
Bifrost Workshop 
Week8

USD: Part I



USD in Bifrost Series:

https://youtube.com/playlist?list=PL8hZ6hQCGHMVPTLY8J-yeBE3TD0dEd8Z4

https://youtube.com/playlist?list=PL8hZ6hQCGHMVPTLY8J-yeBE3TD0dEd8Z4


What is USD?



USD: Universal Scene Description

USD is a framework developed by Pixar Animation Studios to increase pipeline efficiency and facilitate collaborations. It provides a common language for defining, assembling, 
and editing data. It allows artists to simultaneously work on the same scene, make changes as they need and try out different compositions without changing other artists’ 
work.
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USD: Universal Scene Description
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The basic container for a USD object is called a Prim.

A prim can contain other prims, which 
creates a namespace hierarchy.

It can also contain attributes such 
as colors and transformation.

Prim

/monster

/monster/body

/monster/eyes

Prim

color: [0.61, 0.69, 0.54]

transform: [5, 0, -3]



Creating a Stage
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create_usd_stage

This node creates a 
USD stage. One can 
specify the location 
for saving the USD 
layer.

Specify the location where you 
want to save the USD file

Layer index. -1 indicates the root layer

add_to_stage

This node adds 
prims to the 
specified layer of 
the USD stage.

define_usd_prim

This node defines a USD prim

Path of the prim Type of the prim:

Xform acts as a container for other prims
Other types of prims include Scope, Mesh, 
Capsule, Cone, Cube, Sphere, etc.

define_usd_mesh

Mesh geometry of 
the monster body

Attributes, such as color and 
transformation, can be added to a 
prim

Parent prim

Child prim



Prim
(Parent)

Prim
(Child)

Prim
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/monster

/monster/body

/monster/eyes

STAGE 
create_usd_stage

This node creates a 
USD stage. One can 
specify the location 
for saving the USD 
layer.

add_to_stage

This node adds 
prims to the 
specified layer of 
the USD stage.

define_usd_prim

This node defines a USD prim

define_usd_mesh

The hierarchy of the stage can 
be viewed in the outliner.

Make sure “Shareable” is turned on for 
the Maya USD proxy shape. This allows 
one to directly access the stage in the USD 
layer editor and set the target layer. 

Parent prim

Child prim



/monster/eyes/left_eye
/monster

/monster/body

/monster/eyes

STAGE 

create_usd_stage

add_to_stage

Child prim: Eyes of the 
monster

Create an Xform 
prim as the 
container for 
the eyes

Child prim: body of the monster

/monster/eyes/right_eye

Parent primTransform attribute 
for the prim /eyes 

Transform attribute for the left eye 

Transform attribute for the right eye 

Mesh sphere for creating the eyes

Color attribute for the eyes

Outliner



/monster/eyes/left_eye
/monster

/monster/body

/monster/eyes

STAGE 

create_usd_stage

add_to_stage

Body of the monster

/monster/eyes/right_eye

Parent prim

Eyes of the monster

Add a transform attribute to the 
parent prim to allow moving the 
body and the eyes together



create_usd_stage

add_to_stage

/body /monster

/eyes

Add a transform attribute to the 
parent prim to allow moving the 
body and the eyes together

Print to script editor to view the commands

/left_eye

/right_eye



/monster/eyes/left_eye
/monster

/monster/body

/monster/eyes

STAGE 

Body of the monster

/monster/eyes/right_eye

Parent primEyes of the monster

Save USD stage

Check “Enable” to save the .usd file to the 
folder specified in the “create_usd_stage” 
node

monster.usd



Variant Sets



/monster

/monster/body

/monster/eyes

/monster/flowers

monster.usd 

/monster/flowers/dandelion

/monster/flowers/tulip

/monster/body/noise

/monster/body/polka_dot

/monster/body/gradient



Variant Set 1: Flowers

/flowers

/dandelion

/dandelion_flower

/tulip

/dandelion_stem

/tulip_flower

/tulip_stem

transformation attribute

transformation attribute



Variant Set 1: Flowers

/dandelion

/tulip

Define USD variant set

Variant set name

Default variant name

Enter the variant set name 
and the variant name for 
the prim



Variant Set 1: Flowers

Variant set name

Default variant name

Set the parent path of the 
flowers to “/monster” and 
add it to the stage

Outliner

The letter “V” indicates that 
the prim is a variant set



Variant Set 1: Flowers

Variant set name

Default variant name

Script Editor
/flowers

/dandelion

/tulip

variant

variant

variant set

Default variant

Set default variant name

Set variant set name



Variant Set 2: Color Patterns

Xform prim “/body”mesh prim “/polka_dot”

Define USD attribute

This compound generates 
a polka dot pattern. The 
output is a float3 array, 
each value representing a 
vertex color

Get mesh structure

Mesh geometry of the 
monster body

Set the attribute name 
to “displayColor” 

Select the type 
“Color3fArray” and 

check “Enable Value”

Check “Enable Primvar” 
and set the Interpolation 

to “PrimVarVertex”

Enabling Primvar allows one to 
associate an attribute with the 
geometric primitives, in this case, 
the vertices of the mesh. This way 
the value of the attribute can vary 
over the surface or volume.



Variant Set 2: Color Patterns Define USD variant set

Define prim “/polka_dot”

Define prim “/gradient”

Define prim “/noise”

Color values for “/polka_dot”

Color values for “gradient”

Color values for “noise”

Variant set name

Default variant name



Variant Set 2: Color Patterns

Set the parent path of the 
body to “/monster” and add 
it to the stage

Outliner



monster.usd 

/monster/eyes

Add to stage

Add to stage

Add to stage

Create USD stage

Save USD stage

/monster/body

/monster

/monster/flowers

Variant Set 2: Color Patterns



USD Instancing







Create a stage with two sublayers



Create the king: define USD reference

Add the prim “/king” to 
the first sublayer

Define USD prim

Define USD reference

Open USD layer

Add a transform 
attribute to the king

Open the layer of the USD file 
generated in the previous exercise 
and use it as a reference

The arc type “Payload” allows one 
to unload/load the reference

*no need to specify the 
prim type for “/king”. 
It takes the type of the 
reference.

Outliner



Create the king: define USD point instancer

Set variant selection:
Select the variant “noise” 
from the variant set 
“colorPatterns”

Get USD attribute value:
Get the “displayColor” 
attribute of the prim 
“/king/body/noise” 

Read USD meshes:
Get all the meshes from 
the specified prim

This compound generates 
density weights based on 
the color values: 
pink region → 1
green region → 0

Scatter points in the pink region and 
randomize point scale and rotation

Define USD point instancer

Reference the USD file of the purple 
flower and use it as the prototype for 
creating instances 

Outliner

“define_point_instancer” defines 
a USD point instancer prim based 
on a Bifrost points object. It 
creates instances when added to 
the stage



Create the king: define USD point instancer

Define USD point instancer

Generate density weights based on the noise pattern

Overwrite the color attribute of 
the noise variant with the new 
color attribute

If the specifier is set to “Over”, 
the provided definitions will 
overwrite the existing ones of 
the specified prim



Create the king: define USD point instancer

Define USD point instancer

Generate density weights based on the noise pattern

Overwrite the color attribute of 
the noise variant with the new 
color attribute

Script Editor



Create the crowd

This compound creates 
an undulating ground

Scatter points on the ground 
and randomize their scales 
and rotations

Define a prim “/crowd_prototype” by referencing the monster.usd 
layer, the same layer that’s reference by the prim “/king”



Create the crowd

Create instances of the monster 
using “define_USD_point_instancer”



Create the crowd
Add the prim “/instancer_crowd” 
to the second sublayer of the stage

Overwrite the color attribute of the noise 
variant with the new color attribute

Outliner



Root layer: monsterland.usd

Sublayer 1: crowd.usd

Sublayer 0: king.usd



USD Material Binding



Textile images downloaded from 
https://www.vecteezy.com/



monster_no_material.usd

Reference the “monster_no_material.usd” layer
This layer contains the body, eyes and sweater of 
the monster without any surface material.

Define USD prim:
/geometries

Define USD prim:
/materials

Create USD stage:
monster_material_binding.usd

Add to stage

Define USD prim:
/monster

Outliner 

Define USD preview surface

Path to the texture image

“Scope” is the simplest prim type. It’s used when 
creating a prim that contains objects that don’t 
need to be transformed, such as materials.



Bind the blue material 
to the prim “/body”

Bind the textile_blue material 
to the prim “/sweater”

Bind the black material 
to the prim “/eyes”

Bind material

Binding strength:
• Stronger than descendants:
       a child prim always inherit the  
       material of the parent prim
• Weaker than descendants:
       a child prim doesn’t inherit the 
       material of the parent prim
• Fall back strength:
       the material of a parent prim  
       doesn’t overwrite the material 
       assigned to its child prim 



Add two more materials 
to the prim “/materials”

Create a variant set of two looks



This compound creates a variant and gives it an 
appearance through binding materials to the 
prim based on the provided paths

Create a variant set of two looks



Create a variant set of two looks

Build an array of 
the geometries

Build an array of 
the materials

Iteratively assign 
each material to the 
corresponding 
geometry

If “Create Variant Set” is selected, a new 
variant set will be created with the 
provided variant set name

Add a variant to the variant set with 
the given path and variant name
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