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Introduction

The Open Game Engine Exchange (OpenGEX) format is $&&med file format designed to facilitate

the transfer of complex scene data between applications such as modeling tools and game engines. The
OpenGEX format is built upon the data structure concdpfimed by the Open Data Description
Language (OpenDDL), a generic language for the storage of arbitrary data in-teadahle format.

This specificationprovides a descriptioof thedata structures defined by OpenGEX, and it includes an
OpenDDL referenein Appendix A

At the most basic levelnaDpenGEX file consists of a node hierarchy, a set of objects, a set of materials,
and some additional information about global units and axis orienta@tienvarious node, object, and
material structures contain all of the details such as geometric data and animetistvithin a
hierarchy of additional types of structures defined by OpenGEX. The relationships among all of these
structures are shown Figurel.1.

Nodes

The node hierarchy represents the overall organization of the scene. An OpenGEX file may contain any
number of nodes at the root level, and each node may contain any number of child nodes. The nodes
form tree structures in which each node can have at most one parent node.

Each node in the hierarchy may have data structures containing transformations and animation tracks.
Nodes representing geometries, lights, and cameras in the scene have refereihegsstoiciures
containing the geometric data and various parameters for dbgsets. Miltiple nodes may reference

the same object to achieve instancing.

Geometry nodemay haveone or morgeferences to materials containing information about surface
shaling. Materials may be referenced by any number of geometry nodes.

Objects

The data belonging to geometries, lights, and cameras without regard for placement in the overall scene
is stored in a flat set of object structures. An OpenDDL reference is usedk®s the connection
between each node in the scene and the object that it instances.
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Figure 1.1. This diagram illustrates the relationships among the structures defined by the
OpenGEX format. The purple arrows point from each of the structures to the specific
substructures they are allowed to contain. (Substructures that are simply OpenDDL data types
have been omitted.) The circular orange nodes serve only to combinénpatithsr to simplify

the diagranwhere common relationships exist.
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Geometry objects contain a set of one or more mesh structures that each contain vertex and primitive
informationa we |l | as optional skinning dat a. Light
intensity, and attenuation functions. Camera o
and clipping planes.

Materials

A material structure contaifmsic information about various colors and texture maps used by a surface
shader. Texture maps may include texture coordinate transformations and animation tracks that affect
those transformations.

Animation

Node transformations, morph weights, and textoerdinate transformations may all be animated
through the inclusion oAnimation  structures insid&lode structures andexture structures. A
complete transformation may becdenposed into multiple components, such as rotations about one or
more axes followed by a translation, and an animation may contain several tracks that animate each
component separately. An OpenGEX file may contain multiple animation clips, andraasition

structure identifies which clip it belongs to. Information about a complete animation clip is stored inside
aClip structure that can appear at the top level of the file.

Extensions

OpenGEX definesraExtension  structure whose purpose is to allow the inclusion of application
specific information anywhere that a writer sees fit. A writer may not define new structure types, but
eachExtension structure has a type property that defines the meaning of the data it contains. This
enables complex custom data structures to be written to an OpenGEX file without breaking readers that
do not understand them because unrecogrizéehsion  structures can simply be skipped.

Example

A very simple example of a complete OpenGEX (ikscribing a green culie shown in Listingl.1.

It begins with a group d¥letric  structures that define the units of measurement and the global up
direction. Those are followed by a singBeometryNode structure that provides the name and
transform for the cube. The geometric data for the cube is stotbdGeometryObject  structure

that is referenced by the geometry node. The geometry object structure contains a single mesh of
triangle primitives that includes pegertex positions, normals, and texture coordinatesallyi the

Material  structure at the end of the file contains the green diffuse reflection color.
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Listing 1.1. This is an example of aearminimal OpenGEX filecontaining the data for a green culie
consists of a single geometry node that references a geometry objeataetial

Metric (key = "distance") { float  {0.01}}
Metric (key = "angle") { float {1}

Metric (key = "time") { float  {1}}

Metric (key = "up") {string {"z"}}

GeometryNode $nodel

{
Name { string  {'Cube"}}
ObjectRef { ref {$geometryl}}
MaterialRef { ref {$materiall}}

Transform
float [16]

{0x3F800000, 0x00000000, 0x00000000, 0x00000000, /1{1,0,0,0
0x00000000, 0x3F800000, 0x00000000, 0x00000000, /1 0,1,0,0
0x00000000, 0x00000000, 0x3F800000, 0x00000000, /1 0,0,1,0
0x42480000, 0x42480000, 0x00000000, 0x3F800000} /I 50, 50, 0, 1}

}
}
}
GeometryObject $geometryl /I Cube

Mesh (primitive = "triangles")
VertexArray (attrib = "position™)

float [3] 1124

{
{0xC2480000, 0xC2480000, 0x00000000}, {0xC2480000, 0x42480000, 0x00000000},
{0x42480000, 0x42480000, 0x00000000}, {0x42480000, 0xC2480000, 0x00000000},
{0xC2480000, 0xC2480000, 0x42C80000}, {0x42480000, 0xC2480000, 0x42C80000},
{0x42480000, 0x42480000, 0x42C80000}, {0xC2480000, 0x42480000, 0x42C80000},
{0xC2480000, 0xC2480000, 0x00000000}, {0x42480000, 0xC2480000, 0x00000000},
{0x42480000, 0  xC2480000, 0x42C80000}, {0xC2480000, 0xC2480000, 0x42C80000},
{0x42480000, 0xC2480000, 0x00000000}, {0x42480000, 0x42480000, 0x00000000},
{0x42480000, 0x42480000, 0x42C80000}, {0x42480000, 0xC2480000, 0x42C80000},
{0x42480000, 0x42480000, 0x000 00000}, {0xC2480000, 0x42480000, 0x00000000},
{0xC2480000, 0x42480000, 0x42C80000}, {0x42480000, 0x42480000, 0x42C80000},
{0xC2480000, 0x42480000, 0x00000000}, {0xC2480000, 0xC2480000, 0x00000000},

{0xC2480000, 0xC2480000, 0x42C80000}, {0xC2480 000, 0x42480000, 0x42C80000}
; }
VertexArray (attrib = "normal")
?oat [3] I 24

{0x00000000, 0x00000000, 0xBF800000}, {0x00000000, 0x00000000, 0xBF800000},
{0x00000000, 0x00000000, 0xBF800000}, {0x00000000, 0x00000000, 0xBF8000003},
{0x00000000, 0x00000000, 0x3F800000}, {0x00000000, 0x00000000, 0X3F800000},
{0x00000000, 0x00000000, 0x3F800000}, {0x00000000, 0x00000000, 0x3F800000},
{0x00000000, 0xBF800000, 0x00000000}, {0x00000000, 0xBF800000, 0x00000000},
{0x00000000, 0xBF800000, 0x00000000}, {0x80000000, 0xBF800000, 0x00000000},
{0x3F800000, 0x00000000, 0x00000000}, {0x3F800000, 0x00000000, 0x00000000},
{0x3F800000, 0x00000000, 0x00000000}, {0x3F800000, 0x00000000, 0x00000000},
{0x00000000, Ox  3F800000, 0x00000000}, {0x00000000, 0x3F800000, 0x00000000},
{0x00000000, 0x3F800000, 0x00000000}, {0x80000000, 0x3F800000, 0x00000000},
{0xBF800000, 0x00000000, 0x00000000}, {0xBF800000, 0x00000000, 0x00000000},
{0xBF800000, 0x00000000, 0x00000000}, {0xBF800000, 0x00000000, 0x00000000}
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VertexArray (attrib = "texcoord")

float [2] 1124
{
{0x3F800000, 0x00000000}, {0x3F800000, 0x3F800000}, {0x00000000, 0x3F800000},
{0x00000000, 0x00000000}, {0x00000000, 0x000 00000}, {0x3F800000, 0x00000000},
{0x3F800000, 0x3F800000}, {0x00000000, 0x3F800000}, {0x00000000, 0x00000000},
{0x3F800000, 0x00000000}, {0x3F800000, 0x3F800000}, {0x00000000, 0x3F800000},
{0x00000000, 0x00000000}, {0x3F800000, 0x00000000}, {0 x3F800000, 0x3F800000},
{0x00000000, 0x3F800000}, {0x00000000, 0x00000000}, {0x3F800000, 0x00000000},
{0x3F800000, 0x3F800000}, {0x00000000, 0x3F800000}, {0x00000000, 0x00000000},
{0x3F800000, 0x00000000}, {0x3F800000, 0x3F800000}, {0x00000000, 0x3F800000}
}
}
IndexArray
unsigned_int32  [3] 1112
{0, 1,2}, {2, 3,0}, {4, 5, 6}, {6, 7,4} {8, 9, 10},
{10, 11, 8}, {12,13,1 4}, {14, 15, 12}, {16, 17, 18},
{18, 19, 16}, {20, 21, 22}, {22, 23, 20}
}

}
Mate rial $materiall
Name { string  {"Green"}}

Color (attrib = "diffuse") { float [3] {{0, 1, O}}}
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Structure Specification

This section provides a detailed specification for each of @rdaga structures defined by OpenGEX.
The structures appear in alphabetical order without regard for sisébfmhierarchical relationships or
the order in which they are likely to appear in an OpenGEX file.

The description of each data structure includes tables that list the properties that are accepted, the types
of data structures that may appear as sutistres, and the possildentainingstructuresThe meaning
of the information provided in these tables is discussed below.

Properties

If a structure accepts any property values, then they are listed in a table with a blue heading, as shown
in the exampldelow. The name of each property is listed in the first column, and its OpenDDL data
type is listed in the second colunirhe default value used when a particular property is not specified

is listed in the third column. Some properties do not have defa@uks, and this means that either the
property is required or there is some specified behavior that should be followed when the property is
not presentMany properties have a small set of possible valuesirasdch a case, a description of
eachparticdar valueis providedwhere necessary.

Property Type Default | Description

example int32 0 A description of the propertyalue

Structure Data

The types of substructures composing the gatdoadfor a particular OpenGEX structure are listed

in a table with a green heading, as shown in the example bEhevallowed substructures may include
other OpenGEX structures, native OpenDDL data types, or Batlept where noted otherwise, the
order in whech substructures appear is not significaite name of each possible substructure is listed

in the first column. The second and third columns indicate the minimum and maximum number of times
that each substructure may occur within the strucfudashin the third columrindicates that there is

no maximum number.
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Substructure Min Max Description
example 0 1 A description of the relationship to the substructure.
Hierarchy

The types of structures that may hierarchically contain a particular OpestaitXure are listed in a

table with an orange heading, as shown in the example below. The allowed containing structures listed
in the first column are always OpenGEX structures. For structures that are allowed to exist at the root
level of the file, therés an entry for which a dash is listed in the first column.

Containing Structure Description
example A description of the relationship to the containing structure.
File Names
Where file names are specified insideTexdurestruct u

structure), theghallbe formattedaccording to the following rules

A A file name consists of a sequence of zero or moretdineoames followed by the name of the file
and an optional extension.

A The delimiter between directory names and between the last directory name and the file name must
always be a single forward slash character having ASCII value 47.

A A file name repremnting an absolute path begins with a forward slash character, and a file name
representing a relative path does not. In the case of a relative path, a file name specifies a path relative
to the directory containing the OpenGEX file being processed.

A If a file name begins with two consecutive forward slash characters, then the first directory name
following thetwo slashes should be interpreted as a volume name or drive letter, as appropriate for
the operating system.

A A file name shall not contain any tife characters:*? " <>| having ASCII value®2, 58, 42, 63,
34, 60, 62, and 124, respectively.
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Animation

The Animation structure contains animation data for a single node in the sEaonh.animation
structure is directly containethside a node structer (Node, BoneNode, GeometryNode ,
CameraNode, orLightNode ) or Texture structure and it contains the data needed to moity
sibling transform structuresT¢ansform , Translation , Rotation , and Scale ) or sibling
Morph Weight structure over time.

Tracks

An Animation  structure contains one or mofeack structures, and each track contains the data
needed to modiffhe data containedimne st r uct ur e Atrackhdentiftesita targeblyy t ar
specifying the local OpenDDL name of a structure contained inside the same node structure that
contains theAnimation  structure. InListing 2.1, the Tran slation  structure name&bxpos is

targeted by the animation track, and this track contains five keys that define the value that the translation
should attain at five points in time. In this case, the animation causes the geometry to move four units
of distance in the positive direction for each unit of time.

Listing 2.1. The animation trackn this example modifies the data inside Translation structure
having thdocal OpenDDL naméoxpos.

GeometryNode
{
Translation %xpos (kind = "Xx")
{
float  {0.0}
}
Animation
{
Track (target = %xpos)
{
Time
{
Key{ float {0.0,0.5, 1.0, 1.5, 2.0}}
}
Value
Key{ float {0.0, 2.0, 4.0, 6.0, 8.0}}
}
}
}
}
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A track always contains Bime structure and &alue structure, and the data points contained inside
those structures can be interpolated in a variety of v@gesthélrack structure for information about
thedifferent types okey value interpolation.

Properties

The properties listed in the following table may be specified fgkramation  structure.
Property Type Default | Description
clip unsigned_ int32 |0 The clip index for the animation.
begin float The time at which the animation begins.
end float The time at which the animation ends.

Theclip property specifies the animation clip index. The set ofalmation structures in an
OpenGEX file having the same clip index constitute one complete animation clip for the entire scene.
If a structure contains any animation at all, thda hot a requirement dé the samstructure contain

an animation correspondingeach clip index present somewhere in the filearmation pertaining to

the animation clip as a whole can be stored@iig structure.

Thebegin andend properties specify the times at which idmation begins and ends. Tvatues

of these propertieare multiplied by the global time metric to obtain times measured in seconds. (See
the Metric  structure.) If either property is not specified, then the begin and/or end time for the
animation is determindaly the earliest and latest time values present ifithek structures belonging

to the animation. An animation track may include key times that lie outside the interval specified by
thebegin andend properties, and the correspmtimg keys could still be used talculate interpolated
values inside the animationés time range.

A structure may contain multipenimation  structures belonging to the same animation clip (that is,
with the same value for thadip  property).However, eaclirack belonging to the set himation
structures having the same clip index must have a unique target structure, as givetatgethe
property of thelrack structure among alktracks belonging toall animatiorsin the set.

Structure Data
The following structures may compose the data stored insida@iamtion  structure.

Substructure Min Max Description

Track 1 An Animation structuremust contairone or more tracks
that each hold animation keys for a single target.
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Hierarchy
An Animation structure may be contained inside the following structures.
Containing Structure Description

Node Animation  structure can be contained insideyanodestructure
BoneNode

GeometryNode

CameraNode

LightNode

Texture Animation structure can be cotained inside dexture

structure.

11
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Atten

The Atten  structure specifies an attenuation function for a light objedight source may have
multiple attenuation functions applied to it, and the values produced by all ofaleemuiltiplied
together to determine the intensity of light reaching any particular point in space.

Properties
The properties listed in the following table may be specified féktean structure.

Property Type Default Description

kind string " distance The kind of attenuation.

curve string "linear The functiondefining the attenuation curve.

Thekind property specifies the input to the attenuation function and havstone of the following
values.

A A value of"distance" indicates that the input to the attenuation function is the radial distance
from the light source.

A Avalue of" angle " indicates that the input to the attenuation function is the angle formed between
the negative axis and the direction to the point being illuminated in object space.

A A value of" cos_angle " indicates that the input to the attenuation function is the cosine of the
angle formed between the negativaxis and the direction to the point being illuitied in object
space.

Thecurve property determines the general formula for the attenuation function antiaresne of
the following values.

A A value of"linear" indicates that the attenuation is given by the linear function
ge-t
aiinear(t) :Sa&_ '
ce-b

whereb is the input value at which the attenuation begins, arsdthe input value at which the
attenuation ends. The beginning and ending values are specified by parameters as described below.
The default beginning value is 0.0, and the default endatue is 1.0.

A A value of'smooth" indicates that the attenuation is given by the cabioothstep function
asmooth(t) = 3( alinear( t))2 '2( alinea( t))3’

which is dependent on the same beginning and ending input veduneke as the linear attenuation
function.
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A Avalue of"inverse” indicates that the attenuation is given by the inverse function

A S
'nverset =Ssa 10
Bierse(t) %Q—C ks

wheres ando are scale and offset values specified by parameters as described below. The default
scale value is 1.0, and the default offset value isThé@ linear coefficient, and constant coefficient
k. are also spefied by parameters, and they have the default values 1.0 and 0.0, respectively.

A A value of "inverse_square" indicates that the attenuation is given by the inverse square
function

& s
ainverse_squargt) :Sat&tz +k st +k é 0,

wheres ando are scale and offset valugsesified by parameters as described below. The default
scale value is 1.0, and the default offset value isTh@quadratic coefficienk,, linear coefficient

k, andconstant coefficierk, are also specified by parameters, and they have the default values 1.0,
0.0, and 0.0, respectivelfNote that the default value &fis different for the inverse and inverse
square attenuation functions.)

Structure Data
The following structures may compose the data stored insidétem structure.

Substructure Min Max Description

Param 0 An Atten structure may contain parameters.

For eachParam substructure that is present, the value dditsb ~ property determines the meaning
of the parameter data. The following parametittib  values are defined by this specification for
use with an attenuation function.

A A value of" begin " or"end" indicates that the parameter is the disténme the light source at
which the attenuation function begiosends Thesearemultiplied by the glbal distance metric to
obtainvalues measured in meters. (See tetric structure) Theseparametewalues applynly
if the curve property has a value dinear" or "smooth"

A A value of"scale " indicates that the parameter is a scale to be used with inverse distance
attenuation functions. This is multiplied by the global distane&imto obtain a value measured in
meters. (See thdetric  structure.) This parameter applies only if tieve property has a value
of "inverse"  or"inverse_square"

A A value of" offset indicates that the parameter is an offset to be used with inverse distance
attenuation functions. This parameter applies only i€tlree property has a value tihverse"
or"inverse_square" . (Note that the offset isot multiplied by the global distaecmetric.)
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A A value of "constant" , "linear" , or "quadratic" indicates that the parameter is the
coefficientk;, k, orkg, respectively, used with inverse distance attenuation fursctibhek, andk
parameters apply only if tleeirve  property has a value tihverse”  or"inverse_square”
and thek, parameter applies only if treeirve  property has a value dfinverse_square”

A A value of" power " indicates that the parameter is a power to be used with angular attenuation
functions. This parameter applies only if kied propertyof the Atten structurehas a value of

"angle " or"cos_angle ".The result producely the attenuation function should be raised to
the value of the power parameter.

A writer may includeParam substructures with applicatiedefined attrib ~ values. If a reader

encounters any of these for which #itérib  value is either unsupported or unrecognized, then the
substructure should be ignored.

Hierarchy
An Atten structure may be contained inside the following structures.
Containing Structure Description
LightObject Atten structuras can be contained insideLaghtObject
structure.
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BoneCountArray
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The BoneCountArray

structure contains bone count data for a skinned mesheach vertex
belonging to a mesh, the bone count array specifiesuimper of bones the influence the vertex. See

the Skin structure for details about skinning calculations.

Structure Data
The following structures may compose the data stored indadmeCountArray  structure.

Substructure Min Max | Description

unsigned_ int8 1 1 A BoneCountArray structure must contain an
unsigned_ intl6 array of petvertex bone counts.

unsigned_ int32

unsigned_ int64

The size of the bone count array must match
VertexArray  structures.

Hierarchy

A BoneCountArray

structure may be contained inside the following structures.

Containing Structure

Description

Skin

A singleBoneCountArray  structure can be contained inside a
Skin structure.

t

h
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BonelndexArray

The BonelndexArray  structure contains bone index data for a skinned mesheach vertex
belonging to a mesh, the bone index array contaémdries, wheraisthe number of bones influencing
the vertex. See thekin structure for details about skinning calculations.

Structure Data
The following structures may compose the data stored indadmelndexArray  structure.

Substructure Min Max | Description
unsigned_ int8 1 1 A BonelndexArray  structure must contain an
unsigned_ intl6 array of bone indexes.

unsigned_ int32
unsigned_ int64

The total number of entries in a bone index array is equal to the sum of the counts specified in the
BoneCountArray structure for the same skin.

Hierarchy

A BonelndexArray  structure may be contained inside the following structures.
Containing Structure Description
Skin A singleBonelndexArray  structure can be contained inside a

Skin structure.
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BoneNode
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The BoneNode structure represents a single bone node in the sBewause it is a specific type of
node, it possesses all of the characteristics of a generic node, such as an optional name, transform, anc
animation. See thdode structure for more information.

The collection of bone nodes forming the complete skeleton for a skinned mesh is referenced by a
BoneRefArray structure contained insideSkeleton  structure.

Structure Data

The following structues may compose the data stored insiBeme Node structure.

Substructure Min Max | Description

Name 0 1 A BoneNode structure may have a name.
Transform 0 A BoneNode structure may have any number of
Translation transformations applied to it.

Rotation

Scale

Animation 0 A BoneNode structure may contain animation.
Node 0 A BoneNode structure may havany number of
BoneNode subnodes.

GeometryNode

CameraNode

LightNode
Hierarchy

A BoneNode structure may be contained inside the following structures.

Containing Structure

Description

BoneNode structure canbetop-level structure.

Node
BoneNode
GeometryNode
CameraNode
LightNode

BoneNode structurs can be contained inside any other node
structure.
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The BoneRefArray  structure contains the list of bone nodes belonging to a skelstmn.the
Skeleton structure for more information.

Structure Data

The following structures may compose the data stored indddmaRefArray  structure.

Substructure Min Max Description

ref 1 1 A BoneRefArray structure must contain an array of
references t@oneNode structures.

Hierarchy

A BoneRefArray structure may be contained inside the following structures.

Containing Structure

Description

Skeleton

A singleBoneRefArray structure can be contained inside a

Skeleton

structure.
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BoneWeightArray

The BoneWeight Array structure contains bone weight data for a skinned nmemheach vertex
belonging to a mesh, the bone weight array contaiesitries, wheren is the number of bones
influencing the vertex. See tigkin structure for details abogkinning calculations.

Structure Data
The following structures may compose the data stored indad@me@WeightArray  structure.

Substructure Min Max Description

float 1 1 A BoneWeight Array structure must contain an array (
bone weights.

The total number of entries in a bone weight array is equal to the sum of the counts specified in the
BoneCountArray structure for the same skin.

Hierarchy
A BoneWeightArray  structure may be contained inside the followstigictures.

Containing Structure Description

Skin A singleBoneWeightArray  structure can be contained inside a
Skin structure.
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CameraNode

TheCameraNode structure represents a singkameranode in the scen®ecause it is a specific type
of node, it possesses all of the characteristics of a generic hode, such as an optional name, transform,
and animation. See tlidode structure for more information.

Object Reference

A camera node must contain @fjectRef structure that referencesCameraObject structure.
The camera object contains the information necessary to construct the properly configured camera.

Structure Data
The following structures may compose the data stored insidareeraNode structure.

Substructure Min Max | Description
Name 0 1 A CameraNode structure may have a name.
ObjectRef 1 1 A CameraNode structure must contain a reference tg

CameraObject structure.

Transform 0 A CameraNode structure may have any number of
Translation transformations applied to it.

Rotation

Scale

Animation 0 A CameraNode structure may contain animation.
Node 0 A CameraNode structure may have any number of
BoneNode subnodes.

GeometryNode

CameraNode

LightNode




CameraNode

Hierarchy

A CameraNode structure may be contained inside the following structures.

Containing Structure

Description

CameraNode structure can be togevel structure.

Node
BoneNode
GeometryNode
CameraNode
LightNode

CameraNode structure can be contained inside any other node
structure.
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CameraObject

The CameraObject structure contains data for a camera objeletlitiple CameraNode structures
may reference a single camera object, and this allows a scene to contain imsttplec®f the same
camera with different transforms.

Structure Data
The following structures may compose the data stoi@de aCameraObject structure.

Substructure Min Max Description

Param 0 A CameraObject structure may contain parameters.

For eachParam substructure that is present, the value ddiftsbh ~ property determines the meaning
of the parameter data. The following parametittib  values are defined by this specification for
use with a camera object.

A A value of "fov " indicates that the parameter is the horizontal figlsiew angle. This is
multiplied by the global angle metric to obtain a value measured in radians. (Skettie
structure.)

A A value of" near " or"far " indicates that the parameter is pusitivedistance to the near plane
or far plane These arenultiplied by the gldal distance metric to obtaualues measured in meters.
(See theMetric  structure.)

If any of the above parameters are not present, then their default values are appléfatamh

A writer may includeParam, Color , andTexture substructures with applicatiatefinedattrib
values. If a reader encounters any of these for whictatind  value is either unsupported or
unrecognizedthen the substructure should be ignored.

Hierarchy
A CameraObject structure may be contained inside the following structures.

Containing Structure Description

CameraObject structure mustbetop-level structure.
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Clip

The Clip structure holdsnformation about an animation clithe collection of allAnimation
structures in an OpenGEX file having the same value foclipe property constitutes a complete
animation clip. AClip structure having thmatchingvalue for itsindex property can specify a name
and frame rate for that animation cl@lip structures always appear as-tepel structures.

Name

If a Clip structure contains &lame structure, then it defines the externaligible name of the
animation clip that should be displayed to the user in applications such as a level editor.

Properties

The properties listed in the following table may be specified @@ structure.
Property Type Default | Description
index unsigned_int32 0 The clip index.

Theindex property specifies the animation clip to which @i structure pertains. This index is
matched to the values of tolip  properties of thé\nimation structures containetiroughouthe
OpenGEX file.

Structure Data
The following structures may compose the data stored in<iip a structure.

Substructure Min Max | Description
Name 0 1 A Clip structure may have a name.
Param 0 A Clip structure may contain any number of paramet

For eachParam substructure that is present, the value dditsb ~ property determines the meaning
of the parameter data. The following paramet&ib  value is defined by this specification for use
with an attenuation function.

A Avalue of" rate " indicates that the parameter is the frame rate at which the animatiteniged
to play. The parameter value is divided by the global time metric to obtain a value measured in frames
per second. (See tietric  structure.)

A writer may includeParam substructures with apphtion-definedattrib  values. If a reader
encounters any of these for which #iterib  value is either unsupported or unrecognized, then the
substructure should be ignored.
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Hierarchy

A Clip structure may be contained inside the following structures.
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Containing Structure

Description

Clip structuresnust be togevel structures.
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Color

TheColor structure holds a single color value.

Properties
The properties listed in the following table may be specified @olar structure.

Property Type Default | Description

attrib string The color attribute.

The attrib property is required, and it specifies the meaning of the color. See the containing
structures for information about the specific types of colors that are defined.

Structure Data
The following structures may compose the data stored insiados  structure.

Substructure Min Max | Description

float[3] 1 1 A Color structure must contain an RGB color or RGB
float[4] color in afloat  substructure having the correspondin

array size.

Hierarchy
A Color structure may be contained inside the following structures.

Containing Structure Description

Material Color structures can be contained insiddaerial  structureto

specify material attributes

Light Object A singleColor structure can be contained insideight Object
structure to specify the 1igh
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Extension

TheExtension structure is @pecialcontainer that can be used to hold applicasipecific data that
is not defined by this specificatioAn Extension  structure can appearyamhere in an OpenGEX
file at the top level or where substructures are allowed.

The meaning of the data contained insid&atension  structure is given by the combination of an
applic property identifying the particular application to which the data pertains tgpe aproperty
identifying the specific type of data. Theplic propety is optional, but its usage is encouraged to
prevent name conflicts in thgpe property among extensions that do not specify an application.

A reader should ignore aiigktension  structure, and all of its substructures, in the case that the value
of its applic  property is not specifically recognized. In the case that the application is recognized,
but the value of thaype property is not supported, tHextension  structure, and all of its
substructures, should likewise be ignored.

Properties
The propertis listed in the following table may be specified forEtension  structure.

Property Type Default | Description

applic string A string that uniquely identifies the application to which

the extension pertains.

type string The type of data stored inside tBetension  structure.

The applic  property is optional, and if it is present, it identifies the application to which the
Extension structure pertaind he application string should consist of a succinct identifier that does
not contain any version information.

The type property is required, and it specifies the meaning of the data contained inside the
Extension structurein the context of the application identified by dyeplic  property

Structure Data
The following structures may compose the data stored ineifl@tansion  structure.

Substructure Min Max Description

Extension 0 An Extension  structure may contain any number of
otherExtension  structures.

primitive 0 An Extension  structure may contain any number of
primitive data structures of any type.
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Hierarchy
An Extension  structure may be contained inside the following structures.

Containing Structure Description

Extension structures can be tdpvel structures.

any An Extension  structure can be contained inside any other strug
defined by this specification.

The Extension  structure is omitted from the list of legal substructures for every other structure
defined by this specification in order to avoid unnecessary repetition. However, it is a legal substructure
at any location where any other type of structure is allowed.
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GeometryNode

TheGeometryNode structure represents a single geometry node in the fecause it is a specific

type of node, it possesses all of the characteristics of a generic node, such as an optional name,

transform, and animation. See tiede structure for more information.

Object Reference

A geometry node must contain #&bjectRef structure that references GeometryObject
structure. The geometry object contadtisof the required mesh data and optional skinning data.

Material References

A geometry node may contain one or mddaterialRef structures that referenddaterial
structures. Thindex property of each material reference specifies to which part a mesh the material
is applied by matching it with theaterial  property of eaclndexArray  structure in the mesh.

Morph Weights

If the geometry object referencedtng geometry node contaimsrtex data fomultiple morph targets,
thenthe geometry node may contain one or midoeph Weight structure that specifihe blending
weight for each target. When morph weights are presastiMorphWeight structure may be the
target of alrack structure in the animation belonging to the geometry node.

Properties

The properties listed in the followingble may be specified fortGometryN ode structureto control
various rendering options that may be supported by an application.

Property Type Default | Description

visible bool Whether the geometry is visible.

shadow bool Whether the geometry casts shadows.
motion_blur bool Whetherthe geometry is rendered with motion blur.

If any ofthevisible , shadow, ormotion_blur  properties is specified, then each overrides the
corresponding property belonging to the referer@edmetryObject  structure.
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Structure Data

The following structures may compose the data stored insBometryNode structure.

Substructure Min Max | Description
Name 0 1 A GeometryNode structure may have a name.
ObjectRef 1 1 A GeometryNode structure must contain a reference
to aGeometryObject  structure.
MaterialRef 0 A GeometryNode structure may contain references
Material  structures.
Morph Weight 0 A GeometryNode structure may contain morph
weights.
Transform 0 A GeometryNode structure may have any number o
Translation transformations applied to it.
Rotation
Scale
Animation 0 A GeometryNode structure may contain animation.
Node 0 A GeometryNode structure may have any number o
BoneNode subnodes.
GeometryNode
CameraNode
LightNode
Hierarchy

A GeometryNode structure may be contained inside the following structures.

Containing Structure

Description

GeometryNode structure can be togevel structure.

Node
BoneNode
GeometryNode
CameraNode
LightNode

GeometryNode structurs can be contained inside any other nod

structure.
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GeometryObject

The Geometry Object structure contains data forgeometryobject. Multiple GeometryNode
structures may reference a single geometry object, and this allows a scene to containimstétiyges
of the same geometry with different transforms and materials.

Properties

The properties listechithe following table may be specified foiGeometry Object structure to
control various rendering options that may be supported by an application.

Property Type Default | Description

visible bool true Whether the geometry is visible.

shadow bool true Whether the geometry casts shadows.

motion_blur bool true Whether the geometry is rendered with motion blur.

If the visible property isfalse , then the geometry should not be rendered but should still
participate in collision detection, if applicable.

If the shadow property isfalse , then the geometry should not cast shadows, if supported by the
application.

If the motion_blur  property isfalse , then the geometry should not be rendered with motion blur,
if supported by the application.

Thevisible , shad ow, andmotion_blur  properties can be overridden by @gometryNode
structure referencing théeometry Object structure. The value of any one of these properties takes
effect for a particular geometry node only when the sproperty is not specified for the geometry
node.

Structure Data
The following structures may compose the data stored insBometryObject  structure.

Substructure Min Max | Description

Mesh 1 A Geometry Object structure mustontain one or
more meshes.

Morph 0 A Geometry Object structure may contain any numb
of Morph structures.
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A geometry object contains oiesh structure for each level of detail.

A geometry object may containMorph structure for each morph target for which vertex data exists
inside theMesh structures.

Hierarchy

A GeometryObject  structure may beontained inside the following structures.

Containing Structure Description

Geometry Object structure must betop-level structure.
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IndexArray

The IndexArray  structure contains index array data for a me3be theMesh structure for
information abouhow arrays are used in a mesh

Properties
The properties listed in the following table may be specified fondexArray  structure.

Property Type Default | Description

material unsigned_ int32 |0 The material index for the ipnitives constructed
from the index array.

restart unsigned_int64 The primitive restart index for triangle strips.

front string "ccw" Whether front faces are wound clockwise or

counterclockwise.

The material property specifies a material index for the list of primitives contained in the
IndexArray  structure. The actuakt ofmaterials to be assigned to each list of primitives is specified
by the MaterialRef structures containeth the GeometryNode structure that references the
GeometryObject  structure containing the index array as part of a mesh. The value intithe

property for eaciMaterialRef structure i s matched tmatetahe val ue
property.

Therestart  property can only be specified when firémitive property of theMesh structure

containing thendexArray  structure isither"li ne_strip" or "triangle_strip" . If this

property is present, then its value defines the index that signals the end of a strip. When this index is
encountered, it does not cause a new vertex to be added to the current strip but instead starts a new strip
with the next index. If theestart  property is not specified at all, then there is no index that causes

a new strip to be started.

Thefront property must be eithécw" or"ccw" , andit specifies whether frorfeacing primitives
are wound clockwise or coumtdockwise, respectivelA reader is free to reorder indexes to follow
its own conventions or to enforce a consistent winding direction.
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Structure Data

The following structures may compose the data stored insittelarArray  structure.

Substructure

Min Max Description

unsigned_int8
unsigned_int16
unsigned_int32
unsigned_int64
unsigned_int8[2]
unsigned_int16[2]
unsigned_int32[2]
unsigned_int64[2]
unsigned_int8[3]
unsigned_int16[3]
unsigned_int32[3]
unsigned_int64[3]
unsigned_int8[4]
unsigned_int16[4]
unsigned_int32[4]
unsigned_int64[4]

1 1 An IndexArray  structure must contain
an array of vertex indexgpossibly
grouped in subarrays whose size
corresponds to the type of geometric
primitive specified by the containing mes

For points,line strips and triangle strips,
there are no subarrays. For independent
lines, the subarray size must be 2, for
independent triangles, the subarray size
must be 3, and for independent quads, tf
subarray size must be 4.

Hierarchy

An IndexArray  structure may be contained inside the following structures.

Containing Structure

Description

Mesh

IndexArray  structure can be contained insideMesh structure.
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TheKey structure contains key data for an animation track.

Properties

The properties listed in the following table may be specified #eyastructure.

Property

Type

Default Description

kind

string

"value" The kind ofdata.

Thekind property specifies the type of key data and rhastone of the following values.

A Avalue of" value " indicates that the data contained inkley structure provides the actual values
of the keys. If th&ey structure is contained insideTame structure, then the key values are times.
(Times are multiplied by the global time scale to obtain seconds. Sddetine structure.)
Otherwise, if theKey structure is contained inside\&lue structue, then the key values are
coordinate values, rotation angles, etc., depending on the target of the animation track.

A A value of" - control

or " +control

" indicates that the data contained in K&y structure

provides thencomingor outgoingcontrol poirs for the keysrespectively Control point data is
valid only insideTime andValue structures having eurve property value ofbezier"

A A value of" tension
structure provides thiension, continuity, or bias parametéos the keys.This data is valid only
insideValue structures having eurve property value of tcb ".

Structure Data
The following structures may compose the data stored ind@y structure.

", " continuity

",or"bias " indicates that thdata contained in théey

Substructure Min Max Description

float 1 1 A Key structure must contain an array of floatingint
float[3] key values.

float[4]

float[16]

For Key structures contained insideTame structure, the data is always scalar, so the substructure
must be of typdloat

with no array size.

For Key structures contained insidevalue structure, the data type must match the dimensionality
data store

of t he

“value "," - control

" or" +control

d in the t alkigde property has ehvalueain i mat i
". The data type is always scalar whenkimel property
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has a vala of" tension ", " continuity " or"bias ". See thdrack structure for information

about the meaning of the key data and how it is used to calculate interpolated values.

Hierarchy
A Key structure may be contained inside the followstigictures.

Containing Structure Description

Time Key structurs can be containeidisideTime andValue structure
Value belonging to an animation track
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ThelLightNode structure represents a single light node in the s@&#eause it is a specific type of

node, it possesses all of the characteristics of a generic node, such as an optional name, transform, and

animation. See thdode structure for more information.

Object Reference

A light node must contain a@bjectRef
light object contains thmformation necessary to construct the proper type of light source.

Properties

structure that referenced.@ghtObject  structure. The

The properties listed in the following table may be specified foglat Node structure.

Property Type

Default | Description

shadow bool

Whether the light casts shadows.

If the shadow property is specified, then it overrides the value ofsthedow property belonging to
the referencedlightObject

Structure Data

structure.

The following structures may compose the data stored indidgheNode  structure.

Substructure Min Max | Description

Name 0 1 A Light Node structure may have a name.

ObjectRef 1 1 A Light Node structure must contain a reference to
LightObject  structure.

Transform 0 A Light Node structure may have any number of

Translation transformations applied to it.

Rotation

Scale

Animation 0 A Light Node structure may contain animation.

Node 0 A Light Node structure may have any number of

BoneNode subnodes.

GeometryNode

CameraNode

LightNode
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Hierarchy

A LightNode structure may be contained inside the following structures.

Containing Structure

Description

LightNode structures can be togevel structure.

Node
BoneNode
GeometryNode
CameraNode
LightNode

LightNode structurs can be contained inside any other node
structure.
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LightObject

The LightObject structure contains data for a light objedultiple LightNode  structures may
reference a single light object, and this allows a scene to contain milsaceof the same light
with different transforms.

Properties

The properties listed in the following table may be specified foglatO bject structure
Property Type Default | Description
type string The type of light.
shadow bool true Whether the light casts shadows.

Thetype property is required angefines the type of light being described by the light objentukt
specify one of the following values.

A A value of"infinite" indicates that the light source is to be treated as if it were infinitely far
away so that its rays are parallel. In object space, the light rays point in the direction of the negative
Zaxis.

A A value of"point"  indicates that th light source is a point light that radiates in all directions.

A Avalue of"spot" indicates that the light source is a spot light that radiates from a single point but
in a limited range of directions. In object space, the primary direction of radistiba negative
axis.

If theshadow property isfalse , then the light source should not cast shadows, if supported by the
application.The shadow property can be overridden by ahightNode structure referencing the
LightObj ect structure. The value of this property takes effect for a particular light node only when
the same property is not specified for the light node.
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Structure Data
The following structures may compose the data stored indidghtObject  structure.

Substructure Min Max | Description

Color 0 1 A LightObject  structure may have a color.

Param 0 1 A LightObject  structure may have an intensity
parameter.

Texture 0 1 A LightObject  structure may have a projected textu

Atten 0 A LightObject  structure may have any number of
attenuation functions applied to it.

For eachColor substructure that is present, the value ddiftsbh ~ property determines the meaning
of the color data. The following colattrib  valueis defined by this specification for use with a light
object.

A A value of'light" indicates that the color is the maolor of light emitted by the light source. If
this color is not present, then ttiefaultlight color should be whiteith RGB value (1.0, 1.0, 1.0).

For eachParam substructure that is present, the value dditsb ~ propertydetermines the meaning
of the parameter data. The following parametaib  valueis defined by this specification for use
with a light object.

A A value of"intensity " indicates that the parameter is an intensity value that should scale the
| i g h trdfghis pavameter is not present, then the default intensity should be 1.0.

For eachTexture substructure that is present, the value ofaitsbb ~ property determines the
meaning of the texture map. The following textat&i b valueis defined by this specification for
use with a light object.

A A value of" projection " indicates that the texture map is a spot light projection. The texture
map should be oriented so that right direction is aligned to the edgjace positive axis and the
up direction is aligned to the objegpace positivg axis.

A writer may includeParam, Color , andTexture substructures with applicatiatefinedattrib
values. If a reader encounters any of these for whichatiné  value is either unsupported or
unrecognized, then the substructure should be ignored.
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A LightObject  structure may be contained inside the following structures.

Containing Structure

Description

LightObject

structuras mustbetop-level structure.
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Material

TheMaterial  structure contains information about a mateN&terial  structures are referenced
by geometry nodes througaterialRef  structures belonging tGeometryNode structures.

Name

If a Material  structure contains ldamestructure, then it defines the externaligible name of the
material that should be displayed to therus applications such as a level editor. (This nhame should
not be confused with an OpenDDL name that could be assigned katkeeial  structure in an
OpenGEX file.)

Properties
The properties listed in the following table may be specified Material  structure.

Property Type Default | Description

two_sided bool false Whether the material is twsided.

If the two_sided property is true, then the geometry to which the material is applied should be
rendered twesided without any baeface culling.

Structure Data
The following structures may compose the data stored inditktexial  structure.

Substructure Min Max | Description

Name 0 1 A Material  structure may have a name.

Color 0 A Material  structure may contain amumber of
colors.

Param 0 A Material  structure may contain any number of
parameters.

Texture 0 A Material  structure may contain any number of
textures.

For eacColor substructure that is present, the value ddtsh ~ property determines the meaning
of the color data. The following colattrib  values are defined by this specificatimn use with a
material

A A value of"diffuse” indicatesthat the coloris a diffuse reflection colorlf this color is not
present, then the default diffuse reflection caloould be white with RGB valuy@d.0, 1.0, 1.0).
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A A value of" specular indicatesthat the coloiis a specular reflection cololf this color is not
present, then the default specular reflection color shouldido& with RGB valug0.0, 0.0, 0.0).

A A value of" emission indicatesthat the coloris an emission color (also known as the self
illumination color).If this color is nd present, then the default emission color shouldlaek with
RGB value(0.0, 0.0, 0.0).

A A value of" opacity indicates that the color Enopacity color. If this color is not present, then
the default opacity color should be white with RGB value, (1.0, 1.0).

A A value of" transparency indicates that the color stransparency color. If this color is not
present, then the default transparency color should be black with RGB value (0.0, 0.0, 0.0).

For eachParam substructure that is present, the value dditsb ~ property determines the meaning
of the parameter data. The following parametaib  valueis defined by this specification for use
with a material.

A A value of"specular_power" indicates that the parameter is the specular power used in the
Phong shading model. If this parameter is not present, then the default specular power should be 1.0.

For eachTexture substructure that is present, the value ofaitsb  property determines the
meaning of the texture map. The following textatieib  values are defined by this specification for
use with a material.

A A value of"diffuse" indicates that the texture map modulates the diffuse reflection color.

A A value of" specular " indicates that the texture map modulates the specular reflection color.

A A value of" specular_power indicates that the texture map modulates the specular power.

A A value of" emission " indicates that the texture map adds to the emissiton.

A A value of" opacity indicates that the texture mapdulates the opacity color

A A value of" transparency indicates that the texture mappdulates the transparency color

A A value of" normal " indicates that the texture map contains tangpate normal vectors.

A writer may includeParam, Color , andTexture substructures with applicatiatefinedattrib
values. If a rader encountersng of thesefor which theattrib  value is either unsupported or
unrecognized, then tleubstructureshould be ignored.

Hierarchy
A Material  structure may be contained inside the following structures.

Containing Structure Description

Material  structures must be togevel structure.
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MaterialRef

The MaterialRef structure holds a reference tdMaterial  structure.

Properties

The properties listed in the following table may be specified MaterialRef  structure.
Property Type Default | Description
index unsigned_ int32 |0 The material index.

Theindex property specifies the material index to which the referenced material is bound. This index
is matched to the values of theaterial  properties of théndexArray  structures contained in the
meshes belonging to ti@eometryObject referenced by th&eometryNode structure containing
theMaterialRef  structure.

Structure Data
The following structures may compose the data stored indithterialRef  structure.

Substructure Min Max | Description

ref 1 1 A Material Ref structure must contain a reference tc
Material  structure.

Hierarchy
A MaterialRef  structure may be contained inside the following structures.
Containing Structure Description
GeometryNode Multiple MaterialRef  structures can be contained inside a

GeometryNode structure, bueachmust havea differentvalue for
theindex property




44

OpenGEX Specification

Mesh

The Mesh structure contains data for a single geometric mast aGeometryObject  structure
contains or mesh for each level of detail. Eamlesh typically contains several arrays of-pertex
data andne or moréndex arrag as shown in theisting 2.2.

A mesh may contain vertex data for multiple morph targets. The morph target to which each vertex
array belongs is determined by the value ofritgph property. See th€ertexArray  structure for
details about determining whiosertex arrays belong to each morph target.

A mesh may also contain a sin§kin structure thaholds theskeleton and bone influence data needed
for skinning.

Listing 2.2. This mesh structure contains partex positions, normals, and texture coordinates, and it
contains an index array that determines how triangle primitives are assembled.

Mesh (primitive = "triangles")

{ VertexArray (attrib = "position™)
{ floa t[3]{...}
}
VertexArray (attrib = "normal”)
{ float [3]{...}
}

VertexArray (attrib = "texcoord")

{
float [2]{..}

IndexArray (material = 0)

{
}

unsigned _int16 [3]{...}
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Properties
The properties listed in the following table may be specified fesh structure.

Property Type Default Description

lod unsigned_ int32 |0 The level of detail. A value of O
corresponds to the highest level of detal

primitive string "triangles" Theprimitive type.

Thelod property specifies the level of detail to which the mesh correspon@sofetryObject
structure may contain any numbemdésh structures as long as they each have a unique level of detail.
The highest level of detail is number 0, and successively lower levels of detail count upward.

The primitive property specifies the type of geometric primitive used by the mestusithave
one of the valueshown in Table.1, and it must be the same value for each level of detail.

Table 2.1. This table describes the geometric primitives corresponding to each value pffirthive
property. The value afis the total number of indexes if ardexArray  structure is present or the total number
of vertices in eacNertexArray  structure, otherwise. Primitives are indexed by the lgtstarting at zero.

Primitive Description

"points" The mesh is composed of a set of independent pdinésnumber of
points isn, and poini is given by vertex.

"lines" The mesh is composed of a set of independent [llresnumber of lines
isn/2, and linei is composed of verticéd and2i +1.

"line_strip" The mesh isompaed of one or more line strips. The number of lines
n- 1, and linel is composed of verticesandi +1.

"triangles” The mesh is composed of a set of independent triarigiesaumber of
triangles ig/3, and triangle is composed of verticé, 3 +1, and3i + 2

"triangle_strip" The mesh is composed one or more triangle strips. The number of
triangles isn- 2, and triangle is composed of verticesi +1, andi + 2
wheni is even or vertices i + 2, andi +1wheni is odd, in the orders
listed.

" quads" The mesh is composed of a set of individual gualdse.number of quad:
isn/4, and quad is composed of verticel, 4i +1, 4i + 2, and4i + <.

For line strips and triangle strips, thesstart  property of thdndexArray  structure may be used
to construct multiple independent strips.
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Structure Data
The following structures may compose the data stored inditksh structure.

Substructure Min Max Description

VertexArray 1 A Mesh structure must contain one or more vertex arr
IndexArray 0 A Mesh structure may contaione or morendex arrag.
Skin 0 1 A Mesh structure may contain skinning data.

All VertexArray  structures belonging to a mesh must specify data for the same number of vertices.

EachindexArray  structure specifies how the vertices are assembled into geometric prinkitives
lines, triangles, and quaddie index arraycontains subarrays that easpecify the indexes of the
verticescomposing single primitive For points, line strips, and triangle strips, the index data is stored
as a single array.

If a mesh does not contain &rdexArray  structure, therit is as if an index array with the default
properties existed and containextk index between 0 and 1in order and grouped into subarrays as
necessary, whereis the number of vertices in eadlertexArray  structure.

Hierarchy
A Mesh structure may be contained inside thedwling structures.

Containing Structure Description

GeometryObject Multiple Mesh structures can be contained inside a
GeometryObject  structure, bueachmust havea differentlod
value




Metric 47

Metric

The Metric  structure specifies globaheasurement and orientatiproperties such as the distance
scale and up direction.

Properties
The properties listed in the following table may be specified Mettic  structure.

Property Type Default | Description

key string The metric identifier.

Thekey property is required and specifies the type of metric being defined. It must specify one of the
following values.

A A value of"distance" indicates that the metric defines the factor by which all distance values
should be multiplied to ohin a value measured in meters.

A Avalue of" angle " indicates that the metric defines the factor by which all angle values should be
multiplied to obtén a value measured in radians.

A A value of"time " indicates that the metric defines the factor by which all time values should be
multiplied to obt&n a value measured in seconds.

A A value of" up" indicates that the metric defines the wesfshce axis thacorresponds to the up
direction.

Structure Data
The following structures may compose the data stored inditktréc ~ structure.

Substructure Min Max | Description

float 1 1 A Metric  structure must contain one data structure

string holding the value of thmetric.

For the"distance” ,"angle ", and"time " metrics, the data contained in the structure must be a

single floatingpoint value. The default value for each of these three metrics is 1.0 if any are not
specified in an OpenGEX file.

For the" up" metric, the data contained in the structure must be a single string value equal to either
"y" or"z". The default value for the up directior'iz" if it is not specified in an OpenGEX file.

The default metrics would be definedsk®wn in Listing2.3.
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structures define the default units of measurement and up direction.

Metric (key = "angle")
Metric (key = "time") {
Metric (key = "up") {

Metric (key = "distance") {

float  {1.0}}
{float  {1.0}}
float  {1.0}}
string  {"'z"}

Hierarchy

A Metric  structure may be contained inside the following structures.

Containing Structure

Description

Metric  structure must be togevel structure.
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Morph

The Morph structure holdgnformation about a morph targbtlonging to aGeometryObject
structure. See théertexArray  structure for a description of whatrtex dataonstitutes a complete
morph target.

Name

If aMorph structure containsidamestructure, then it defines the externalligible name of the morph
target that should be displayed to the user in applications such as a level editor.

Properties
The properties listed in the following table may be specified Mogph structure.
Property Type Default | Description
index unsigned_int32 0 The morph target index.
base unsigned_int32 The base morph target index forelative morph
target

Theindex property specifies the morph target indehis index is matched to the values of therph
properties of th&/ertexArray  structures contained inside the saB®ometryObject  structure
as theMorph structure.

Thebase property is optional and, if specified, indicates that the morph targeats/e andntended

to be applied as a differenagth the morph targehavingthe given base index. If thHemse property

is not specified, then the morph target is absoutg.morph target that does not have a corresponding
Morph structure is absolute.

If a base index is specified to indicate a relative morph target, then the morph target to which the base
indexrefers must be an absolute morph target.

See theMorphWeight structure for details about calculating vertex attributes for absolute and relative
morph targets.

Structure Data
The following structures may compose the dateestanside avorph structure.

Substructure Min Max Description

Name 0 1 A Morph structure may have a nhame.
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A Morph structure may be contained inside the following structures.

Containing Structure

Description

GeometryObject

Multiple Morph structures can be contained inside a
GeometryObject  structure, but each must have a different vald
for theindex property.
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MorphWeight

The MorphWeight structure hals a single morph weight for aGeometryNode structure that
references &eometryObject  structure containing vertex data for multiple morph targets

A Geometry Node structure typically contains BlorphWeight structure for each morph target
stored in th&GeometryObject  structure, but this is not a requiremdha geometry node contains

any morph weight data at all, théretveight fa any unreferenced morph targéll be assumed to be
zero.If a geometry node contains no morph weight data, then the weight for the morph target having
index 0 shall be one, and the weights for all other morph targets shall be zero.

A Morph Weight structure can be the target of a track stored insidenanation  structure.

Morphing

When a mesh is deformed by the morphing operation, the morphed atjQite of a vertex (where
an attribute can nam a position, normal, etc.) is given by

Amorphed: é WM i

wherew is the weight for the morph target having indeand the summation is taken over all indexes
for which a morph target exists and a weight is specifiégé. symboM; represents the input vertex
attribute value for morph targetand it depends on whether the morph target is absolute or relative as
determined by the presence of iase property in the correspondimdorph structure. Lei; be the

value of the vertex attribute specified for morph targetide the appropriadertexArray  structure
belonging to the morph targdt.the morph target is absolute, thehy =A,. If the morph target is
relative, therM; =A; A ;, where the functiob(i) produces the base index for the morph target
given by thebase property ofits Morph structure.

Properties

The properties listed in the following table may be specified MoghWeight structure.
Property Type Default | Description
index unsigned_int32 0 The morph target index.

The index property specifies the morph target index to which ri@ph weight appliesif the
GeometryObject  structurecontains no vertex data corresponding to thasph target index, then

the MorphWeight structure should be igned. Each MorphWeight structure belonging to any
particularGeometryNode structure must have a unique morph target index among all morph weights
belonging to that geometry node.
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The following structures may compose the data stored ingittrgh Weight structure.

Substructure Min Max Description

float 1 1 A Morph Weight structure must contaia single
floating-point value.

Hierarchy

A Morph Weight structure may be contained inside the following structures.

Containing Structure

Description

GeometryNode

Multiple Morph Weight structures can be contained inside a
GeometryNode structure.




Name

Name

TheNamestructure holds the name of a nod®rph targetmaterial or animation clip

Structure Data

The following structures may compose the data stored indidaraestructure.

Substructure Min Max Description
string 1 1 A Namestructure must contain a hame string.
Hierarchy
A Namestructure may be contained inside the following structures.
Containing Structure Description
Node A singleName structure can be contained inside any node structy
BoneNode
GeometryNode
CameraNode
LightNode
Morph A singleNamestructure can be contained inside &hyrph
structure.
Material A singleName structure can be contained inseley Material
structure.
Clip A singleNamestructure can be contained inside &y structure.
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Node

TheNode structure represents a single generic node in the sgdmneo associated objedhevarious

types ofnode structuresNode, BoneNode, GeometryNode , CameraNode, andLightNode ) are
allowed to be togevel structures in an OpenGEX file, and each one can contain any number of other
node structures of any type. iSlorganization of ndes forms the main tree hierarchy of the scene.
Every node can possess a name, a setrgfians, and a set of animations

Name

If a Node structure contains ldamestructure, then it defines the externaligible name of the node
that should be displayed to the user in applications such as a level editor. (This nhame should not be
confused with an OpenDDL name that could be assigned tdathe structure in an OpenGEX file.)

Transforms

A Node structure may contain any numbeffonsform , Translation , Rotation ,andScale
structures, and these collectively define the local transform for the node. Each transform can be
designated @anode transform or an object transform (based on the value afjdst property),

and these divide the complete local transform into two factors. The node transform is inherited by
subnodes, meaning that the local transform of a subnodiaiive only to the node transform factor of

its parent node. The object transform is applied only to the node to which it belongs and is not inherited
by any subnodes.

The node transform is calculated by converafi@f the transforms having abject property value

of false to a43 Z4matrix and multiplying them together in the order that they appear as substructures.
Similarly, the object transform is calculated by multiplying matrices together for the transforms having
anobject property value ofrue in the order that they appear as substructures. Any interleaving of
transforms having differembject property values has no meaning.

Animation

A nodestructuremay conain one or more animation clips. Each agncontain a setfoanimation

tracks that each target one of the transforms contained by the node stfoctuiorph Weight

structure in the case of ageometrynodep) i mat i on tracks often target
transform, such as thecoordinate of the node position or a rotation about a particular axis, and this is
the reason that multiple transform structures are supported and expected to betlhseatdmary
application of animation. See tAmimation andTrack structurefor more information.

a
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Structure Data

The following structures may compose the data stored indiibela structure.

Substucture Min Max | Description

Name 0 1 A Node structure may have a name.

Transform 0 A Node structure may have any number of
Translation transformations applied to it.

Rotation

Scale

Animation 0 A Node structure may contain animatitnacksthatare

applied to the node transformatiomsmorph weights

Node 0 A Node structure may have any number of subnodes
BoneNode

GeometryNode

CameraNode

LightNode
Hierarchy

A Node structure may be contained inside the following structures.

Containing Structure

Description

Node structure can be togevel structurs.

Node
BoneNode
GeometryNode
CameraNode
LightNode

Node structure can be contained inside any other node structure
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ObjectRef

The ObjectRef structure holds a reference to an object structbgect references are required by

the GeometryNode , CameraNode, andLightNode structures, and they link these types of nodes

to the objects they represent in therse. A single object may be referenced by multiple nodes, and this
allows an object to be instanced multiple times in the scene with different transforms and animations.

Structure Data
The following structures may compose the data stored insbhigextRef  structure.

Substructure Min Max Description

ref 1 1 An ObjectRef structure must contain a reference to i
GeometryObject  structureLightObject  structure
or CameraObject structure.

Hierarchy

A ObjectRef structure may be contained inside the following structures.
Containing Structure Description
GeometryNode A singleObjectRef  structure must be contained insieleery
CameraNode GeometryNode , CameraNode, andLightNode  structure.
LightNode




Param

Param

TheParam structure holds a singfgarameter value.

Properties

The properties listed in the following table may be specified Raram structure.
Property Type Default | Description
attrib string The parameter attribute.

57

Theattrib  property is required, and it specifies the meaning of the parameter. See the containing
structures for information about the specific types of parameters that are defined.

Structure Data
The following structures may compose the data stored indfdeaam structure.

Substructure Min Max | Description

float 1 1 A Param structure must contain ofileat  substructure
holding the value of the parameter.

Hierarchy

A Param structure may be contained inside the following structures.

Containing Structure

Description

Material

Param structurs can be contained insideMaterial  structure to
specify material attribuse

CameraObject

Param structure can be contained insideGCameraObject or

LightObject LightObject  structure to specify object parameter

Atten Param structure can be contained inside Atten  structure to
specifyattenuation parameter

Clip Param structures can be contained insid@lip structure to specify

animation clip attributes.
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Rotation

TheRotation structure holds a rotation transformation in one of several possible variants.

When contained inside a node structui@pgation  structure can be the target of a track stored inside
anAnimation structure.

Properties
The progrties listed in the following table may be specified f&adation  structure.

Property Type Default | Description

kind string "axis" The kind of rotation.

object bool false Whether the rotation is applied to the object only.

Thekind property specifies the particular variant of the rotation transformation, and it must have one
of the following values.

A A value of"x" ,"y" , or"z" indicates that the rotation occurs aboutxhg or z axis. For these
variants, the data contained sitheRotation  structure must be a single floatipgint value
representing the angle of rotatidror a particular anglg, a rotation about thg, y, or z axis is
converted to 43 4 matrix by using the following formulas.

el O 0 0 @cosg 0 sing O gcosg -sing 0 O
S o e é €ci

szgo cgsq sing O My:é 0 1 0 O MZ:ésmq cosg 0 O
€ sing cosg O ésing 0 cosg O é 0 0 10
0 o 0o 1 0 0 0 1 &0 o 01

A A value of"axis" indicates that the rotation occurs about an arbitrary axis. For this variant, the
data contained inde theRotation  structure must be a single array of four floatpaint values.
The first entry in the array is the angle of rotation, and the remaining three entries defjrye dnd
zcomponents of the axis of rotatidfor a particular anglg, a rotation abownaxisA is converted
to a43 4matrix by using the following formula.

e cosg+Ai(1-cos§y AA(1-cos)g A sin AA( 1 ey @A +sin
MaxisngxA,(l cogy) A sing cosgh( 1 cos g AA( 1 cey A -sin
8AA (1- coy) -A sing A/A(1 <cos)g A sin g cos 4t 1 cep

It is not a requirement that tispecifiedaxis have unit length, so a reader should norm#tizeaxis
before calculating a rotation matrix.

A A value of"quaternion"” indicates that the rotation is given by a quaternion. For this variant, the
data contained inside thotation  structure must be a single array of four floatpaint values
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(x, y, z w that define the quaternioti+yj +k . For a particulaunit quaternior(x, y, z, w, the
corresponding® £ rotation matrix is given by the following formula.
é- 2y* -277  2xy 2wz = 2xz 2twy
M quatemionzg 2xy 2wz 1 2X 2Z 2yz 2wX
g 2xz- 2wy  2yzR2wx 1 2% 2%

It is not a requirement that tepecifiedquaternion have unit length, so a reader should normalize
the quaternion before calculating a rotation matrix.

For the rotation variants that directly include an anglee the angle is multiplied by the global angle
metric to obtain an angle measured in radians. (Sedéfdc  structure.)Note that gpositive angle
corresponds to a counterclockwise rotation when the axis points toward the viewer.

Theobject property specifies whether the rotation transformation applies to the node or to the object.
See theNode structure for a discussion of node transforms and object transforms.

Structure Data
The following structures may compose the data stored indfigadion  structure.

Substructure Min Max | Description
float 1 1 A Rotation  structure must contain orfleat
float[4] substructure holding the value of the rotation.

If the kind property is"x" , "y" , or "z" , thenthe Rotation  structure must contain a single
floating-point value representing the angle of rotatidh.the kind property is "xyz" or

"guaternion” , then theRotation  structure must contain a single array of four floatpaint
values.
Hierarchy
A Rotation  structure may be contained inside the following structures.
Containing Structure Description
Node Rotation  structures can be contained inside any node structure
BoneNode
GeometryNode
CameraNode
LightNode
Texture Rotation  structures can be contained insidBexture structure
to specify texture coordinate transformations.
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Scale

TheScale structure holds a scale transformation in one of several possible variants.

When contained inside a node structurBcale structure can be the target of a track stored inside an
Animation  structure.

Properties
The properties listed in the following table may be specified f&cade structure.

Property Type Default | Description

kind string " xyz " The kind of scale.

object bool false Whether the scale &pplied to the object only.

Thekind property specifies the particular variant of the scale transformation, and it must have one of
the following values.

A Avalue of'x" ,"y" , or"z" indicates that the scale occurs along onlyxthe or z axis. For hese
variants, the data contained inside theale structure must be a single floatipgint value
representing the scalBor a particular scals, a scale transformation along they, or z axis is
converted to 43 4 matrix by usig the following formulas.

s 0 0 O &l 0 00 al 0 0 O
© 100 © s 00 © 100
M, =¢€ My:e M,=¢€
€ 0 1 0 € 0 10 €0 0 s 0
& 00 1 © 00 1 & 00 1

A Avalue of' xyz " indicates that the scale occurs along all three coordinate axes. For this variant, the
data contained inside tH&cale structure must be a single array of three floapogt values
representing the scaddongeach othex, y, andzaxesFor a particular scalg, a scale transformation
is converted to 43 4 matrix by using the following fanula.

&S 0 0 0
é
°0 0 0
Mxyz:g SY
€0 0 S, 0
&0 0 0 1

Theobject property specifies whether the scale transformation applies to the node or to the object.
See theNode structure for a discussion of node transforms and object transforms.
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Structure Data

The following structures may compose the data stored insgdala structure.
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Substructure Min Max | Description
float 1 1 A Scale structure must contain offleat  substructure
float[3] holding the value of the scale.

If the kind property is"x"

Y, or"z" |, thenthe Scale structure must contain a single floating
point value representing tleeale along one axis¢f the kind property is"xyz" , then theScale
structure must contain a single array of three flogpioigt valuesrepresenting thescales along all

three axes
Hierarchy
A Scale structure may be contained inside the following structures.
Containing Structure Description
Node Scale structures can be contained inside any node structure.
BoneNode
GeometryNode
CameraNode
LightNode
Texture Scale structures can be contained insidBexture structure to
specify texture coordinate transformations.
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Skeleton

The Skeleton  structure contains information about the bones belonging to a skeléterbone

nodes belonging to a skeleton are identified by an array of OpenDDL references contained in a
BoneRefArray substructure. The biaplose transforms of those bone nodes are specified by an array
of 43 £ matrices contained in &ransform substructureSee theSkin structure for details about

how these are used in skinning calculations.

Structure Data
The following structures may compose the dataed inside &keleton  structure.

Substructure Min Max | Description

BoneRefArray 1 1 A Skeleton structure must contain a bone referenc
array.

Transform 1 1 A Skeleton structure must contain an array of bind
pose transforms.

The number of matrices specified in tfeansform structure must match the number of bones
referenced in thBoneRefArray  structure.

Hierarchy
A Skeleton structure may be contained inside the following structures.
Containing Structure Description
Skin A singleSkeleton structuremustbe containedhside evernskin

structure.
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Skin

TheSkin structure contains information about a skeleton and thegreex bone influence data for a
skinned meshEachMesh structure may contain a singhkin structure which is required to contain
all of the substructures shown in lifgg 2.4.

The Skeleton  structure contains an array of OpenDDL references to the full set of bone nodes that
make up the skeleton and an array of their {iagle transforms.

Listing 2.4. A Skin structure is required to contain the substructures shown here.

Skin
{
Skeleton
{
BoneRefArray /I References to the bone nodes.
{
ref {$bonel, $bone2, ...}
}
Transform /I Bind - pose transforms for all bones.
{
float [16]
{
}
}
}
BoneCountArray /I Number of bones influencing each vertex.
{
unsigned_int8 {.}
}
BonelndexArray /I Bone index per influence per vertex.
{
unsigned_int8 {.}
}
BoneWeightArray /I Weight per influence per vertex.
{
float  {..}
}
}




64

OpenGEX Specification

The BoneCountArray  structure contains an array of counts that specify the number of bones
influencing each vertex in the mesh. The size of this array must match the number of vertices contained
in eachVertexArray  structure belonging to the isie

The BonelndexArray  and BoneWeightArray  structures contain arrays of bone indexes and
weighting values for each influence affecting each vertex. The size of both of these arraye must b
equal to the sum of the bone counts contained inBihveCountArray  structure. Each index
contained in théBonelndexArray  structure must be in the ranp&N - 1], whereN is the total
number of bones referenced by the skeleton.

Skinning
When a mesh is deformed by the skinning operati@nskinned positioR,... Of a vertex is given by

n-1
Pakinned = @ WM yBiiy T bink® bine
i=0
wherePR,;, is the bindpose position of the vertdhaving an implicitw coordinate of ong T, is the
bind-pose transform of thekin given by theTransform substructure (if presentand the other
symbols have th®llowing meanings:

A n is the number of bones influencing the vertex, as given by the corresponding entry in the
BoneCountArray structure.

A The functionk (i) produces the absolute bone index forittie influence, as given by thieh entry
corresponding to the vertex in tBenelndexArray  structure.

A By is the bindpose transform of thieth influence, as given by enti(i) in the Transform
substructure ofhe Skeleton  structure

A M., is the current transform of tlieth influence equal to the transform of the bone noeferenced
by entryk (i) in theBoneRefArray substructure of th8keleton  structure.

A w; is the weight of thé-th influence, as given by theh entry corresponding to the vertex in the
BoneWeightArray  structure.

Normal vectorgtreated as row vectors heagp calculated in a similar manner, but using the inverses
of the matrices involved. The skinned vertexmakNg.. iS given by

n-1
Nikinnea = & WN pindl bin kM k_(li):
i=0
whereNy;q is thebind-pose normal of the vertekdving an implicitw coordinate of zefo Of course,
if the upperleft 33 Zportions otthe matrices are known to be orthogonal, then normals can be calculated
using the nosinverted matrices.
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Structure Data

The following structures may compose the data stored instd@a structure.

Substructure Min Max | Description
Transform 0 1 A Skin structure may contain a bifgbse transform
for the mesh

Skeleton 1 1 A Skin structure must contain a skeleton.
BoneCountArray 1 1 A Skin structure must contain a bone count array
BonelndexArray 1 1 A Skin structure must contain a bone index array
BoneWeightArray 1 1 A Skin structure must contain a bone weight arra
Hierarchy

A Skin structure may be contained inside the following structures.

Containing Structure

Description

Mesh

A singleSkin structure can be contained insid&lash structure.
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Texture

The Texture structure holds informton about a single texture map and how it is accessed with
texture coordinates.

Texture Coordinate Transform

A Texture structure may contain any numberToainsform , Translation , Rotation , and

Scale structures, and these collectively define the transformation applied to texture coordinates before
they are used to access the texture map. The texture coordinatertnaisstalculated by converting

each of the transforms todd 4 matrix and multiplying them together in the order that they appear as
substructures. (Thebject property of each transform structure is ignored in this case.)

The textue coordinate transformations may be animated through the preserfoeindtion
substructures whose tracks target the specific transform structures.

Properties
The properties listed in the following table may be specified fiagxdure  structure.
Property Type Default | Description
attrib string The parameter attribute.
texcoord unsigned_ int32 |0 The index of the texture coordinate set associg
with the texture.

The attrib property is required, and it specifies the meaning of the texture. See the containing
structures for information about the specific types of textures that are defined.

Thetexcoord property specifies which texture coordinate set belonging to a mesh slecuded to
access the texture.
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Structure Data

The following structures may compose the data stored insiéetare  structure.

Substructure Min Max | Description
string 1 1 A Texture structure must contain ors¢ring
substructure holding the file name of the texture.
Transform 0 A Texture structure may contaimg number of
Translation transformations that are applied to the texture coordin
Rotation of a mesh when they are used to fetch from the textur
Scale map.
Animation 0 A Texture structure may contain animatitnacksthat
areapplied to the texture coordinate transformations.
Hierarchy

A Texture structure may be contained inside the following structures.

Containing Structure

Description

Material Texture structures can be contained insiddaterial  structure
to specify material attributes.
LightObject A singleTexture structure can be contained inside a

LightObject  structure to specify a projected texddor a spot
light.
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Time

TheTime structure contains key time data in an animation track.

Properties
The properties listed in the following table may be specified fine structure.

Property Type Default Description

curve string "linear The functiondefining the interpolation curve.

Thecurve property specifies thmanner in which time values are interpolaaed mushaveone of
the following values.

A Avalue of" linear " indicates that timgare interpolated linearly.
A Avalue of" bezier " indicates that timeare interpolated on a ommensional cubic &ier curve.

See thélrack structure for information about calculating interpolated key values.

Structure Data
The following structures may compose the data stored iasiitee structure.

Substructure Min Max | Description

Key 1 3 A Time structure must contain one thireekey
substructuresdepending on theurve property,holding
the time curve data.

TheTime structure must containkey structure whoskind property is'value” . The data inside
this Key structure must consist of a monotonically increasing sequence of time values.

If the curve property is" bezier ", then theTime structure mustontain two additionaKey
structures whoskind properties aré- control*  and"+control* . These hold the incoming and
outgoing control points for the time curve, respectively. Each incoming control point must be less than
its corresponding time value but greater than the outgoing control point for the preceding time value, if
any. Likewise, each outgoing control point must be greater than its corresponding time value but less
than the incoming control point for the succeeding timee, if any.
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Hierarchy

A Time structure may be contained inside the following structures.

Containing Structure

Description

Track

A singleTime structuremustbe contained insideveryTrack
structure.
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Track

TheTrack structure contains animation key data for a single transformation str(ttaresform
Translation , Rotation , andScale ) or a singleMorph Weight structure The key data is
separated into time and value curves having an equal number of data points.

Interpolation

Given a timet that falls between two key timgsandt, stored in thelime structure, a parametstin
the rangd0,1) can be calculated and used to interpolate between the correspondinguahbs,
stored in thé/alue structure.

If the curve property for thelime structure islinear" |, then the parametsiis given by

s(t)=

t-t
-t

If the curve property for theTime structure is' bezier ", then the parametermustbe that for
which the onedimensional cubic &ier polynomial produces the timieThis can be determined by
solving the equation

(1-s)’t 891 9° ¢ 38(1 k£ St t{

wherec, is the outgoing control point (in théey structure with &ind property of'+control" )
corresponding to the tintg andc, is the incoming control point (ithe Key structure with &ind
property of" - control* ) corresponding to the timg. Because the times and control points are
required to satisfy, <c, <, &, there is only oneealsolution, andt canquickly be foundthrough

an iterative application g%fgi\aswwthelnéascasRefined o d,
values ofs are given by the formula

(-3, Ba ®)S 3o 26 ) S J e+ s -t
(- X, B k) &G 26 § s e+

Once the parametsihas been calculated, it is exclusively used to interpolate key values, and the time
tis no longer needed.

S+l:$

If the curve property for theValue structure is' constant
trivially given byv(s) = v.

', then the interpolated valueis

If the curve property for theValue structure is'linear” , then the interpolated valwes given
by

v(is)=(1 -9y .
If the curve property for thevalue structure is' bezier ", thenvis given by

v(i =1 -9°v 341 ¥ p 3%1 )sp °s,

be
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wherep, is the outgoing control point (in th€ey structure with &ind property of'+control* )
corresponding to the valuwg andp, is the incoming control point (in theey structure with &ind
property of' - control" ) corresponding to the valwe

If the curve property for thevalue structure is'tcb ", thenvis given by the Hermite curve
v(9)=(1 38 2S)y &3 2px (s8) w6 8.

whereu, andu, are tangents derived from tension, continuity, and bias paranteters and 5,
corresponding to each key valMeThese tangents are given by the formulas

RECTACET TR N I T ER TV

and

1-£,)(1 - 9(1 + 1 1 r : b
_(L )1 90 eh, g (B HE g
2 2
The valuey, is the one precedingin theKey structure. Ifv, is the first key value, thel = v, and the

first term of the formula fon, is eliminated. Likewise, the valugis the one followingy, in theKey
structure. Ifv, is the last key value, then=\,, and the secongrm of the formula fou, is eliminated.

2

The tension, continuity, and bias parameters are always scalars and are stored alongside the key values
(inside theValue structure)in additionalKey structures havingind properties of'tension”
"continuity” , and"bias"

The key values; in all cases, and the control poimgsin the case of Bier curves, can be scalars or
vectors. For vectors, interpolated values are calculated componentwise with the above formulas.

Properties
The properties listed in the following table may be specified ftnaak structure.

Property Type Default Description

ta rget ref The target structure of the animation track.

Thetarget property is required and specifies the particular structure that is animated by the track.
The target structure must be @&ransform , Translation , Rotation , Scale , or
Morph Weight structure.
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The following structures may compose the data stored insidack structure.

Substructure Min Max Description
Time 1 1 A Track structure must contain a set of time keys.
Value 1 1 A Track structure must contain a set of value keys.

A Track structure must always contain exactly drme structure and on¥alue structure. These
each contain one or mokey structures that contain the actual animation .dett@ number ofime
keys and the number of values keys must be equal.

Hierarchy

A Track structure may be contained inside the following structures.

Containing Structure

Description

Animation

Track structures can be contained inside®amimation  structure.
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Transform

The Transform structure holds one or mo#® £ transformation matces In the cases that a
Transform structure is contained inside any type of node structdrexture structure, or &Kkin
structure, it must contain a single matrix. In the case tiat@sform structure is contained inside a
Skeleton structure, is must contain an array of matrices with one entry for each bone referenced by
the skeleton.

When contained inside a node structur@ransform structure can be the target of a track stored
inside anAnimation  structure.

Properties
The properties listed in the following table may be specified fimaasform  structure.

Property Type Default | Description

object bool false Whether the transform is applied to the object only.

Theobject property specifies whether the transformation matrix applies to the node or to the object.
See theNode structure for a discussion of node transforms and object transfoh@®bject property
is ignored forTransform  structuresot contained insida type of nodstructure.

Structure Data
The following structures may compose the data stored insidansform  structure.

Substructure Min Max | Description

float[16] 1 1 A Transform structure must contain offleat
substructure holding the value of the transformation
matrix.

The entries of the transformation matrix are stored in colmmajor order such that the index of each
entry in thefloat[16] array is given by the following illustration.

e0 4 8 12

€1 5 9 13

€2 6 10 14

&3 7 11 15
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A Transform structure may be contained inside the following structures.

Containing Structure Description

Node Transform structures can be contained inside any node structut

BoneNode

GeometryNode

CameraNode

LightNode

Skin A singleTransform structure can be contained insid8kin
structure to specify a birgose transform for the mesh.

Skeleton A singleTransform structuremustbe contained inside a
Skeleton strucure to specify an array of birmbse transforms for
thebones.

Texture Transform structure can be contained insideT@xture  structure
to specifytexture coordinate transfoatiors.
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Translation

TheTranslation structure holds a translatioransformatiorin one of several possible variants.

When contained inside a node structur&€ranslation structure can be the target of a track stored
inside anAnimation  structure.

Properties
The properties listed in the following table may be specified ficraaslation structure.

Property Type Default | Description

kind string " xyz " The kind of translation.

object bool false Whether the translation is applied to the object only.

Thekind property specifies the particular variant of thenslationtransformation, and it must have
one of the following values.

A Avalue of"'x" ,"y" , or"z" indicates that thiranslationoccurs along only the, y, orz axis. For
these variants, the data contained insidg taaslation structure must be a single floatipgint
value representing thdisplacementFor a particular displacemedt a translation along the y, or
Zaxis is converted to 48 £ matrix by using the following formulas.

&l 0 0d el 0 0 0 &l 0 0 O

© 100 © 1 0d © 100
M, =¢€ My:e M,=¢€

€ 01 0 €0 01 0 € 0 1d

© 00 1 © 00 1 © 00 1

A A value of"xyz " indicates that théranslationoccurs along all three coordinate axes. For this
variant, thedata contained inside thEranslation structure must be a single array of three
floating-point values representing tbesplacemenalongeach othex, y, andzaxesFor a particular
displacemenD, a translation is converted tal& £ matrix by using the following formula.
gl 0 0 Dy
% 1 0 D,

M wz = e

€ 0 1 D,
0 00 1

Theobject property specifies whether the translation transformation applies to the node or to the

object. See thdlode structure for a discussion of node tramais and object transforms.
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Structure Data
The following structures may compose the data stored insidenslation structure.

Substructure Min Max Description
float 1 1 A Translation structure must contain offl@at
float[3] substructure holding the value of the translation.

If the kind property is"x" ,"y" , or"z" , thenthe Translation structure must contain a single
floating-point value representing the displacement along one axis.Kirttie property is'xyz" , then
theTranslation structure must contain a single array of three flogpioigt values representing the
displacement along all three axes.

Hierarchy
A Translation structure may be contained inside the following structures.
Containing Structure Description
Node Translation structures can be contained inside any node struq
BoneNode
GeometryNode
CameraNode
LightNode
Texture Translation structures can be contained insideexture
structure to specify texture coordinate transformations.
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Value

TheValue structure contains key value data in an animation track.

Properties
The properties listed in the following table may be specified alae structure.

Property Type Default Description

curve string "linear The function defining the interpolation curve.

Thecurve property specifies the manner in which values are interpolated andhawesine of the
following values.

A Avalue of" constant " indicates that values are not interpolated but remain constant until the next
key time.

A Avalue of" linear " indicates thavalues are interpolated linearly.

A A value of" bezier " indicates that values are interpolated on a cubieB curve.
A A value of" tcb " indicates that values are interpolated on a terstortinuity-bias (TCB) spline.

See thélr ack structure for information about calculating interpolated key values.

Structure Data
The following structures may compose the data stored insiddua structure.

Substructure Min Max | Description

Key 1 4 A Value structure must contain onehree, or foukey
substructuresdepending on theurve property,holding
the value curve data.

TheValue structure must containkey structure whoskind property is'value" . The data inside
this Key structure must have the same dimensionality as the target of the eng@i@gikg structure.

If the curve property is" bezier ", then theValue structure must contain two additiongey
structures whoskind properties aré- control"  and"+control” . These hold the incoming and
outgoing control points for the value curve, respectively, and they must have the same dimensionality
as the key values.

If the curve property is"tcb ", then theValue structure must contain three additioriédy
structures whosé&ind properties are'tension ", "bias ", and " continuity ". The data
contained inside these thriey structures is always scalar.
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A Valu e structure may be contained inside the following structures.

Containing Structure

Description

Track

A singleValue structuremustbe containedhside everylrack
structure.
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VertexArray

TheVertexArray  structure contains array data for a single vertex attribute in a ®eshhdviesh
structure for information about how arrays are used in a mesh.

Properties

The properties listed in the following table may be specified MeréexArray  structure.
Property Type Default | Description
attrib string The vertex attribute.
morph unsigned_ int32 |0 The morph target index.

Theattrib  propertyspecifies the meaning of the data contained in the vertex array. Its value must
be astring containing é&egal OpenDDL identifier optionally followed by an unsigned integer enclosed

in brackets that specifies an index. If the index is omitted, then it is equivalent to specifying an index
of 0. For example, the attributgmsition  and posit ion[0] both mean the primary vertex
position, but the attributgosition[1] means a secondary vertex position. The vertex array
attrib  values ae defined by this specification are shown in Tahke

Table 2.2. This table lists the vertex attribute types defined by OpenGEX. Each attribute name may optionally be
followed by an index number inside brackets. If the index number is omitted, then it is impkecdly

Attribute Meaning

" position " The vertex position.

"normal " The normal vector.

"tangent " The tangent vector aligned to tkéexture coordinate.
"bitangent " | The tangent vector aligned to théexture coordinate.
"color " The vertex color.

" texcoord " The texture coordinates.

A writer may includevVertexArray  structures with applicatiedefinedattrib  values. If a reader
encounters any of these for which tit&rib  value is either unsupported or unrecognized, then the
vertex array should bgmored.

Normal arrays, tangent arrays, and bitangent arrays should generally contadirti@esional datdf

a tangent arragontainsfour-dimensionaldata, then the fourth component should contain the sign of
TAB @, whereT, B, andN are the threedimensional entries for the same vertex taken from
corresponding tangent, bitangent, and normal arrays.
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Thetexcoord property of theTexture structure specifies which texture coordinate array to use
when acessing the texture map. If multiple tangent and bitangent arrays are present, they should
correspond to the same nbemned texture coordinate arrays so that a matching tangent frame can be
determined for each set of texture coordinates.

Themorph property pecifies the index of the morph target to which the vertex array belongs. A mesh
may contain multiple vertex arrays having the same value fatthie  property only if they have
different values for theimorph propertiesA complete morph target havirtige indexk is composed

of the following two sets of vertex arrays:

A All of the vertex arrays for which thrmorph property has a value &f

A For any value of thattrib  property that is specified for a vertex arrayaofy morph target but it
not specified for a vertex array of the morph target having ikdéne vertex array having the same
value for theattrib  property and the minimum value for thorph property (which may be the
default value of 0).

The blending weiglstapplied to the morph targets are specified insiderm@h structure contained in
aGeometryNode structure that referencesz@ometryObject  structure containing theesh. For
any geometry node not containingyaMorph Weight structure but referencing a geometry object
containing multiple morph targets, all vertex arrays for whichntibeph property is not 0 should be
ignored.

Structure Data
The following structures may compose the data stored indidetaxArray  structure.

Substructure Min Max | Description

half 1 1 A VertexArray  structure must contain one

half[2] substructureholding the vertex array data, and it must
half[3] have a floatingpoint primitive data type.

half{4]
float
float[2]
float[3]
float[4]
double
double[2]
double[3]
double[4]

The data for each type of vertex array attribute may consist of an array of fipaiimigralues or an

array of subarrays containing two, three, or four values each. When fewer than four components are
specified in the data for any vertex array, the sdgcthird, and fourth components shatiplicitly be

given the value§, 0, and 1, respectively.
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A VertexArray  structure may be contained inside the following structures.

Containing Structure

Description

Mesh

VertexArray

structure can be contained insidevesh structure.
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The Open Data Description Language (OpenDDL) is a generibéed language that is designed to
store arbitrary data in a concise hunnaadable format. It cave used as a means for easily exchanging
information among many programs or simply as a method for storing a program's data in an editable
format. Each unit of data in an OpenDDL file haa explicitly specified type, andhis eliminates
ambiguity and fraile inferencingmethodgshat can impact the integrity of the data. This strong typing

is further supported by the specification of an exact number of bits required to store humerical data
values when converted to a binary representation.

The data structusein an OpenDDL file are organized as a collection of trees (also known as a forest).
The language includes a btiitt mechanism for making references from one data structure to any other
data structure, effectively allowing the contents of a file to thkdorm of a directed graph.

As a foundation for highdevel data formats, OpenDDL is intended to be minimalistic. It assigns no
meaning whatsoever to any data beyond its hierarchical organization, and it imposes no restrictions on

structure

Figure A.1. An OpenDDL file contains a sequence of structures that follow the production rule
shown here.

83
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the composition of data structures. Semantics and validation are left to be defined by specific higher
level formats derived from Operilh. The core language is designed to place as little burden as
possible on readers so that it's easy to write programs that understand OpenDDL.

The OpenDDL synt ax

S

il lustrated dppendixanditifir ai | r o

designedo feel familiar to C/C++ programmerg/hitespace never has any meaning, so OpenDDL

files can be formatted in any manner preferred.

Structures

An OpenDDL file is composed of a sequencestrfictures A single structure consists of a type
identifierfollowed by an optional name, an optional list of properties, and then its data payload enclosed
in braces, as shown in Figukel. There are two general types of structures, those withibuypes

that contain prirtive data such as integers or strings, and those that represent custom data structures
defined by a derivative file format. As an example, suppose that a derivative file format defined a data
type calledvertex that contains the 3D coordinates of a singdgex position. This could be written

as follows.
Vertex
{
float  {1.0, 2.0, 3.0}
}
TheVertex identifier represents a custom data structure defined by the derivative file format, and it

contains another structure of tyfeat

, Which is a builin primitive data type. The data in tfeat

structure consists of the three values 1.0, 2.0, and 3.0. In general, raw data values in a primitive data
structure are specified as a homogeneous coesaparated list of unbounded size, as shown in

FigureA.2.

The raw data inside a primitive data structure may also be specified as a-sepanated list of
sularraysof values, as shown FigureA.3. The size of each salray is specifiethy placing a positive

integer value inside brackets immediately following the primitive typetiiiesn preceding the

s t r usnamerifét Bas one. Each value contained in the primitive data structure is then written as a
commaseparated array of valsi@nclosed in bras. As an example, suppose thatertexArray

structure expects to contain an array of 3D positions, each of which is specified as an array of three
floating-point values. This would be written as follows.

VertexArray
{
float [3]
{

{1.0, 2.0, 3.0}, {0.5, 0.0, 0.5}, {0.0,
}

-1.0, 4.0}
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data-list data-array-list

Figure A.2. The data payload of a primitive data
structure is a homogeneous array of value
separated by commas

Figure A.3. A data paybadmay consist of an arra
of sularrays separated by commas. Each asuy
contains a homogeneous array of values enclose
parentheses.

Thenumber of elements in each swtay must always match the array size specified inside the brackets
following the primitive type identifier. If the array size is one, then the braces are still required.

Note that a reader would use its knowledge of the alrpadsed data type to choose only a single rule
in FiguresA.2 andA.3, as opposed to allowing any of the types of data to appear inside the braces. (It
is also not possible to disambiguate among the numerical data tifhestvgome extra information.)
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This restriction could bexpressed in the grammar, but doing so would come at a significant cost in
conciseness.

Primitive Data Types
OpenDDL defines the 1primitive data types shown in Figufe4, and he exact meaning of each of
these typess described irmmableA.3.

When used as the identifier for a data structure, each entry TratheA. 3 indicates that the structure
is aprimitive structure and its data payloaad@mposed of an array of literal values. Primitive structures
cannot have substructures.

Table A.3. These are the Irimitive data types defined by OpenDDL.

Type Description

bool A boolean type that can have the value orfalse

int8 An 8-bit signed integer that can have values in the rar@e?’ - 1].

int16 A 16-bit signed integer that can have values in the rangjg p*° - 1].
int32 A 32-bit signed integer that can have values in the rangg P> - 1.
int64 A 64-bit signed integer that can have values in the rangfg p*- 1].

unsigned_i nt8

An 8-bit unsigned integer that can have values in the rangé {Q1].

unsigned_int16

A 16-bit unsigned integer that can have values in the rang [0]].

unsigned_int32

A 32-bit unsigned integer that céiave values in the range - 1].

unsigned_int64

A 64-bit unsigned integer that can have values in the rang&'[07].

half

A 16-bit floating-point type conforming to the stande8dE5-M10
format.

float A 32-bit floating-point type conforming to the standeé8dE8-M23
format.

double A 64-bit floating-point type conforming to the stande8dE11-M52
format.

string A doublequoted character string with contents encoded in-8TF

ref A sequence astructure names, or the keywardl|

type A type whose values are identifiers naming types in the first column ¢

this table.
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data-type

int8

int16

int32

int64

unsigned_int8

unsigned_int16

unsigned_int32

unsigned_int64

float

double

ECABROREEEE

o
@

type

Figure A.4. These are the Jarimitive data types definealy OpenDDL.

There is no implicitype conversion in OpenDDL. Data values belonging to a primitive structure must
be parsable as literal values corresponding to the primitive data type.

Thetype data type is convenient for schemas built upon OpenDDL itself in order to define valid type
usaes in derivative file formats.

Identifiers

An identifierin OpenDDL is a sequence of characters composed from thais&tdi z, 019, }, as
shown in FigureA.5. That is, an identifier is composed of uppercaselawdrcase roman letters, the
numbers D9, and the underscore. An identifier cannot begin with a number.
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identifier

Figure A.5. An identifier is composed of uppercase and lowercase roman letters, the numbers
07 9, and the underscore.

Identifiers are used to identify data structure types, structure names, and propertigspiiimiite
data types shown in Figure4 are reserved as structure types, but they can still be used as structure
names angroperty identifiers.

Names

Any structure in an OpenDDL file may haveame Names are used to reference other structures from
within primitive data structures or through property values. A name can be a global name or a local
name. Each global name mist unique among all global names used inside the file containing it, and
each local name must be unique among all local names used by its siblings in the structure tree. Local
names can be reused inside different structures, and they can duplicateafobsl

As shown in FiguréA.6, a name is composed of either a dollar sign chara$)eor( percent sign
characterq followed by an identifier with no intervening whitespace. A name that begins with a dollar
sign is aglobal name, and a name that begins with a percent sign is a local name. A name is assigned
to a structure by placing it right after the structure identifier (and no whitespace is technically required
before the dollar sign), as in the following example.

Vertex $apex

{
}

float  {1.0, 2.0, 3.0}

This structure can be referenced from elsewhere in the file by using thebapme.

References

A reference value is used to form a link to a specific structure within an OpenDDL file. If the target
structure has a gbal name, then the value of a reference to it is simply the name of the structure,
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name

Figure A.6. A name is composed of either a dollar sign charasesr(a percent sign character
(99 followed by an identifier with no intgening whitespace.

reference

@

\ /

Figure A.7. A reference value is either the name of a structure or the keymdtd. A
structure may be identified by a sequence of names providing the path to the target along a
branch of the structureete.

beginning with the dollar sign character. If the target structure has a local name, then the value of a
reference to it depends on the scope in which the reference appears. If the reference appears in a
structure that is a sibling of the targatucture, then its value is the name of the target structure,
beginning with the percent sign character. Otherwise, the value of the reference consists of a sequence
of names, as shown in FiguA.7, that identify asequence of structures along a branch in the structure
tree. Only the first name in the sequence can be a global name, and the rest must be local names.

The value of a reference can also be keywiltl to indicate that a reference has no target structure.

In the following example, where thierson , Name andFriends data types are defined by some
derivative format, references are used to link a data structure representing a person to the data structures
representing his friends.

Person $c harles
{
Name { st ring {'Charles"}}
Friends {ref {S$alice, $bob} }
}
Person $alic e {..}
Person $bob  {...}
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Properties

A custom data structure in a derivative format may define one orpngpertiesthat can be specified

separately from the data that the structure cont&®raperties are written in a comraaparated list

inside parentheses following the name of the structure (or just following the structure identifier if there

is no name). As shown in Figuke8, each property is compas®f a property identifier followed by
anequalscharacter) and the value of the property. The ty
by some external source of information such as a schema or program associated with a derivative
format. For exmple, a string cannot be specified for a property that was expecting an integer. The
specified type determines which ruleRigureA.8 is applied, and a mismatch must be detected at the

time that the property is parsed

As an example, suppose that a data structure ddibsth defined a property callddd that takes an
integer representing the level of detail to which its contents belong. This property would be specified
as follows.

Mesh (lod = 2)
{

}

If another poperty calledpbart existed and accepted a string (perhaps to identify a body part), then
that property could be added to the list as follows.

Mesh (lod = 2, part = "Left Hand")
{

}

The order in which properties are listed is insignificant. Derivdii@éormats may require that certain
properties always be specified. Optional properties must always have a default value or be specially
handled as being in an unspecified state. The same property can be specified more than once in the
same property listand in such a case, all but the final value specified for the same property must be
ignored.

The syntax does not allow primitive data types to have a property list. (See A&igjjre

Booleans
A booleanvalue is one of the keywordalse ortrue , as shown in Figura.9.

Integers

The language allows integers to be specified as a decimal number, a hexadecimal awirabt,
number a binary number, or arggle-quaed character literal.
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property

Figure A.8. A property is composed of an identifier followed by an equals charactemg
the value of the property.

bool-literal

Figure A.9. A boolean value is either the keywdalse or the keywordrue .

Between any two consecutive digits of each type of integer literal, a single underscore character may
be inserted as a separator to enhance readability. The presence of underscore characters and thei
positions have no significar, and they do not affect the value of a literal.

A decimal literal is simply composed of a sequence of numerical digits, as shown inAigrand
leading zeros are permitted.

A hexadecimal literal is spe@@(d by prefixing a number witbx or 0X, as shown in FigurA.12. This

is followed, without any intervening whitespace, by any number of hexadecimal digits that don't cause
the underlying integer type to overflow. Afiown in FigureA.11, the use of the lettersik in a
hexadecimal literal is not case sensitive.

An octalliteral is specified by prefixing a number wi@lo or 00, as shown in Figurd.13. This is
followed, without any intervening whitespace, by any numbeligifs between 0 and, inclusive that
don't cause the underlying integer type to overflow.

A binary literal is specified by prefixing a number wilth or 0B, as shownri FigureA.14. This is
followed, without any intervening whitespace, by any number of zeros and ones that don't cause the
underlying integer type to overflow.
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decimal-literal

Figure A.10. A decimalliteral is any sequence of numerical digits.

hex-digit

AL

Figure A.11. A hexadecimal digit is a numerical digit @ or aletter Al F (with no regard
for case).

hex-literal

Figure A.12. A hexadecimal literal starts witix or 0X and continues with one or more
hexadecimal digits.

octal-literal

Figure A.13. An octalliteral starts wittDo or 00and continues with one or mooetaldigits.
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binary-literal

-
e
AR

Figure A.14. A binary literal starts witl®b or OB and continues with one or more binary digits.

A character literal is specified by a sequence of printable ASCII characters enclosed in single quotes,
as shown in Figuré.16. OpenDDL supports the escape sequences list€dbte A.4 and illustrated

in FigureA.15. Escape sequences may be used to generat®lotimracters or arbitrary byte values.

The single quote () and backslash | characters cannot be represented directly and must be encoded
with escape sequences. Theescape sequence is always followed by exactly two hexadecimal digits.
Each charactefafter resolving escape sequences) corresponds to exactly one byte in the resulting
integer value, and the rightost character corresponds to the least significant byte

Table A.4. These are the escape sequences supportegdnDDL for character literals.

Escape Sequenc( ASCII Code | Description
\ " 0x22 Double quote
\' 0x27 Single quote
\? Ox3F Question mark
\\ 0x5C Backslash
\a 0x07 Bell
\b 0x08 Backspace
\ f 0x0C Formfeed
\n Ox0A Newline
\r 0x0D Carriage return
\'t 0x09 Horizontal tab
\'v 0x0B Vertical tab

\ xhh ) Byte value specified by the two hex digits
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escape-char

»q
>4

-

=
AN

=
A\

=
AN

=
=
\

=

=
AN

COO6EE666E

g!

Figure A.15. An escape character consists of a backslaio{lowed by a single character
code. In the case of thex character code, the escape sequence includes exactly two additional
hexadecimal digits.

char-literal

Figure A.16. A character literal is composed of a sequence of printable ASCII characters
enclosed in single quotes. The single qudtg &nd backslash\ | characters cannot be
represented directly and must be encoded with escape sequences.
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integer-literal

Figure A.17. An integer literal is composed of an optional sign followed by a decimal,
hexadecimalpctal,binary, or haracter literal.

An integer literal is composed of an optional plus or minus sign followed by a decimal, hexadecimal
octal binary, or character literal, as shown in Figr#7.

In the following example, the sar3@-bit unsignednteger value is repeatdige times using different
literal types: a decimal literal, a hexadecimal liteead,octal literala binary literal, and a character

literal.
unsigned_int32
{
1094861636, 0x41424344, 0010120441504 ,
0b01000001010000100100001101000100,
'ABCD'
}

Floating-Point Numbers

The language allows floatiAgpint numbers to be specified as a decimal number with or without a
decimal point and fraction, and with or without a trailing exponas shown in Figurd.18. When a
fraction and/or exponent is present, the number format is the same as defined in C/C++-poaaiting
numbers may also be specified as hexadecioasl, orbinary literals repesenting the underlying bit
pattern of the number. This is particularly useful for lossless exchange of flpaiimgdata since
roundoff errors possible in the conversion to and from a decimal representation are avoided. Using a
hexadecimaloctal, orbinary representation is also the only way to specify a flogiigt infinity or
nota-number (NaN) value.

As with integer literals, an underscore character may be inserted between any two consecutive
numerical digits in a floatingoint literal to enharereadability. Underscore characters are ignored and
do not affect the value of a literal.



96

OpenGEX Specification

float-literal

N o I = EEP
1@[@@

R

)

Figure A.18. A floating-point literal is composed of an optional sign followed by a number
with or without a decimal point and aptional exponent. Hexadecimal and binary literals
representing the underlying bit pattern are also accepted.

Strings

Strings in OpenDDL are composed of a sequence of characters enclosed in double quotes, as shown in
FigureA.19. Unicode values (encoded as UB)in the following ranges may be directly included in
a string literal:

A [U+0020, U+0021]

A [U+0023, U+005B]

A [U+005D, U+007E]

A [U+00A0, U+D7FH

A [U+E000, U+FFFQ

A [U+010000, U+10FFFF]

This is the only place where n&8&CIl characters are allowed other than in comments.

A string may contain the escape sequences defined for character literals (seé Bigurehe double

guote () and backslash | characters cannot be represented directly and must be encoded with escape
sequences. String literals also support\teescape sequence, which specifies a nonzero Unicode
character using exactly four hexadecimal digits immediatelpahg theu. In order to support
Unicode characters outside the Basic Multilingual Plane (BMP),-digikcode can be specified by


















