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基本术语和概念

内部框架

应用场景





non-destructive



• 统一的语言和文件格式，用来定义打包组装以及编辑3D数据，无缝衔接

多个不同应用程序和软件

• 多人对同一资产或者场景进行改动协作

• 最大化加快艺术家迭代速度

Collaboration





Prims

Properties
Metadata



#usda 1.0

def Xform “hello”
{

def Sphere “world”
{

float3[ ] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[ ] primvars:displayColor = [(0, 0, 1)]
double radius = 2

}
}

Prims

Properties

helloWorld.usda



>>> from pxr import Usd, UsdGeom

>>> stage = Usd.Stage.CreateNew(‘helloworld.usda')

>>> xformPrim = UsdGeom.Xform.Define(stage, '/hello')

>>> spherePrim = UsdGeom.Sphere.Define(stage, '/hello/world')

>>> stage.GetRootLayer().Save()

helloworld.py

$ python extras/usd/tutorials/helloWorld/helloWorld.py



>>> extentAttr = spherePrim.GetAttribute("extent")
>>> extentAttr.Get()
Vt.Vec3fArray(2, (Gf.Vec3f(-1.0, -1.0, -1.0), Gf.Vec3f(1.0, 1.0, 1.0)))

>>> extentAttr.Set(extentAttr.Get() * 2)
True

>>> radiusAttr = spherePrim.GetAttribute('radius')
>>> radiusAttr.Set(2)
True





#usda 1.0

def Xform “hello”
{

def Sphere “world”
{

float3[ ] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[ ] primvars:displayColor = [(0, 0, 1)]
double radius = 2

}

}

helloworld.usda



#usda 1.0

def Xform "pCube1" (
)
{

def Mesh "pCubeShape1"
{

int[] faceVertexCounts = [4, 4, 4, 4, 4, 4]
int[] faceVertexIndices = [0, 1, 3, 2, 2, 3, 5, 4, 4, 5, 7, 6, 6, 7, 1, 0, 1, 7, 5, 3, 6, 0, 2, 4]
normal3f[] normals = [(-0.57735026, -0.57735026, 0.57735026), (0.57735026, -0.57735026, 0.57735026), (0.7071068, 0, 0.7071068), (-0.7071068, 0, 

0.7071068), (0, 1, 0), (0, 1, 0), (0, 1, 0), (0, 1, 0), (-0.7071068, 0, -0.7071068), (0.7071068, 0, -0.7071068), (0.57735026, -0.57735026, -0.57735026), (-0.57735026, -
0.57735026, -0.57735026)] (

interpolation = "faceVarying"
)
point3f[] points = [(-0.5, -0.5, 0.5), (0.5, -0.5, 0.5), (-0.5, 0.5, 0.5), (0.5, 0.5, 0.5), (-0.5, 0.5, -0.5), (0.5, 0.5, -0.5), (-0.5, -0.5, -0.5), (0.5, -0.5, -0.5)]
float2[] primvars:st = [(0.375, 0), (0.625, 0), (0.375, 0.25), (0.625, 0.25), (0.375, 0.5), (0.625, 0.5), (0.375, 0.75), (0.625, 0.75), (0.375, 1), (0.625, 1), (0.875, 0), 

(0.875, 0.25), (0.125, 0), (0.125, 0.25)] (
interpolation = "faceVarying"

)
int[] primvars:st:indices = [0, 1, 3, 2, 2, 3, 5, 4, 4, 5, 7, 6, 6, 7, 9, 8, 1, 10, 11, 3, 12, 0, 2, 13]

}

}

Cubemesh.usda



#usda 1.0
(
subLayers = [

@helloWorldshot_layout.usd@,
@helloWorldshot_sets.usd@，

]
) 

helloworldShot.usda

>>> shotStage =Usd.Stage.CreateNew(‘helloworldShot.usda')
>>> paths=[“helloWorldshot_layout.usd”, “helloWorldshot_sets.usd”]
>>> shotStage.GetRootLayer().SetSubLayerPaths(paths)



#usda 1.0
(
subLayers = [

@helloWorldshot_layout.usd@,
@helloWorldshot_sets.usd@，

]
)

helloWorldShot.usda

#usda 1.0
def Xform “World”
{

def Xform “Character”
{

def Mesh “GirlA” 
{…….
}

}

}

helloWorldShot_layout.usda

#usda 1.0
def Xform “World”
{

def Xform “Sets”
{

def Xform“DeskA” 
{…….
}

}

}

helloWorldShot_sets.usda

#usda 1.0
def Xform “World”
{

def Xform “Character”
{

def Mesh “GirlA” 
{…….
}

}

def Xform “Sets”
{

def Xform“DeskA” 
{…….
}

}
}

helloWorldShot.usda(composed) 

helloWorldShot.usda
helloWorldShot_layout.usda
helloWorldShot_sets.usda

layerStack



#usda 1.0
(
subLayers = [

@helloWorldshot_layout.usd@,
@helloWorldshot_sets.usd@，
]

)

helloWorldShot.usda

#usda 1.0
(
subLayers = [

@helloWorldshot_layout1.usd@,
@helloWorldshot_layout2.usd@，
]

)

helloWorldShot_layout.usda

helloWorldShot.usda

helloWorldShot_layo
ut.usda

helloWorldShot_sets.
usda

helloWorldShot_layo
ut1.usda

helloWorldShot_layo
ut2.usda

sublayer

sublayer



helloWorldShot.usda

helloWorldShot_layo
ut.usda

helloWorldShot_sets.
usda

helloWorldShot_layo
ut1.usda

helloWorldShot_layo
ut2.usda

sublayer

sublayer

helloWorldShot.usda
helloWorldShot_layout.usda
helloWorldShot_layout1.usda
helloWorldShot_layout2.usda
helloWorldShot_sets.usda

layerStack



UsdReferences

UsdInherits

UsdVariants UsdVariantSets

UsdPayloads

UsdSpecializes



#usda 1.0

def Xform “hello”
{

def Sphere “world”
{

float3[ ] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[ ] primvars:displayColor = [(0, 0, 1)]
double radius = 2

}

}

helloWorld.usda

#usda 1.0

over "refSphere" (
prepend references = @./helloWorld.usda@

)
{

uniform token[] xformOpOrder = []
}

over "refSphere2" (
prepend references = @./helloWorld.usda@

)
{

over "world"
{

color3f[] primvars:displayColor = [(1, 0, 0)]
}

}

superWorld.usda



>>> refStage = Usd.Stage.CreateNew(‘superWorld.usda')

>>> refSphere = refStage.OverridePrim('/refSphere')
>>> refSphere.GetReferences().AddReference('./helloWorld.usda')

>>> refXform = UsdGeom.Xformable(refSphere)
>>> refXform.SetXformOpOrder([])
>>> refStage.GetRootLayer().Save()

referenceLayer.py

>>> refSphere2 = refStage.OverridePrim('/refSphere2')
>>> refSphere2.GetReferences().AddReference('./helloWorld.usda')

>>> overSphere = UsdGeom.Sphere.Get(refStage, '/refSphere2/world')
>>> overSphere.GetDisplayColorAttr().Set( [(1, 0, 0)] )

>>> refStage.GetRootLayer().Save()

#usda 1.0

over "refSphere" (
prepend references = @./helloWorld.usda@

)
{

uniform token[] xformOpOrder = []
}

over "refSphere2" (
prepend references = @./helloWorld.usda@

)
{

over "world"
{

color3f[] primvars:displayColor = [(1, 0, 0)]
}

}

superWorld.usda





#usda 1.0

def “payloadSphere" (
payload = [

@./helloWorld.usda@</hello/world>
]

)

payloadWorld.usda

UsdStage::Load()
UsdStage::Unload()



#usda 1.0

def Xform “hello”
{

def Sphere “world”
{

float3[ ] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[ ] primvars:displayColor = [(0, 0, 1)]
double radius = 2

}

}

helloWorld.usda

>>> from pxr import Usd, UsdGeom
>>> stage = Usd.Stage.Open(“helloWorld.usda”)

>>> spherePrim = UsdGeom.Sphere.Get(stage, “/hello/world”)

>>> colorAttr = spherePrim.GetDisplayColorAttr()
>>> colorAttr.Clear()

>>> stage.GetRootLayer().Save()

clearColor.py



#usda 1.0

def Xform “hello”
{

def Sphere “world”
{

float3[ ] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[ ] primvars:displayColor
double radius = 2

}

}

helloWorld.usda

>>> from pxr import Usd, UsdGeom
>>> stage = Usd.Stage.Open(“helloWorld.usda”)

>>> spherePrim = UsdGeom.Sphere.Get(stage, “/hello/world”)

>>> colorAttr = spherePrim.GetDisplayColorAttr()
>>> colorAttr.Clear()

>>> stage.GetRootLayer().Save()

clearColor.py



>>> from pxr import Usd, UsdGeom
>>> rootPrim = stage.GetPrimAtPath('/hello')
>>> vset = rootPrim.GetVariantSets().AddVariantSet('shadingVariant')

>>> vset.AddVariant('red')
>>> vset.AddVariant('blue')
>>> vset.AddVariant('green')

>>> vset.SetVariantSelection('red')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(1,0,0)])

>>> vset.SetVariantSelection('blue')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(0,0,1)])

>>> vset.SetVariantSelection('green')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(0,1,0)])

#usda 1.0

def Xform "hello" (
variants = {

}
prepend variantSets = "shadingVariant"

)
{

def Sphere "world"
{

float3[] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[] primvars:displayColor
double radius = 2

}

variantSet "shadingVariant" = {
"blue" {

over "world"
{

color3f[] primvars:displayColor = [(0, 0, 1)]
}

}

"green" {
over "world"

{
color3f[] primvars:displayColor = [(0, 1, 0)]

}
}

"red" {
over "world"

{
color3f[] primvars:displayColor = [(1, 0, 0)]

}
}

}

string shadingVariant = "red"string shadingVariant = “blue"string shadingVariant = “green"



>>> from pxr import Usd, UsdGeom
>>> rootPrim = stage.GetPrimAtPath('/hello')
>>> vset = rootPrim.GetVariantSets().AddVariantSet('shadingVariant')

>>> vset.AddVariant('red')
>>> vset.AddVariant('blue')
>>> vset.AddVariant('green')

>>> vset.SetVariantSelection('red')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(1,0,0)])

>>> vset.SetVariantSelection('blue')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(0,0,1)])

>>> vset.SetVariantSelection('green')
>>> with vset.GetVariantEditContext():

colorAttr.Set([(0,1,0)])

>>> stage.GetRootLayer().Save()

#usda 1.0

def Xform "hello"
{

def Sphere "world"
{

float3[] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[] primvars:displayColor = [(0, 1, 0)]
double radius = 2

}

}

Composed result



#usda 1.0

class “class_Geometry”
{
}

def Xform "hello"
{

def Sphere "world“(
inherits = [

</class_Geometry>
])

{
float3[] extent = [(-2, -2, -2), (2, 2, 2)]
color3f[] primvars:displayColor = [(0, 1, 0)]
double radius = 2

}
} 

helloWorld.usda

#usda 1.0
class “class_Geometry”
{
}

def  Cube “cube1“(
inherits = [

</class_Geometry>
])

{
}

}

cube.usda

#usda 1.0
class “class_Geometry”
{

color3f[] primvars:displayColor = [(1, 0, 0)]
}

def  “sceneSphere“ (
prepend references = @./helloWorld.usda@

)
{
}

def “SceneSphere” (
prepend references = @./cube.usda@    

)
{
}

}

scene.usda





base usd imaging usdimaging

plug tf arch

gf js vt

trace work

sdf pcp usd

ar kind sdf

usdGeom

hd hdx arch

hdSt

usdimaging usdviewq



>>> from pxr import Usd, UsdGeom

>>> stage = Usd.Stage.CreateNew(‘helloworld.usda')

>>> xformPrim = UsdGeom.Xform.Define(stage, '/hello')

>>> spherePrim = UsdGeom.Sphere.Define(stage, '/hello/world')

>>> stage.GetRootLayer().Save()

>>> from pxr import Usd

>>> stage = Usd.Stage.CreateNew(‘helloworld.usda')

>>> xformPrim = stage.DefinePrim('/hello', 'Xform')

>>> spherePrim = stage.DefinePrim('/hello/world', 'Sphere')

>>> stage.GetRootLayer().Save()



Geometry Volumes Shading Lighting
Skeleton

Animation
Rendering

UsdGeom UsdVol UsdShade UsdLux UsdSkel UsdRender



>>> from pxr import Usd, UsdGeom

>>> testPrim = stage.GetPrimAtPath('/hello/world')

>>> if testPrim:
>>>    print “This prim exists!”

This prim exists

>>>testCamera = UsdGeom.Camera(testPrim)
>>> if testCamera:
>>>    print “This prim is a camera”
>>> else:
>>>    print “This prim is not a camera”

This prim is not a camera

C++:
Assert(!testCamera)



Processing schema classes:
SimplePrim, ComplexPrim, ParamsAPI
Loading Templates
Writing Schema Tokens:

unchanged extras/usd/examples/usdSchemaExamples/tokens.h
unchanged extras/usd/examples/usdSchemaExamples/tokens.cpp
unchanged extras/usd/examples/usdSchemaExamples/wrapTokens.cpp

Generating Classes:
unchanged extras/usd/examples/usdSchemaExamples/simple.h
unchanged extras/usd/examples/usdSchemaExamples/simple.cpp
unchanged extras/usd/examples/usdSchemaExamples/wrapSimple.cpp
unchanged extras/usd/examples/usdSchemaExamples/complex.h
unchanged extras/usd/examples/usdSchemaExamples/complex.cpp
unchanged extras/usd/examples/usdSchemaExamples/wrapComplex.cpp
unchanged extras/usd/examples/usdSchemaExamples/paramsAPI.h
unchanged extras/usd/examples/usdSchemaExamples/paramsAPI.cpp
unchanged extras/usd/examples/usdSchemaExamples/wrapParamsAPI.cpp
unchanged extras/usd/examples/usdSchemaExamples/plugInfo.json

Generating Schematics:
unchanged extras/usd/examples/usdSchemaExamples/generatedSchema.usda

#usda 1.0
(
subLayers = [

# This is mainly needed for definition of UsdTyped.
@usd/schema.usda@

]
)
over "GLOBAL" (
customData = {

string libraryName = "myLib"
string libraryPath = “./"

}
) {
}
class "MyCustomPrim" (

inherits = </Typed>
customData = {

string className = "MyBasePrim"
}
) {
# Some base attributes common to all derived schemas
uniform double uniformScale = 1.0 (
doc = "A double valued uniform attribute representing scale."
)
float3 rotation = (0, 0, 0) (

doc = "A varying 3D vector in floating-pt precision representing rotation."
)}

$ cmake --build . --target install --config Release



#usda 1.0
def Xform “World”
{

def Xform “Character”
{

def Mesh “GirlA” 
{

……
custom double3 xformOp:translate = (4, 5, 6)
uniform token[] xformOpOrder = ["xformOp:translate"]

}
}

}

#usda 1.0
def Xform “World”
{

def Xform “Sets”
{

def Xform“DeskA” 
{…….
}

}

}

helloWorldShot_layout.usda

helloWorldShot_sets.usda

#usda 1.0
(
subLayers = [

@helloWorldshot_layout.usd@,
@helloWorldshot_sets.usd@，
]

)
{

custom double3 xformOp:translate = (1, 1, 1)
uniform token[] xformOpOrder = ["xformOp:translate"]

}

helloWorldShot.usda







UsdPrim::GetPrimIndex
UsdPrim::PcpPrimIndex
PcpCache::ComputePrimIndex
PcpCache::ComputeLayerStack

helloWorldShot.usda

helloWorldShot_layo
ut.usda

helloWorldShot_sets.
usda

helloWorldShot_layo
ut1.usda

helloWorldShot_layo
ut2.usda>>> primIndex = usdviewApi.prim.GetPrimIndex()

>>> primIndex.DumpToDotGraph(‘prim_index.dot’)
<use graphviz ‘dot’ command to convert to image>





asset.usd模型 & Previz

LookDev

geom.usd

shade.usd

Geom

Geom.usd

shader

Shader.usd

Desk

Shader

Geom

Desk.usd

reference

reference







• https://github.com/Autodesk/maya-usd



https://www.youtube.com/watch?v=6EqcwefKMRI

https://www.youtube.com/watch?v=6EqcwefKMRI

