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Course Overview and Prerequisites
What Are CHOPs?
Noise Toy Example

Triggers, Generators, and Filters
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Prerequisites

At a minimum have watched Houdini First Steps: Introduction or have equivalent
knowledge

Understand the Basics of VOPs
Suggested: Watch “Working with Noise”
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Course Overview

This eight week course is focused on getting the digital artists up and running with
Houdini's procedural animation and simulation tools. The new VFX artist will also
find this course invaluable as we leverage various technologies in Houdini such as
Channel Operations, Particle Systems, Fluids, and Dynamics to create many
different types of procedurally based animation projects.
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Getting to Know CHOPs with a Motion FX Example

Animation we want to create

In our first example we will use Motion FX as an easy intro to CHOPs and then
finish the lesson by creating our own CHOP Network

SIDE EFFECTS
SOFTWARE
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Getting to Know CHOPs with a Motion FX Example

r 14 :
Ilﬂll d r ’ : -

BRI -

Drop Down a Sphere and dive inside
@ | | e

Make the Sphere a Polygon

II“I o "r'r -

Add a rest Geometry and a UV Texture (Polar, Vertex)
Append a Transform

» Right Click on the Translate Parameter and choose

» Motion FX --> Noise

Continued on Next Slide...
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Getting to Know CHOPs with a Motion FX Example
(cont.)

Notice the Translate Parameters are now highlighted in Orange

» This means the channels get their data overridden by a CHOP

o N B » In this case by: /obj/sphere/motionfx/noise_add1 sphere/
Translate fsphere/motionfx/noise_addl sphere/xforml:tx XfOrm1:tX, ty, and tZ

Houdini has added a CHOP network named motionfx

ERRERAN -

Add a rest Geometry and a UV Texture (Polar, Vertex)

= i Dive inside the CHOP network motionfx

Continued on next slide...

motionfx

T || ¢ |
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Getting to Know CHOPs with a Motion FX Example
(cont.)

IIIII noise xforml clipl

R -

Three Nodes are created for you

» Channel Node: Creates channels from the value of its parameters

» Makes an irregular wave that never repeats, with values
approximately in the range -1 to +l.

- ‘-ﬂ noise addl

» Perform a variety of arithmetic operations on and between
channels. has added a CHOP network named motionfx

porcbacicto SOF Notice the Flags on the Node are different then a SOP node

-‘ Display in Motion
View
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Motion data shown
in Orange

Key framed data in
Green

Channel Data -
Discreet Sample
Points at set
distances apart

/

Keyframe data - Keyframes do
not need to be set equal frames
apart and bezier function
interpolates between points

So Whatis a Channel?

Discreet samples of data. Unlike
Keyframes which contain two key
frames and a function (such as a Bezier
Function) between the two key frames a
Channel is just a series of discreet

sample points

J
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Basic Workflow of a CHOP

alll noise_xform1 clipl

J—_—

1. Use a Channel Node to Fetch data in this case from a
2 I SOP

» Use the "Name” parameter to specify where to grab
data from. In this example - sphere/xform1:t

2. Use a Generator such a “Noise” to add motion
without any keyframes

3. Add the Generator to the Channel data and set the
export flag

We will shortly see another more common way to do this
using the “Geometry” CHOP
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Brownian & Harmonic Summation

We have not talked about Brownian Noise yet Harmonic Summation gives us nice loopy
animation

Notice the soft curves that like to stay at the
plateaus
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Ilﬂll spherel

T2 .

T | [

- P
Channels and Ke

i GE

Adding Weight to Our Motion

Right now the sphere is animating but seems
weightless. There is no “real” ease in or ease out
because our motion lacks weight. Let us add it now.

The nodes responsible for motion | will color “yellow”
just so we can keep track

Right Click on the Translate parameter of the transform
agaln and select:

» Motion Effects-->Lag
Dive Inside the MotionFX node (CHOP Net)

» Continued on next slide...
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Illll‘“ xform1_clipl

1] @ ||| EEE

ENERANN - oo

HIEA 1 -

Lag and Overshoot
for Deceleration
(the downward
curve)

Lag and Overshoot
for Acceleration
(the upward curve)

Adding Weight to Our Motion (cont.)

The “Lag” node has been added to the end of the

network and the export and visibility flags have been
moved to the Lag

The “Lag” node adds lag and overshoot to the animation

» If you have a heavy object and try to make it move with a

given force i1t will take time to get up to speed compared
to a light object - It lags behind

» Similarly when you try to stop a heavy object from

moving in will be slow to stop. |t may even “overshoot”
the target

Wednesday, September 25, 13
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Understanding the Lag and Overshoot Curves

o Lag 0,0
Lag 0,0 Overshoot |,0
Overshoot 0,0 Notice the upward plateau
y is no longer continuos By
Lag 1,0
Overshoot 0,0
Notice the shallower slope going
up. This indicates slower Lag 0,0
acceleration ) Overshoot 0, |
Notice the downward
plateau is no longer
continuos y
Lag I, I
Overshoot 0,0

Notice the shallower slope going
up and down. This indicates longer
duration to a complete stop y
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Continuing the Project

Up until now we have used the Motion FX presets to create a smooth motion with
with lag on the main sphere

We will now create our own CHOP Network to define the motion of the “tentacle”
spheres that will follow the primary motion of the main sphere

Our goal is not to just let the tentacle spheres follow the main sphere but give each
sphere its own lag, and spring. This will allow the animation to have a more organic

look
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Continuing With Our Project

First. Let us use a Point Wrangle to define Normals

» @N = @N: //Initialize the Normals

llll spherel

Append a Scatter SOP to the Transform

» Scatter 5O points

Append another Point Wrangle to the Scatter
» @P += @N;

» Create a spare float parameter on the point Wrangle
name “scale_factor”

y @P += @N*ch(“scale_factor”);

Copy small spheres to the points and merge with
original sphere

Wednesday, September 25, 13



@P += @N*ch(‘“scale factor”);

What are we doing with this expression

It is perfectly legal to add a vector to a point position

‘ P,- P+ N

4rN

‘ Point P (x,y,z)

Original Point
Positions from
main sphere

New Positions after
@P += @N*ch(“scale_factor”);

Wednesday, September 25, 13
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llll sphereg
O:
6“ channell

| [

Illl pointwrangle?

chopnetl

MM IN_TO_cHOP_NET

Rolling Your Own CHOP Network

Three Steps to Creating Your own CHOPs

» 1. Append a NULL to the Node that has the data you
want to manipulate with CHOPs

» 2. Drop down a CHOPNET

» 3. Append a Channel Node to the NULL to read back
the CHOPNET manipulated data

NOTE: The network will error out because you are not
pointing to any data inside the CHOPNET Yet.
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chopnetl

REEEERE (oeometry1

Rolling Your Own CHOP Network (cont.)

Dive Inside the CHOPNET

Drop Down a Geometry CHOP - The Geometry CHOP uses a
geometry object to choose a SOP from which the channels will
be created. The channels are created from the point attributes of
a SOP, such as the X, Y and Z of the point position.

geometryl Take List Parameter Spreadsheet

. obj ) Tg sphere ) (W) chopnetl

@ Geometry geometryl

Geometry Channel Common
SOP ../../IN_TO_CHOP_NET
Group
Method Animated
Attribute Scope P
Rename Scope tx ty tz
Transform Object

Organize by Attribute

» The SOP should be pointing to the NULL you created earlier.
The Geometry CHOP with Fetch the data.

» Set the Method to “Animated”

» Static - Creates one channel for each attribute, and all points use this
channel (the first point resides at index O, the next at 1, and so on). The
length of the channels will be the number of points fetched.

We want to fetch the position data
of the “tentacle” spheres so we
can add different lags and springs
to each individual sphere

» Animated - Creates one channel per attribute per point. The channels
show the animation of each point’s position/attribute values.

A
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IIIII geometryl

[T o OUT SPRING BALLS §

CHOP . . /chopnetl/0UT_SPRING BALLS
Method = Animated
Channel Scope t[xyz]
Attribute Scope P

B Organize by Attribute

Completing the Cycle

Right now the network is still has an error

Let us complete the CHOP cycle so we do not have
errors

Append a NULL to the Geometry CHOP
» Name it “OUT_SPRING_BALLS”

Go Up to the Geometry Level

In the Channel SOP
» CHOP -../chopnetl/OUT_SPRING_BALLS
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Rolling Your Own CHOP Network (cont.)

geometryl Take List Parameter Spreadsheet +

5 [ ob1 )l sphere ) @ chopnets Attribute Scope - What data do we o

|| seamety, oconct v want to manipulate. g 2 T, 35

Geometry Channel Common

Memory

SOP ../../IN_TO CHOP_NET

» In our case position “P”, later we
— can play with Rotation

N
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Attribute Scope P

w

Rename Scope

i Rename Scope - What will we name
| each channel
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Motion View Displaying all tx,ty, crested Tine: T ——

Modified Time: > 2013 04:52 PM

and tZ data ‘ Time Dependent:
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Help Card for Geometry CHOP

Parameters

Attribute

Transform

Organize by
Attribute

Retrieves the geometry from the SOP pointed to by this path.

Fetch only the points within this point group. If blank, all points are fetched.

The geometry fetch method.

Static  Creates one channel for each attribute, and all points use this channel (the first point resides at index 0, the next at 1, and so on). The
length of the channels will be the number of points fetched.

Animated Creates one channel per attribute per point. The channels show the animation of each point’s position/attribute val

A string list of attributes to fetch from the SOP. The common attributes are:

P point position (X, Y, Z) - 3 values.

Pw  point weight with a value of 1.

Cd point color (red, green, blue) - 3 values.

Alpha point alpha with a value of 1.

N point normal value (X, Y, Z) - 3 values.

uv  point texture coordinates (U,V,W) - 3 values.

The names to use for the newly fetched attributes. There must be one name per attribute, so an attribute scope of “P” should have a rename scope with —
three names (like tx ty tz).

If a transform object is specified, the point values will be represented relative to that object’s origin and rotation.

(Applies to 'Animated Method' only) Will rebuild the fetched channels by the value of this attribute. A common example is the 'id’ attribute found in
particles. A channel is built for each unique id since the number of points may vary.

SIDE EFFECTS
SOFTWARE
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llnl Il geometryl
llﬂlll noisel

lll I l math__match_by channel_name

Channel Post OP off

Match By Channel Number

Align Extend to Min/Max

Adding a Little Noise to the Spheres

Append a Math CHOP to the Geometry CHOP

Drop Down a Noise CHOP and wire it to the Math
CHOP

On the Noise CHOP

» Type - Sparse

» Seed 1

» Harmonics O - This will give us a smooth noise
On the Math Node

» Combine CHOPs - Set to "Add”

» We want to add the Noise Channels to the Geometry
Channels

Wednesday, September 25, 13
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Adding a Little Noise to the Spheres (cont.)

All Position have equal noise
applied.We want each sphere to
have different noises applied

Unfortunately this creates a motion that is identical for
each sphere. We can see this in the Motion View

We can fix this. In the Noise CHOP there is a “seed”
parameter. We need to be able to vary the seed value per
channel. If we only knew the local variables

Continued on next slide

Wednesday, September 25, 13
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Adding a Little Noise to the Spheres (cont.)

Local variables
. Pulling up the help card for Noise
I The current index. we can find several local variables
C The current channel (0 to NC-1). P J
.47
NC The total number of channels. No Real Difference - Even with
varying the seed value with $C
Sy _ there is not much of a difference.
S.E The start and end indices of the noise curve. There is still one thing to do
6* Noise noisel
Noise Transform Constraints Channel Common Let us use the C u rre n.t C han n el

Tvbe Sparse

|
eed 56 local variable
Harmonics 0

In the seed parameter - $C

Roughness 0.5

Exponent 1

Continued on next slide...

Amplitude 1
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Adding a Little Noise to the Spheres (cont.)

‘! Noise noisel

Noise Transform Constraints Channel Common

<" In the Noise CHOP switch to the Channel Tab

Channel Range Use Full Animation Range

Currently the Channel Name is set to “chant”

Sample Rate 24

Evcen et | I This mean it will only create noise for the first channel

Extend Right = Hold

F‘ Noise nolse_create_150 random_channels

Noise Transform Constraints Channel

Channel Name t[0-49]

Change the Channel Name Parameter - t[{0-49]

- Now it knows to create noise for a total of 50 channels

Extend Left Hold

Extend Right = Hold
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Adding a Little Noise to the Spheres (cont.)

Now with Channel Name set to t[0-49]
Each sphere has a unique animation

A more formal way to write this would be t[xyz][0-49]

SIDE EFFECTS
SOFTWARE
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e

Drop down a Rename
CHOP (not attached
to anything) and open
the help card

How did we know to write t[xyz][0-49]?

Sample Naming Patterns

The From and To parameters are any channel name creation patterns like: chan[1-9:2] or t[xyz] . The From parameter also allows matching patterns like chan* and ch? .

For example:

Simple matching assuming an input of chani chan2 chan3:

From To

chanl chan2 chan3 tx ty tz
chan[1-3] tixyz]
chan[1-3] tx ty tz rx
chan[1-2]) tx ty

Simple matching assuming an input of tx ty t z:

t[xyz) [XYZ)trans Xtrans Ytrans Ztrans
Change channels that start with "bob" to channels that start with "carol”:

bob* carol#
Replace channels with "hand" in the middle to channels with "foot" in same place:

*hand* *foot*

Swap words in a name, where the words are separated by : table>> tr>> td>> ****

Wildeard matching, assuming an input of chi ch2 ch3:

ch? t? tl t2 €3

* op:* op:chl op:ch2 op:ch3

*h» *han* chanl chan2 chan3

*[1-3:2) foot[11-13:2) footll ch2 footl3

* chan(3,1,2] chan3 chanl chan2
Daramatare

Produces

tx ty tz

tx ty tz

tx ty tz

SIDE EFFECTS
SOFTWARE
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How does the Math CHOP know to add T1 of Noise to T1 of Geometry?

-.
LY
’

OP Mult-Add Range Common

Channel Pre OP Off

Combine Channels Off
T ’ Combine CHOPs
Set “Match By” to Channel :
Number to get Geometry and Channel Post op = Off
Noise Channels to add [ Match By Channel Number
correctly

Align Extend to Min/Max
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III.I geometryl Illll noise

IIII math__match_by channel_name

T [

Adding Lag to Each Sphere

Append a Lag CHOP to the Match CHOP

» This will give us the same lag for each sphere

» Let us write an expression based on Channel number to
make the lag unique for each Sphere

Lag1 - 0.3+ fitO1(rand($C*321.5), -0.05, 0.05)
Lag2 - 0.1 + 0.1 +fitO1(rand($C*512.3), -0.05, 0.05)
Overshoot - 0.3

Wednesday, September 25, 13
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DR oo NN e

III I l math__match_by channel name

RN s

HEAN -

/)’) Spring springl

Spring Common
spring Constant 99
Mass 0.62
Damping Constant 0.48

Input Effect Position

¥ Initial Conditions From Channel

Adding Spring to Each Ball

We would like to add some springiness to each sphere
so the balls snap back a bit and seem even more organic

Spring should always go before lag since you can thing
of Spring as an impulse function and lag as a steady
state function

Wednesday, September 25, 13
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Adding Lines From Central Sphere to Tentacle Spheres

Drop Down a Merge SOP

» Wire both the Channel SOP and the Scatter SOP to
the Merge

Append an “Add” SOP to the Merge * ‘ IR - o

II-II add__old_school_paint_by numbers

» We want connect a point on the main sphere to the
corresponding point on the tentacle sphere

7%, Add add__old_school_paint_by_numbers

> Set the Add tab tO “By GI’OU p” | fFomee" fPowgone" Paricies

Remove Unused Points

. . III'.I I.'lf,,_;jf' / O By Pattern @ By Group
» Add - "Skip every Nth point”
e Ml Add Skip every Nth point

» N - ch(“../scatter1/npts”) | r : N ch(®../scatter/npts")

End result of lines created . Closed

Wednesday, September 25, 13
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Right now the lines move and have spring and lag but
It would be nice to have the lines wiggle. Maybe like a
little electrical sizzle

Append a Resample SOP to the Add SOP so we have
enough points to wiggle the line

» Segments - 5O

Append a NULL to the Resample SOP. We are going
to create another CHOP network for the Wiggle

» Name it - IN LINES TO CHOPS
Append a Channel SOP to the Null
» Method - Static

Making The Lines Wiggle

T |
II.I add_old _school pain

II" resamplel
Il@ll IN_LINES TO _CHOPS

Wednesday, September 25, 13
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Making The Lines Wiggle (cont.)

We can use the same CHOPNET we created before. We
will just add a separate network within it e

Dive inside Chopnett EREEN -¢¢_old_school_pain BERERE oo
» Add a Geometry CHOP that is NOT attached to any node DR -<oreie:
» SOP - ../../IN.LINES_TO _CHOPS HREERRY s o c

OUT TO LINES

» Method - Static

Append a NULL to the Geometry CHOP % [ 6

} N am e it - O U T_TO_L I N ES CHOP  ../chopnetl/0UT_SPRING BALLS

Method Animated
Complete the CyC|e Channel Scope t[xyz]

Attribute Scope P

Organize by Attribute

» Go up to the Geometry Level and in the Channel SOP
» CHOP - ../chopnetl/OUT_SPRING_BALLS
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More on the Slope CHOP

slope to_detect_different slo... Take List Parameter Spreadsheet

*. obj  fg sphere_objectl } (W) chopnetl

The Slope CHOP has a drop down menu to allow
you to calculate:

. [
<fli, Slope slope_to_detect_different_slope_segnme # U'—U' |

Slope Common

» First Derivative - Slope (velocity) rype  |JEIORE

. Slope

Method sample

» Second Derivative - Acceleration Acceleration

Acceleration Of Slope

» Third Derivative - Acceleration of Slope
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Making The Lines Wiggle (cont.)

Now Append a Trigger CHOP to the Slope CHOP

» Trigger CHOP adds an audio-style attack/decay/sustain/release (ADSR) envelope
to all trigger points in the input channels. A trigger point occurs whenever the first
iInput’s channel increases across the trigger threshold value.

Trigger Tab R

» Trigger On - Increasing Values BRRERRR - e o

Attack Tab < IR viooer_cieon_on sipe
» Delay Length - 0.2295, Attack Length - O.575
» Attack Shape - Ease In Ease Out
» Peak Level - 0.88, Peak Length 0.3

Sustain Tab
» Decay Length - 0.056, Decay Shape - Ease In Ease Out, Release Length O.911

Trigger Attack Sustain

Y
Trigger Threshold O

Re-trigger Delay O

Min Trigger Length 0

Chan Common

Release = Trigger Threshold

Trigger On Increasing Values

Trigger Attack Su

stain Chan Common

Delay Length 0.225

Attack Length 0.575

Attack Shape Ease in Ease out

Peak Level 0.886

Peak Length 0.302

Decay Length
Decay Shape
Sustain Level
Release Length

Release Shape

Trigger Attack Sustain Chan Common

0.056

Ease in Ease out

1
0.911

Ease in Ease out
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3.The time it takes to reach the
peak of the trigger is the attack
length

2.The trigger remains at O for a
short amount of time. This is the
delay

|. The slope crosses the Trigger
Threshold we set of 0.
Blue line

4.The amplitude of the trigger is
the Peak Level

Slope and Trigger

5.The duration of time that the
trigger stays at the plateau is the

Peak Length

5.Release Length is the slope of
the downward curve.The
shallower the slope the greater the
release length

Wednesday, September 25, 13
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Trigger Shapes

g | lj‘l“f‘ ™

ctearniy—on)

;llfll 1 P

~ Linear

tr I.'ll"l’ ™
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— Ease Out
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Ill I trigger__cleanly_on_slope
ﬂm ath__amplitude of trigger

Range

slope_to_detect_different_slope_

Trigger Curve

Curve after

math amnhtude nt trnioner Take
LMB click to minimize left pane.
., 0D) sphere_objectl o chopnetl

ol

Using a Math CHOP to do a Fit Range

Append a Math CHOP to the Trigger

» Currently the trigger is giving values between O and 1

» We want the wiggle to be small vibrations compared to
the main Motion

Select the Range Tab
» From Range - O,1
» To Range - O, O.1
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, Building the Noise of the Wires

| Append a Noise Chop to the Geometry
» Seed - $C

Jump Forward Alt+RightArro)

¥ Noise nolse  1n_tne_space_oT_the_inpt } Play With Other Values

- e

Noise Transform Constraints Channel Cor

‘ % Noise noise_in_the_space of _the_input_cur

S ) In the Transform Tab

Channel Name tlxyz]

Type Harmomic Summation

Seed $C
Period

Harmonics

» Translate X - -$T (have the noise
move down the wire)

Extend Right Hold

Harmonic Spread

Roughness

Exponent . ) _ . .
' ‘ % Noise noise__in_the_space_of_the_input_cur

-

Noise Transform Constraints Channel Common
Amplitude : } n e a n n e a

Transform Order Scale Rot Trans

Rotate Order Rx Ry Rz

Translate «$T

» Channel Name - t[xyz]

Scale

Pivot
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BREENER ocometny2

Il-lll slope_to_detect_q

Ilulll noise__in_the_spa c.llll't‘jéﬂﬁ}b_i‘: leanly_

IIIII math__amplitude

“] math__add_noise_by trigger_amplit

®D Math math_add noise by trigger _amplitude

OP Mult-Add Range Common
Channel Pre OP Off
Combine Channels Off

Combine CHOPs Multiply

Channel Post OP Off

Match By Channel Number

Align Extend to Min/Max

Multiplying the Noise by the Trigger to
Modulate the Noise

Drop down a Math CHOP

Wire the Noise CHOP and the Math CHOP from the
Trigger to the new Math CHOP

Set Combine CHOP - Multiply

Wednesday, September 25, 13
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Adding Modulated Noise to Original Wire Position

Complete Network as shown on right

Set Combine

CHOPs to Add

mathl Take List

= obi ) 0g

‘{b': Math mathl
OP Mult-Add Range
Channel Pre OP
Combine Channels
Combine CHOPs
Channel Post OP
Match By

Align

Parameter Spreadsheet +

sphere_objectl @) chopnetl

%[ @

Common

Off

Off

Add

Off

Channel Name

Extend to Min/Max

RN o2

Ill II noise__in_tl

II—I ll slope_to_detect_different_slope_segments

ll]};qgger_c:lea nly on_slope

Ill Il math__amplitude_of trigger

Ill.l math__add _noise_by trigger_amplitude

IIII mathl

[ O ouU T_T 0 2 LINES
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Jump up to the Geometry Level

Use a Merge SOP to Merge the
Main Sphere Motion with the
Tentacle Spheres

Finishing the SOP Network

Il-ll OUT to CHOPs

BIREN choeen

W
y

llull merge2
ll_ll add_ old_school_paint_by numbers

ll-ll resamplel

BIEEEEI  LnEs To_cHOPS ‘h‘ﬁ]
llnl channel2

R i

Wednesday, September 25, 13

43



~

SN
End of Module O1

Procedural Animation

SIDE EFFECTS
SOFTWARE




