 0 to frame 300 and an
active time segment starting at frame 100 and ending at frame 200. Use Re-scale
Time to set the new Start Time to frame 200 and the new End Time to frame
250. Clicking OK gives you the following result:

B Animation in the active time segment moves forward 100 frames and
shrinks to a length of 50 frames. The new active time segment is from
frames 200 to 250.

B Animation in the frames preceding the original active time segment moves
forward 100 frames to connect to the start of the new active time segment.

B Animation in the 100 frames after the original active time segment moves
forward 50 frames to connect to the end of the new active time segment.

You can also rescale the active time segment using the track bar on page 7531.

Moving Through Time

You can move to any time in your active time segment by using either the
time slider on page 7528, or the Current Frame field on page 7563 in the time
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controls area. You can also move through time using the playback control
buttons.

Using the Time Slider

The time slider shows you the current time, and lets you move to any time
in your active time segment.
To change the current time using the time slider, do one of the following:
1 Drag the time slider.
2 Click in the empty track to either side of the time slider.

3 Click the increment arrows at either end of the time slider.

When you click in the slider track, the time slider jumps to the time where
you clicked. This is a faster method of moving through time than dragging
the time slider.

The time slider displays the current time, followed by a slash (/), followed by
the total time in the active time segment. For example 25/100 means frame
25 of 100 frames. The current time also appears in the current time field. If
your scene has been animated, it’s played back in all viewports as you drag
the time slider.

You can use the < and > keys on the keyboard to advance the time slider a
frame at a time. When Key mode is on, this will advance to the next keyframe.

Moving to an Exact Time

The Current Time field always displays the current time. You can also enter
a time value and press Enter to move to that time.

Using the Time Control Buttons

You use the Time Control buttons to move forward and backward in time and
to play your animation in one or more viewports. They work like VCR controls
that you use to move through frames and to start and stop animation playback.
The Time Control buttons include four buttons for moving through time and
a center flyout for controlling animation playback:

Go To Start on page 7560
Previous Frame/Key on page 7560
Play/Stop on page 7561
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Next Frame/Key on page 7563
Go To End on page 7563

They work like VCR controls that you use to move through frames and to
start and stop animation playback.

Choosing a Frame Rate and Playback Speed

The frame rate of an animation is expressed in frames per second (FPS). This
is the number of frames the software displays and renders for every second of
real time.

Because the program stores your animation keys using real time using an
internal precision of 1/4800 of a second, you can change the frame rate for
your animation at any time without affecting your animation timing.

For example, if you create three seconds of animation using the NTSC video
frame rate of 30 FPS, you will have a 90-frame animation. If you later discover
you need to output to PAL video, at 25 frames per second, you can switch to
that frame rate, and your animation is now set to 75 frames of output. No
change in the timing of your animation has occurred. Only the number of
frames that 3ds Max will display and render has changed.

Setting the Frame Rate

You use the settings in the Time Configuration dialog on page 7565 > Frame
Rate group to switch back and forth between frame rates at any time.

NTSC: U.S. and Japanese video standard of about 30 frames per second.
PAL: European video standard of 25 frames per second.
Film: Movie standard of 24 frames per second.

Custom: Frame rate set in the FPS parameter.

Configuring Animation Playback

You use settings in the Time Configuration dialog on page 7565 > Playback
group to specify the playback speed, and the number of viewports that play
the animation.

Real Time: Animation plays at the selected playback speed, skipping frames,
if necessary, to maintain the correct speed. Turn this off and the animation
will play every frame without trying to maintain the correct speed. The
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different playback speeds are also useful when using the Motion Capture utility
on page 3798.

Active Viewport Only: Animation plays only in the active viewport. Turn this
off and the animation will play in all four viewports at once.

Speed: Choose one of these options to multiply the frame rate by the selected
speed.

Direction: When Real Time is off you have the option to change the direction
of the animation playback. Choosing Reverse will play the animation from
end to start. Choosing Pingpong will play the animation from start to end,
and then end to start.

Loop: When Loop is turned off, the animation will play once and stop.

Viewport Playback Speed

The ability of the program to play your animation at a specified rate depends
on many things, including the complexity of the scene, the number of objects
moving in the scene, the geometry display mode, and so on. The worst case
is a camera move in shaded mode, in which the viewport is filled with detailed
geometry. In such cases, it's best to simplify the viewport display, using either
wireframe display or, in extreme cases, box display mode.

Naturally, it takes more computing power to display your animation in four
viewports, and playback smoothness is reduced. When Active Viewport Only
is on, you can switch active viewports during playback either by clicking the
label of an inactive viewport, or by right-clicking in an inactive viewport.

Working with Controllers

Everything you animate in 3ds Max is handled by a controller. A controller
is a plug-in that handles the storage and interpolation of all animated values.

The default controllers are:
B Position: Position XYZ
H Rotation: Euler XYZ

B Scale: Bezier Scale
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TIP For fast access to key info or controller parameters, double-click a controller
track name on the Motion panel or Track View hierarchy window . This productivity
enhancement can help speed your work when fine-tuning animation.

Although 3ds Max has many different types of controllers, much of the
animation is handled by the Bezier controller on page 3138. Bezier controllers
interpolate between keyframes in a smooth curve. You can adjust the key
interpolation of these interpolations through the keys on the track bar or in
Track View. This is how you can control acceleration, hesitation and other
types of motion.

The default controller for Rotation is Euler XYZ, which breaks the rotation
down into three individual Bezier Float tracks. The default controller for
Position is Position X,Y,Z. The Scale controller default is Bezier.

NOTE If you load files made in earlier versions of the software, their existing
controllers will be maintained.

WARNING Be aware that Euler rotations behave differently than TCB rotations.
If you are used to using TCB controllers, you can reassign TCB Rotation as the
controller and you will get the same behavior you are used to.

3ds Max has a specialized type of controller, called a constraint, that is
commonly used to help automate the animation process. A constraint can be
used to control an object’s position, rotation, or scale through a binding
relationship with another object.

You apply constraints and controllers using commands on the Animation
menu. When you assign a controller from this menu, a weighted list controller
is automatically applied, with the controller you've selected appearing first in
the list. The weighted list controller gives you the ability to blend controllers,
similar to a nonlinear animation system. If you assign a controller through
the Motion panel or Track View, it replaces the existing controller, rather than
creating a list controller. You can do that manually if you are working in the
Motion panel or Track View.

This section explains techniques for working with controllers. For details about
the parameters and use of each controller type, see Animation Controllers on
page 3133.
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Understanding Controllers
Controllers are plug-ins that handle all of the animation tasks in 3ds Max,
including:
B Storing animation key values.
W Storing procedural animation settings.

B Interpolating between animation key values.

Most animatable parameters don't receive a controller until you animate them.
As soon as you change an animatable parameter at any frame other than 0
with the Auto Key button on, or click in its track using Curve Editor > Add
Keys, a default controller is assigned to the parameter.

Accessing Controllers

You can work directly with controllers in two different places:

Track View: Controllers are indicated in the Hierarchy list by the
various controller icons. Each controller has its own individual icon. Using
Track View, in either Curve Editor or Dope Sheet mode, you can view and
work with the controllers for all objects and all parameters. See Track View
on page 3503.

[ ] "@ | Motion panel: Contains special tools for working with transform
controllers. The Motion panel contains many of the same controller
functions as the Curve Editor, plus controls necessary for working with
special controllers such as IK Solvers. Using the Motion panel you can view
and work with the transform controllers of a single selected object. See
Motion Panel on page 7663.

Categories of Controllers

There are two main categories of controllers. These categories are easy to
identify when looking at the Track View - Curve Editor Hierarchy list.

Single-Parameter Controllers: Control animation values of a single parameter.
Regardless of whether the parameter has a single component, such as the
number of sides of a cylinder, or multiple components, such as the RGB values
of a color, the controller is handling a single parameter.
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Compound Controllers: Combine or manage multiple controllers. Compound
controllers include high-level Transform controllers, such as PRS on page 3220,
the Euler XYZ Rotation controller on page 3151, the Transform Script controller
on page 3261, and the List controller on page 3194.

A compound controller appears in the Hierarchy list as a controller icon with
subordinate-level branches of other controllers.

Controllers and Constraints

In addition to controllers, the software can animate using constraints. These
items are located in the Animation > Constraints menu. The constraints include
the following: Attachment, Surface, Path, Link, Position, Orientation, and
LookAt.

When you assign a controller in the Motion panel or in Track View, you will
see these constraints appearing in the list of available controllers. You can
assign them the same as the other controllers, but they are also assignable
from the Animation > Constraints submenu. For more information, see
Animation Constraints on page 3287.

NOTE If you assign a controller using the Animation > Controller submenu, a list
controller is automatically applied to the object, with the selected controller applied
beneath the list controller. This is different than controllers that are applied via
the Motion panel.

Viewing Controller Types

You can view the controller type assigned to a parameter in both the Curve
Editor and in the Motion panel. Before you can view the controller types in
Track View, you must do the following:

L] :
1 = On the Curve Editor toolbar, click the Filters icon. Then in the
Filters dialog > Show group, turn on Controller Types.

You can then see the name of the Controller type in the Hierarchy view.

7
2 Assign controllers to parameters. You can do this on the Assign
Controller rollout of the Motion panel, or through the right-click menu

in the Hierarchy list in Track View.

The Parameters mode of the Motion panel always displays the transform
controller types for the selected object.
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Reading Controller Types

You can tell a lot about how a parameter is animated by looking at the
controller type.

Parameter Name: Is always visible and is always to the right of the controller
icon. It tells you what is animated.

Interpolation Type: Usually follows the parameter name. It tells how animation
values are calculated. The label Diffuse: Bezier Color indicates a Diffuse color
parameter using Bezier interpolation with Color data.

Data Type: Usually follows the interpolation type. It tells what type of data
is used. The label Height: Linear Float indicates a Height parameter using
Linear interpolation with a floating point value.

Changing Controller Properties

Certain controllers, including procedural ones like Noise on page 3214, do not
use keyframes. For this type of controller, you can analyze and change your
animation by editing controller parameters by means of a Properties dialog.
The controller type determines whether or not the controller displays a
properties dialog and the type of information displayed.

Using Curve Editor you can view controller properties dialogs for multiple
tracks simultaneously. The following rules govern viewing multiple controller
properties dialogs:

B Each track displays only one properties dialog in each Track View window.

B When properties dialogs for multiple tracks are visible, only one dialog
can be active.

B Properties dialogs for tracks that use keys are disabled unless keys are
selected.

Changing Controller Properties
Some controllers do not use keys, using instead a properties dialog that affects

the entire animation. Such controllers are usually parametric controllers like
Noise, or compound controllers like List.
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To view controller properties in Curve Editor:
Do one of the following:

m Highlight the label for a parametric or compound controller, right-click
the label, and then choose Properties from the shortcut menu to display
the properties dialog.

The dialog title identifies the controller type, the item or object name, and
the parameter. For example: Noise Controller:-Box01\Position

B Double-click the label.

You can also view global properties for some transform controllers in the
Motion panel. The same controls described above apply.

Controller properties can also be viewed from the track bar on page 7531.

Right-click any key and choose Controller Properties.

Changing Controller Key Information

Some controllers interpolate between keys that you set on specific frames.
Such controllers are always single parameter controllers such as a Bezier Float
controller for Height or TCB for Rotation. These controllers use a Key Info
dialog that contains settings for one of more selected keys.

To view key information in the Curve Editor:

B Right-click a key to display the Key Info dialog.
If more than one key is highlighted, Key Info displays common information
for all of the selected keys. Settings that contain values indicate values
common to all of the selected keys. Settings that are blank indicate values
that change from key to key.

Viewing key information in the Motion panel always displays the settings for
a single transform key.

To view key information for transform controllers in the Motion panel:
1 Select an object.
2 On the Motion panel, click Parameters, if it's not already active.

3 Click Position, Rotation, or Scale on the Parameters rollout.

If the transform controller uses keys, Key Info rollouts appear below the
Parameters rollout.
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To view key information for transform controllers in the track bar:
1 Select an animated object.
2 Right-click any key in the track bar.

3 From the right-click menu, choose the property to inspect (e.g., Sphere01:
X Position), or, if available, choose Controller Properties.

Changing Controllers That Do Not Display Properties

Some controller types do not display any properties in Track View or the
Motion panel. You change the animation values of these controllers using
the Auto Key button in the viewports and using the tools in the Curve Editor
Keys and Curves menus, and in the track bar.

Assigning Controllers

Every parameter has a default controller type that gets assigned the moment
the parameter is animated. You can choose from multiple controller types for
any parameter and change controllers after the parameter is animated.

Assigning Controllers in Track View

You can assign controllers to any animatable parameter in the Curve Editor
by selecting controller items and then choosing Assign Controller on the
Controller menu.

You can also assign controllers to any animatable parameter in the Track View
— Curve Editor by selecting the parameter in the Hierarchy List then
right-clicking and choose Assign Controller from the quad menu.

You can also assign the same controller type to a selection of multiple
parameters as long as all the selected parameters can use the same type of
controller. For example, you could select the Length, Width, and Height
parameters for multiple Box objects and assign the same controller type to all
of them. This is because they all use controllers that work on floating point
data.

Assigning Controllers | 3107



If a parameter has already been animated, then assigning a new controller has
one of the following effects:

B The existing animation values are recalculated to produce a similar
animation with the new controller. For example, replacing TCB Position
with Bezier Position closely preserves the animation.

B The existing animation values are discarded. For example, replacing Smooth
Rotation with Noise Rotation discards the Smooth Rotation animation
values.

Assigning Controllers in the Motion Panel

You can assign controllers on the Motion panel by selecting an object and
then, on the Assign Controller rollout, choosing a controller and clicking the
Assign Controller button. You can change the controllers of only one selected
object.

Assigning Controllers Using the Animation Menu

You can assign controllers using the Animation menu. All the controllers and
constraints are available by going to the menu bar and choosing Animation,
and then selecting the type of Controller you want and picking the controller
from the submenu that displays.

When you assign a controller in this method, a list controller is automatically
assigned, and the controller you have selected appears as the first entry in the
list. This automatic list controller assignment does not occur if you assign
controllers using the Motion panel or Track View. Weighted list controllers
allow you to blend between various tracks by animating the weights.

TIP You can use the Animation menu to assign the same type of controller or
constraint to several different objects at once. Just select the objects and then
choose the controller or constraint from the Animation menu.

NOTE If an assigned constraint requires designating an additional subject, such
as a Path constraint, a rubber-band line extends from the first selected object to
the mouse cursor after choosing the constraint. To complete the assignment,
position the cursor over a qualifying target object and click.
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Copying and Pasting Controllers

Right-click any blank area on the Track View toolbars, then choose Show
Toolbars > Controllers: Track View. This displays the Controller toolbar with
buttons for quick access to controller tools.

% J IE Click Copy and Paste on the Track View toolbar to copy and

paste controllers. For a general discussion of using Copy and Paste, see Copying
and Pasting Items on page 3645.

To copy and paste controllers in the Curve Editor, select the controller track
to copy, then right-click and choose Copy from the Track View quad menu.
Navigate the Hierarchy list to the target object, select the track, right-click
and choose Paste.

Rules for using Copy and Paste are as follows:

B You can copy only single controllers. Compound controllers like List or
PRS Transform controllers are considered single controllers for Copy and
Paste operations.

B You can paste a copied controller into one or more controllers using the
same data type.

B You can choose to make an instance or a copy of the pasted controller.

B You can choose to convert other controller instances in the scene
automatically.

Clicking Paste displays the Paste dialog, with three controls for determining
how the Paste operation is carried out.

Copy Pastes the controller as a copy.

Instance Pastes the controller as an instance of the source controller. Any
change you make to either controller will affect the other.

For example, you can paste a box's Length controller as an instance into its
Height and Width parameters. This makes the box a cube. Changing either
of the Length, Width, or Height parameters changes the other two.

Paste Target: Replace All Instances When selected, all instances of the target
controller receive the paste controller, whether or not they are selected. This
keeps all instances of the target controller as instances. When off, the target
controller is made unique and the remaining instances are unchanged.
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Specifying Default Controllers

You can specify the permanent defaults for controller types and controller
settings to match the way you prefer to work. The following defaults are written
to the 3dsmax.ini file:

B The default controller used for each data type

B The default controller settings

Specifying Default Controllers

You specify default controllers by choosing Controller > Assign from on the
Track View menu (see Assigning Controllers on page 3107). When you choose
a controller in the Assign Controller dialog you have the option to click Make
Default before clicking OK.

Clicking Make Default assigns the chosen controller as the default for all
parameters using that data type. It has the following effects:

B The default controller is listed at the bottom of the Assign Controller dialog.

B Many different parameters might share the same data type. For example,
selecting the Length parameter of a Box and specifying Linear Float as the
default sets the default controller for all parameters that use the Float data
type. This includes, Width, Camera FOV, and Scale Deformation Curves.

B Default controller choices are written to the 3dsmax.ini file and become
the default for all new scenes.

B Previously assigned controllers are not affected.

Specifying Default Controller Values

You can specify the default settings for many controller types, or reset
controllers to their factory settings on the Preferences dialog.

To specify default controller settings:
1 Choose Customize menu > Preferences.

2 Inthe Preferences dialog > Animation panel > Controller Defaults group,
click Set Defaults to display the Set Controller Defaults dialog.

3 From the list of available controllers, choose a controller type and click
the Set button to display the default settings supported by the selected

3110 | Chapter |5 Animation



controller. For example, with a Bezier controller you can set the In and
Out tangents.

NOTE The default Rotation controller is Euler XYZ, not TCB (Quaternion) as
in earlier versions of the software. The default Position controller is now
Position XYZ, instead of TCB Position. Only Scale is still Bezier as a default.

Euler XYZ Rotation behaves quite differently from TCB. It gives you three
function curves to manipulate, but does not allow rotations of greater
than 180 degrees between keys. If you are used to working with TCB
controllers, you can change the default rotation controller back to TCB.

Once you click OK, the controller defaults are changed. Changes to the
controller default settings are written to your 3dsmax.ini file and become the
defaults for all newly assigned controllers and all new scenes.

You can also revert to the original program defaults for all controllers by
clicking Preference Settings dialog > Animation panel > Controller Defaults
group > Restore To Factory Settings.

General-Purpose Controllers

The following controllers are general purpose in that you can apply them to
parameters of different data types, yet they behave in essentially the same
way for those different parameters.

Within certain general-purpose controllers there might be variations according
to the data type used by a parameter.

See Animation Controllers on page 3133 for detailed descriptions of controller
properties.

Bezier Controllers

Bezier controllers on page 3138 interpolate between keys using an adjustable
spline curve; they are the default controller for most parameters.

Use Bezier controllers to provide fully adjustable interpolation between keys.
Bezier controllers support the following options:

B Adjustable tangent handles.

B Step tangents for abrupt changes from one key to the next.
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m Constant velocity control.

You can adjust the key interpolation by choosing among different tangent
types in the Key Info dialog. .

TCB Controllers

The TCB controller on page 3258 produces curve-based animation like Bezier
controllers. However, TCB controllers use fields to adjust the Tension,
Continuity, and Bias of the animation.

Use TCB controllers when you want adjustable, curved interpolation between
keys, and you want to use TCB style controls.

Linear Controllers

The Linear on page 3193 controller interpolates between animation keys by
evenly dividing the change from one key value to the next by the amount of
time between the keys.

For a rigid, mechanical motion, use Linear controllers.

Noise Controllers

The Noise on page 3214 controller produces random, fractal-based animation
over a range of frames. Noise controllers are parametric; they do not use keys.

Noise controllers have many possible uses, as in the following examples:

B Use Noise whenever you need completely random animation around a
given value. For example, use a Noise Rotation controller when you want
an object to wobble in place. A common use for a noise controller is the
creation of camera shake.

B Use Noise in a List controller to apply variations to the result of another
controller. For example, use a List controller to combine Noise Position
with Bezier Position. The Bezier controller moves the object while the
Noise controller makes the object shake and stray a little from the
trajectory.

XYZ Controllers
The XYZ controllers such as Euler XYZ on page 3151 and Position XYZ on page

3219 are specifically designed so that you have three separate curves, one for
each axis. This allows you to independently view and control the curves
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individually. This has advantages over rotation controllers like TCB that do
not display function curves at all. XYZ controllers are now the default for
rotation animation.

You can adjust the interpolation between keys using the Key Info dialog.

Audio Controllers

The Audio controller on page 3135 converts the amplitude of a recorded sound
file or real-time sound wave into values that can be used by an animated
parameter.

Use the Audio controller to synchronize parameter values with a sound file.
For example, use an Audio controller for a Multiplier Curve to scale a parameter
in sync with a sound.

Special-Purpose Controllers

The controllers described in this topic are also applied to parameters of different
data types, but they are used for special purposes.

List Controllers

The List controller on page 3194 combines multiple controllers into a single
effect. It is a compound controller with tools for managing the order in which
its internal controllers are calculated. List controllers are weighted, by
animating the weights of the different layers you can create an effective
non-linear animation system.

Use List controllers to combine controllers as in the following examples:

B Combine Noise Rotation and TCB Rotation controllers to introduce random
orbital motion as an object rotates.

B Combine Bezier Position and Path Constraint to make an object follow a
path with manually keyframed variation away from the path.
When you apply any controller from the Animation menu, a list controller
is automatically placed on the object and the selected controller placed
first in the list.

Expression/Script Controllers

You write custom code for Expression controllers on page 3154 and Script
controllers on page 3248 in an Expression or Script controller dialog. You specify
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parameters using mathematical expressions, functions, and variables. The
code can include values based on the controllers of other objects in the
animation.

NOTE You can replicate some functions of Expression and Script controllers without
having to write code by using parameter wiring or Reaction controllers. See
Parameter Wiring Dialog on page 3324 and Reaction Controllers on page 3222.

See also

Expression Controller Techniques on page 3161
Trigonometric Functions on page 370

Vectors on page 373

Motion Capture Controllers

A Motion Capture controller controls parameters in real time from the input
of external devices. Currently supported devices are mouse, keyboard, MIDI
device and joystick. Each device has specific properties that must be set:

B After assigning the motion-capture controller, open the controller Properties
dialog and bind the type of peripheral device and set device parameters.

B Use the Motion Capture utility on page 3798 to test and record captured
motion.

Explicit Axis Keys

The XYZ controllers assign an individual track to the X, Y, and Z components
of the position, rotation, or scale of an object. However, the controllers always
assign three keys (one for each axis), by default.

In previous versions of the software, you had to manually edit the keys in
order to create explicit axis keys. However, there are now actions available
from the Customize User Interface dialog on page 7697 that let you create explicit
keys with the touch of a button.

When an explicit key is created on an axis, any keys on the two remaining
axes (at the selected time) will be deleted.

An explicit axis key can only be assigned to objects that already have an XYZ
controller assigned to their position, scale, or rotation tracks.
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You can also use Keyable Icons to turn on or off tracks for editing. This allows
you to set keys on only specified PRS X, Y or Z axes as well. See Keyable Icons
on page 3563.

See also:

B Position XYZ Controller on page 3219

B General-Purpose Controllers on page 3111
B Fuler XYZ Rotation Controller on page 3151

B Scale XYZ Controller on page 3246

Interface

NOTE These commands are not available in the default user interface. You can
use the Customize User Interface dialog to assign a keyboard shortcut to them or
add them to your toolbars or menus if you want to use them.

Key Position X, Y, or Z Creates an explicit key on the designated position
axis.

Key Rotation X, Y, or Z Creates an explicit key on the designated rotation
axis.

Key Scale X, Y, or Z Creates an explicit key on the designated scale axis.

Float Controllers

The following controllers are available only for parameters that use the Float
data type.

On/Off Controller

An On/Off controller on page 3217 controls parameters using binary on and off
values. The On/Off track displays a solid blue color in frames that are on, and
the background in frames that are off. The on/off state of the parameter
switches every time you add a key.

Use for binary parameters such as the Smooth object parameter, or for Visibility
tracks.
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Boolean Controller

The Boolean Controller is a variation on the On/Off controller. It provides a
similar functionality, but with one significant difference. The on/off state of
the parameter does not switch automatically every time you add a key. This

allows you to effectively add keys in the middle of a sequence without creating
unintended drastic changes.

Waveform Controller

A Waveform controller on page 3265 generates values by combining periodic
waveforms. You can specify different types of waveforms and add waveforms
together to create complex animation.

Waveform was originally created to control blinking lights. Use it for any
value that you want to vary in a regular, oscillating pattern.

Controlling Transforms

Transform controllers are compound controllers. They set the type and
behavior of the controllers used for Position, Rotation, and Scale.

You assign Transform controllers using either Track View — Curve Editor or
the Motion panel. Compound Transform controllers do not display properties
in Track View. You can access the parameters of Transform controllers only
in the Motion panel.

Position/Rotation/Scale Controller

The Position/Rotation/Scale (PRS) controller on page 3220 is a simple Transform
controller applicable for most objects. When applied the PRS Transform
controller sets up default Bezier Position, TCB Rotation, and Bezier Scale
controllers.

Use a PRS controller whenever you want a standard transform set up or when
you want single function curve control over the Position, Rotation, and Scale
controllers.

NOTE PRS controller is no longer the default controller applied to all objects. The
latest version of the software uses Position XYZ and Euler XYZ as the new default
controllers for position and rotation transforms.
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Transform Script Controller

The Transform Script controller on page 3261 contains all of the information
contained in a PRS Controller in one scripted matrix value. Instead of having
three separate tracks for position, rotation, and scale, all three values can be
simultaneously accessed from one script controller dialog. Because the
transform values are defined by a script, they are easier to animate.

The value of the controller script must be a matrix3 value. A matrix3 value is
a 4x3 3D transformation matrix. For more information, see the Matrix3 Values
topic in the MAXScript Reference.

XRef Controller

The XRef controller on page 3269 lets you externally reference any type of
Transform controller from another scene file. When you assign this controller
to your object, it nests the source controller, making it only accessible for
playback. You can use the XRef controller either on its own, or combine it
with an XRef Object on page 6936.

Controlling Position

Below the Transform controller on page 7908 is the Position controller. Position
is a data type that can use most of the standard controllers such as Bezier,
TCB, and Noise.

The controllers described in this topic can be used only as position controllers.

XYZ Controller

The XYZ controller breaks a Position controller into three separate Bezier Float
controllers. Each of the X, Y, and Z components of position receives its own
track.

Use the XYZ controller when you want to have separate key patterns or
controller types for each position component.

See Euler XYZ Rotation Controller on page 3151, Position XYZ Controller on
page 3219, and Scale XYZ Controller on page 3246.
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Controlling Rotation

Below the Transform controller is the Rotation controller. Rotation is a data
type that can use most of the standard controllers such as TCB, Linear, and
Noise.

Rotations in 3D are very complex. Even the standard controller types behave
differently when used for rotation. The most common way of calculating
rotations in 3D animation uses four components to define rotation about an
arbitrary axis. This is the quaternion method.

The benefits of using quaternion rotation include:

B [t produces a direct one-to-one relationship between the quaternion values
and how objects interactively rotate in the scene.

B [t produces smoother rotation than other methods.

The drawbacks of using quaternion rotation include:
B Rotation values in key information can be difficult to understand.

B Quaternion rotation controllers do not display function curves in Track
View — Curve Editor. For this reason Euler XYZ is now the default rotation
controller assigned to all objects.

You can use the following controllers only as rotation controllers.

Smooth Rotation

Use Smooth Rotation on page 3253 when you want rotation to have a smooth
and natural look. Smooth rotation uses nonadjustable curved interpolation,
and has the following characteristics:

B You can move Kkeys in Track View to change timing.
B You can directly rotate objects in the viewports to change rotation values.

B You cannot display controller or key properties, or function curves.

Euler XYZ Rotation
Use the Euler XYZ Rotation controller on page 3151 when you want individual

function curve control for each axis of rotation. Euler XYZ is a compound
controller that combines separate, single-value float controllers to specify an
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angle of rotation about each of the X, Y, and Z axes. Euler XYZ Rotation is
the default controller applied to all objects.

Euler XYZ is not as smooth as quaternion rotation, but it is the only rotation
type that you can use to edit rotation function curves.

Euler angles are well suited for animating mechanical rotations. They can also
be a good choice for an object in an inverse kinematics chain because IK
Rotational joints are defined as Euler angles. X, Y, and Z function curves
displayed by this controller in Track View represent rotations in "world" or
"parent" space which is the rotation system used by most 3D animation
packages.

Customers upgrading from earlier versions of the program might find some
difficulty in adapting to using Euler XYZ rotation controllers. If you find
yourself experiencing unexpected rotation behavior, this might be the reason.
Reassign TCB rotation as the default rotation controller and you will be able
to regain your customary workflow.

Controlling Colors
You can animate colors in 3ds Max just like most other parameters. Two data
types are available for controlling colors:

B Point3: A general-purpose, three-component data type that works with
RGB color values. It uses most of the standard controllers.

B Color: A special data type designed specifically for working with RGB and

HSV color values. Color uses the Bezier and RGB controllers.

Color Point3 Controller

You can assign any of a variety of Point3 controllers to a material's color
channels, including Point3 Expression, Point3 List, Color RGB (described later
in this topic), and so on. When using Point3 controllers for color parameters,
an important issue is behavior of the Key Value fields, labeled X, Y, Z. They
store color values using only the RGB color model.

B The X value field stores Red color values.
B The Y value field stores Green color values.

B The Z value field stores Blue color values.

Controlling Colors | 3119



The Point3 Key Value fields do not clamp at the valid color range of O to 255.
Values that drop below O or exceed 255 are ignored by the color parameter
but are still displayed in Track View.

Bezier Color Controller

The Bezier Color controller (see Bezier Controllers on page 3138) is a data type
that uses Bezier key interpolation. You can use RGB or HSV color models with
the Bezier Color controller.

The choice of color model is global for all keys used by the controller. You
can switch between color models anytime and color key values are correctly
converted.

The Color Value fields are limited to a range of 0 to 255. You can drag the
color keys above 255 in Track View Curve Editor, but the values are clamped
at 255.

Color RGB Controller

Assign a Color RGB controller on page 3149 to break a Color controller into
three separate Bezier Float controllers. Each of the R, G, and B components
of color uses its own track.

Use the Color RGB controller when you want to have separate key patterns
or controller types for each color component.

Morph Controllers

You can choose from two morph controllers: Cubic and Barycentric; they
manage how morph targets blend from one target to another. Morphing can
also be achieved by applying a Morpher modifier on page 1545 to an object.

Cubic Morph Controller

A Cubic Morph controller is a TCB-style controller. It uses Tension, Continuity,
and Bias controls much like the generic TCB controller.

The Cubic Morph controller manages only the interpolation from one morph
target to the next. If you want to add Morph keys or change the morph target,
you must use the Pick Targets and Current Targets rollouts on page 709 in the
Modify panel.
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Barycentric Morph Controller

The Barycentric Morph controller on page 3137 is also a TCB controller like the
Cubic Morph controller, except that instead of each key representing a single
target, each key represents a series of weights for all targets. A Barycentric
Morph key represents a new object which is a blending of all targets.

You can adjust each morph key to percentages of the available morph targets,
creating subtle adjustments in the animation.

You can also click Add Keys in Track View to create new Barycentric Morph
keys. The added keys contain interpolated values for all targets.

Motion Panel Commands

Trajectories

Select an object > Motion panel > Trajectories

Scooter following a trajectory
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The Trajectories rollout displays the path an object travels over time. Controls
to convert splines into trajectories, trajectories into splines, and to collapse
any transform controller into editable keys are also available by choosing
Motion panel > Trajectories.

NOTE The state of the Trajectory check box under Display in the Object Properties
dialog on page 305 (and on the Display panel > Display Properties rollout) controls
whether trajectories will be visible for an object.

Using trajectories, you can do the following:

Display the 3D path for selected object’s position tracks.
Insert and delete keys from the path.

Move, rotate, and scale keys on the path.

Convert the path to a spline object.

Derive a new path from a spline object.

Collapse transforms.

Values under Sample Range are used in the Spline Conversion and Collapse
Transform functions.

NOTE You can assign the four principal Trajectories functions to keyboard shortcuts
and other custom Ul items. The following actions are available via Customize User
Interface on page 7697:

B Trajectory Add Key Mode Toggle : Enters and exits Add Key mode on
page 3124.

B Trajectory Delete Key : Activates the Delete Key on page 3124 function on
a one-time basis.

B Trajectory Key Mode Toggle : Enters and exits the Keys sub-object level
for direct editing of animation keys via transformation of the trajectory
keys.

B Trajectory Toggle :If one or more objects are selected, this enters and
exits Trajectories mode on the Motion panel.

3122 | Chapter |5 Animation



Procedures

To display an object’s trajectory:

1
2

Select an animated object that moves over time.

Right-click the object and choose Properties.

Trajectory is not available.

In the Display Properties group, click By Layer to change this button to
By Object. Skip this step if By Object is already displayed.

Trajectory becomes available.

Turn on Trajectory, then click OK.

The Trajectory is displayed as a red line with white squares and dots. The
white squares are keys, the white dots are in-betweens.

To add a key to a trajectory:

1

“ ~h W N

Select an object.

Display the trajectory by following the previous steps.
In the Motion panel, click Trajectories.

Click Sub-Obiject to activate Keys and enable editing.
Click Add Key.

The button highlights.

Click the trajectory.
Wherever you click the trajectory a key will be added.

Right-click the key and select Key Info from the right-click menu.

In the Key Info dialog, you can change the In and Out values for the
in-betweens on either side of the key. This allows you to use the trajectory
key to create the illusion of hesitation or acceleration.

You can click repeatedly to add many keys in this mode.

To delete a key from a trajectory:

1
2

Select a key on a trajectory. You can click it, or use window selection.

Be sure Add Key is turned off in the Trajectories rollout of the Motion
panel.
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3 Click Delete Key in the Trajectories rollout of the Motion panel.
The key is deleted.

To transform keys on a trajectory:

—

Select one or more objects.

2 On the Motion panel, click Trajectories.

3 Click Sub-Obiject to activate Keys and enable editing.
4

Select one or more keys and use the transform tools on the Main toolbar
to move, rotate, or scale the selected keys.

Interface

Selection Level:
| Sub-Object IKE_','S j

Parameters Trajectories

- Trajectonies |

Delete Key | Add Key |

Sample Range:

Start Time:l 1] J
End Time:[T00 =
S amples:[10 =

Ak [(4F

4k

Sub-Object Enables key editing. Use the Move, Rotate, and Scale transforms
to change the location of a key(s) displayed on a trajectory.

Trajectories rollout

Delete Key Deletes the selected key(s) from the trajectory.

Add Key Adds key(s) to the trajectory. This is a modeless tool. When you click
this button once, you can then add any number of keys by clicking the
trajectory line in the viewport one or more times in succession. To exit Add
Key mode, click the button again.

3124 | Chapter |5 Animation



Sample Range group

Start Time/End Time Specifies the interval for the conversion. If you're
converting from position keyframes to a spline object, this is the time interval
for which the trajectory will be sampled. If you're converting from a spline
object to position keys, this is the interval over which the new keys will be
placed.

Samples Sets the number of samples for the conversion. When converting in
either direction, the source is sampled at regular intervals, and keys or control
points are created on the target object.

— Spline Convergion:

Convert To
Corveert From

— Collapze Trangform;
Collapze
v Poszition
v Fiatation
[ Scale

Spline Conversion group

Convert To/Convert From Converts keyframe position tracks to and from
spline objects. This enables you to create a spline trajectory for an object and
then convert that spline to keyframes for that object's position track in order
to do various keyframe-specific functions (such as applying constant velocity
to the keys and normalizing the time). Or, you can convert an object's position
keyframes into a spline object.

TIP Convert To and Convert From can be used to move an object along a path
without using a path constraint.

Collapse Transform group

Generates keys based on the current transformation of the selected object.

You can apply this for any type of transform controller assigned to an object,
but the main purpose of this function is to "collapse" a parametric transform
effect, such as one generated by a Path constraint, into standard, editable keys.
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Collapse Collapses the transform of the selected object.

Position, Rotation, Scale Specifies which transforms you want to collapse.

You must choose at least one check box to activate the Collapse button.

PRS Parameters Rollout

Select an object > Motion panel > Parameters > PRS Parameters rollout

The PRS Parameters rollout provides tools for creating and deleting keys. PRS
stands for the three basic transform controllers: Position, Rotation, and Scale.

Procedures

To create a PRS transform key:

1

2
3
4

Select an object in the viewports.
Drag the time slider to the frame where you want to place a key.
On the Motion panel, choose Parameters > PRS Parameters rollout.

Click one of the following buttons under Create Key PRS Parameters
rollout:

B Click Position to create a Position key.
B Click Rotation to create a Rotation key.

B Click Scale to create a Scale key.
If a particular Position, Rotation, or Scale controller doesn't use keys,
then that button is not available under Create Key. For example, you
can’t create Position keys if you're using a Noise Position controller.
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Interface

- FRS Parameters |
Create Fey Delete Key

Pozition | Fozitian |
R atation | Fatatior |
Scale | Seale |

Position| Rotation|  Scale

Create Key/Delete Key Creates or deletes a move, rotate, or scale key at the
current frame. These buttons become active or inactive depending on the
existence of a key type at the current frame.

For example, if you're on a frame containing a Scale key, the Scale button is
inactive in the Create column because a key already exists. At the same time,
the Position and Rotation buttons are inactive in the Delete column because
there are no keys of that type to delete.

Position/Rotation/Scale Determines the contents of the Key Info rollouts
that appear below the PRS Parameters rollout on the Motion panel.

Key Info (Basic) Rollout/Dialog

Select an animated object > Motion panel > Parameters > Key Info (Basic)
rollout

Select an animated object. > Right-click a key on the track bar. > Choose a
controller track.

Make a selection. > Hierarchy panel > IK button > Key Info (Basic) rollout
Curve Editor > Right-click a key.
Parameter Collector on page 347 > Click a Properties button.

The Key Info (Basic) rollout or dialog changes the animation value, time, and
interpolation methods of one or more selected keys.

The following parameters are available with the Bezier controller, which is
the default position controller. The Key Info controls for a TCB position
controller are different.
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See also:

B Key Info (Advanced) Rollout/Dialog on page 3131

Procedures

To set the tangent type for a key:
1 Select an object and open the Key Info (Basic) rollout.
2 Use the arrows in the upper-left corner of the dialog to select a key.

3 Choose a tangent type from the In or Out tangent flyouts.

Interface

| _ K.ey Info [B asic) |
ol
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Key number Shows the current key number. Click the right or left arrows to
go to the next or previous key.

Time Specifies at what time the key occurs.
Time Lock Prevents horizontal key movement in Track View Edit modes.

Value Adjusts the position of the selected object at the current key.

# Walue: IW ﬂ H
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NOTE In the Key Info dialog for the Bezier Scale controller, a Lock button is displayed
beside the X Scale spinner. If you click Lock X, only the X value affects all three
axes of scale. The Y and Z values are ignored and their function curves are not
displayed. When X is locked, the Y and Z values aren't affected by changes in the
X value. If you click Lock X when all three axes are at identical values, alter the X
value, and then unlock X. The Y and Z values remain where they were while X
retains its new value.

Key Tangent Flyouts With Bezier controller types, sets the interpolation
properties of the In tangent and Out tangent of the key. For details, see Tangent
Types on page 3129.

Tangent Copy buttons Use the arrow buttons at either side of the Key Tangent
flyouts to copy the tangent type between the tangents of the current key or
between the tangents of the previous and next key.

B The left arrow of the In tangent copies to the Out tangent of the previous
key.

B The right arrow of the In tangent copies to the Out tangent of the current
key.

B The left arrow of the Out tangent copies to the In tangent of the current
key.

B The right arrow of the Out tangent copies to the In tangent of the next
key.

Tangent Types

Key Info (Basic) dialog/rollout on page 3127 > In/Out Tangent Type flyouts

Status bar > Animation controls > Default In/Out Tangents For New Keys
flyout

Select an animated object > Motion panel > Parameters > Key Info (Basic)
rollout

You can adjust the tangent type of the Bezier transforms. This means you can
adjust the interpolation between keyframes to create particular motion effects.
By manipulating tangent types, you can make something hesitate, speed up,
slow down, or even stand still. Each key has two tangents: one to define the
interpolation before the key, and a second to define interpolation following
the key.
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TIP You can also set the default tangent type through the Default In-Out Tangents
For New Keys on page 7557 flyout. By doing so, each new key created with Set Key
Mode or Auto Key Mode follows the curve interpolation set by the default tangent

type.
i Smooth Creates smooth interpolation through the key.

Linear Creates linear interpolation at the key.

A linear tangent affects the curve near the key only. Full linear interpolation
between two keys occurs only when the Out tangent of the first key and the
In tangent of the next key both use a linear tangent.

o]
Poh

o—i

Step Creates binary interpolation from one key to the next. Step
tangents require a matched set between the Out tangent of one key and the
In tangent of the next key.

Choosing Step for the In tangent of the current key also sets the Out tangent
of the previous key to Step. Likewise, choosing Step for the Out tangent of
the current key also changes the In tangent of the next key to Step.

Using Step tangents, the outgoing value of a key is held constant until the
time of the next key is reached. The value then abruptly jumps to the value
of the next key. Use this tangent when you want to animate On/Off switching
or instantaneous changes from one value to the next.

Slow Causes the interpolated rate of change to slow down around
the key. A slow In tangent decelerates as it approaches the key. A slow Out
tangent begins slow and accelerates as it leaves the key.

i. Fast Causes the interpolated rate of change to speed up around the
key. The effect is the opposite of using slow. A fast In tangent accelerates as
it approaches the key. A fast Out tangent begins fast and decelerates as it leaves
the key.
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— I Custom Displays adjustable tangent handles at the key in Function
Curves mode in 3ds Max.
& Flat Tangent Displays a smooth interpolation type designed to

eliminate overshoot with no editable handles. Tangent slopes automatically
take the most direct route to the next key value.

See also:

B Default In/Out Tangents For New Keys on page 7557

Key Info (Advanced) Rollout/Dialog

Select an animated object. > Motion panel > Parameters > Key Info (Advanced)
rollout

Make a selection. > Hierarchy panel > IK button > Key Info (Advanced) rollout

Select an animated object in the viewport. > Right-click a key in track bar. >
Choose the name of the controller track such as Sphere0O1: Z Position. > Key
Info dialog > Click Advanced.

Parameter Collector on page 347 > Click a Properties button. > Key Info dialog
> Click Advanced.

The Key Info (Advanced) rollout or dialog lets you control velocity in three
ways:

B You can specify the absolute velocity at a key using the In/Out fields.
B You can average velocity over a time period using Normalize Time.

B With certain controller types, you can force constant velocity from one
component key to the next using Constant Velocity.

If you are creating Path animation, you can force constant velocity by placing
a Normalize Spline modifier on page 1583 on the spline used as a path.

See also:

B Key Info (Basic) Rollout/Dialog on page 3127
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Procedures

To set normalize time for a key:

1 Select an object and choose a key to Normalize.

You can use the arrows in the Key Info (Basic) rollout to step through
Keyframes.

2 In the Key Info (Advanced) rollout, click Normalize Time.
The key is moved in time to average the velocity through the key.

Interface
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Ir: Dt
w00 (g [on
[T0 2 [0z
oo zf[g[on
[T0 2 [0z
zfoo— z|[g[ono

[T0 2 [0z

Marmalize Time
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In/Out The In field is the rate of change as the parameter approaches the key.
The Out field is the rate of change as the parameter leaves the key.

B These fields are active only for keys using the Custom tangent type on
page 3129.

B The number in the field is the rate of change expressed as parameter units
per tick. By changing the two values for X, Y, and Z you are changing the
length and angle of the tangent handle.

Lock button Changes one Custom tangent by changing the other an equal
but opposite amount. For example, if you click the Lock button and the In
value is 0.85, then the Out value is -0.85.

Normalize Time Averages the position of the keys in time and applies them
to any consecutive blocks of selected keys. Useful if you have an object that
speeds up and slows down repeatedly, and you want to smooth out the motion.
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Constant Velocity When on, interpolates values between the key and the
next one so that the object moves at a constant velocity across that curve
segment. Available only with certain controller types, such as Bezier.

Free Handle Used for automatically updating the length of the tangent handle.
When this is turned off, the length of the tangent is at a fixed percentage from
its neighboring key. As you move a key, the handles adjust to stay the same
percentage away from the neighboring keys. When this is turned on, the
handle lengths are based on time lengths.

Animation Controllers

Track View > Select a track in the Track View hierarchy. > Track View menu
bar > Controller menu > Assign > Choose a controller in the dialog.

Animation menu > Constraints/Transform Controllers/Position
Controllers/Rotation Controllers/Scale Controllers> Choose a controller.

Select an object. > Motion panel > Assign Controller rollout > Select a track.
> Assign Controller > Choose a controller in the dialog.

Controllers, like constraints on page 3287, handle the animation tasks in a scene,
including:

B Storing animation key values

W Storing procedural animation settings

B Interpolating between animation key values

An object or parameter doesn't receive a controller until you animate it. As
soon as you change an animatable parameter with Auto Key on, or add a key
on page 3617 in Track View - Dope Sheet on page 3503, the software assigns a
controller to the parameter. The software chooses a default type for the

controller, depending on the animation. You can change the default controller
to another type.

The animation controllers are organized in the following categories:
B Float controllers: for animating floating-point values

B Point3 controllers: for animating three-component values such as colors
or 3D points

B Position controllers: for animating positions of objects and selection sets
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B Rotation controllers: for animating rotation of objects and selection sets

B Scale controllers: for animating the scale of objects and selection sets

B Transform controllers: for animating general transforms (position, rotation,
and scale) of objects and selection sets

To change an assigned controller, use Controller > Assign on page 3593 in Track

View or in the Motion panel on page 7663.

The controllers and constraints are:

Attachment Constraint on page 3288

Audio Controller on page 3135

Bezier Controllers on page 3138

Barycentric Morph Controller on page 3137

Block Controller on page 3142

Boolean Controller on page 3147

Color RGB Controller (Point3 XYZ Controller) on page 3149

Euler XYZ Rotation Controller on page 3151

Expression Controller on page 3154

Inverse Kinematics (IK) on page 3374

Layer Controller on page 3162

Limit Controller on page 3181

Linear Controller on page 3193

List Controller on page 3194

Link Constraint on page 3308

LookAt Constraint on page 3312

Motion Capture Controller on page 3203

Master Point Controller on page 3201

Noise Controller on page 3214

On/Off Controller on page 3217

Orientation Constraint on page 3319

Path Constraint on page 3297
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Position Constraint on page 3303
Position XYZ Controller on page 3219
PRS Controller on page 3220

Reaction Controllers on page 3222

Scale XYZ Controller on page 3246

Script Controller on page 3248

Slave Parameters Dialog (Block Controller) on page 3284
Smooth Rotation Controller on page 3253
Spring Controller on page 3253

Surface Constraint on page 3293

TCB Controllers on page 3258

Transform Script Controller on page 3261

Waveform Controller on page 3265

See also:
B Working with Controllers on page 3101

B Animation Constraints on page 3287

Audio Controller

Main toolbar > Curve Editor (Open) > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Audio

Graph Editors > Track View — Curve Editor > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Audio

Use the Audio controller to drive the animation of almost any parameter in
the software. The Audio controller converts the amplitude of a recorded sound
file or real-time sound wave into values that can animate an object or
parameter.

With the Audio controller, you have full control over sound channel selection,
base threshold, oversampling, and parameter range.
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The Audio controller works with most parameters in Track View, including:

Transforms
Float values
Point3 values (color)

........... Tranzform ; Position/F otationS cale
P 5] Position : Pogition »v2

..... i ] Rotation : Euler v

........... Scale : AudioScale

Audio controller assigned to the scale track of
this object

Procedures

To animate the Z axis scale of a box using a sound file:

1
2

N & » »

Create a box.
In the Track View hierarchy, select the Scale track.

On the Track View menu, click Controller > Assign, and choose the
AudioScale controller.

The Audio Controller dialog appears.

Select Choose Sound, and select a .wav file.

In the Base Scale group, set the Z field to 0.

In the Target Scale group, set the Z field to 600.

Close the Audio Controller dialog and play the animation.

The box scale is animated along the Z axis.

TIP If you want to hear the sound as the animation plays, include the same
audio file in the Sound Track on page 3545. (Sound Track in the Track View
hierarchy)

In the Time Configuration dialog, turn on Real Time.

Interface

See Audio Controller Dialog on page 3273
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Barycentric Morph Controller

Select an object. > Create panel > Geometry > Compound Objects > Morph

Tranzform ; Position/F otationS cale

..... i#-{ff] Position : Position #Y2

..... i ] Rotation : Euler v

R S— Scale : Bezier Scale

b5 Object Morph)

..... 47 M_Boxl2

..... 57 M_Boxl

..... 457 M_Box03

----------- i |Momph : Bameentric Morph Contraller

The Barycentric on page 7920 Morph controller is automatically applied when
amorph object is created in Create > Geometry > Compound Objects > Morph.
Morph targets are selected and keys are created at different times to morph
the original object into the shape of the Morph Targets.

NOTE The Morpher modifier provides an alternative to the Morph controller to
morph objects.

The Barycentric Morph controller represents each key as a series of weights
for all targets. One barycentric key represents a new object which is a blending
of all targets.

You can adjust each morph key to various percentages of the available morph
targets. This lets you create subtle adjustments in the animation.

You can add keys between existing morph keys. The added keys contain
interpolated values for all targets.

To access the key properties dialog, select the Morph track, select one of its
keys, and click Properties to display the Key Info dialog.

See also:
B Morph Compound Object on page 709

B Morpher Modifier on page 1545

Procedures

See Morph Compound Object on page 709 and Barycentric Morph Controller
Key Info Dialog on page 3278

Barycentric Morph Controller | 3137



Interface

After assigning the Barycentric Morph controller in Create panel > Compound
Objects > Morph, then morph parameters for the controller display in the
Modify panel and in the Barycentric Controller Key Info dialog, which is
displayed by right-clicking over a morph key in Track View — Dope Sheet or
the track bar.

See Morph Compound Object on page 709 for Morph parameters.

Bezier Controllers

Main toolbar > Curve Editor (Open) > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Bezier

Graph Editors > Track View — Curve Editor > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Bezier

Trangform : Pozition/Fotation/Scale
----------- Pozition : Bezier Pogition
Rotation : Euler #5572

----------- Scale : Bezier Scale

The Bezier controller is the most versatile controller available in the program.
Bezier controllers interpolate between keys using an adjustable spline curve.
They are the default controller for most parameters.

Use Bezier controllers whenever you want fully adjustable interpolation
between keys. Bezier is the only controller that supports the following:

B Dragging tangent handles
B Step tangents for abrupt changes from one key to the next

B Constant velocity controls

Procedures

To set the tangent type for a key:

1 Select an object that has some animation keys and open the Key Info
(Basic) rollout in the Motion panel.

2 Use the arrows to select a key.

3 Choose a tangent type from the In or Out tangent flyouts.

3138 | Chapter |5 Animation



To normalize time for a key:

1 Select an object, and then choose a key to normalize.

You can use the arrows in the Key Info (Basic) rollout to step through
keyframes.

2 On the Motion panel, in the Key Info (Advanced) rollout, click Normalize
Time.

The key is moved in time to average the velocity through the key.

Interface

Motion panel > Parameters > Key Info (Basic) rollout

A Key Info dialog with identical parameters to this rollout is available by
right-clicking a key in Track View or the track bar.

| - F.ey Info [Basic] |
€|
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Key number Shows the current key number. Click the right or left arrows to
go to the next or previous key.

)

Time Specifies when in time the key occurs.
Time Lock Controls dragging the key horizontally in Track View edit modes.
X/Y/Z Adjusts the position of the selected object at the current key.

Key Tangent Two flyouts set the interpolation properties of the in tangent
and out tangent of the key.

Choosing Bezier Tangent Types Sets the tangent types for one or more keys
in the same track using the In and Out tangent flyouts.
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See Tangent Types on page 3129 for detailed information on each of the available
tangent choices.

Tangent Copy Copies the tangent type between the tangents of the current
key or between the tangents of the previous and next key. Use the arrow
buttons on either side of the Key Tangent flyouts.

The left arrow of the In tangent copies to the Out tangent of the previous key.

The right arrow of the In tangent copies to the Out tangent of the current
key.

The left arrow of the Out tangent copies to the In tangent of the current key.
The right arrow of the Out tangent copies to the In tangent of the next key.

Choosing Bezier Tangent Types Sets the tangent types for one or more keys
in the same track using the In and Out tangent flyouts.

Bezier Scale Controller (Lock X) Causes the X value to affect all three axes
of scale. The Y and Z values are ignored and their function curves are not
displayed.

# Walue: IW ﬂ H

When X is locked, the Y and Z values are not affected by changes in the X
value. If you lock X when all three axes are at identical values, alter the X
value, and then unlock X, the Y and Z values remain where they were while
X retains its new value.

Motion panel > Parameters > Key Info (Advanced) rollout

| - keylnfo [Advanced) |
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Controls in the rollout affect velocity in three ways:
B Control the absolute velocity at a key using the In/Out values
B Average velocity over a specified amount of time using Normalize Time

B Force constant velocity from one component key to the next using
Constant Velocity

In/Out The In field displays the rate of change as the parameter approaches
the key. The Out field displays the rate of change as the parameter leaves the
key.

These fields are active only for keys using the Custom tangent type.

The number in the field is the rate of change expressed as parameter units per
Tick. By changing the two values for X, Y, and Z you are changing the length
and angle of the tangent handle.

Lock button When on, changing one Custom tangent changes the other by
equal but opposite amount. For example, if the Lock button is on and the In
value is 0.85, then the Out value is -0.85.

Normalize Time Averages the position of the keys in time and is applicable
to any consecutive blocks of selected keys. Useful if you want to smooth out
the motion and have an object that speeds up, slows down, speeds up, and
slows down.

Constant Velocity Interpolates values between a key and the next one in a
way that makes the object move at a constant velocity across that curve
segment.

Free Handle Used for automatically updating the length of the tangent handle.
When this is turned off, the length of the tangent is at a fixed percentage from
its neighboring key. As you move a key, the handles adjust to stay the same
percentage away from the neighboring keys. When this is turned on, the
handle lengths are based on time lengths.

Create Position Lock Key / Create Rotation Lock Key Makes the incoming
handle of the current key linear, and the out going handle of the previous
key linear. This is to prevent overshoot from the spline interpolation.

To use these two features, you must first create a keyboard shortcut in
Customize > Customize User Interface. Look for Create Position Lock Key and
Create Rotation Lock Key in the keyboard shortcut list and assign a key. Or
you can also add these commands to the quad menu.

Bezier Controllers | 3141



Block Controller

Main toolbar > Curve Editor (Open) > Expand Global Tracks in the Track View
hierarchy. > Block Control

Graph Editors > Track View — Curve Editor > Expand Global Tracks in the
Track View hierarchy. > Block Control

Global Tracks

Float : Float List

Fuoint3 : Point3 List

Puoszition ; Pogition List
Raotation : Ratation List

= Scale : Scale List

----- (=) Block Control ; Block Caontrol
................... Lovailable

................... Wieights

A Block controller is a global List controller on page 3194 that allows you to
combine several tracks from multiple objects over a range of time, and group
them as "Blocks." These Blocks are then used to re-create the animation
anywhere in time. Blocks can be added, removed, scaled, moved graphically
in Track View, and saved. Blocks can represent either absolute or relative
animation.

For example to animate a hand forming a guitar chord, all the rotations of
the fingers and hand can be saved as a block. This block can then be used to
recreate the hand and finger position, rotation, and animation whenever the
chord is played in an animation.

Essentially, block controllers allow you to build up libraries of animations and
apply them to objects as you choose.

TIP Euler Rotations will give you better results than TCB Rotation controllers when
you are working with blocks. Block controllers blend clips in a relative repeat
manner. If your motions do not loop exactly, your rotations start to drift. Also note
that block controllers only work with Keyframe controllers (non-procedural).

Master Block Parameters Dialog
After assigning a Master Block, right-click the MasterBlock track to display the

Master Block Parameters dialog on page 3280. This is the first step in creating a
block.
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With this dialog, you can save blocks and then load them later. Blocks are
saved as BLK files.

Track View Pick Dialog

The Track View Pick dialog on page 3286 is displayed when track selection is
necessary; for example, when you click Add in the Master Block Parameters
dialog. Select tracks in the dialog to include in a block. Valid tracks are shown
as darker.

Block Parameters Dialog

After you create a block by clicking Add in the Master Block Parameters dialog
and then selecting tracks in the Track View Pick dialog, clicking OK in the
Track View Pick dialog displays the Block Parameters dialog on page 3279.

Attach Controls Dialog (Loading Blocks)

The Attach Controls dialog on page 3276 is displayed when you click Load in
the Master Block Parameters dialog. Tracks in blocks saved previously can be
mapped to tracks in the current scene.

Slave Parameters Dialog (Slave Controller)

Every time a block is created, all tracks within the block are assigned a slave
controller, which allows the MasterBlock to transfer key data. The slave
controller tracks appear with the original tracks you used to create the block.
See Slave Parameters dialog on page 3284.

MasterBlock Subtracks

Below the main MasterBlock track are subtracks. The first of these is always
Blend. The remaining subtracks are initially copies of the tracks used to create
the block.

Blend track Lets you animate the influence of the block. You can reduce the
block's influence by creating Blend keys with values less than 1.0. Default=1.0.

Block-specific subtracks Display the block name and its associated tracks.
Initially these are copies of the tracks used to create the block. You can edit
keys on these tracks to change the block's behavior.
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Block Key Properties Dialog

Block Key Properties

[v Relative mation

Stark: IEI ﬂ Cancel
End: [24 =

Relative Motion Toggles between relative and absolute motion.
Start, End Set the first and last frames for this instance of the block (this scales
the block instance).

Procedures

Example: To create a block:

1 Animate two objects moving in the viewports. Make the final keyframe
for the objects frame 10.

2 Open Track View — Dope Sheet.

3 On the Track View hierarchy, expand Global Tracks, expand Block
Control, and then select Available.

Available is the track below the Block Control track.

4 From the Track View toolbar, choose Controller menu > Assign, select
Master Block in the dialog, and then click OK.

The Master Block Parameters dialog automatically displays.
5 Click Add on the Master Block Parameters dialog.

6 On the Track View Pick dialog, expand the tracks for the two animated
objects.

7 While holding down Ctrl, click the X,Y,Z Position tracks for both objects,
and then click OK.

8 On the Block Parameters dialog, type a name in the name field.
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Choose a name that will remind you of the animation in this block.

9 Set the End value to 10, and then click OK.
The Block will contain animation between frame 0 and frame 10.

10 Click OK to close the Master Block Parameters dialog.

The block has been created, and you can now use it.

B Once a block is added, a slave controller is added to the controllers
on the original tracks. This enables communication between the track
and the Block controller.

B With the Blend track (below the MasterBlock track in the Track View
hierarchy) you can animate how much of the block animation will
be in effect. Negative values reverse the animation.

B Controllers that each block uses are listed under the block name. This
allows you to adjust the data for a particular block.

Example continued: To use a block:

1 In the Dope Sheet Key window, right-click the MasterBlock track.
A pop-up menu displays the name of blocks already created.

2 Select the name of the block you created earlier.
The Block is displayed in the Key window.

3 Drag the Block to start at frame 20, and click Play.
The animation repeats at frame 20.

You can create a number of blocks for different periods of an object's
animation, and use them at different locations in the MasterBlock track.

To move an inserted block:

B In the Key window, select the block and then drag it left or right.

To scale (resize) an inserted block:

B Select the key at the lower left or right corner of the block, and then drag
left or right.

To create a copy of a block:

B Hold down Shift, and draft the block.
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This creates a new instance of the block, which you can place at a different
time.

To remove an inserted block:

B Click to select the block, then press Delete.

Interface

= Block Control : Block Control
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Inserted blocks appear in the Key window to the right of the MasterBlock controller
in the hierarchy under Global Tracks.

Block Control track Displays in Track View under Global Tracks.

To create a MasterBlock Control, expand Block Control, select Available, and
choose Controller > Assign.

MasterBlock Track Displays in Track View after you assign a Master Block
controller to an available track.

You can right-click the track in the Key window. This displays a pop-up menu
that shows the name of blocks that have been created. Choosing a block inserts
the block into the MasterBlock track. The dialog also has an entry, Properties,
that displays the Master Block Parameters dialog.

In the MasterBlock track, inserted blocks display as colored rectangles. The
name of the block appears at the center. In the lower left and right corners
are keys that indicate the beginning and end of the block's animation. Below
the name of the block is the letter “R” for relative, or “A” for absolute. Click
and drag the center of a block to move it in time. Select a key in the corner
of a Block to move one edge of the block (scale time).

3146 | Chapter |5 Animation



Right-click an inserted lock to display the Block Key Properties dialog (described
below).

Boolean Controller

Main toolbar > Curve Editor (Open) > Select a track containing a float value
in the Track View hierarchy > Track View menu bar > Controller menu >
Assign > Boolean controller

Graph Editors > Track View — Dope Sheet > Select a track containing a float
value in the Track View hierarchy > Track View menu bar > Controller menu
> Assign > Boolean controller

........... [ Seagments

........... Smooth : Boolean Controller
........... [ Hemizphere

........... I} Slice From

........... E Slice Tao

----------- rultiplier : Boolean Controller
........... E Cantrast
CA— i Duffuze Saften
The Boolean controller is similar to the On/Off controller on page 3217. By

default, it is assigned to tracks (such as an object's Visibility track) that provide
only binary on and off control.

NOTE The Boolean controller is useful for controlling the Enabled state in the
History Independent (HI) IK system on page 3407.

It differs from the On/Off controller in two ways: first, each key has its own

float value, either 7.0 or 0.0, signifying its on or off state. This enhancement
leads to the second component that differentiates the Boolean controller from
its On/Off cousin: the ability to lay down sequential keys without inadvertently
changing the on/off state of any keys downstream.
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The Boolean controller can be assigned to any parameter that would normally
be controlled by a float or boolean class controller, such as a sphere's Hemisphere
or Smooth track.

Boolean controller key values can be changed in on of two ways: through
Track View's Dope Sheet editor or through MAXScript.

NOTE Although the Boolean controller displays a function curve in Track View's
Curve Editor, it does not display keys. Key time and value must be changed in the
Dope Sheet editor.

Procedures

To assign a Boolean controller and add keys:

1 Open Track View's Dope Sheet editor and select any track that would
normally be assigned a float or boolean class controller.

2 Right-click and select Assign Controller. Pick the Boolean controller from
the Assign Controller dialog, and click OK

o
3 J From the main Track View toolbar, select the Add Keys button and
click anywhere on the selected track.

New keys with a value of 0.0 are added.

To change Boolean controller key values in Track View:

1 Open the Track View Dope Sheet editor and select a track that contains
a Boolean controller.

= || =—= {

2 Select any key and type 1.0 or 0.0 into the key value field at the bottom
of the Track View dialog.

EE 700 | 42

NOTE Values greater than 0.0 will automatically be clamped to 1.0

3148 | Chapter |5 Animation



To change Boolean controller key values via MAXScript:

B Enter the following into either the MAXScript Listener or Mini
Listener:<node>.<animatable_property>.keys[<index_integer>].value =
<float> where <node> is the object containing the Boolean-controlled
parameter (for example, $Sphere01, <animatable_property> is the parameter
itself (for example, Smooth, <index_integer> is the actual sequential number
of the key in the key array, and <float> is either 1.0 or 0.0.

Color RGB Controller (Point3 XYZ Controller)

Main toolbar > Curve Editor (Open) > Select a material color track in the Track
View hierarchy. > Track View menu bar > Controller menu > Assign > Color
RGB

Graph Editors > Track View — Curve Editor > Select a material color track in
the Track View hierarchy. > Track View menu bar > Controller menu > Assign

> Color RGB
LeniS(y Sample baterial
..... Maps
..... (S Shader B asic Parameters
........... i Ambient Color
= [{H] Diffuze Color : Color RGE
........... [f=]R : Bezier Float
........... [f=]G : Bezier Float
........... [f=]E : Bezier Float

Specular Color
Self-llurmination
Self-llurn Color
Specular Level
Glozziness
Soften

The Color RGB controller splits the R, G, and B components into three separate
tracks. You can use this controller with color tracks. By default, each track is
assigned a Bezier Float controller. The Bezier Float controller is a single
parameter controller.

NOTE The Color RGB and the Point3 XYZ controllers are identical in function,
except that the labels of their tracks are RGB and XYZ respectively. Point3 XYZ
controllers can be used for functions such as Noise Strength, and the FFD modifier.
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Procedures

Example: To animate the background color of a rendered animation:

1 Open Track View — Curve Editor.

2 In the Track View hierarchy, expand the Environment track and then
select Background Color.

3 On the Track View menu, click Controller > Assign and select the Color
RGB controller.

4 Expand the Background Color track.
L3

5 A | On the Track View toolbar, click Add Keys.

6 Add three keys along the red track at frames 0, 50, 100.

7 Right-click one of the keys to display the Bezier Float dialog. Change the
key values to 0, 400, and 0, respectively.
To see the background color change, move the time slider to the same
frame as the key that is being adjusted and render the scene. To see the
color change in an animated fashion, you must render the animation.
Although you can set values over 255 in the value field, the actual color
value stops at 255.

Interface

Bezier Float controller properties.

T |
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Time: |EI ﬂﬂ In: it
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Ir: Cut:
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*
J ™| Free Handle
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See Bezier Controller on page 3138 for a description of these parameters.
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Euler XYZ Rotation Controller

Main toolbar > Curve Editor (Open) > Select a rotation track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Euler XYZ

Graph Editors > Track View — Curve Editor > Select a rotation track in the
Track View hierarchy. > Track View menu bar > Controller menu > Assign >
Euler XYZ

Select an object in the viewport > Motion Panel > Assign Controller rollout >
Select the rotation track. Euler XYZ is assigned as the default controller.

-[fie]] Tranzfarm : Position/Rotation/Scale
..... i#-{ff] Position : Position =2

~=v[j] Ratation : Euler 52

........... [F=-]# Rotation : Bezier Float
........... [F=]'r Rotation : Bezier Float
........... [f=]< Rotation : Bezier Float
........... Scale : Bezier Scale

The Euler XYZ Rotation controller is a compound controller that combines
separate, single-value float controllers to specify an angle of rotation about
each of the X, Y, and Z axes. Euler XYZ is not as smooth as quaternion rotation
(used by the TCB Rotation controller), but it is the only rotation type that you
can use to edit rotation function curves.

The Euler XYZ Rotation controller assigns individual tracks to the X, Y, and
Z components of position, rotation, and scale transforms. However, the
controller assigns three keys (one for each axis), by default. To avoid this, you
can use Customize User Interface on page 7697 actions to create explicit axis
keys. These are available in the Main UI group > Set Key Tools category.

The Gimbal reference coordinate system on page 973 is intended for use with
this controller. With other coordinate systems, rotating about one axis always
changes at least two tracks. With Gimbal rotation, rotating about one axis
changes only one track, making it easier to edit function curves.

Euler versus TCB Rotation

Euler rotation offers several advantages over the TCB Rotation controller,
which was the default rotation controller prior to 3ds Max 5. Euler rotation
provides function curves, while TCB does not. Euler rotation allows for three
separate curves that can be manipulated in the Curve Editor. TCB rotations
can be controlled only with tension, continuity, and bias settings, making it
difficult to keyframe and manipulate X, Y, and Z rotation independently.
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On the other hand, TCB rotation allows for rotation greater than 180 degrees
on a given keyframe. If you turn on the Rotation Windup on page 3261 option,
you can get rotation values greater than 360 degrees.

TIP If you're used to working with TCB rotation, you might find it difficult to adapt
to the Euler workflow. In that case, you might want to assign TCB as the default
rotation controller. See Specifying Default Controllers on page 3110.

Euler Rotation and the Waveform Float Controller

Because the Euler Rotation controller uses radians, unit adjustments should
be made when other controllers are applied to Euler axes. For example, the
Waveform Float controller has a default amplitude of 100 in the Characteristic
Graph. When the Waveform Float controller is applied to an Euler axis, the
default amplitude is 100 radians. This sets the Amplitude setting to 5729.598
(the number of degrees in 100 radians).

Euler Rotation and the Noise Float Controller

When a Noise Float controller is applied to an Euler axis, the default Strength
setting is 286.479 or 50 percent of 10 radians in degrees (maximum deflection).

Euler Rotation and the MIDI Motion Capture Controller

When a MIDI Motion Capture controller is applied, the Parameter Scaling is
taken in radians so that the Max. default setting of 1.0 results in an upper
boundary of 57.2958 degrees.

Procedures

Example: To use Euler XYZ Rotation:
1 Create a box.

2 Go to the Motion panel and make sure the assigned rotation controller
is Euler XYZ. If not, highlight the Rotation track in the Assign Controller
rollout list, click Assign Controller, and then choose Euler XYZ in the
Assign Controller dialog list. Click OK.

3 Turn on Auto Key.
4 At the bottom of the PRS Parameters rollout, click Rotation.

5 On the Euler Parameters rollout, click the X rotation axis button, if
necessary.
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In the Create Key group of the PRS Parameters rollout, click Rotation.
The software creates a rotational key.

Move the time slider to frame 50.

Again, in the Create Key group of the PRS Parameters rollout, click
Rotation.

On the Key Info (Basic) rollout, enter 500 in the Value field.
On the Euler Parameters rollout, click the Z rotation axis button and then

enter 90 in the Value field of the Key Info (Basic) rollout.

Play the animation. The box rotates 500 degrees around the X axis and
90 degrees around the Z axis. In this case the X-axis rotation takes place
first, and then Z-axis rotation.

To use Euler XYZ with List controllers for local rotation control:

You can mimic the local Euler rotation controller (available in earlier versions
of the software) by combining a list controller with an Euler XYZ rotation
controller.

1

Select the object for which you want to have local rotational control. For
example, create a teapot and a dummy.

Animate the dummy.
Open the Motion Panel.

In the Assign Controller rollout, select the Rotation transform, then assign
a LookAt controller to teapot, with the dummy assigned as the LookAt
Target.

You now have an object with rotation controlled through the dummy.
With the Rotation: LookAt controller selected in the window, again
choose Assign Controller and pick Rotation List.

Now there is a list controller, with the LookAt Constraint applied as the
first rotation controller in the list.

Scroll down in the window and select the entry labelled Available, then
again click Assign Controller.

Choose Euler XYZ.

You now have a list controller with a LookAt Rotation as the first
controller and an Euler XYZ as the second controller.
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8 In the Rotation List rollout, highlight Euler XYZ in the Layers window,
then click Set Active.

9 In the Euler Parameters rollout, change the Axis Order to ZYX.

Now you can animate the rotation independent of the LookAt rotation
control. It should now behave the same as the Local Euler controller that
was available in versions 4 and earlier.

Interface

Euler parameters are displayed in the Motion panel.

The Euler parameters rollout is displayed when Rotation is selected in the PRS
Parameters rollout on page 3220.

[- Euler Parameters |

Aiz Order: IX'YE vI
Rotation Axis: E ﬂ 3

Axis Order Selects the order that rotations are calculated. The default is X,Y,Z
order, where the X axis is rotated first.

X Displays controller properties for X axis rotation angle.
Y Displays controller properties for Y axis rotation angle.

Z Displays controller properties for Z axis rotation angle.

Each axis uses its own independent controller using the float data type. For
example, the X and Y Rotation axes could use Bezier Float controllers, while
the Z rotation axis uses a Noise Float controller.

Expression Controller

Main toolbar > Curve Editor (Open) > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Expression

Graph Editors > Track View — Curve Editor > Select a track in the Track View
hierarchy. > Track View menu bar > Controller menu > Assign > Expression

Animation menu > Position or Scale controller > Expression
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Interface on page 3159 Procedures on page 3156

The Expression controller lets you use mathematical expressions to control
the following animation aspects:

B Object parameters such as length, width, and height

B Transform and modifier values such as an object's position coordinates

You can constrain values by basing them on the controller values of other
objects in the scene.

An expression is a mathematical function that returns a value. 3ds Max
evaluates the expression once for each frame of an animation, generating
values that can change from frame to frame.

You can create and manage Expression controllers in Track View on page 3503
and on the Motion panel on page 7663. You can assign expressions to the
following kinds of scene elements:

Scene element Controller
Creation parameters Any numeric creation parameter
Transforms Position [X, Y, Z]

X Rotation

Y Rotation

Z Rotation

Scale [X%, Y%, Z%]

Modifiers Any numeric modifier parameter (including
creation parameters)

Materials Colors [R, G, B]
Any numeric material parameter
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NOTE Expression controllers can work only with the individual XYZ components
of Euler rotation. You can't assign an expression to TCB Rotation or other kinds of
rotation controllers.

See also:

B Expression Techniques on page 361

B Expression Controller Techniques on page 3161
B Trigonometric Functions on page 370

B Vectors on page 373

Procedures

To assign a constant value to a variable:
1 Highlight the variable name in the Scalars or Vectors list.

2 Click Assign To Constant.

A new dialog opens.
3 On the dialog, enter the new value (or, in the case of a vector, values) for
the constant, and then click OK.
To assign a controller to a variable:
1 Highlight the variable name in the Scalars or Vectors list.

2 Click Assign To Controller.

The Track View Pick subdialog is displayed, showing the track hierarchy.
The dialog display is similar to the Track View hierarchy.

3 Highlight the track for the variable to use, and then click OK.

Examp