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Creating Houdini Digital Assets

Part 1 - Introduction

Ari Danesh SIDE EFFECTS
ari@sidefx.com SOFTWARE
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Goals

Learn to Create a Simple Digital Asset

ldentify Parts of your Network to promote to Ul of
Digital Asset

Understand the Panels of the Type Properties Panel
Create Guide Geometry

Create Handles

We Will Not Be Creating Networks from Scratch
Just Making them into Houdini Digital Assets
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e 00
Operator Type:

Save to Library

Basic Parameters

Label

icon

Version
Minimum Inputs

Maximum Inputs

Guide Geometry
Editable Nodes
Message Nodes
Dive Target

Descriptive Parn

Default State

ari_capsule

Embedded

Help Handles Code Scripts Tools

Capsule

opdef:/Sop/ari_capsule?cap

./GUIDE_ GEOMTRY_OUT

Bottom Line - Learn

Edit Operator Type Properties

Selectors Input/Output Extra Files

the Type Pro

perties Window

Unit Length (m) Unit Mass (kg)

Parameter Options

Save Information From Node
jobj/geol/ari capsulel
¥ Save Initial Contents and Parameters
¥ Save Defaults as Initial Parameters
e Spare Parameters

¥ Save Contents as Locked

| l‘][ 0OC L "] ew "] 0 1" es on C reation

¥ Compress Contents

¥ Check for External Node References

Discard Accep Cancel




Not a Procedural Modeling Workshop

SIDE EFFECTS D
SOFTWARE

Houdinis

3D ANIMATION TOOLS

wOmmunit fnar PPOr

STEPS | Procedural Modeling

Lesson 1 | Hoses and Plpes
In the first lesson we will ease info Procedural Modeling by creating two
digital assets - A robust rigid pipe system and a fledable hose system.

If you need to learn Procedural Modeling...

Lesson 2 | Ultimate Gears
Get ready for some Math and Python as we create a procedural model

P sty ace o o o, o o ot b i http://www.sidefx.com/index.php?
option=com_content&task=blogcategory&id=222&Itemid=383

Lesson 3 | Bulldings Part 1
In this two part class we will learn how to place schematics in the Scene
View and then using traditional modeling techniques model a building.

Lesson 4 | Bulldings Part 2

In Buildings Part O1 we learned how to create a building using traditional
modeling techniques in Houdini. Now we will learn how to convert a one
off model info a procedural model and wrap it up into an HDA.

Lesson 5 | Flora Part 1
In this lesson we will focus on rendering curves. We will use VOPSOPs
to shape curves into blades of grass.

Lesson 6 | Flora Part 2
Using techniques already learned in Module 1 we will twist and carve up
a pipe to make twisting vines.

Lesson 7 | Terrain

In this lesson we will learn how to take an image map, in this case DTED
l' ..ﬁn... it l.l. Saaldls .I' Ill;l". .l.
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Project O1 - Capsule Asset
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Objectives

Create a new primitive type (e.g., Cube, Sphere, Torus) named capsule
Digital Asset should allow the artist to control Tool Box

u | ]
Rad I us y H elght y B u Ige y F I at ness . i SP_Capsule Primitive Type NURBS Surface v Orientation X v One Sided ¥ Hollow ¥ Add UVs ¥ Add rest :‘,‘r‘

One or Two sided

Hollow Guide
Orientation B Geometry
UVs

Digital Asset should have
Guide Geometry
Handles

HUD Control

Tool Bar Controls

Icon Embedded into Asset
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Understanding the Basic Network
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Understanding the Network

NI

First we are going to create half of the profile of the Capsule
The Circle Determines the radius of the Capsule

The Line’s ty and distance are determined by the Circle

ine_side_of capsule L8 Take List

. 0bj ) Bg Plain_Network




Understanding the Network (cont.)

B e o

. The Carve SOP will determine the “Flatness” of the bulge in the capsule

The First U is fixed to 0.25
- This parameter should be locked so the network does not break

3p endl -

The Second U is what determines the flathess of the bulge

The range can be from 0.25-0.5

ﬂ Carve carve cap_end

Group

. FirstU 0.25

Y Second U 0.45000000000000001

| , R
G N




Understanding the Network (cont.)

Now we want the Artists to be able to choose between a full
capsule and a half capsule (silo)

We mirror the profile and join the two curves

A switch determines if it will be a full capsule or silo

ﬂ Carve carve cap_end

Group

. FirstU 0.25

Y Second U 0.45000000000000001




Understanding the Network (cont.)

To create clean uvs we are going to use the Basis SOP (see next slides)
e Then we can revolve the curve into the capsule

Another Basis SOP is used to clean up the knotts in the Capsule’s surface

X BELCEES Parameter Spreadsheet

. 0bj » fg Plain_Network

ud
y Revolve revolvel

Group

Revolve Detail

Divisions 16
Order 4

End Caps




First Diversion - Basis SOP

Provides operations for moving knots within the parametric space of a NURBS curve or surface.

This op provides a set of operations applicable to the parametric space of spline curves and surfaces. The parametric space, also known as the “domain” of a NURBS or
Bezier primitive, is defined by one basis in the U direction and, if the primitive is a surface, another basis in the V direction. The size of the domain is given by the values of
the knots that make up the basis.
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The Basis op contains both ratio-preserving and non ratio-preserving operations.

If the basis reparameterization does not change the distance ratios between knots, the shape of a NURBS primitive is not affected. If the ratios are not preserved; however, a
NURBS primitive will change shape in the area influenced by the modified knots. Additionally, if the primitive is a NURBS or Bezier surface, any profiles it may contain will
be affected as well.
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First Diversion - Basis SOP

Parameterization

Parameterization Parameterization method.

Unchanged Does not change the U basis.

Uniform  Distributes all knots evenly.

ba ~ ~ i ' _ Parameter Spreadsheet
Parameters: basis3

=, 0bj (& Plain_Network
Chord Length  Computes knot ratios based on primitive chord length.

= - .
v Basis basis3

Centripetal Similar to chord length, useful for sharp turns. el

¥ Edit the U Basis
Parameterize Map Order
Manual:Single Edit knots of first spline primitive individually.

Parameterization Uniform

Manual:Propagated Same as above but copy knots to all other primitives.

Knotslide Shift clusters of knots within the basis.

Edit the V Basis

Approximate Arc Length  Computes knot ratio based on an approximate primitive arc length.

Knot Sequence  Editable field of knots in ascending order.

Read Basis Reads knots of first primitive into the field above.

Range Area of the unit U domain to be shifted.

Bias Amount and direction of shift in knotslide.



Map

Concatenate

Origin

Length

Scale

Indicates whether bases should be concatenated.

New origin of the U basis.

New length of the U basis.

Multiplier applied to basis at its origin.

First Diversion - Basis SOP

» - .
v+ Basis basis3
Group
¥ Editthe U Basis
Parameterize Map Order
Concatenate

Y Origin 0

Y Length 1

Edit the V Basis
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Determining Which Parameters to Promote

When creating a digital asset | like to color code all the nodes that have parameters that |
want to promote. This way when creation the user interface it is easy for me to see where
the parameters are that need a Ul.

| usually use a pale yellow

Refer to the Objectives slide for what parameters we need



Understanding the Network (cont.)

Two Switches to determine if the artist wants to apply uvs and
If the artist want the Capsule to be hollow or not




Understanding the Network (cont.)

If the artist wants a hollow capsule he can then decide the thickness of the walls

We use a Peak SOP (see following slide) to shrink the capsule. This will become
the inner wall

Carve SOP will leave only the end caps circle for both the inner and outer wall
1% || e

We then skin the two circles to create the faces between the inner and outer wall
T

Finally we merge everything back together

1 .

Ilmll reversel

1o ||

T T e

—— 4
ll“ll mergea

BRE oo




Second Diversion - Peak SOP

Moves primitives, points, edges or breakpoints along their normals.

The Peak operation translates primitives, points, edges or breakpoints along each of their normals. If no group is specified, all the points are translated along their normals.

When using primitives, the points are translated along the average normal of their primitives. This differs from translating along the points' normal because only primitives
specified in the group are considered and the points normal attribute is ignored.

Parameters

Group Primitives, points, edges or breakpoints to translate.
Group Type The type of elements referenced in the group field.
Distance The translation distance.

Recompute Point Normals Recomputes point normals if they exist.

SIDE EFFECTS
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Creating the Basic HDA
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Reminder - Objectives

Create a new primitive type (e.g., Cube, Sphere, Torus) named capsule
Digital Asset should allow the artist to control Tool Bar

u | ]
Radlus, Helght, BUIge, Flatness .VSP_Capsule Primitive Type NURBS Surface v Orientation XIS - One Sided ¥ Hollow ¥ Add UVs ¥ Add rest :‘,‘r‘

One or Two sided

Hollow Guide
Orientation B Geometry
UVs

Digital Asset should have
Guide Geometry
Handles

HUD Control

Tool Bar Controls

Icon Embedded into Asset



Step One - ldentify Parameters to Promote to Digital Asset

Color the Nodes that have Parameters that you want to
Promote a light yellow. This will be you visual Todo List




Creating an HDA

Creating a SubNetwork
Creating an HDA
Where should | save it?

Naming and Versioning



Creating the Digital Asset

Ilpi canciile
Toggle Display

Render

. | 1. Select all the Nodes you want as part of the Digital Asset
uone Selectable Template

Highlight

2. Put the nodes in a subnet using either the toolbar icon or the
keyboard shortcut Shift-C

Bypass
-2 i 1A IimAaa
Preview Window

Rename the subnet “capsule”

Extended Information

MER

Save Geometry

Save Texture UV to Image

3. Right Click on the Capsule subnet and select “Create Digital Asset

Parameters

4. A “Create New Digital Asset from Node” dialog box appears

Edit Network _1__‘ Ente (Continued On neXt Slide)

Edit Parameter Interface

Align Vertical Edges
Align Horizontal Edges

Distribute Selected Horizontally

e OO0 Create New Digital Asset from Node
Distribute Selected Vertically

Create a new Sop operator from: fobj/Plain_Network/capsule &
- Create Digital Asset... .

Operator Name ari_capsule
Change Type i
_ Operator Label Capsule
Extract Contents
Minimum Inputs 0
Select
Reference Copy Maximum Inputs 0
Delete

Help

Save to Library /Users/ari/Library/Preferences/ho b

Operator Type Manager

Type Properties




Creating the Digital Asset (cont.)

Operator Name - When the Capsule SOP is dropped down in a
Create a new Sop operator from: fobj/Plain_Network/capsule 2 network What Iabel WiII it display

Operator Name ari_capsule

Operator Label Capsule

Operator Label - Name seen when going through the Tab Menu

0

Min/Max Inputs - How many input contexts can be wired to the node

Save to Library - Where should the OTL be saved

OTL? -next

slide
| ——



Whatisan OTL?

You save digital assets in operator type library files (OTLSs)
Depending on where you save the OTL file

You can make it available to every user,

To every project, to all files in one project, or just in one scene

An OTL can exist as a file on disk or be embedded in a scene file.

SIDE EFFECTS
SOFTWARE



Project Folder Structure

v S
e | usually create a project folder with the following folders
g — inside it. Houdini will automatically search these folders
- Gms S 2 when the Hip file is loaded. There is a “otls” folder. If you
s T, . s save your digital asset to this folder the HDA will
B e automatically be installed when the file is loaded

e No Select File...

e OO0 Create New Digital Asset from Node

Create a new Sop operator from: /obj/Plain_Network/capsule

$HIP/otls

Operator Name ari_capsule
Operator Label Capsule

Minimum Inputs 0

’.
= 0.
L8
=
£
- s
-
-

-
-y
-

./
-y

Maximum Inputs 0

Capsule VOO1_O‘t| Save to Library $HIP/otls/capsule_v001.otl

Install Library to Current HIP File Only




The Colors of An Asset

Red - Editable Asset
Blue - Locked Asset

SIDE EFFECTS
SOF TWARE



Editable, Saved, Match Definition

\ Remember to Save /
Operator before Match
Definition or your
A changes will be lost K | Renoer

Unload Highlight

q P t“ | ""'““’ ad

A k Take Toggle Display Bypass
Bypass
p'".’“"«'n Window

To-co mm‘s \’l."“d:l»"“‘“t Soreadsheet

Extended Information

apsulel

Extended Information
>ave Geometry

Unlock an asset to allow changes

Save Texture UV to Image

e Press gon a node instance of the asset and choose Allow Editing of Contents.

Paramedts

Assets that are unlocked have their name printed in red. AADNTIIA LGk Srameters Animatable Parameters

Scope Channels Dialog e Channels Dialog

. - - - - -~ Create Nested Channel Groups reate Nested Channel Grouns
In a production setting, generally only technical directors or supervisors should open up digital assets S ————— l Create i CI | :
fOI‘ editillg. Edit Comment Edit Comment

Edit Network Edit Network
Edit Parameter Interface Edit Parameter Interface

Lock a dlgltal asset - Upload to Orbolt Asset Store Upload to Orbolt A
e Press Qon a node instance of the asset and choose Match Current Definition.

Align Vertical Edges Align Vertical Edges

Alian Horizontal Edaes Align Horizontal Edges

Assets that are locked to match the library definition have their name printed in blue. Distribute Selected Horizontally Distribute Selected Horizontally
. - Distribute Selected Vertically
Distribute Selected Vertically

g ary awe to Gallery
Open an asset’s type properties window ave to Gallery Change Type
Change Type R

o Press 0 on a node instance of the asset type and choose Type Properties. N Extract Contents

¢ In the operator type manager, press 0 on a library asset and choose Type Properties.

Save changes in the type properties window to the asset

definition  In the type properties window, click Apply

Type Properties




Comment

lﬂl "EECSEEAO®E A COIOr GOtCha--. Comments

This is a generic box |

’ .l - . .1

Toggle Display

Render

Template

Selectable Template
Highlight

Unload

Lock

Bypass

You can add a comment to any node. Here | am
adding a comment to a Box SOP

Take Toggle Display

Bypass

Once you add a comment the label of the node
turns to dark blue

Preview Window
Spreadsheet...

Extended Information...

Save Geometry...

Save Texture UV to Image

Do not get confused between a comment (dark
blue) and a locked asset (light blue)

Parameters

Animatable Parameters

Scope Channels Dialog...
Create Nested Channel Groups
Viaw Nanandanriac

Edit Comment... J NO Comment

CaIt Faramerter interrace..

Align Vertical Edges

Align Horizontal Edges
Distribute Selected Horizontally

Distribute Selected Vertically

I box?2 Digital Asset
[ g o BRI - capsuet

Save to Gallery..

Change Type

Select
Reference Copy
Delete
Help...

Operator Type Manager..

Type Properties..



Where Do Comments Show Up?

y Primitives
Vertices

y Polygons

Middle Click on the Box SOP

Bound

Comment
Appears Here

a generic box

Cook Time: 0.19 ms
1

Time: 08 Feb 2014 07:24 Al
Modified Time: 08 Feb 2014 07:2

Time Dependent: No




Edit Operator Type Properties

e o Edit Operator Type Properties

p/Project0l_Capsule/otls/caps ll—.
1 yggle Dist
Render
Parameters Help Handles Code Scripts Tools Selectors nputyOutput Extra Files femplate
Capsule Highlight

Unload

version
Minimum Inputs
Maximum Inputs

Spreadsheet

- C . Extended Informabtior
Guide Geometry

! v‘ll'_.'
Fditable Nodes Eeh e LI R
Mess age Nodes
Parameters

Animatable Parameters
Descriptive Parm Scope Channels Dialog
Default State Create Nested Channel Groups
View Dependencies

Edit Comment

Edit Network

Edit Parameter Interface
Upload to Orbolt Asset S
Unit Length (m)
Align Vertical Edges
Parameter Options Align Horizontal Edge
Distribute cted Horizontally

) istribute cted Vertically
Save Information From Node

fobj/Plain_Network/capsule Save to Gallery
¥ Save Initial Contents and Parameters

Change Type

¥ Save Defaults as Initial Parameters Extract Contents

Save Spare Parameters

aect
ve Contents as Locked

You can always call up the
“Edit Type Properties”
window

Unlock New Nodes on Creation

¥ Con press Contents

¥ Check for External Node References
Match Current Definition

Save Operator Type

Operator Type Manager
Discard Accept Cancel

Type Properties

(" )

Here is where you will spend most of your time assetizing the HDA

\_ J




Some Best Practices. More to come...

If the Digital Asset you are creating is similar to another Digital
Asset or Node in Houdini use the same Parameter Labels

Label your nodes descriptive names

Break up the User Interface into Logical Areas

Lock Parameters that you or other TDs do not need to change
Make the Asset Flexible so it is not a One Off

Test, Test, Test... Before giving it to others



Examining the Tube Asset

t; Tube tubel

Primitive .
= Can choose Prim Type

Can Choose Caps and Number . :[',
of Rows .

NURBS
Bezier

Polygon Soup

Can Choose Radius and Height

“If the Digital Asset you are creating is similar’
to another Digital Asset or Node in Houdini
use the same Parameter Labels”

Can choose Orientation




How Do | Load a Digital Asset?

@ Houdini FX JFIC8 Edit Render Window Tal

If | create a new Scene file (.hip) | might have to manually CrmTTE o ot
install the Dlgltal Asset. C ® F Open Recent Files -
: . . : S SR e Close Window BW

Choose File > Install Digital Asset Library. Save %S
Save As... {+38S

Select the digital asset file you want to install. Merge... M
New Operator Type...

Use the Install Library To option to choose where you want the Install Digital Asset Library...
Refresh Asset Libraries

type library to be available.

Digital Asset Library $HIP/otls/spring coil v002.otl
Install Library To ' ;C!rrgnt;Hl?FtlegnlAy;;

\ / — Current HIP File Only

Digital Assets To B{ _ : :
" — Scanned OTL Directories
\ As you progress in / = ,
making your Digital
~ Asset You can save new -
versions...
q P ¥ Give preference to assets in this library

¥ Show Library Contents




How Do | Save New Versions of an HDA?

e 0o Edit Operator Type Properties

Operator Type: ari_capsule

Save to Library /Users/ari/Desktop/HDA Workshop/Project0l Capsule/otls/capsule v002.o0tl

jasic  Parameters Help Handles Code Scripts Tools Selectors Input/Output Extra Files Type in newversion numberor

: name here.
Capsule

icon
version

Minimum Inputs 0

Maximum Inputs 6 This parameter is optional. It can be _ O pen the Ed it O pe I'atOI' Type Li bl'al'y

used referenced when creating Python
Guide Geometry or HScript scripts

In the top parameter “Save to Library” enter a new

Message Nodes

version or new name

Descriptive Parm

Default State

Click “Apply” or “Accept” for a new version to be saved

: Optionally you can also add a Version String in the Version
parameter. This is only used for reference in scripts

Save Information From Node
/obj/Plain_Network/capsule
¥ Save Initial Contents and Parameters
¥ Save Defaults as Initial Parameters
Save Spare Parameters
¥ Save Contents as Locked

Unlock New Nodes on Creation

¥ Compress Contents

¥ Check for External Node References



How Do | Save New Versions of an HDA? (cont.)

e OO0 Edit Operator Type Properties

Another way to save an Asset is to Embed the Asset into the Hip file

This makes the project very portable at the expense of increasing the memory footprint of the saved file

To embed an asset all you have to do is:

Save to Library - Type “Embedded” in the parameter



How Do | Choose Which Version on the Asset to Use?

Operator Type Manager

The Operator Type Manager allows the user to switch which version of the Asset is active in the
network

Right Click on the Asset and Select “Operator Type Manager...”
Find the Asset and Version you want to select and RIGHT CLICK
Select “Use This Definition”
Colors of definition names
Green - current definition is being used for that operator type.

Yellow - current definition for that operator type, but there is a more recent definition available
in another operator type library

Red - not the current definition for the specified operator

SIDE EFFECTS
SOFTWARE
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Creating Icons for Shelf Tools and Nodes
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Creating an Icon and Storing it to Drive

4 > EEIZ_M x| n~

Back View Action Dropbox Arrange

e Any jpg, png, svg, or pic can be used to create an icon for your Asset

DADGOD | L ol betore assetizing v00LMp

Ao o I° Any size will work, but it is recommended to use a square size. 48 pixels x 48 pixels
&l sktop capsule_ 4.hip

> & oo cons

3 Docume... » ] desktop ] . L] ] " "
© Downloads | » ( gasery To store an asset to your drive | recommend creating an “icons” folder in the folder that is holding your
Oraws || G AR hip file.

— 1 capsule.png
DEVICES - f::ftems . . . ]

Smict G o Store you image file in the icons folder

v Macinto... T g ari_capsule_v001.otl . . . .

O Remote... | | & Lot 00zl To read the image into the asset there are two locations for the image to be read
SHARID 7 sp_pk_capsule vO01.0t

L] EPSON., > . . . . .

@ wosonch | * e Basic Tab - This is the icon to be used for the shelf tool
TACS > L refs

 PONO | » G o Tools—>Options Tab - This is the icon to be used for Tab menus and nodes

Manuals. > L videos
In the Tools—Options Tab point to the icon. $HIP/icons/capsule.png
CHeNs Edit Operator Type Properties ) e 00 Edit Operator Type Properties

Operator Type: ari capsule Operator Type: ari_capsule @

Save to Library /Volumes/ParticleKabob/ParticleKabobStudios/MFA/Thesis_2014/SteamPun b
Save to Library /Volumes/ParticleKabob/ParticleKabobStudios/MFA/Thesis 2014/SteamPun

Basic Parameters Help Handles Code Scripts Tools Selectors Input/Output Extra Files
Help Handles Code Scripts Tools Selectors Input/Output Extra Files
Create New
Tools

Label SP_Capsule
a Lol sop_ari_capsule [*

Options Script Help Context Hotkeys

lcon $HIP/icons/capsule.png Kin o $HDA DEFAULT TOOL

VVarcinm
version

Label $HDA LABEL

Minimum Inputs lcon $HIP/icons/capsule.png

Maximum Inputs Keywords




Embedding the Icon into the Asset

e OO0 Edit Operator Type Properties

By embedding the icon into the digital asset you make
the asset more portable because there are no image
SleNm S A Ain dependencies

To do this we will use the Extras Files Tab

'The Extra Files Tab
. allows you to embed
all sorts of files
> Including image files, -
- pdfs, text, and code -

~— p—

“AAT




Using Extras Files

In the Extra Files Tab at the Bottom -

e OO Edit Operator Type Properties
Operator Type: ari_capsule 2

Create a Section Name - icons

Save to Library /Volumes/ParticleKabob/ParticleKabobStudios/MFA/Thesis 2014/SteamPunkA l}.

File Name - $HIP/icons/capsule.png

Basic Parameters Help Handles Code Scripts Tools Selectors Input/Output Extra Files

Click - Add File Create New

Tools

NOW in the TOOIS Tab sop_ari_capsule

,T Options Script Help Context Hotkeys

Name $HDA_DEFAULT_TOOL
Label $HDA_LABEL

Icon - Opdef:Sop/ari_capsule?capsule.png

con Opdef:Sop/ari_capsule?capsule.png

We can also now specify an icon for the Desktop

opdef:/Sop/ari_capsule?lconlmage



Opdef & Oplib

Accessing embedded files

Once you have embedded files into the operator type definition, you can access these embedded files from many places within Houdini. Geometry or channel files can

be accessed from File SOPs or File CHOPs. Image files can be used as texture map files specified in VEX SHOPs. Script files can be accessed from the textport or
parameter callbacks using the source command.

To access one of these embedded files, wherever a file name is called for, use the following;:

..............................................................................................................

opdef:/Shop/v _clay?DialogScript

To refer to the current operator, use

The opdef syntax always accesses the currently used definition for an operator.

You can also access an embedded file from another asset in the same library (.otl file). To do so use:

.....................................................................................................................................................................................................

The second operator type should exist in the same library that provides the active definition for the first operator type.

SIDE EFFECTS
SOFTWARE



Creating a SubMenu for the Asset

‘@00 Edit Operator Type Properties

“ I I 7:7: ‘:-‘ ':: .:‘ IVII?.‘ l

Switch to the Tools Tab of the %, s
Operator Type Properties
o e Window

Network Pane Viewer Pane L
Fluid
Hair

Got to the Context Submenu

Managers

Network contexts that allow the following operatc

$HDA_TABLE_AND_NAME

Manipulate

Tab Submenu Path - “Enter Your £
Name” el
Z;;;‘i\'tﬂil‘:r‘kshop | | § SP Capsule

0

Volume b 0

Volume Paint

All
History

(No entrie




Basic Data Types

Create Parameters Existing Parameters Parameter Description
Color 75
By Type ForRendering From Nodes Parameter Channels Menu Import
File Angle Show Invisible Parameter
Button ® root
- Color
File - Geometry :
Color and Alpha
. Direction Vector
File - Image =
I File - Geometry
F|Oat y File - Image
Float
Float Vector 2
Integer iz s
iR Float Vector 3

Interface Options

Float Vector ¢
FOIder B Folder |

Integer
Opel'atOI’ LiSt Bl Integer Vector 2
Integer Vector 3

Operator Path Integer Vector ¢

Label

Logarithmic Float
Ordered menu Logarithmic Integer
Operator List
Ram CO|0I" Operator Path
P |

Ordered Menu

RGBA Mask

Q = [0 W i

Ramp Float

Ramp (Color)

»
b

N

Ramp (Float)

»
b

Separator

Separator

Toggle



Promoting Parameters to the Digital Asset

Edit Operator Type Properties

et P Before we begin make sure :
visible Parametas T e Prefix Linked Parameter Label with Source Node Label - Deselected
Prefix Linked Parameter Name with Source Node Name - Deselected
Dive into the Network (Make sure it is editable - red label)
- Let us start with the circle_cap SOP
Drag and Drop the rady parameter onto the root icon of the Edit Operator Type Properties Window
Change the Label to “Radius”

Select the Range Toggle and set the min range to O.1.

'y L Y

. - I
Existing Parameters ¥ Parameter Description ‘ Capsule ari_capsulel lu.‘:',J 1)

Set Max range to 5

Parameter Channels Menu Import

21::'.'.' Invisible Parameters Name rady Lock the min range value
- ¥ root

Radius (rady) ¥ Label Rad1ius Click Apply

Type Float

Asset Name and Path ari_capsule /Users/ari/Desktop/HDA..

Radius 4.81

Height 4.48

Test Radius

Units

Notice the type was automatically set to float

aze

Callback Script Let us try another parameter

™ [ P Drag and Drop the tz (center z) parameter onto the root icon of the Edit Operator Type Properties Window

Change the Label to “Height”

Interface Options

Invisible Select the Range Toggle and set the min range to O.1.
Result So Far...
Set Max rangeto 5

4 Range -' -

Show Parm In Main Dialog Only Lock the min range value  ————
Disable When .
Click Apply

Hide When

Test Height

Help




Toggles

le Scripts Tools Selectors Input/Output Extra Files

Existing Parameters Q Parameter Description

Let us promote another type of value, an integer

Show Invisible Parameters -
= Name hollow]

=& root
( Label Hollow

Select the “Select Input” of the switch_hollow1 SOP

Hollow (input)
Units

Drag and drop it on the obj icon

Callback Script

Change the name tO hO”OW ¥ Available For Import

Parameter Channels Menu Import
Change the Label to Hollow 1

Add Links Drop parameters here to add new links

Defaults Linked Channels

Notice theType is set to Integer

1 D W o @4 /obj/geol/ari_capsulel/switch_hollow

R

Switch to the Channels Tab
You can see the integer value defaults to O - not hollow

And the Ul is linked to the switch node



Toggles (cont.)

le Scripts Tools Selectors Input/Output Extra Files

Existing Parameters Q Parameter Description

Parameter Channels Menu Import

Show Invisible Parameters

Right now the Type is set to Integer et

—— . ¥ Label 110
Radius (rady) . Hollow

hollow|

Height (tz) Type Integer

Therefore you can set a range (min/max)

Size

Callback Script

It would be better to be able to set this to on/off

Existing Parameters Q Parameter Description -
For Import

Parameter Channels Menu Import

On - it is hollow, Off - it is solid e |

root
eI : ¥ Label 110
Radius (rady) “ Hollow

Height (tz) Type Toggle

That is where Toggles come In A

¥ Available For Import

Change Type to Toggle

Capsule ari_capsulel

Select Apply

Asset Name and Path ari_capsule

Radius 4.81

Height 4.48

Hollow

Toggle 1
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Adding Orientation

Creating a Simple Menu

SIDE EFFECTS
SOFTWARE



Mimicking the Tube SOP’s Orientation

i: Tube tubel

Asset Name and Path tube

‘ We want to create some logic that mimics the Tube
SOP’s Orientation Parameter

orenaon RN Label - Orientation

Center

Radius

= Name - orientation

Parameter Values - X Axis, Y Axis, Z Axis



Adding to the Network

cm=m Switch switch_orientation #

Selectinput 1
Input Operators (Drag/Drop to reorder)
| xform_x_axis
VvV ax T

z orientation

ransform xform_x_ axis

Group

Group Type Guess from Group

Note - | like to add a Null for z_orientation so it is easier to
ol ¢ read the logic. Completely optional

Rotate 0

ansform xform_y axis

Group

Group Type Guess from Group

nsform Order Scale Rot Trans

Translate 0 0

Rotate 90 0



Making a Simple Drop Down Menu

Drag the Select Input parameter of the Switch SOP into the Type Properties
Window

Notice the type is an integer. We will keep it as an integer since this time we are not
creating a “Toggle”

Switch to the Menu Tab

Select “Use Menu”

Right under Menu Items there are two blank fields. Enter:

electors Input/Output Extra Files

Q Parameter Description Token - O, Label X-AXiS. Hit the Enter Key

Parameter Channels Menu Import

le Parameters [ Capsule ari_capsulel

¥ Use Menu Normal (Menu Only, Repeat.
) Asset Name and Path ari_capsule
® Menultems (O Menu Script
. Radius 3.928
X Axis Token -1, Label Y-Axis -
[Nolow| Label — Hollow
ation (orientation) X Axis TOken - 2’ Label Z_AXIS orientation  [AKISH

' 4 A
Y Axis

Y Rwic
A AXIS

RSy o
Z AXIS

Y Axis

Hit Apply and test The Drop Down Menu




Setting a Default Value

cripts  Tools Selectors Input/Output Extra Files

Existing Parameters ’Q Parameter Description

Parameter Channels Menu Import
Show Invisible Parameters
=™ root
Radius (rady)
Height (tz)
m', Hollow (hollow) 1 D o 1 @ switch_orient
= <

Orientation (orientation) 2

Slze

Add Links

Defaults Linked Channels

If we look at the Tube Asset we will see the default orientation of the Tube is
the Y-Axis. Let us do the same.

Switch to the Channels Tab

Size is 1 - This means that the parameter has only one value like integer
or gloat, as opposed to color which would have 4

Defaults - Since X-Axis is O, Y-Axisis 1, Z-Axis is 2

Ctrl+MMB

Set Defaults to 1

Click Apply.

In the parameter you might have to right click and select “revert to defaults”



cripts Tools Selectors

Existing Parameters

ible Param

Show Invis
=& root
Radius (rady)
Height (tz)
7 Hollow (hollow)

Orientation (orie

Another Way to Set Defaults

Input/Output Extra Files

nta

eters

tion)

Click on the gear icon in the parameters tab and select:
W Display Icons In Parameter Tree

et e “Copy Defaults from Node”
W Forbid Linking Parameters from Outside this Subnet

Promote Invisible Parameters

Save Options as Defaults

ST EEE Be careful! This will pick up all the values in your
network and make them defaults

Refresh Autolinks

SIDE EFFECTS
SOF TWARE
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Adding Primitive Type

Creating an Ordered Menu

SIDE EFFECTS
SOFTWARE



What is an Ordered Menu?

A String Based Menu. Meaning that the index into the list
Is not iImportant. Only the Key-Value is interpreted.

This is different then the simple menu we created for
orientation. In the simple menu the tokens where just a . T —
numerical Value. Normal (Menu Only, Single Selecti..

® Menu ltems (O Menu Script
Polygon
Label

Polygon

Mesh

Bezier Surface

NURBS Surface




Let us make an ordered menu of Data Types for the
capsule.

Select the “convert_primitive_type” Sop
Take a look at the “Convert To” drop down menu
There are many choices to choose from
Only a few make sense
Polygon
Mesh
Bezier Surface
NURBS Surface

We will want to delete the other options

Creating an Ordered Menu

All Types

Polygon

Polygon

SIDE EFFECTS
SOFTWARE



Creating an Ordered Menu (cont.)

Drag the “Convert To” parameter into the Type Libraries ,
Notice the Type generated is: Ordered Menu m
Switch to the Menu Tab

orientation (orientation)

= Convert To (totype)

Notice all the data types were imported

Selectors Input/Output Extra Files
Notice the tokens are strings (e.g., poly”) ik S

Normal (Menu Only, Single Selecti..

We Only Want a few data types macius.jral:;.,-j @ Menu ltems O Menu Script

Height (tz) Polygon
7 Hollow (hollow)

o
> o
N <

Label
Orientation (orientation)

Delete everything except: poly, mesh, bezSurf, nurbSurf

)
-5 BB =
c C

L

o - ) — l

cC 00 3 B o
3 N A
I N =

Bezier Surface
NURBS Curve

NURBS Surface
Pasted Surface

gl Delete icon

=

= b |
T wn
M

To delete click the “x” icon on the very right of the token/label
pair

1 M [Py ) =

ot B N & |
m m

= n Y

EEEEEEEEEE]
R AR TR



Creating an Ordered Menu (cont.)

Parameter Description
Parameter Channels Menu Import

Normal (Menu Only, Single Selecti..

® Menultems (O Menu Script

bezSurf Bezier Surface
End result should look like the image on the right —

'r:;’ Mes ||l -
To set a default got to the Channels tab and enter a token S Bez EF Hicmce:

| entered “nubsSurf” for NURBS Surface
Hit Apply and test results

Radius 3.928
Height 4.19
Hollow

Jrientation Y Axis

ConvertTo NURBS Surface
| Polygon
Mesh
Bezier Surface
NURBS Surface

SIDE EFFECTS
SOFTWARE



Disabling Parameters

SIDE EFFECTS
SOFTWARE



ctors nput/Output xtra Files

Radius (rady)

Height (height)

' 3
L7 Hollow (hollow)

Thickness (th

Orientation (orie

icknes
nta

% Convert To (totype)

Group (group)

Second U (domaint

7 ,
m Second U (secco

Em Center (t2)

Radius X (radx

% Orientation (orie

ndu

nt)

5)
tio

12)

n)

Q Parameter Description

Parameter Channels Menu
thickness
Thickness

Float

Callback Script

¥ Available For Import

mpol

T

Disabling Parameters

You know if you do not want a hollow capsule there is

know reason to give the user control over the thickness of
the capsule

Open up the Type Properties Window
Dive into the Network

Select the Peak SOP

Drag the “Distance” Parameter into the Parameters tab of

the Type Properties window right below the “Hollow”
parameter



Disabling Parameters (cont.)

Scripts Tools Selectors Input/Output Extra Files

Existing Parameters Q Parameter Description

Parameter Channels Menu
Show Invisible Parameters
= ﬂ root

Radius (rady)

Name hollow
¥ Label Hollow

Height (height)

In the “Hollow” parameter select “Horizontally Join to
o :I?ilxljlz.':"\n‘rf‘:::::Itllj‘uyi‘:':]l;_rne-:.5:1 Sl NeXt Paramete r”

. . - AT RMan Type
Orientation (orientation)
Browse Mot

Type Toggle

E Convert To (totype)
Group (group) SR L, I - I { “A I J)
Second U (domainu2) I C p p y

'

([ Second U (secondu] _
{7 Second U (secondu) ¥ Available For Import
Em Center (t2)

Ral:“l_ls .:( ”L:Id" | “'ItElfa(:E OptlDl'lS

e Notice the toggle and thickness are now on the same line

¥ Horizontally Join to Next Parameter

i

Asset Name and Path ari_capsule

Radius 5.07353

Height 4.5656

( Hollow Thickness -1.29




Selectors Input/Output Extra Files

Q Parameter Description

Parameter Channels Menu mpor
Name
¥ Label
Height (height)
7 Hollow (hollow)
Thickness (thickness)
Orientation (orientation)

Type

Op Filter
RMan Type
Browse Mode

Units

Callback Script

¥ Available For Import

Interface Options

Invisible

Horizontally Join to Next Parameter
¥ Range = -10 10
Show Parm In Main Dialog Only
Disable When { hollow == 0 }
Hide When

Help

Disabling Parameters (cont.)

We only want the artist to be able to Change Thickness if
Hollow is Selected

Otherwise Thickness should be grayed out
Select the Thickness parameter in the Type Properties
In the “Disable When” field type:
{hollow == 0 }
Click Apply

Notice if Hollow Is not selected, Thickness is grayed out



Disabling Parameters (cont.)

Jump Back
' Lapsule ar “apsule

' Capsule ari capsulel

Asset Name and Path ari_capsule

Asset Name and Path

Radius 5.07353 :
Radius
Height 4.5656
Height
Hollow

¥ Hollow Thickness

Orientation Z AXIS

Hollow not selected - Hollow selness
Thickness Grayed Out
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Creating Guide Geometry

Adding to the Capsule Network

SIDE EFFECTS
SOFTWARE



What is Guide Geometry & How Do | Build it?

Guide Geometry helps the Artist visualize the digital
asset In the viewport. It can be used together with
handles to create a better User Experience

While you can see Guide Geometry in the Viewport it
never Renders

SIDE EFFECTS
SOFTWARE



Adding to the Network for Guide Geometry

lIII carve_ca f~-_'_‘"ll'.1

iluli dagger sliced_arc i'uil xform4
il“l' xform__reverse_directio

i'.}.i. carve_get_end_point_on_arc
ilml copy wedge along normal

i.“.. ends_unroll_dagger
ilmll ends_unroll_circle
il“l' merge_circle_dagger

L O GUIDE_GEOMTRY OUT

n
i'“i. point_create_normails

Two Branches

Branch one - Take the circle of the bulge and unroll it to
display a wireframe

Branch two - Create a arc that will be used as a pointer
to the handle we will be creating

Merge the Two branches

Create a NULL we will point to as our Guide Geometry

SIDE EFFECTS
SOFTWARE



e OO0 Edit Operator Type Properties

Operator Type: ari_capsule

Ca

SaAVE

to Library fUsers/ari/Desktop/HDA Workshop/Project0l Capsule

Basic Parameters Help Handles Code Tools Selectors Input/

Label Capsule

con opdef:/Sop/ari_capsule?capsuled8.png
Version
Minimum Inputs
Maximum Inputs
Guide Geometry ./GUIDE_GEOMTRY_OUT
tditable Nodes

Message Nodes

Diwve Target

Descriptive Parn

l:—"l‘-lllt State

= Ty
=]

Init Length (m)

Parameter Options

Save Information From Node

ol/ari capsulel

¢ Initial Contents and Parameters
save Defaults as Initial Parameters
Save Spare Parameters

¥ Save Contents as Locked
Unlock New Nodes on Creation
mpress Contents

¥ Check for External Node References

L4

/otls/capsule_v002.0t )8

Output Extra Files

Choose Operator:

geol
§ ari capsulel

{J GUIDE_GEOMTRY OUT

{0 HALF PROFILE OUT

O ourt

{J SOLID CAPSULE OUT

) Z dir
basisl
basis3
basis__attempt_to_fix_uv_tetures
basis_raise v to order 4
cap__add tangetal caps
carvel

| carve?
carve cap end

carve_get end_point_on_arc

circle_cap

‘*converg_pﬂnﬂﬁve_mmw

Pointing to the Guide Geometry

Open the Type Properties Window

Select the Basic Tab

In the Basic Tab click the SOP Selection Icon
Choose “Guide_Geometry_Out”

Select “Apply”



Guide Geometry End Result
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Artist Controls for Radius & Height

Learning How to Create Handles

SIDE EFFECTS
SOFTWARE



Handles

Houdini displays controls on objects and components in the viewer called handles,
which you can manipulate to set parameters.

Handles are equivalent to manipulators in other packages.



Creating a Handle to Control Radius & Height

NURBS Curve

YZ Plane

I ch(™../

o We know that Radius is controlled by the rady of the first circle
We know that height is controlled by the tz of the first circle
To create handles for the Radius and Height we will use the viewport

(cont. on next slide)

SIDE EFFECTS
SOFTWARE



Creating a Handle to Control Radius & Height (cont.)

B e 1 o Make sure the Type Properties window is open (very important)

Dive into the Network and select “circle_cap” SOP

Now Move over to the Scene Viewport and RIGHT Click on the
Transform Handle of the Circle SOP

e Export Parameters To Diaital Asset

) In the Drop Down menu select Export Handle to Digital Asset

W1 Display
[ Persistent

Now let us look at the Type Properties Window

Continued on Next Slide...

Make Current Values Default
RevertTo



Creating a Handle to Control Radius & Height (cont.)

D Edit Operator Type Properties

In the Parameters Tab we can see that all the
parameters associated with the Circle SOP have

been promoted to the Digital Asset
Select the Handles Tab (next slide..)

SIDE EFFECTS
SOFTWARE




Creating a Handle to Control Radius & Height (cont.)

In the Handles Tab we see a handle has been created —

The Name is Circle_Transformer and more importantly
It iIs owned by “circle Cap

l_ Circle_Transformer (circle)

We know this because Default - ownerop(‘circle_cap)

Below this is a list of default bindings. For instance
“sx" Is bound to “radx"




Creating a Handle to Control Radius & Height (cont.)

Delete all the bindings except for “sy” and “tz”
Select apply and test handle

“sy” will control the radius of the capsule

“tz” will control the height
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Creating a Handle for Flatness

Seeing How Handles Can Work with Guide Geometry

SIDE EFFECTS
SOFTWARE



Creating a Handle For Flatness

We want to control the flatnes of the capsule’s bulge

We know that the “Second U” of carve_cap_end
controls the flatness carve_cap_end

We also know the values must be Group

min - 0.25 FirstU 0.25

max - O.5 pecond U ch("../domainu2™)

Make sure the Type Properties Window is Open

Dive into the network and select carve_cap_end



Creating a Handle For Flatness (cont)

Second U Handle

With “carve_cap_end” selected hover over the scene
viewport and right click on the handle for Second U

o Export Handle To Digital Asset

Second U To Carve: fobj/geol/ari_capsulel/carve_cap_end

W Display

Lets View the Type Properties Window

Handle Parameters
Operator Parameters
Animatable Parameters

Channels and Keyframes
Lock/Unlock Parameters

Make Current Values Default
RevertTo




Creating a Handle For Flatness (cont)

Notice a new handle has been created for you - Second_U_To_Carve
Go up to the Asset level and test the handle

Notice the dagger moves with the handle

Edit Operator Type Properties
/Users/ari/Desktop/HDA Workshop/Project0l Capsule/otls/capsule v002.o0tl

asic Parameters Help Handles Code Scripts Tools Selectors Input/Output Extra Files

Create Handle

Handles Second_U_To_Carve

| Circle Transformer (circle)

l_ Second_U To_Carve (uisoparm)




Controlling the Number of Divisions in the Revolve
Using a HUD in the Viewport

SIDE EFFECTS
SOFTWARE



HUD Displays

For a HUD (Heads Up Display) to work in the asset you must
REEEEREN irror full_capsule create it at the network level

Dive into the network and select the “revolve” SOP

RS o SRR HALF_PROFLE. OUT In the Details Tab of the Revolve SOP drag the Divisions

parameter onto the Scene Viewport

Next slide...

B, Revolve revolvel

Group

evolve Detail

Divisions

revolvel

Order '



HUD Displays (cont.)

Notice a HUD is now displayed in the Viewport
Activate it by hitting the Enter/Return key in the viewport

The HUD will now appear with a red slider
Not Active

16. 884 i'=D='fhuds11 der: Jobj/geol/fari_capsulel/revolvel/divs
L




HUD Displays (cont.)

Go back up to the Asset level and Test
Activate it by hitting the Enter/Return key in the viewport

The HUD will now appear with a red slider

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Notice that HUD values
. are floating points but the -
Division Parameter is
 Integer. Houdini is flooring <~

the values in the parameter
\ -

q P

) |

A



=~

)

Creating a Help Card

and Tool Tips too

SIDE EFFECTS
SOFTWARE



Creating a Help Page

I e N O Edit Operator Type Properties

@l oOoeE

You can add a help card to your digital asset. Help can
be written in three ways:

1. Plain Text - Place it “”” “”” In tripple quotes
2. Wiki Mark Up
3. HTML

You can also just point to a url that contains the help



Wiki Markup Help

In help if you search for “Writing help in wiki format” you will get full
Instructions in creating your Help Card

j ~elp Writing help in wiki format

Overview

In the Help tabs of custom shelf items and digital assets, you can type help in straight HTML, or use wiki formatting. Wiki formatting is designed to be easier and
clearer than HTML.

Wiki formatting lets you write help similarly to how you write email. Instead of using <p> tags, you separate paragraphs with a blank line...
This is the first paragraph.

This is the second paragraph.

...and you use common email-style formatting for emphasis...

Let's put this bit 1in italics and *this bit* in bold.

...and lists...

* First item

* Second item
* Third item

SIDE EFFECTS
SOFTWARE



By Type ForRendering From Nodes

Angle
Button
Color
Color and Alpha
Direction Vector
File
i File - Geometry
y File - Image
Float
Float Vector 2
Float Vector 3
Float Vector 4
Folder

integer

Integer Vector 3
Integer Vector 4
Label
Logarithmic Float
Logarithmic Integer
Operator List
Operator Path
Ordered Menu
RGBA Mask
Ramp (Color)
Ramp (Float)

narator

Show Invisible Parameters
=] * root
Radius (rady)
Height (height)
m Hollow (hollow)

Orientation (orientation)
Convert To (totype)
Group (group)

Second U (domainu2)

Center (t2)

Radius X (radx)

To create a Tool Tip enter
text in the Help parameter

Channels Menu Import
height
Height
Float

Op Filter
RMan Type

Browse Mode

units
1zZe

Callback Script

le For Import

tions

tally Join to Next Parameter
= 0
Main Dialog Only
Disable W|

Hide When

Help This 1s where you control the Hei

Creating Parameter Tool-Tip Hints

For every parameter you can add a tool tip

A tool tip Is a descriptive comment to aid
the artist in understanding the parameter

Click Apply and Test

Tool Tip Appears Here

' Capsule ari_capsulel

Asset Name and Path ari_capsule /Users/ari/Deskt

Radius 5.07353

Helght 4.5656
Height
Parameter: height

Orientatio This is where you control the Height of the Capsule
Convert T @ Press F1 for more help
Group
Second U 0.358436
¥ Second U
Center 0
Radius X 5.15525

Orientation YZ Plane




Using Folders to Clean Up the Interface

Right now the Interface looks messy
You can use folders to organize the parameters
Folders really look like tabs in the User Interface

Open up the Type Properties Widow and go to the
Parameters Tab

- bl ) (g geol Drag a Two Folders to the Parameter Side

Capsule ari_capsulel

E— u Label the First - “Capsule”

Second U 0.342742

o ekl Label the Second - “Detail”

Radius 5.07353

Height 4.5656

B Place parameters under the folders

Center 0 -0.000646114

Radius X 5.15525 Click Apply and Test




Promoting Common Parameters to the Tool Box

LR AL 5

Tool Box showing most
commonly used parameters

Let us examine the Tube SOP one more time
Drop down a Tube SOP and Examine the Viewport

Notice above the Viewport there is a “Tool Box”
that contains the Tube SOPs most common
parameters

We can create out own Tool Box for the Capsule



Promoting Common Parameters to the Tool Box (cont.)

Existing Parameters

Open up the Type Properties Window and select the Radius Parameter
Underneath the Range Options there is a Field labeled “Show Parm In”
Change it from “Main Dialog Only” to “Main & Tool Dialogs + Toolbox”

Hit Apply. Repeat this for each parameter you want in the Tool Box

rizontally Join to Next Parametei

Test Results

Main Dlalog Only
maill iaivy vy
« Tool Dialogs
Main & Tool Dialogs + Toolbox

. obj ) g geol

Capsule Radius 5.07353 ollow Radius X 5.15525 Orientation YZ Plane

SIDE EFFEC
SOF TWARE




Promoting Common Parameters to the Tool Box (cont.)

Show Parm The dialogs in which the parameter will appear.

In
Main dialog Parameter appears in the parameter editor pane.
Main & tool Parameter appears in:
dialogs

¢ The parameter editor pane.

o The mini-parameter editor that appears when the user presses P|while the operator

is active.
Main & tool Parameter appears in:
dialogs +
toolbox ¢ The parameter editor pane.

o The mini-parameter editor that appears when the user presses P|while the operator
is active.

¢ The operation controls toolbar (at the top of the viewer pane) when the operator is
active. Pane > Toolbars and controls > Operation controls).

SIDE EFFECTS
SOFTWARE
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Project O2 - Needle Asset

SIDE EFFECTS
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Using the Input/Output Tab to Create Tool Tips for Input

iV/;,’/; “1 nput 2:

Contexts

Open up the Needle.hip project

When an artist wants to know how to wire up a node with
multiple input contexts he/she will middle click on the
context to get a tool tip of what to wire in

Currently our digital asset does not have that information



Using the Input/Output Tab to Create Tool Tips for Input Contexts

e OO0 Edit Operator Type Properties

Open the Type Properties Window
Select the Input/Output Tab

arameters Help Handles Code Scripts ools Selectors nput/Output X

Sub-Network Input #

Sub-Network Input #2

Currently there are no descriptions

Enter in Input 1 Label - Profile Curve
Enter in Input 21 Label - Backbone Curve
Hit Apply and Test

SIDE EFFECTS
SOFTWARE
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End of Creating Digital Assets - MO1
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