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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other

international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The pfocedures used to develop this document and those intended for Its further ma
described in the ISO/IEC Directives, Part 1. In particular, the different approval critefia'‘f

intenance are
eeded for the

different  types of document should be noted (see www.isaorg/directives or

www.ilec.ch/members experts/refdocs).

Attent]on is drawn to the possibility that some of the elements of this dogument may be
patentjrights. ISO and I[EC shall not be held responsible for identifying anyor all such patent

the subject of
rights. Details

of any patent rights identified during the development of the documentwill be in the Introduction and/or

on thg ISO list of patent declarations received (see www.iso.ong/patents) or the IEC
declargtions received (see https://patents.iec.ch).

Any trpde name used in this document is information giveén for the convenience of users
constifute an endorsement.

For an explanation of the voluntary nature of ¢standards, the meaning of ISO specif

expregsions related to conformity assessment, asgwell as information about ISO's adherenc
Trade| Organization (WTO) principles *0in the Technical Barriers to T

see www.iso.org/iso/foreword.html. In theIEC, see www.iec.ch/understanding-standards.

This dpcument was prepared by Khrones (as gITF™ 2.0 Specification) and drafted in accor
editorfal rules. It was adopted,~under the JTC1 PAS procedure, by Joint Technic
ISO/IHC JTC 1, Information technolegy.

list of patent

and does not

ic terms and
e to the World
rade (TBT),

dance with its
hl Committee

Any fepdback or questions‘on ‘this document should be directed to the user’s national stanfdards body. A

complete listing of thesé bodies can be found at www.iso.org/members.html and www.ie

c.ch/national-

committees.
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Copyright 2013-2021 The Khronos Group Inc.
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Chapter 2. Introduction

2.1. General

This document, referred to as the “gITF Specification” or just the “Specification” hereafter,
describes the gITF file format.

gITF is an API-neutral runtime asset delivery format. gITF bridges the gap between 3D content
creation tools and modern graphics applications by providing an efficient, extensible, interoperable
format for the transmission and loading of 3D content.

2.2. Document Conventions

The gITF Specification is intended for use by both implementers of the asset expotrters or converters
(e.g., digitall content creation tools) and application developers seeking to impO¥t or load gITF assets,
forming a basis for interoperability between these parties.

Specificatipn text can address either party; typically, the intended-audience can be inférred from
context, thpugh some sections are defined to address only one of Htese parties.

Any requifements, prohibitions, recommendations, or options defined by normative tgrminology
are imposqd only on the audience of that text.

2.2.1. Narmative Terminology and References

The key words MUST, MUST NOT, REQUIRED, SHALL, SHALL NOT, SHOULD, SH(IVLD NOT,
RECOMMENDED, MAY, and OPTIONAL in‘this document are to be interpreted as descriped in BCP
14.

These key words are highlighted i’ the specification for clarity.

Referenceq to external doCurhents are considered normative if the Specification uses fany of the
normative|terms defined:in this section to refer to them or their requirements, either asfa whole or
in part.

2.2.2. Informative Language

Some language in the specification is purely informative, intended to give background or
suggestions to implementers or developers.

If an entire chapter or section contains only informative language, its title is suffixed with
“(Informative)”. If not designated as informative, all chapters, sections, and appendices in this
document are normative.

All Notes, Implementation notes, and Examples are purely informative.
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2.2.3. Technical Terminology

The gITF Specification makes use of linear algebra terms such as axis, matrix, vector, etc. to
identify certain math constructs and their behaviors as defined in the International
Electrotechnical Vocabulary.

The gITF Specification makes use of common engineering and graphics terms such as image,
buffer, texture, etc. to identify and describe certain gITF constructs and their attributes, states, and
behaviors. This section defines the basic meanings of these terms in the context of the Specification.
The Specification text provides fuller definitions of the terms and elaborates, extends, or clarifies
the definitions. When a term defined in this section is used in normative language within the
Specification, the definitions within the Specification govern and supersede any meanings the

terms maypirave frrotirer techmicat comexts e vutside tire-Specificatior:

accessor

An objert describing the number and the format of data elements stored in abinary byiffer.

animation
An objgct describing the keyframe data, including timestamps, and<the target propeity affected
by it.
back-facing

See facipgness.

buffer

An external or embedded resource that repreésents a linear array of bytes.

buffer view

An objeqct that represents a range ofia’ specific buffer, and optional metadata that coptrols how
the buffer’s content is interpreted.

camera

An objert defining theprojection parameters that are used to render a scene.

facingness

(windinlg grder) of its vertices.

A class‘Tication of a triangle as either front-facing or back-facing, depending on the ¢rientation

front-facing

See facingness.

image

A two dimensional array of pixels encoded as a standardized bitstream, such as PNG.

indexed geometry

A mesh primitive that uses a separate source of data (index values) to assemble the primitive’s
topology.

© ISO/IEC 2022 - All rights reserved 3


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

linear blend skinning

A skinning method that computes a per-vertex transformation matrix as a linear weighted sum
of transformation matrices of the designated nodes.

material

A parametrized approximation of visual properties of the real-world object being represented by
a mesh primitive.

mesh

A collection of mesh primitives.

mesh primitive

An obje

mipmap
A set of

morph tar

An alte1

node

An obje

non-index

A mesh
topolog

normal
A unit X

root node
A node

sampler

An obje

scene

ct binding indexed or non-indexed geometry with a material.

image representations consecutively reduced by the factor of 2 in gach dimens

get

ed state of a mesh primitive defined as a set of difference-values for its vertex

ct defining the hierarchy relations and the local{ransform of its content.

ed geometry

primitive that uses linear order of veftex attribute values to assemble the

=~

YZ vector defining the perpendicular to the surface.

that is not a chilg-0f'any other node.

ct that dohtrols how image data is sampled.

ion.

httributes.

primitive’s

An obje

skinning

ct containing a list of root nodes to render.

The process of computing and applying individual transforms for each vertex of a mesh
primitive.

tangent

A unit XYZ vector defining a tangential direction on the surface.

texture

An obje

ct that combines an image and its sampler.
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topology type
State that controls how vertices are assembled, e.g. as lists of triangles, strips of lines, etc.

vertex attribute

A property associated with a vertex.

winding order

The relative order in which vertices are defined within a triangle

wrapping

A proce

2.2.4. Na

The follow;

2.24.1.Ex

Bradnd
1997. L
May 20

IEC 60(

concep

IEC 60
Functid

ss of selecting an image pixel based on normalized texture coordinates.

rmative References

ing documents are referenced by normative sections of the specification:

fernal Specifications

r, S., Key words for use in RFCs to Indicate Requirement Levels, BCP 14, RFC 2
eiba, B., Ambiguity of Uppercase vs Lowercase in RFC 2139 Key Words, BCP 14
17. https://www.rfc-editor.org/info/bcp14

50-102 International Electrotechnical Vocabulary{(IEV) - Part 102: Mathematid

s and linear algebra https://webstore.iec.ch/ptdlication/160

050-103 International Electrotechnical>,Vocabulary (IEV) - Part 103: Mat
ns https://webstore.iec.ch/publicatiofint61

The Unlicode Consortiumy The Unicode Standard https://www.unicode.org/versions/late

Bray, T
DOI 10

ISO/IE(

Note

https://www.elgti¥opedia.org/

, Ed., The JavaScript Object Notation (JSON) Data Interchange Format, STD 90
17487/RE€8259, December 2017, https://www.rfc-editor.org/info/rfc8259

60359 Floating-point arithmetic https://www.iso.org/standard/80985.html

ISO/IEQ

|19, March
RFC 8174,

s - General

hematics -

An online version of these standards is availahple at

st/
RFC 8259,

15948 Portable Netwaork (?rnphi(‘c (PNG): Functional clnp(‘ilﬁr‘nrinn h‘r‘rpQ'//m

.iso.org/

standard/29581.html

Note

A free version of this standard is available from W3C: https://www.w3.org/TR/

PNG/

ISO/IEC 10918-1 Digital compression and coding of continuous-tone still images: Requirements
and guidelines https://www.iso.org/standard/18902.html
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Note

o An earlier edition of this standard called ITU Recommendation T.81 is available
from W3C: https://www.w3.org/Graphics/JPEG/itu-t81.pdf

ISO/IEC 10918-5 Digital compression and coding of continuous-tone still images: JPEG File
Interchange Format (JFIF) https://www.iso.org/standard/54989.html

Note

o An earlier edition of this standard is available from W3C: https://www.w3.0org/
Graphics/JPEG/jfif3.pdf

CIPA PC-008-Translation-Z019 Exchangeable unmage jile jormat jor digial %ﬂl cameras
https:// Nww.cipa.jp/std/documents/download_e.html?DC—OOS—Translation—ZO19—EQ(1/

Masintpr, L., The "data" URL scheme, RFC 2397, DOI 10.17487/RFC&@9(;,/ August 1998,
https://www.rfc-editor.org/info/rfc2397 q/'\

Bernerp-Lee, T, Fielding, R., and L. Masinter, Uniform Resource Ider@;}r (URI): Gengric Syntax,
STD 66] RFC 3986, DOI 10.17487/RFC3986, January 2005, https://W\A{{(arfc—editor.org/inf b/rfc3986

Duerst] M. and M. Suignard, Internationalized Resource é’%tiﬁers (IRIs), RFC (3987, DOI
10.17447/RFC3987, January 2005, https://www.rfc—editor.or@n\o/rfc3987

Fielding, R., Ed., and J. Reschke, Ed., Hypertext Tran@sotocol (HTTP/1.1): Message [Syntax and
Routing, RFC 7230, DOI 10.17487/RFC7230, June 20%, ttps://www.rfc-editor.org/info/rjfc7230

O
IEC 61966-2-1 Default RGB colour space - SRGB ]@gﬁbs://webstore.iec.ch/publication/G165
&
Note . ®$
4\
The encoding charaeferistics of sRGB are freely available frgm ICC:
https://www.color.&é}éhardata/rgb/srgb.xalter

Recommendation ITU-R BI.709-6 Parameter values for the HDTV standards for production and
interndtional programingey change https://www.itu.int/rec/R-REC-BT.709-6-201506-1

MikkTYpace https:@%ub.com/mmikk/MikkTSpace

Thomap Porte@a Tom Duff. 1984. Compositing digital images. SIGGRAPH Comput. Graph. 18, 3
(July 1¢ 84)6%—259. DOI: https://doi.org/10.1145/964965.808606

NS

o A free version of this paper is available from Pixar: https://graphics.pixar.com/
library/Compositing/

Note

2.2.4.2. Media Type Registrations

IANA. model/gltf+json Media Type. https://www.iana.org/assignments/media-types/model/
gltf+json

IANA. model/gltf-binary Media Type. https://www.iana.org/assignments/media-types/model/gltf-
binary
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IANA. application/gltf-buffer Media

application/gltf-buffer

https://www.iana.org/assignments/media-types/

Type.

IANA. application/octet-stream Media Type. https://www.iana.org/assignments/media-types/
application/octet-stream

Freed, N. and N. Borenstein, Multipurpose Internet Mail Extensions (MIME) Part Two: Media
Types, RFC 2046, DOI 10.17487/RFC2046, November 1996, https://www.rfc-editor.org/info/rfc2046

IANA. image/png Media Type. https://www.iana.org/assignments/media-types/image/png

2.3. Motivation and Design Goals (Informative)

wide varie
and 3D gra

glTF’s focy
Authoring
authoring
authoring
a wide aud

A primary
web and 1
keep pace
consensus

gITF combh
representi
loaded dir
preservati
efficient dg

gITF has b¢

Comp3
large d

d render at runtime. gITF 2.0 is designed to be vendor- and runtime-neutral,
ty of native and web-based engines and applications regardless of underlying
phics APIs.

s on run-time efficiency is a different design goal than typical 8D ‘authorin
formats are typically more verbose, with higher pro€essing overheads
fata that is no longer needed after iterative design is complete. gITF is comple
formats, providing a common, interoperable distillation-target for publishing 3
ience of end users.

goal of gITF is to be deployable on a wide rdnge of devices and platforms, in

hobile devices with limited processing and memory resources. glTF can be
with growing compute capabilities @ver time. This helps to foster broa

on 3D functionality that can be used\ubiquitously, including Physically Based R

ines an easily parsable JSON Scene description with one or more binary
ng geometry, animationss@and other rich data. These binary resources cal

bn of full hierarchical scenes, nodes, meshes, cameras, materials, and anim4
livery and fast leading.

ren designed\to meet the following goals:

ct file-sizes. The plain text gITF JSON file description is compact and rapid tq
latasuch as geometry, textures and animations are stored in binary filg

iy e allar th o A alant tast Ao

Isable by a
platforms

g’ formats.
to carry
mentary to
D assets to

luding the
bvolved, to
1 industry
lendering.

resources
 often be

ectly into GPU buffers-with no additional parsing or processing, combining ghe faithful

tions with

parse. All
s that are

signifi

tationc
TITy  STITOITT AT T CPTTCSCITTOTIOTTSY

Runtime-independence. gITF is purely an asset format and does not mandate any runtime
behavior. This enables its use by any application for any purpose, including display using any
rendering technology, up to and including path tracing renderers.

Complete 3D scene representation. Not restricted to single objects, glTF can represent entire
scenes, including nodes, transformations, transform hierarchy, meshes, materials, cameras, and
animations.

Extensibility. gITF is fully extensible, enabling the addition of both general-purpose and
vendor-specific extensions, including geometry and texture compression. Widely adopted
extensions may be considered for integration into future versions of the glTF specification.
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The following are outside the scope of gITF 2.0:

» gITF is not a streaming format. The binary data in gITF is inherently streamable, and the

buffer design allows for fetching data incrementally, but there are no other
constructs in gITF 2.0.

» gITF is not an authoring format. gITF deliberately does not retain 3D authoring in
in order to preserve runtime efficiency, however gITF files may be ingested by 3D
tools for remixing.

+ gITF is not intended to be human-readable, though by virtue of being represented
is developer-friendly.

2.4. glTF Basics

A gITF assdt is represented by:

* A JSON-formatted file (.gltf) containing a full scene description: nqde, hierarchy,

streaming

formation,
authoring

in JSON, it

materials,

camerds, as well as descriptor information for meshes, animations, afid other construfcts.

 Binaryifiles (.bin) containing geometry, animation, and other buffer-based data.

* Image files (.jpg, .png) containing texture images.

Binary and image resources MAY also be embedded dire¢tly in JSON using Data URI or dtored side-

by-side with JSON in GLB container.

A valid glITfF asset MUST specify its version.

2.5. Versioning

Any updates made to the gITF Specification in a minor version MUST be backward ar
compatiblg. Backward compatibility means that any client implementation that support
gITF 2.x agset will also be able to load a gITF 2.0 asset. Forward compatibility means t}
implementation that only. supports gITF 2.0 can load gITF 2.x assets while gracefully ig
new features it does notunderstand.

A minor yersion\update MAY introduce new features but MUST NOT change any

d forward
5 loading a
jat a client
horing any

previously

existing behavior: Existing functionality MAY be deprecated in a minor version update, bjut it MUST

NOT be remoeved.

Major version updates MAY be incompatible with previous versions.

2.6. File Extensions and Media Types

* JSON gITF files SHOULD use .gltf extension and model/gltf+json Media Type.

* glITF files stored in GLB container SHOULD use .glb extension and model/gltf-binary Media

Type.
* Files representing binary buffers SHOULD use either:
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n file extension with application/octet-stream Media Type;

n, .glbin, or .glbuf file extensions with application/gltf-buffer Media Type.

* PNG images SHOULD use .png file extension with image/png Media Type;

o PNG images SHOULD NOT contain animations, non-square pixel ratios, or embedded ICC
profiles. Such features, if present, MUST be ignored by client implementations.

* JPEG images SHOULD use . jpeg or . jpg file extensions with image/jpeg Media Type

o JPEG images MUST be compatible with JPEG File Interchange Format.

o JPEG images SHOULD NOT contain embedded ICC profiles. If present, embedded ICC
profiles MUST be ignored by client implementations.

- Exdangeable image 1ile tormat (Exi1) chunks MAY De ignored by client implemerjtations.

2.7.]S

Although

SHOULD &

1. glITF JS

applieq
SHOUI

2. ASCII c

3. Non-AS

Implementation Note

portability.

ON Encoding

bITF Specification does not define any subset’f the JSON format, implel
e aware of its peculiar properties that could affect asset interoperability.

when a gITF implementation does*tot control string encoding. gITF implel
D adhere to RFC 8259, Section 8,1zwith regards to treating BOM presence.

haracters stored in gITF JSON@SHOULD be written without JSON escaping.

o Example
"buffer" instedd of "\ub062\ud@75\u0066\u0066\ub065\u0072".

CII characters Stored in gITF JSON MAY be escaped.

o Certain Exif chunks, e.g., “Orientation”, may severelyimpact ap asset’s

mentations

DN data SHOULD be written with UTF-8,encoding without BOM. This requireinent is not

nentations
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Example

These two examples represent the same gITF JSON data.

{
"asset": {
"version": "2.0"
b
"nodes": [
{
“name": "ky6"
H
£
"name": "000"
}
]
a )
{
"asset": {
"version": "2.0"
I
"nodes": [
{
"name": "\u0433¥y0443\u0431"
e
{
"name" ; “\u7acb\u65b9\u9ad4"
}
]
}
4. Properfy names (keys) within JSON objects SHOULD be unique. gITF client implejnentations
SHOUILD overrideé-lexically preceding values for the same key.
5. Some qf glTEproperties are defined as integers in the schema. Such values MAY be¢ stored as
decimdlswith a zero fractional part or by using exponent notation. Regardless of enc¢ding, such
properﬁE?NnE?rTﬁJT7RﬁﬁEﬁTﬁﬁVTRﬁFiEﬁTﬁﬁtﬁﬁﬁﬁTVEHR?“““““““““‘T

Example

o 100, 100.0, and 1e2 represent the same value. See RFC 8259, Section 6 for more
details.

6. Non-integer numbers SHOULD be written in a way that preserves original values when these

numbers are read back, ie., they SHOULD NOT be altered by JSON serialization /
deserialization roundtrip.
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Implementation Note

This is typically achieved with algorithms like Grisu2 used by common JSON
libraries.

2.8. URIs

gITF assets use URIs or IRIs to reference buffers and image resources. Assets MAY contain at least
these two URI types:

* Data URIs that embed binary resources in the gITF JSON as defined by the RFC 2397. The Data
URI’s mediatype field MUST match the encoded content.

o Implementation Note
Base64 encoding used in Data URI increases the payload’s byte length by 33%.

* Relatiye paths —path-noscheme or ipath-noscheme as defined by REF€ 3986, Section 4.2 or RFC
3987, Section 2.2 —without scheme, authority, or parameters. Re§€rved characters (as defined
by RFC|3986, Section 2.2. and RFC 3987, Section 2.2.) MUST be pér¢ent-encoded.

Paths with| non-ASCII characters MAY be written as-is, with JSON string escaping, or with percent-
encoding; jall these options are valid. For example, thecfgHowing three paths point tqg the same
resource:

{
"imdges": [
{
"uri": "grande_sphére¥prig"
b
{
"uri": "grande\ sph\u@0E8re.png"
e
{
"uria"grande_sph%C3%A8re.png"
}
]
}

Client implementations MAY optionally support additional URI components. For example http://
or file:// schemes, authorities, hostnames, absolute paths, and query or fragment parameters.
Assets containing these additional URI components would be less portable.
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Implementation Note

This allows the application to decide the best approach for delivery: if different
assets share many of the same geometries, animations, or textures, separate files
may be preferred to reduce the total amount of data requested. With separate files,
applications may progressively load data and do not need to load data for parts of

o a model that are not visible. If an application cares more about single-file
deployment, embedding data may be preferred even though it increases the
overall size due to base64 encoding and does not support progressive or on-
demand loading. Alternatively, an asset could use the GLB container to store JSON
and binary data in one file without base64 encoding. See GLB File Format
Specification for details.

URIs SHOUYLD undergo syntax-based normalization as defined by RFC 3986, Section 62,2} RFC 3987,
Section 5.3.2, and applicable schema rules (e.g., REC 7230, Section 2.7.3 for HTTP)‘dn export and/or
import.

Implementation Note

o While the specification does not explicitly disallow nonsnvormalized URIs, {heir use
may be unsupported or lead to unwanted side-effects~— such as security warnings
or cache misses — on some platforms.
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Chapter 3. Concepts

3.1. General

The figure below shows relations between top-level arrays in a gITF asset. See the Properties
Reference.

Figure 1. glIF Object Hierarchy

3.2. Asset :

Each gITF jasset MUST h an asset property. The asset object MUST contain a versidn property
that specif]es the tar ITF version of the asset. Additionally, an optional minVersion property MAY
be used td speci e minimum gITF version support required to load the asset. The [minVersion
property dllo set creators to specify a minimum version that a client implementafion MUST
support in &@er to load the asset. This is very similar to the extensionsRequired concep{ described
in Section 3.12, where an asset SHOULD NOT be loaded if the client does not support the specified
extension. Additional metadata MAY be stored in optional properties such as generator or
copyright. For example,
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"asset": {

"version": "2.0",
"generator”: "collada2gltf@f356b99aef8868f74877c7ca545f2cd206b9d3b7",
"copyright": "2017 (c) Khronos Group"

Implementation Note

Client implementations should first check whether a minVersion property is
specified and ensure both major and minor versions can be supported. If no

minVersion is specified, then clients should check the version property-an

the GLB header only refers to the GLB container version.

3.3. Indices and Names

Entities of
refers to a

"buf

1,
"buf

a gITF asset are referenced by their indices in corresponding arrays, e.g., a
buffer by specifying the buffer’s index in bufferstarray. For example:

fers": [

{
"bytelLength": 1024,
"uri": "path-to.bin"

}

ferViews": [

{
"buffer" @5
"bytelefgth": 512,
"byte(ffset": 0

}

l ensure

the major version is supported. Clients that load GLB format should-~also dheck for
the minVersion and version properties in the JSON chunk as the version spdcified in

bufferView

In this example, buffers and bufferViews arrays have only one element each. The bufferView refers
to the buffer using the buffer’s index: "buffer": 0.

Indices MUST be non-negative integer numbers. Indices MUST always point to existing elements.

Whereas indices are used for internal glTF references, optional names are used for application-
specific uses such as display. Any top-level gITF object MAY have a name string property for this
purpose. These property values are not guaranteed to be unique as they are intended to contain
values created when the asset was authored.

14
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For property names, glTF usually uses camel case, likeThis.

3.4. Coordinate System and Units

gITF uses a right-handed coordinate system. gITF defines +Y as up, +Z as forward, and -X as right;
the front of a gITF asset faces +Z.

Figure 2. glIF Coordinate System Orientation
The units for all linear distances are meters.
All angles are in radians.

Positive rofation is counterclockwise.

Red, Greer], and Blue primary colors use Recommenaation ITU-R BT.709 chromaticity coopdinates.

Implementation Note

Chromaticity coordinates define the interpretation of each primary color|channel

of the color model. In the-context of a typical display, color primaries des¢ribe the
o color of the red, green, and blue phosphors or filters. Unless a wide coldr gamut
output is explicitly-used, client implementations usually do not need to| convert
colors. Futurespecification versions or extensions may allow other color primaries
(such as P3).

3.5. Sgenes

3.5.1. Overview

gITF 2.0 assets MAY contain zero or more scenes, the set of visual objects to render. Scenes are
defined in a scenes array. All nodes listed in scene.nodes array MUST be root nodes, i.e., they MUST
NOT be listed in a node.children array of any node. The same root node MAY appear in multiple
scenes.

An additional root-level property, scene (note singular), identifies which of the scenes in the array
SHOULD be displayed at load time. When scene is undefined, client implementations MAY delay
rendering until a particular scene is requested.

A gITF asset that does not contain any scenes SHOULD be treated as a library of individual entities
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such as materials or meshes.

The following example defines a glTF asset with a single scene that contains a single node.

{
"nodes": [
{
"name": "singleNode"
}
1,
"scenes": [
{
“Trame “T—*singteScene
"nodes": [
0
]
}
1,
"scqne": 0
}

3.5.2. Nades and Hierarchy
gITF assetd MAY define nodes, that is, the objects comprising the scene to render.
Nodes MAY have transform properties, as described later.

Nodes are jorganized in a parent-child hierarchy known informally as the node hierarchy. A node is
called a ropt node when it doesn’t have:a-parent.

The node hjierarchy MUST be a set of disjoint strict trees. That is node hierarchy MUST NPT contain
cycles and|each node MUST have zero or one parent node.

The node Rierarchy is defined using a node’s children property, as in the following example:
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{
"nodes": [
{
"name": "Car",
"children": [1, 2, 3, 4]
},
{
"name": "wheel 1"
I
{
"name": "wheel_ 2"
I
{
"name": "wheel 3"
}
{
"name": "wheel 4"
}
]
}
The node hamed Car has four children. Each of those nod€s could in turn have its ow
creating a hierarchy of nodes.
3.5.3. Transformations
Any node [MAY define a local space transform either by supplying a matrix property,
translatiop, rotation, and scale properties (also known as TRS properties). translation
are 3D vectors in the local coordinate syStem. rotation is a unit quaternion value, XYZW,
coordinate system, where W is the'sealar.
When matrfix is defined, it MUST be decomposable to TRS properties.

Implementation Note

Transformation matrices cannot skew or shear.

When a njodeis targeted for animation (referenced by an animation.channel.target)

h children,

or any of
and scale
n the local

only TRS

properties

MAY be present; matrix MUST NOT be present.

To compose the local transformation matrix, TRS properties MUST be converted to matrices and
postmultiplied in the T * R * S order; first the scale is applied to the vertices, then the rotation, and
then the translation.

Implementation Note

Non-invertible transforms (e.g., scaling one axis to zero) could lead to
and/or visibility artifacts.

© ISO/IEC 2022 - All rights reserved
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Implementation Note

When the scale is zero on all three axes (by node transform or by animated scale),

o implementations are free to optimize away rendering of the node’s mesh, and all
of the node’s children’s meshes. This provides a mechanism to animate visibility.
Skinned meshes must not use this optimization unless all of the joints in the skin
are scaled to zero simultaneously.

The global transformation matrix of a node is the product of the global transformation matrix of its
parent node and its own local transformation matrix. When the node has no parent node, its global
transformation matrix is identical to its local transformation matrix.

In the example below, a node named Box defines non-default rotation and translation

"nodes": [

||namell: "BOX“’
"rotation": [
0,

1,
"translation": [
-17.7082,
-11.4156,

2.0922

The next example defines the transform for a node with attached camera using the matrix property
rather than using the individual TRS values:
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"nodes": [
{

"name": "node-camera",

"camera": 1,

"matrix": [
-0.99975,
-0.00679829,
0.0213218,
0,
0.00167596,
0.927325,
0.374254,
0,
-0.0223165,
0.374190,
-0.927081,
0,
-0.0115543,
0.194711,
-0.478297,
1

3.6. Binary Data Storage

3.6.1. Buffers and Buffer Views

3.6.1.1. Overview

A buffer is arbitrary-data stored as a binary blob. The buffer MAY contain any compination of
geometry, Animatiod, skins, and images.

Binary blops@low efficient creation of GPU buffers and textures since they require nojadditional
parsing, except perhaps decompression.

gITF assets MAY have any number of buffer resources. Buffers are defined in the asset’s buffers
array.

While there’s no hard upper limit on buffer’s size, gITF assets SHOULD NOT use buffers bigger
than 2*° bytes because some JSON parsers may be unable to parse their byteLength correctly. Buffers
stored as GLB binary chunk have an implicit limit of 2*-1 bytes.

All buffer data defined in this specification (i.e., geometry attributes, geometry indices, sparse
accessor data, animation inputs and outputs, inverse bind matrices) MUST use little endian byte
order.
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The following example defines a buffer. The bytelLength property specifies the size of the buffer file.
The uri property is the URI to the buffer data.

{
"buffers": [
{
"bytelength": 102040,
"uri": "duck.bin"
}
]
}
The byte lgngth of the referenced resource MUST be greater than or equal to the buffew
property.
Buffer datp MAY alternatively be embedded in the gITF file via data: URL-with base64
When datd: URI is used for buffer storage, its mediatype field MUST be set to applicat
streamor application/gltf-buffer.
A buffer vipw represents a contiguous segment of data in a buffe¥)defined by a byte offy
buffer specified in the byteOffset property and a total byteylength specified by the
property of the buffer view.
Buffer views used for images, vertex indices, vertexvattributes, or inverse bind matr
contain only one kind of data, i.e., the same bufferyiew MUST NOT be used both for ver
and vertex attributes.
When a buffer view is used by vertex' indices or attribute accessors it SHOUI

bufferView

The buffer

.target with a value of elemeént array buffer or array buffer respectively.

Implementation Note

This allows client implementations to early designate each buffer view to
processing_step, e.g, buffer views with vertex indices and attributes w
copied.testhe appropriate GPU buffers, while buffer views with image dat
be passed to format-specific image decoders.

Vielw. target value uses integer enums defined in the Properties Reference.

bytelength

encoding.
ion/octet-

et into the
bytelLength

jces MUST
tex indices

LD specify

h proper

ould be
a would

The following example defines two buffer views: the first holds the indices for an indexed triangle
set, and the second holds the vertex data for the triangle set.

20
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{
"bufferViews": [
{
"buffer": 0,
"bytelLength": 25272,
"byteOffset": 0,
"target": 34963
},
{
"buffer": 0,
"bytelLength": 76768,
"byteOffset": 25272,
"byteStride": 32,
"target": 34962
}
]
¥
When a bpffer view is used for vertex attribute data, it MAY have' a byteStride pro
property defines the stride in bytes between each vertex. BuffeD views with other ty}
MUST NOT not define byteStride (unless such layout is explicitly enabled by an extensior]

Buffers and buffer views do not contain type informdtioh. They simply define the ra

retrieval f}
buffer viey

3.6.1.2. GL

The gITF a
Data for su

A buffer W
array and
MUST be p

Any gITF |
does not r

rom the file. Objects within the gITF asset (meshes, skins, animations) access
VS vVia accessors.

B-stored Buffer

ch a buffer is provided via’'the GLB-stored BIN chunk.

jith data provided by the GLB-stored BIN chunk, MUST be the first element
it MUST have itS buffer.uri property undefined. When such a buffer exists, a|
resent.

uffer with undefined buffer.uri property that is not the first element of buf
bfer(to'the GLB-stored BIN chunk, and the behavior of such buffers is left ur

accommod

atefuture extensions and specification versions.

perty. This
es of data
).

v data for
buffers or

sset MAY use the GLB file container to pack gITF JSON and one gITF buffer infto one file.

of buffers
BIN chunk

fers array
defined to

The byte length of the BIN chunk MAY be up to 3 bytes bigger than JSON-defined buffer.bytelLength
value to satisfy GLB padding requirements.

Implementation Note

Not requiring strict equality of chunk’s and buffer’s lengths slightly simpli

fies gITF

to GLB conversion: buffer.bytelLength does not need to be updated after applying

GLB padding.

In the following example, the first buffer object refers to GLB-stored data, while the second points
to external resource:

© ISO/IEC 2022 - All rights reserved
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"buf

13:2022(E)

fers": [
{
"bytelLength": 35884
iy
{
"bytelLength": 504,
"uri": "external.bin"

See GLB Fi

3.6.2. Ac

3.6.2.1. Oy

All binary

An accessd
accessor sj
when com
specified 1
animation

The byte0f
view. If th

morph targets), the locations of thie subsequent data elements are controlle

bufferView
animation

All accessdrs are stored it the asset’s accessors array.

The followj

indices, and the-second is a 3-float-component vector accessor for retrieving the primitiv

data.

pined define the complete data type for each{data element. The number of ¢

le Format Specification for details on GLB File Format.

Cessors
erview
Hata for meshes, skins, and animations is stored in buffersyand retrieved via aq

r defines a method for retrieving data as typed arrays from within a buffex

hsing the count property. Elements couldbe, e.g., vertex indices, vertex
keyframes, etc.

fset property specifies the locatign of the first data element within the referer]
e accessor is used for vertex attributes (i.e., it is referenced by a mesh prim

.byteStride property. H\the accessor is used for any other kind of data (vert
keyframes, etc.), its data elements are tightly packed.

ing example shows two accessors, the first is a scalar accessor for retrieving a

cessors.

view. The

pecifies a component type (e.g., float) and a datd type (e.g., VEC3 for 3D vectgrs), which

lements is
attributes,

ced buffer
itive or its
d by the
ex indices,

primitive’s
’s position
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"accessors": [
{
"bufferView": 0,
"byteOffset": 0,
"componentType": 5123,
"count": 12636,
"max": [
4212
1,

] I
"type": "SCALAR" Q"lzq’

"bufferView": 1, ,\"1/
"byteOffset": 0, O
"componentType": 5126, \\<</
"count": 2399,
"max": [
0.961799, (( 3
1.6397, <:)
0.539252 \\Q
1, QO
"min": [
-0.692985, \§f$>
0.0992937,
-0.613282
1, O
“type": "VEC3" C)\\

. C)OQ
&
3.6.2.2. Ac :ess&é;ta Types

component] Vg’ Data Type Signed Bits

5120 signed byte Signed, two’s 8
complement

py unsigned byte Unsigned 8

5122 signed short Signed, two’s 16
complement

5123 unsigned short Unsigned 16
5125 unsigned int Unsigned 32
5126 float Signed 32
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Signed 32-bit integer components are not supported.

Floating-point data MUST use IEEE-754 single precision format.

Values of N

type
"SCALAR"
"VEC2"
"VEC3"
"VEC4"
"MAT2"
"MAT3"
"MAT4"

Element si
by 'type')

aN, +Infinity, and -Infinity MUST NOT be present.

Number of components

© W N

ze, in bytes, is (size in bytes of the 'componentType') * (dumber of componer

For example:

QY
{ N
"acdessors": [ @‘\0
{ N
"bufferView": 1, N
"byteOffset": 7032, 4\6
"componentType": 5126,\0
"count": 585, C\){‘
"type": IIVEC3|| C)\\
} "L
] O@
} @)

RS

In this acc¢ssor,_thte‘componentType is 5126 (float), so each component is four bytes. The typ
so there are three components. The size of each element is 12 bytes (4 * 3). Thus, the acc

7020 bytes

ts defined

e is "VEC3",
bssor takes

([v932 --- 14@051] inclusive range of the buffer view)

3.6.2.3. Sparse Accessors

Sparse encoding of arrays is often more memory-efficient than dense encoding when describing
incremental changes with respect to a reference array. This is often the case when encoding morph
targets (it is, in general, more efficient to describe a few displaced vertices in a morph target than
transmitting all morph target vertices).

Similar to a standard accessor, a sparse accessor initializes an array of typed elements from data
stored in a bufferView. When accessor.bufferView is undefined, the sparse accessor is initialized as
an array of zeros of size (size of the accessor element) * (accessor.count) bytes.

24
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On top of that, a sparse accessor includes a sparse JSON object describing the elements that are
different from their initialization values. The sparse object contains the following REQUIRED
properties:

 count: number of displaced elements. This number MUST NOT be greater than the number of
the base accessor elements.

 indices: object describing the location and the component type of indices of values to be
replaced. The indices MUST form a strictly increasing sequence. The indices MUST NOT be
greater than or equal to the number of the base accessor elements.

* values: object describing the location of displaced elements corresponding to the indices
referred from the indices.

The followling example shows an example of a sparse accessor with 10 elements that are different
from the initialization array.

acdessors": [
{
"bufferView": 0,
"byteOffset": 0,
"componentType": 5123,
"count": 12636,
"type": "VEC3",
"sparse": {

"count": 10,

"indices": {
"bufferView": 1,
"byteOffset": &
"componentType”: 5123

+

"values":, §

"bufferView": 2,
byteOffset": 0

3.6.2.4. Data Alignment

The offset of an accessor into a bufferView (i.e., accessor.byteOffset) and the offset of an accessor
into a buffer (i.e., accessor.byteOffset + bufferView.byteOffset) MUST be a multiple of the size of
the accessor’s component type.

When byteStride of the referenced bufferView is not defined, it means that accessor elements are
tightly packed, i.e., effective stride equals the size of the element. When byteStride is defined, it
MUST be a multiple of the size of the accessor’s component type.
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When two or more vertex attribute accessors use the same bufferView, its byteStride MUST be

defined.

Each accessor MUST fit its bufferView, i.e.,

accessor.byteOffset + EFFECTIVE_BYTE_STRIDE * (accessor.count - 1) + SIZE_OF_CO
* NUMBER_OF _COMPONENTS

MUST be less than or equal to bufferView.length.

MPONENT

For performance and compatibility reasons, each element of a vertex attribute MUST be aligned to

4-byte boupdaries inside a bufferView (fe accessor byteQffset and bufferView byteStrid

multiples of 4).

e MUST be

Accessors pf matrix type have data stored in column-major order; start of eachicOlummp MUST be

aligned to| 4-byte boundaries. Specifically, when ROWS * SIZE_OF_COMPONENT. (where f
number off rows of the matrix) is not a multiple of 4, then (ROWS * SIZE_OF>COMPONENT) %
bytes MUS[ be inserted at the end of each column.

Only the fqllowing three accessor configurations require padding?

00 g1 02 03
| | |

noo0 | mO

04 as 06 07
| | |

nol | nmll

Figure 3. Mptrix 2x2, 1-byte Components

00 g1 02 03
| | |

no0 | MmO | nR0

04 as 06 07
| | |

mol | mi1 | nei
08 09 0A" OB

owsS is the
4 padding

mo2 | m2d n w2

Figure 4. Matrix 3x3, 1-byte Components
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00 01 02 03 04 05 06 07
100 | 100 | mo | mo | weo [ meo [ |
08 09 0A 0B oC 0D OE OF
w01 [ o1 [ m1 | m1 | we1 [we1 ||
10 11 12 13 14 15 16 17
w02 [ w02 [ m2 | m2 [ w2 w2 [ ]

ISO/IEC 12113:202
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Figure 5. Matrix 3x3, 2-byte Components

Alignment requirements apply only to the start of each column, so trailing bytes MAY be omitted if

there’s no further data.
Implementation Note
o Alignment requirements allow client implementations to more. efficiently process
binary buffers because creating aligned data views usually doés not requjre extra
copying.
Consider the following example:
{
"bufferViews": [
{
"buffer": 0,
"bytelLength": 17136,
"byteOffset": 620
}
1
"acdessors": [
{
"bufferView<a0o,
"byteOffsef™: 4608,
"compoaentType": 5123,
"cout": 42,
type": "VEC2"
X
]
}

In this example, the accessor describes tightly-packed two-component unsigned short values.

The corresponding segment of the underlying buffer would start from byte 5228

start = accessor.byteOffset + accessor.bufferView.byteOffset

and continue until byte 5396 exclusive

© ISO/IEC 2022 - All rights reserved
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end = 2 * 2 * accessor.count + start

The unsigned short view for the resulting buffer range could be created without copying: 84 scalar
values starting from byte offset 5228.

When accessor values are not tightly-packed (i.e., bufferView.byteStride is greater than element’s
byte length), iteration over the created data view would need to take interleaved values into

account (i.e., skip them).

3.6.2.5. Accessors Bounds

accessor.m

maximum
accessor’s

Values stol
buffers. Th

A sparse a
componen|

When neit
intended fi

For floatir
precision f{

boundary

a1rrcr—a v d PTOPT a a ay C CO1ta peTr=CompoT |

values, respectively. The length of these arrays MUST be equal to the“
components.

red in gITF JSON MUST match actual minimum and maximum binary value
e accessor.normalized flag has no effect on these properties.

Cccessor min and max properties correspond, respectively,te\the minimum and
I values once the sparse substitution is applied.

her sparse nor bufferView is defined, min and max§roperties MAY have any val
br use cases when binary data is supplied by éxternal means (e.g., via extensiol

|g-point components, JSON-stored minimum and maximum values repre
loats and SHOULD be rounded to sinigle precision before usage to avoid an
mismatches.

itmimum and

humber of

5 stored in

maximum

pes. This is

1S).

ent single
y potential

ECMAScript Implementation Note

Animation|
defined. Fa

Math. fround functieornicould be used to achieve that.

input and vertex\position attribute accessors MUST have accessor.min and aq
r all other accessors, these properties are optional.

cessor.max

3.7. Geometry

3.7.1. Overview

Any node MAY contain one mesh, defined in its mesh property. The mesh MAY be skinned using
information provided in a referenced skin object. The mesh MAY have morph targets.

3.7.2. Meshes

3.7.2.1. Overview

Meshes are defined as arrays of primitives. Primitives correspond to the data required for GPU
draw calls. Primitives specify one or more attributes, corresponding to the vertex attributes used
in the draw calls. Indexed primitives also define an indices property. Attributes and indices are
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defined as references to accessors containing corresponding data. Each primitive MAY also specify
amaterial and a mode that corresponds to the GPU topology type (e.g., triangle set).

Implementation Note

Splitting one mesh into several primitives can be useful to limit the number of
indices per draw call or to assign different materials to different parts of the mesh.

If material is undefined, then a default material MUST be used.

The following example defines a mesh containing one indexed triangle primitive:

{
"medhes": [
{
"primitives": [
{
"attributes": {
"NORMAL": 23,
"POSITION": 22,
"TANGENT": 24,
"TEXCOORD_0": 25
b
"indices": 21,
"material": 3,
"mode": 4
}
]
}
]
}
Each attripute is defined -as‘*'a property of the attributes object. The name of th¢ property
correspondls to an enumeérated value identifying the vertex attribute, such as POSITION. The value of
the property is the index of an accessor that contains the data.
The specifjcation-defines the following attribute semantics: POSITION, NORMAL, TANGENT, [EXCOORD_n,
COLOR_n,JOFNTS_n,aruiWEIGHTS_n

Application-specific attribute semantics MUST start with an underscore, e.g., _TEMPERATURE.
Application-specific attribute semantics MUST NOT use unsigned int component type.

Valid accessor type and component type for each attribute semantic property are defined below.

Name Accessor Type(s) Component Type(s) Description

POSITION VEC3 float Unitless XYZ vertex
positions

NORMAL VEC3 float Normalized XYZ vertex
normals
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Name Accessor Type(s) Component Type(s) Description
TANGENT VEC4 float XYZW vertex tangents
where the XYZ portion is

normalized, and the W
component is a sign value (-
1 or +1) indicating
handedness of the tangent

basis
TEXCOORD_n  VEC2 float ST texture coordinates
unsigned byte normalized
unsigned short normalized
COLOR_n VEC3 float RGB or RGBA vertgx color
VEC4 unsigned byte normalized linear multiplier
unsigned short normalized
JOINTS_n VEC4 unsigned byte unsigned short See skinned Mesh |Attributes
WEIGHTS n VEC4 float &ee’skinned Mesh Attributes

unsigned byte normalized \
unsigned short normalized

POSITION a¢cessor MUST have its min and max properties defihed.
The W component of each TANGENT accessor element MAUST be set to 1.0 or -1.0.

When a CO[OR_n attribute uses an accessor of "VEG3" type, its alpha component MUST be @assumed to
have a valyie of 1.0.

All components of each COLOR_0 accessor:€lement MUST be clamped to [0.0, 1.0] range.

TEXCOORD_n| COLOR_n, JOINTS_n, ar{d)WEIGHTS_n attribute semantic property names MUST be of the
form [semdntic]_[set_index],%e.g., TEXCOORD_@, TEXCOORD_1, COLOR_O@. All indices for indexed attribute
semantics [MUST start with) 0 and be consecutive positive integers: TEXCOORD_0, TEXCQORD_1, etc.
Indices MUST NOT usedeating zeroes to pad the number of digits (e.g., TEXCOORD_01 is not{allowed).

Client implementations SHOULD support at least two texture coordinate sets, one vertey color, and
one joints/weighfs set.

All attribute accessors for a given primitive MUST have the same count. When indices property is
not defined, attribute accessors' count indicates the number of vertices to render; when indices
property is defined, it indicates the upper (exclusive) bound on the index values in the indices
accessor, i.e., all index values MUST be less than attribute accessors' count.

indices accessor MUST NOT contain the maximum possible value for the component type used (i.e.,
255 for unsigned bytes, 65535 for unsigned shorts, 4294967295 for unsigned ints).

Implementation Note

The maximum values trigger primitive restart in some graphics APIs and would
require client implementations to rebuild the index buffer.
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When indices property is not defined, the number of vertex indices to render is defined by count of
attribute accessors (with the implied values from range [0..count)); when indices property is
defined, the number of vertex indices to render is defined by count of accessor referred to by
indices. In either case, the number of vertex indices MUST be valid for the topology type used:

 For points, it MUST be non-zero.

* For line loops and line strips, it MUST be 2 or greater.

* For triangle strips and triangle fans, it MUST be 3 or greater.

* For lines, it MUST be divisible by 2 and non-zero.

* For triangles, it MUST be divisible by 3 and non-zero

Topology types are defined as follows.

Points

Each vgrtex defines a single point primitive, according to the equation:

pi = [vi}
* Line S{rips

One line primitive is defined by each vertex and the following vertex, according to th¢ equation:

Pi = [V, Viea}
* Line Loops

Loops qre the same as line strips’except that a final segment is added from the fingl specified
vertex fo the first vertex.

e Lines

Each c¢nsecutivepair of vertices defines a single line primitive, according to the equgtion:

pi = LV V‘)i+’l}
» Triangles

Each consecutive set of three vertices defines a single triangle primitive, according to the
equation:

Pi = {Vsi Vsiu1, Viina}
* Triangle Strips

One triangle primitive is defined by each vertex and the two vertices that follow it, according to
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the equation:

Pi = {Vi, Vieasinnzys Vieziioon)}

* Triangle Fans

Triangle primitives are defined around a shared common vertex, according to the equation:

Pi = {Vir1, Viep, Vo}

Mesh geon
the same Vj

When pos
unless its
and non-in

When tang
MikkTSpaq
associated

When nor
provided t

Vertices of
triangle ha

The bitang
XYZ vectd
cross(norm

Extensiong

3.7.2.2. Mg

Morph tar

ertex more than once per topology primitive.

itions are not specified, client implementations SHOULD skip primitive’s

dexed geometry.

ents are not specified, client implementations SHOULD calculate tangents us

with the normal texture.
hngents (if present) MUST be ignored.
ve different tangent.w values, its tangent space is considered undefined.

ent vectors MUST be comptited by taking the cross product of the normal a
rs and multiplying it.Cagainst the W component of the tangent: bi

pl.xyz, tangent.xyz) *_tangent.w.

MAY add additional attribute names, accessor types, and/or component types

rph Targets

rets@re defined by extending the Mesh concept.

e algorithms with the specified vertex positions, ®térmals, and texture ¢

s that use

rendering

ositions are provided by other means (e.g., by an extension). Thiscapplies to bagth indexed

ing default
oordinates

mals are not specified, client implementations MUST calculate flat normals and the

the same triangle SHOULD have the’same tangent.w value. When vertices of the same

hd tangent
tangent

A morph t

original attributes to a weighted sum of the target’s attributes.

arget 1s a morphable Mesh where the primitives atiributes are obtained by adding the

For instance, the morph target vertices POSITION for the primitive at index i are computed in this

way:

primitives[i].attributes.POSITION +
weights[0] * primitives[i].targets[0].POSITION +
weights[1] * primitives[i].targets[1].POSITION +
weights[2] * primitives[i].targets[2].POSITION + ...
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Morph targets are specified via the targets property defined in the Mesh primitives. Each target in
the targets array is a plain JSON object mapping a primitive attribute to an accessor containing

morph target displacement data (deltas).

For each morph target attribute, an original attribute MUST be present in the mesh primitive.

Attributes present in the base mesh primitive but not included in a given morph target MUST
retain their original values for the morph target.

Implementation Note

This allows skipping zero-filled accessors and implies that different morph targets
may contain different sets of attributes.

Client imj]
TANGENT —
and/or COL

If morph {
underscor

All primitiy

Accessor ty
table beloy

DR_n attributes.

since handedness cannot be displaced.

yes MUST have the same number of morph targets in the same order.

blementations SHOULD support at least three attributes—POSITIOQN, | AM(RMAL, and
'or morphing. Client implementations MAY optionally support morphed

TEXCOORD_n

argets contain application-specific semantics, their names MUST be prefix¢d with an
P (e.g., _TEMPERATURE) like the associated attribute semantics;

'pe and component type for each morphed attpibute semantic property MUST]| follow the
v. Note that the W component for handedness is omitted when targeting TANGENT data

Name Accessor Type(s) Component Type(s) Description
POSITION VEC3 float XYZ vertex pqsition
displacementp
NORMAL VEC3 float XYZ vertex nqrmal
displacementp
TANGENT | VEC3 float XYZ vertex tapgent
| displacementp
TEXCOORD_1 VEC2 float ST texture cogrdinate
signed byte normalized displacementp
signed short
normalized
unsigned byte
normalized
unsigned short
normalized
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Accessor Type(s) Component Type(s) Description

VEC3
VEC4

float RGB or RGBA
signed byte normalized deltas

signed short

normalized

unsigned byte

normalized

unsigned short

normalized

POSITION accessor MUST have its min and max properties defined.

color

Displacem
transformis

When the ]
tangents f

When the
flat normdg
MUST be i

When COL(
have a vali

After appl
clamped tdg

All morph

A mesh w
default tai
mesh.weigh

ition matrices affecting the mesh vertices such as skinning or node transforms

pbase mesh primitive does not specify tangents, client implementations SHOUL

base mesh primitive does not specify normals, clientCiiiplementations MUS
Is for each morph target; the provided tangents dand their displacements
bnored.

R_n deltas use an accessor of "VEC3" type, their alpha components MUST be ¢
e of 0.0.

ying color deltas, all components -6f each COLOR_0 morphed accessor elemen
[0.0, 1.0] range.

ith morph targets MAY also define an optional mesh.weights property that

ts is undefined,.the default targets' weights are zeros.

bnts for POSITION, NORMAL, and TANGENT attributes MUST be applied lJefore any

D calculate

br each morph target using default MikkTSpace algorithms with the updated vertex
positions, normals, and texture coordinates associated with the normal texture.

[ calculate
if present)

ssumed to

I MUST be

target accessors MUST hayethe same count as the accessors of the original primitive.

stores the

gets' weights. TheSe weights MUST be used when node.weights is undefijed. When

The following examyple extends the Mesh defined in the previous example to a morphable one by

adding twq

morph targets:
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"primitives": [

The numb
morphed 3
target has
morph tar

For assets
to only use

{

"attributes": {
"NORMAL": 23,
"POSITION": 22,
"TANGENT": 24,
"TEXCOORD_0": 25

Jrs

"indices": 21,

"material": 3,

"targets": [

{
"NORMAL": 33,
"POSITION": 32,
"TANGENT": 34
Iy,
{
"NORMAL": 43,
"POSITION": 42,
"TANGENT": 44
}
]
}
ghts": [0, 0.5]

br of morph targets is not limited. Client implementations SHOULD support at]
ttributes. This means that.they SHOULD support eight morph targets when e
one attribute, four morph targets where each morph target has two attribu
rets where each morph target has three or four attributes.

hat contain @ higher number of morphed attributes, client implementations M
the eightattributes of the morph targets with the highest weights.

Imiplementation Note

least eight
hch morph
fes, or two

AY choose

A - . - Fad - - - - . - il . -
A-significant Trumberof authoring—amd chent Tmptermentations—associat

with morph targets. While the gITF 2.0 specification currently does not p

e names
rovide a

way to specify names, most tools use an array of strings, mesh.extras.targetNames,
for this purpose. The targetNames array and all primitive targets arrays must have

the same length.

3.7.3. Skins

3.7.3.1. Ov

erview

gITF 2.0 meshes support Linear Blend Skinning via skin objects, joint hierarchies, and designated

© ISO/IEC 2022 - All rights reserved

35


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

vertex attributes.

Skins are stored in the skins array of the asset. Each skin is defined by a REQUIRED joints property
that lists the indices of nodes used as joints to pose the skin and an OPTIONAL inverseBindMatrices
property that points to an accessor with inverse bind matrices data used to bring coordinates being
skinned into the same space as each joint.

The order of joints is defined by the skin.joints array and it MUST match the order of
inverseBindMatrices accessor elements (when the latter is present). The skeleton property (if
present) points to the node that is the common root of a joints hierarchy or to a direct or indirect
parent node of the common root.

ot ats o N oftg
CTITaATtoOTTIvVOTC

Although the skeleton property is not needed for computing skinning tra
it may be used to provide a specific “pivot point” for the skinned geemetry,

An access@r referenced by inverseBindMatrices MUST have floating-point leomponent

type. The 11

umber of elements of the accessor referenced by inverseBindlatrices MUST gJ

or equal t¢ the number of joints elements. The fourth row of eachratrix MUST be §

0.0, 0.0,

3.7.3.2. Joi

The joint h
node desig
a common|
node itself
the same s

1.0].

Implementation Note

The matrix defining how to pose the skif¥s ‘geometry for use with the joi
known as “Bind Shape Matrix”) should be premultiplied to mesh data or tqg
Bind Matrices.

nt Hierarchy

ierarchy used for controllifig skinned mesh pose is simply the node hierarchy

parent node (direct’or indirect) called common root, which may or may nof
When a skin isreferenced by a node within a scene, the common root MUS]
Cene.

Implementation Note

Anode object does not specify whether it is a joint. Client implementati

hsforms,

of "MAT4"
reater than
et to [0.0,

nts (also
Inverse

with each

nated as a joint by a reference from the skin.joints array. Each skin’s joints MUST have

be a joint
[ belong to

bNs may

need to fraverse the skins array first marking each joint node

Ajoint node MAY have other nodes attached to it, even a complete node sub graph with meshes.

Implementation Note

It’s common to have an entire geometry attached to a joint node without having it
being skinned (e.g., a sword attached to a hand). Note that the node transform is

the local transform of the node relative to the joint, like any other node in
node hierarchy as described in the Transformations section.

the gITF

Only the joint transforms are applied to the skinned mesh; the transform of the skinned mesh node
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In the example below, the translation of node_0 and the scale of node_1 are applied while the

translation of node_3 and rotation of node_4 are ignored.

{
"nodes": [
{
"name": "node_0",
"children": [ 1 ],
"translation": [ 0.0, 1.0, 0.0 ]
H
1
"name": "node_ 1", QS{]’
“children": [ 2 1], )
"scale": [ 0.5, 0.5, 0.5 ] '\,\‘b'
}, v
{ n n, n n C)
name": "node 2 \\Q/
}, 5o
{ g\\
"name": "node 3", (@)
"children": [ 4 1, <:§k
"translation": [ 1.0, 0.0, 0.0 ] \52
Iy s\\‘>
{ Q
“name": "node_4", 4$f$>
"mesh": 0, X
"rotation": [ 0.0, 1.0 ng, 0.0 1,
n ron, \O
skin": 0 Nu
¥ N\
1, O
"skins": [ §§>'
{ (ig)
"inveqégﬁqndMatrices": 0,
"joifds™: [ 1, 2 1,
(; eton": 1
}
) [
}

3.7.3.3. Skinned Mesh Attributes

The skinned mesh MUST have vertex attributes that are used in skinning calculations. The JOINTS_n
attribute data contains the indices of the joints from the corresponding skin.joints array that affect
the vertex. The WEIGHTS_n attribute data defines the weights indicating how strongly the joint

influences the vertex.

To apply skinning, a transformation matrix is computed for each joint. Then, the per-vertex
transformation matrices are computed as weighted linear sums of the joint transformation
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matrices. Note that per-joint inverse bind matrices (when present) MUST be applied before the base
node transformes.

In the following example, a mesh primitive defines JOINTS_0 and WEIGHTS_0 vertex attributes:

"meshes": [
{
"name": "skinned-mesh_1",
"primitives": [
{
"attributes": {
JUINTS 0™ 1/Y,
"NORMAL": 165,
"POSITION": 163,
"TEXCOORD_0": 167,
"WEIGHTS_0": 176

I
"indices": 161,
"material": 1,
"mode": 4

The numbegr of joints that influence one vertex is limited to 4 per set, so the referenced accessors
MUST havg VEC4 type and following component types:

* JOINTS |n: unsigned byte or unsighed short

* WEIGHTY_n: float, or normalized unsigned byte, or normalized unsigned short
The joint weights for eachivertex MUST NOT be negative.
Joints MUST NOT.tontain more than one non-zero weight for a given vertex.

When the weights are stored using float component type, their linear sum SHOULD be |as close as
reasonably possible to 1.0 for a given vertex.

When the weights are stored using normalized unsigned byte, or normalized unsigned short
component types, their linear sum before normalization MUST be 255 or 65535 respectively.
Without these requirements, vertices would be deformed significantly because the weight error
would get multiplied by the joint position. For example, an error of 1/255 in the weight sum would
result in an unacceptably large difference in the joint position.

Implementation Note

The threshold in the official validation tool is set to 2e-7 times the number of non-
zero weights per vertex.
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Implementation Note

o Since the allowed threshold is much lower than minimum possible step for
quantized component types, weight sum should be renormalized after
quantization.

When any of the vertices are influenced by more than four joints, the additional joint and weight
information are stored in subsequent sets. For example, JOINTS_1 and WEIGHTS_1 if present will
reference the accessor for up to 4 additional joints that influence the vertices. For a given primitive,
the number of JOINTS_n attribute sets MUST be equal to the number of WEIGHTS _n attribute sets.

Client implementations MAY support only a single set of up to four weights and joints, however not
supporting all weight and joint sets present in the file may have an impact on the asset’s animation.

All joint vqlues MUST be within the range of joints in the skin. Unused joint values (i;8.¥jdints with a
weight of Zero) SHOULD be set to zero.

3.7.4. Instantiation

A mesh is |nstantiated by node.mesh property. The same mesh could-be ‘used by many nodes, which
could havq different transforms. For example:

{
"nodes": [
{
"mesh": 11
I
{
"mesh": 11,
"translation": [
-20,
S
0
]
}
]
}

After applying the node’s global transform, mesh vertex position values are meters.

When a mesh primitive uses any triangle-based topology (i.e., triangles, triangle strip, or triangle
fan), the determinant of the node’s global transform defines the winding order of that primitive. If
the determinant is a positive value, the winding order triangle faces is counterclockwise; in the
opposite case, the winding order is clockwise.

Implementation Note

9 Switching the winding order to clockwise enables mirroring geometry via negative
scale transforms.
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When an instantiated mesh has morph targets, it MUST use morph weights specified with the
node.weights property. When the latter is undefined, mesh.weights property MUST be used instead.
When both of these fields are undefined, the mesh is instantiated in a non-morphed state (i.e., with
all morph weights set to zeros).

The example below instantiates a Morph Target with non-default weights.

{
"nodes": [
{
"mesh": 11,
"weights": [0, 0.5]
}
]
}

A skin is irfstantiated within a node using a combination of the node’s mesh and skin progerties. The
mesh for afskin instance is defined in the mesh property. The skin propérty contains the ipdex of the
skin to insfance.

The followjing example shows a skinned mesh instance: a skip~pbject, a node with a skinpned mesh,
and two jojnt nodes.
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}
1.
"nodes": [
{
"name":"Skinned mesh node",
"mesh": 0,
"skin": 0
I
{ Qq’q/
“name":"Skeleton root joint", (bq/
"children": [2], ,\'\
"rotation": [ ,\(1/
0,
3 &
0.7071067811865475, %O
0.7071067811865476 \\
i «
"translation": [ Q
4.61599, Q
N
-2.032e-06, QO
-5.08e-08 %\@
) R
2 3
{ O
"name": "Head", ’ C\)j:
"translation": [C)\\
8.76635,
0,
e
RN
}
] QeO
K

3.8. Texture Data

3.8.1. Overview

gITF 2.0 separates texture access into three distinct types of objects: Textures, Images, and

Samplers.
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3.8.2. Textures

Textures are stored in the asset’s textures array. A texture is defined by an image index, denoted by
the source property and a sampler index (sampler). For example:

{
"textures": [
{
"sampler": 0,
"source": 2
}
]
}

gITF 2.0 supports only static 2D textures.

When textjure.source is undefined, the image SHOULD be provided by an extension or ajpplication-
specific m¢ans, otherwise the texture object is undefined.

Implementation Note

o Client implementations may render such textures with a predefined plageholder
image or being filled with some error color{uysually magenta).

When texffure.sampler is undefined, a sampler withxépeat wrapping (in both directiong) and auto
filtering MUST be used.

3.8.3. Imlages
Images referred to by textures are stored in the images array of the asset.
Each imagg contains one of

* a URI (¢r IRI) to an external file in one of the supported image formats, or
e a Data URI with emibedded data, or

* arefergnce te-a bufferView; in that case mimeType MUST be defined.

ther image

The follo X
referencing a bufferView with JPEG data.
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{
"images": [
{
"uri": "duckCM.png"
iy
{
"bufferView": 14,
"mimeType": "image/jpeg"
}
]
}

Client implementations MAY need to manually determine the media type of some images. In such a
case, the fqllowing table SHOULD be used to check the values of the first few byteg.

Media Type Pattern Length Pattern Bytes

image/png 8 0x89 @x5é Ox4E 0x47 @x0D 0x0A
OxIKAXx0A
image/jpeq 3 BxFF 0xD8 OxFF

The image[data MUST match the image.mimeType property wlen the latter is defined.

The origin|of the texture coordinates (0, 0) corresponds.to the upper left corner of a texfure image.
This is illustrated in the following figure, where the‘respective coordinates are shown for all four
corners of ja normalized texture space:

©, 0) » ((1,0)
S

©0,1" (1, 1)

Figure 6. Nopmalized Texture Coordinates

Any colorspace information (such as ICC profiles, intents, gamma values, etc.) from PNG or JPEG
images MUST be ignored. Effective transfer function (encoding) is defined by a gITF object that
refers to the image (in most cases it’s a texture that is used by a material).
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Web Implementation Note

To ignore embedded colorspace information when using WebGL API, set

UNPACK_COLORSPACE_CONVERSION_WEBGL flag to NONE.

To ignore embedded colorspace information when using ImageBitmap API, set

colorSpaceConversion option to none.

3.8.4. Samplers

3.8.4.1. Overview

Samplers are stored in the samplers array of the asset. Fach sampler specifies fil
wrapping nodes.

The sampler properties use integer enums defined in the Properties Reference.

Client impJlementations SHOULD follow specified filtering modes. When the’latter are
client implementations MAY set their own default texture filtering settings.

Client implementations MUST follow specified wrapping modes.

3.8.4.2. Filtering

Filtering
Magnificat

e Neares

coordinates. This process is sometimges talled “nearest neighbor”.

e Linear.

adjacent texels. This process is sometimes called “bilinear interpolation”.

Minificatig

e Neares
Manha
“neare

odes control texture’s magnification and minification.
ion modes include:

f. For each requested texel coordinate, the sampler selects a texel with t

For each requested texel-¢oordinate, the sampler computes a weighted sum|

n modes include:

t. For eachsrequested texel coordinate, the sampler selects a texel with the
ftan distance) coordinates from the original image. This process is someti
bt neighbor”.

e Linear.

Fer each requested texel coordinate, the sampler computes a weighted sum|

ering and

undefined,

ne nearest

of several

hearest (in
mes called

of several

adjacent texels from the original image. This process is sometimes called “bilinear
interpolation”.

* Nearest-mipmap-nearest. For each requested texel coordinate, the sampler first selects one of
pre-minified versions of the original image, and then selects a texel with the nearest (in
Manhattan distance) coordinates from it.

* Linear-mipmap-nearest. For each requested texel coordinate, the sampler first selects one of pre-
minified versions of the original image, and then computes a weighted sum of several adjacent
texels from it.

* Nearest-mipmap-linear. For each requested texel coordinate, the sampler first selects two pre-
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minified versions of the original image, selects a texel with the nearest (in Manhattan distance)
coordinates from each of them, and performs final linear interpolation between these two
intermediate results.

* Linear-mipmap-linear. For each requested texel coordinate, the sampler first selects two pre-
minified versions of the original image, computes a weighted sum of several adjacent texels
from each of them, and performs final linear interpolation between these two intermediate

results.

This process is sometimes called “trilinear interpolation”.

To properly support mipmap modes, client implementations SHOULD generate mipmaps at
runtime. When runtime mipmap generation is not possible, client implementations SHOULD
override the minification filtering mode as follows:

Linear-mi
Linear-mi

3.8.43. W

Per-vertex
for the im
data encod
first (uppe
the last (lo

Sampler’s
than or eq

* Repeat

e Mirror
(truncd

inification mode Fallback mode
ipmap-nearest Nearest
ipmap-linear

map-nearest Linear

map-linear

apping

texture coordinates, which are provided via TEXCOORD_n attribute values, are formalized

hge size (not to confuse with the normalized<aceessor property, the latter ref
ling). That is, the texture coordinate valuexof (0.0, 0.0) points to the beginj
r-left) image pixel, while the texture cogrdinate value of (1.0, 1.0) points to
wer-right) image pixel.

wrapping modes define how telhandle texture coordinates that are negative
hal to 1.0, independently for'both directions. Supported modes include:

Only the fractional partof texture coordinates is used.

Example

2.2mapsto0.2; -0.4 mapsto 0.6.

pd Repeat. This mode works as repeat but flips the direction when the in
tetk towards -) is odd.

brs only to
ing of the
the end of

or greater

teger part

Example

2.2 mapsto0.2; -0.41is treated as 0.4.

* Clamp to edge. Texture coordinates with values outside the image are clamped to the closest
existing image texel at the edge.

3.8.4.4. Example

The following example defines a sampler with linear magnification filtering, linear-mipmap-linear
minification filtering, and repeat wrapping in both directions.
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{
"samplers": [
{
"magFilter": 9729,
"minFilter": 9987,
"wrapS": 10497,
"wrapT": 10497
}
]
}

3.8.4.5. Nop-power-oi-two Textures

Client implementations SHOULD resize non-power-of-two textures (so that thein Horigontal and
vertical sifes are powers of two) when running on platforms that have limited suppoyt for such
texture dirpensions.

Implementation Note

Specifically, if the sampler the texture references:

o * has a wrapping mode (either wrapS or wrapJ)-equal to repeat or mirrorefl repeat,
or

* has a minification filter (minFilter) that uses mipmapping.

3.9. Materials

3.9.1. Overview

gITF defings materials using a common set of parameters that are based on widely usdd material
representdtions from Physically Based Rendering (PBR). Specifically, gIlTF uses th¢ metallic-
roughness{material model,-Using this declarative representation of materials enables a BITF file to
be renderdd consistently across platforms.
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Base Color Metal Rough

Bottle Cap Side
Bottle
 Sleeve Side

Emissive Occlusion Normal

Figure 7. PRysically Based Rendering Example

3.9.2. M¢tallic-Roughness Material

All paranjeters related to the metallic-roughnesssmaterial model are defined pnder the
pbrMetallifRoughness property of material object,The following example shows how {o define a
gold-like mjaterial using the metallic-roughness parameters:

A\
{ xQO
"maflerials": [ C\){‘
{ N
"name": "gold,.
“pbrMetall@Jghness": {
"bas€CoTorFactor": [ 1.000, 0.766, 0.336, 1.0 1,
avgﬁ’llicFactor": 1.0,
O oughnessFactor": 0.0
, B
}

The metallic-roughness material model is defined by the following properties:

» base color - The base color of the material.

» metalness - The metalness of the material; values range from 0.0 (non-metal) to 1.0 (metal); see
Appendix B for the interpretation of intermediate values.

* roughness - The roughness of the material; values range from 0.0 (smooth) to 1.0 (rough).

The base color has two different interpretations depending on the value of metalness. When the
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material is a metal, the base color is the specific measured reflectance value at normal incidence
(FO). For a non-metal the base color represents the reflected diffuse color of the material. In this
model it is not possible to specify a FO value for non-metals, and a linear value of 4% (0.04) is used.

The value for each property MAY be defined using factors and/or textures (e.g., baseColorTexture
and baseColorFactor). If a texture is not given, all respective texture components within this
material model MUST be assumed to have a value of 1.0. If both factors and textures are present,
the factor value acts as a linear multiplier for the corresponding texture values. A texture binding is
defined by an index of a texture object and an optional index of texture coordinates.

The following example shows a material that uses a texture for its base color property.

maferials": [

{
"pbrMetallicRoughness": {

"baseColorTexture": {
"index": 0,
"texCoord": 1

}I

1,

"teqtures": [

{

"source": 0

"im3gges": [

uri": "base_colei\png"

The base dolor texture MUST contain 8-bit values encoded with the sRGB opto-electrorjic transfer
function sp RGB"values MUST be decoded to real linear values before they are us¢d for any
computatipnsy To achieve correct filtering, the transfer function SHOULD be decoded before
performing linear interpolation.

The textures for metalness and roughness properties are packed together in a single texture called
metallicRoughnessTexture. Its green channel contains roughness values and its blue channel
contains metalness values. This texture MUST be encoded with linear transfer function and MAY
use more than 8 bits per channel.

For example, assume an 8-bit RGBA value of [64, 124, 231, 255] is sampled from baseColorTexture
and assume that baseColorFactor is given as [0.2, 1.0, 0.7, 1.0]. Then, the final base color value
would be (after decoding the transfer function and multiplying by the factor)
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[0.051 * 0.2, 0.202 * 1.0, ©.799 * 0.7, 1.0 * 1.0] = [0.0102, 0.202, 0.5593, 1.0]

In addition to the material properties, if a primitive specifies a vertex color using the attribute
semantic property COLOR_0, then this value acts as an additional linear multiplier to base color.

Implementations of the bidirectional reflectance distribution function (BRDF) itself MAY vary
based on device performance and resource constraints. See Appendix B for more details on the
BRDF calculations.

3.9.3. Additional Textures

The mateq
metallic-rg
glITF exten

The follow;

* normal : A tangent space normal texture. The texture encodes XYZ components o

vector
SHOUI
MUST
1.0] mg
0.5.

ughness material model as well as other material models, which could be|pr
Eions.

ing additional textures are supported:

in tangent space as RGB values stored with linear trafifer function. Norm
D NOT contain alpha channel as it not used anyway~After dequantization, tg
pe mapped as follows: red [0.0 .. 1.0] to X [-1 .. 1], gkeen [0.0 .. 1.0] to Y [-1 .. 1]
ps to Z (0 .. 1]. Normal textures SHOULD NOTF contain blue values less than

The te3
linearly

Norma
used, V|

occlusi
ambier
occlusi
occlud

Implementation Note

This mapping is usually implemented as sampledValue * 2.0 - 1.0.

cture binding for normal textures MAY additionally contain a scalar scale
/ scales X and Y componefts of the normal vector.

pctor normalization happens after scaling.

on : TheloccClusion texture; it indicates areas that receive less indirect ligl
it sources. Direct lighting is not affected. The red channel of the texture e
pr, value, where 0.0 means fully-occluded area (no indirect lighting) and 1.0

ial definifion also provides for additional textures that MAY also be usefl with the

ovided via

[ a normal
hl textures
pxel values
blue (0.5 ..
br equal to

value that

| vectors MUST be ‘normalized before being used in lighting equations. When scaling is

nting from
hcodes the
means not

pdhatrea (full indirect lighting). Other texture channels (if present) do not affect

pcclusion.

The texture binding for occlusion maps MAY optionally contain a scalar strength value that is
used to reduce the occlusion effect. When present, it affects the occlusion value as 1.0 +
strength * (occlusionTexture - 1.0).

emissive : The emissive texture and factor control the color and intensity of the light being

emitted by the material. The texture MUST contain 8-bit values encoded with the sRGB opto-
electronic transfer function so RGB values MUST be decoded to real linear values before they
are used for any computations. To achieve correct filtering, the transfer function SHOULD be

decode

d before performing linear interpolation.
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For implementations where a physical light unit is needed, the units for the multiplicative
product of the emissive texture and factor are candela per square meter (cd / m?), sometimes

called nits.

Implementation Note

Because the value is specified per square meter, it indicates the brightness of
any given point along the surface. However, the exact conversion from
physical light units to the brightness of rendered pixels requires knowledge of
the camera’s exposure settings, which are left as an implementation detail
unless otherwise defined by a gITF extension.

Many rendering engines simplify this calculation by assuming that an emissive

factor of 1.0 results in a fully exposed pixel.

The followjing example shows a material that is defined using pbrMetallicRoughness parpmeters as

well as additional textures:

matlerials": [
{
"name": "Material@",
"pbrMetallicRoughness": {
"baseColorFactor": [ 0.5, 0.5, @&.5, 1.0 ],
"baseColorTexture": {
"index": 1,
"texCoord": 1
b
"metallicFactor”: «T,
"roughnessFactort: 1,
"metallicRoughnessTexture": {
"index": 2,
"tex{oord": 1
}
Jrs

"narmalTexture": {
"scale": 2,
"index": 3,

*texcoora T 1

}

"emissiveFactor": [ 0.2, 0.1, 0.0 ]

If a client implementation is resource-bound and cannot support all the textures defined it
SHOULD support these additional textures in the following priority order. Resource-bound

implementations SHOULD drop textures from the bottom to the top.
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Texture Rendering impact when feature is not supported

Normal Geometry will appear less detailed than authored.

Occlusion Model will appear brighter in areas that are intended to be darker.
Emissive Model with lights will not be lit. For example, the headlights of a car model

will be off instead of on.

3.9.4. Alpha Coverage

The alphaMode property defines how the alpha value is interpreted. The alpha value is taken from
the fourth component of the base color for metallic-roughness material model.

alphalMode ¢an be one of the following values:

» OPAQUE } The rendered output is fully opaque and any alpha value is ignored.

* MASK - The rendered output is either fully opaque or fully transparent depending o1} the alpha
value gnd the specified alpha cutoff value; the exact appearance of the edges MAY bg subject to
implementation-specific techniques such as “Alpha-to-Coverage”.

o Note
This mode is used to simulate geometry sych-as tree leaves or wire fenges.

* BLEND -| The rendered output is combined with tRe background using the “over” dperator as
descriljed in Compositing digital images.

o Note
This mode is used to simulate geometry such as gauze cloth or animal fjur.

When alplfaMode is set to MASK the alphaCutoff property specifies the cutoff threshold. If the alpha
value is greater than or egual to the alphaCutoff value then it is rendered as fully opaque,
otherwise,|it is rendered as fully transparent. alphaCutoff value is ignored for other modgs.

© ISO/IEC 2022 - All rights reserved 51


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

Implementation Note for Real-Time Rasterizers

Real-time rasterizers typically use depth buffers and mesh sorting to support alpha
modes. The following describe the expected behavior for these types of renderers.

* OPAQUE - A depth value is written for every pixel and mesh sorting is not
required for correct output.

MASK - A depth value is not written for a pixel that is discarded after the alpha
test. A depth value is written for all other pixels. Mesh sorting is not required
for correct output.

BLEND - Support for this mode varies. There is no perfect and fast solution that
works for all cases. Client implementations should try to achieve the correct
blending output for as many situations as possible. Whether depth |value is
written or whether to sort is up to the implementation. Eor” ¢xample,
implementations may discard pixels that have zero or close torzero alpha value
to avoid sorting issues.

3.9.5. Do

The double
When this

When this
face MUST]

3.9.6. De

The defau
no proper

uble Sided

Cided property specifies whether the material is doubleZsided.
value is false, back-face culling is enabled, i.e., onlly front-facing triangles are r

value is true, back-face culling is disabled and double sided lighting is enabled,
have its normals reversed before the lighting equation is evaluated.

fault Material

material, used when a mesh-does not specify a material, is defined to be a ma3
ies specified. All the default values of material apply.

bndered.

The back-

terial with

Implementation:Note

This material does not emit light and will be black unless some lighting is
in the stene.

present

3.9.7. Po

rnt and Line Materials

This specification does not define size or style of non-triangular primitives (such as points or lines),
and applications MAY use various techniques to render these primitives as appropriate. However,
the following conventions are RECOMMENDED for consistency:

* Points and Lines SHOULD have widths of 1px in viewport space.

Points or Lines with NORMAL and TANGENT attributes SHOULD be rendered with standard lighting
including normal textures.

Points or Lines with NORMAL but without TANGENT attributes SHOULD be rendered with standard
lighting but ignoring any normal textures on the material.

* Points or Lines with no NORMAL attribute SHOULD be rendered without lighting and instead use
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the sum of the base color value (as defined above, multiplied by COLOR_0 when present) and the
emissive value.

3.10. Cameras

3.10.1. Overview

Cameras are stored in the asset’s cameras array. Each camera defines a type property that designates
the type of projection (perspective or orthographic), and either a perspective or orthographic
property that defines the details. A camera is instantiated within a node using the node.camera

property.

A camera

space to the clip space.

A node coftaining the camera instance defines the view matrix that transforms scene ¢

from the g

3.10.2. V

The camer]
axis, and tl

The view
scaling ig

3.10.3. P

3.10.3.1.0
The projec

There are
undefined
projection

The follow

object defines the projection matrix that transforms scene coordinates froy

obal space to the view space.

jew Matrix

A is defined such that the local +X axis is to the right;ithe “lens” looks towards
he top of the camera is aligned with the local +Y &xis.

atrix is derived from the global transformyof the node containing the camej
red. If the node’s global transform is identity, the location of the camera is at

rojection Matrices

yerview

fion can be perspective.dr orthographic.

two subtypes of perspective projections: finite and infinite. When the zfar ]
the camera ‘defines an infinite projection. Otherwise, the camera defin

ing @xample defines two perspective cameras with supplied values for Y fie

aspect rati

h the view

oordinates

the local -Z

ra with the
he origin.

broperty is
ps a finite

ld of view,

pyar(d clipping information.
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{
"cameras": [
{
"name": "Finite perspective camera"”,
"type": "perspective",
"perspective": {
"aspectRatio": 1.5,
"yfov": 0.660593,
"zfar": 100,
"znear": 0.01
}
b
{
"name": "Infinite perspective camera",
"type": "perspective",
"perspective”: {
"aspectRatio": 1.5,
"yfov": 0.660593,
"znear": 0.01
}
}
]
}
Client implementations SHOULD use the followingprojection matrices.
3.10.3.2. Ijfinite perspective projection
Let
*a be| the aspect ratio( (width over height) of the field of view,
camera |perspective.aspectRatio, or the aspect ratio of the viewport;
* y be th¢ vertical field ofview in radians, set by camera.perspective.yfov;
* n be th¢ distanceto-the near clipping plane, set by camera.perspective.znear.
Then, the projeetion matrix is defined as follows.
1
a x tan(0.5 x y) 0 0 0
1
0 tan(0.5 x y) 0
0 0 -1 -2n
0 0 -1 0

set

When the provided camera’s aspect ratio does not match the aspect ratio of the viewport, client
implementations SHOULD NOT crop or perform non-uniform scaling (“stretching”) to fill the

viewport.
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3.10.3.3. Finite perspective projection

Let

*a be the aspect ratio (width over height) of the field of view, set by
camera.perspective.aspectRatio, or the aspect ratio of the viewport;

* y be the vertical field of view in radians, set by camera.perspective.yfov;

f be the distance to the far clipping plane, set by camera.perspective.zfar;

* n be the distance to the near clipping plane, set by camera.perspective.znear.

Then, the projection matrix is defined as follows.

1
_— 0 0 0
a x tan(0.5 x y)
1
0 _ 0 0
tan(0.5 x y)
0 f+n 2fn
n—f n-f
I 0 -1 0

When the [provided camera’s aspect ratio does not match the aspe¢t ratio of the viewport, client
implementations SHOULD NOT crop or perform non-uniform-Scaling (“stretching”)|to fill the
viewport.

3.10.3.4. Orthographic projection

Let

* r be half the orthographic width, set by-c@mera.orthographic.xmag;

* t be half the orthographic height, set\by camera.orthographic.ymag;

f be th¢ distance to the far clipping plane, set by camera.orthographic.zfar;

n be th¢ distance to the near elipping plane, set by camera.orthographic.znear.

Then, the projection mattixis defined as follows.

1
-0 0 0
r
1
0o - 0 0
t
Oon—fn—f
L0 0 0 1

When r / t does not match the aspect ratio of the viewport, client implementations SHOULD NOT
crop or perform non-uniform scaling (“stretching”) to fill the viewport.

3.11. Animations

gITF supports articulated and skinned animation via key frame animations of nodes' transforms.
Key frame data is stored in buffers and referenced in animations using accessors.
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gITF 2.0 also supports animation of instantiated morph targets in a similar fashion.

Note

0 gITF 2.0 only supports animating node transforms and morph target weights.
Extensions or a future version of the specification may support animating
arbitrary properties, such as material colors and texture transformation matrices.

Note

gITF 2.0 defines only storage of animation keyframes, so this specification doesn’t
define any runtime behavior, such as: order of playing, auto-start, loops, mapping
o of timelines, etc. When loading a gITF 2.0 asset, client implementations may select
an animation entry and pause 1t on the 1rst frame, play it automatically, qr ignore
all animations until further user requests. When a playing animation |is’stopped,
client implementations may reset the scene to the initial state or-fteeze |it at the
current frame.

Implementation Note

gITF 2.0 does not specifically define how an animatigmwill be used when imported
o but, as a best practice, it is recommended that eaeh-animation is self-contpined as

an action. For example, “Walk” and “Run” anim@tions might each contain multiple
channels targeting a model’s various bones{The client implementation may choose
when to play any of the available animations.

All animatjions are stored in the animations arrayef the asset. An animation is defined|as a set of
channels (fthe channels property) and a set ofssamplers that specify accessors with key frame data
and interpplation method (the samplers property).

The followjng examples show the expécted usage of animations.

animations": [

{

"namé’~<" "Animate all properties of one node with different samplerd",
"channels": [

{
"sampler": 0,
"target": {
"node": 1,
"path": "rotation"
}
Iy
{
"sampler": 1,
"target": {
"node": 1,
"path": "scale"
}
Jo,
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{
"sampler": 2,
"target": {
"node": 1,
"path": "translation"
}
}
Il
"samplers": [
{
“input": 4,
"interpolation": "LINEAR",
"output": 5
2 V
{ _ Fésl'
“input": 4, QS.
"interpolation": "LINEAR", AN
"output": 6 r\q/
+ O
{ W
“input": 4, Cag)
"interpolation": "LINEAR", O
"output": 7 <<O
) &
N\
} s\&
C e ¥ ..
name": "Animate two nodes y$¢ different samplers”,
"channels": [ \SSD
{ O
"sampler": 8*7
"target" s\
"node™: 0,
(sééth": "rotation"
@)
L
tsk "sampler": 1,
& et
"path": "rotation"
}
}
Il
"samplers": [
{
"input": 0,
"interpolation": "LINEAR",
"output": 1
}
{
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"input": 2,
"interpolation": "LINEAR",
"output": 3
}
]
Iy
{
"name": "Animate two nodes with the same sampler",
"channels": [
{
"sampler": 0,
"target": {
"node": 0,
"path": "rotation"
} g’lfq’
Iy .
{ h(<3)
"sampler": 0, r\q/
"target": { O
"node": 1, \\Q/
"path": "rotation" Cag)
} O
} <<O
1, QQ
"samplers": [ A
{ ©
“input": 0, y:gb
"interpolation”: “LEQEKR",
"output": 1 \SSD
} O
] »€$7
] &
{ -
“name": "Aef§§he a node rotation channel and the weights of a MorpH Target
it instdntiates”, O
"cha Pe |l
stk :samplezf: 0,
N SRS

"path": "rotation"

}
H
{
"sampler": 1,
"target": {
"node": 1,
"path": "weights"
}
}

58 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

"samplers": [

{
“input": 4,
"interpolation": "LINEAR",
"output": 5

Iy

{
“input": 4,
"interpolation": "LINEAR",
"output": 6

}

Channels ¢
A channel
animation
using its T
properties

When nod
"rotation"

Nodes that

Within onjg
than once.

Each of thq
representi
property. 4

pnnect the output values of the key frame animation to a specificynode in the|
S sampler property contains the index of one of the samplers present in the
s samplers array. The target property is an object that ideritifies which node

MUST keep their values during animation.

al

isn’t defined, channel SHOULD be ignoredy‘Valid path names are "tr
"scale", and "weights".

do not contain a mesh with morph targets MUST NOT be targeted with "weigh

P animation, each target (a combination of a node and a path) MUST NOT be

Implementation Note

This prevents potential ambiguities when one target is affected by two
overlappingsamplers.

> animatipn’s'samplers defines the input/output pair: a set of floating-point sc
ng linear)time in seconds; and a set of vectors or scalars representing the
\11 valites are stored in a buffer and accessed via accessors; refer to the tabld

output acqg

essor types. Interpolation between keys is performed using the interpolati

hierarchy.
containing
fo animate

ode property, and which property of the node to animate using path. Noj-animated

hnslation”,

Es" path.

used more

Oor more

hlar values
animated
below for
bn method

specified in the interpolation property. Supported interpolation values include LINEAR, STEP, and
CUBICSPLINE. See Appendix C for additional information about interpolation modes.

The inputs

of each sampler are relative to t = 0, defined as the beginning of the parent

animations

entry. Before and after the provided input range, output MUST be clamped to the nearest end of the
input range.
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Implementation Note
o For example, if the earliest sampler input for an animation is t = 10, a client
implementation must begin playback of that animation channel at t = 0 with

output clamped to the first available output value.

Samplers within a given animation MAY have different inputs.

channel.path  Accessor Component Type(s) Description
Type
"translation" "VEC3" float XYZ translation vector
"rotation” "VEC4" float XYZW rotation quaternion
signed byte normalized

unsigned byte normalized
signed short normalized
unsigned short normalized

"scale" "VEC3" float XYZ scdle vector

"weights” "SCALAR" float Weights of morph targefs
signed byte normalized ,
unsigned byte normalized

signed short normalized

unsigned short normalized

Implementations MUST use following equation§’to decode real floating-point value| f from a
normalizegl integer ¢ and vise-versa:

accessor.domponentType int-to-float float-to-int

signed bytp £ Nmax(c / 127.0, -1.0) ¢ = round(f * 127.0)
unsigned Byte - ¢/ 255.0 ¢ = round(f * 255.0)
signed shdrt Yf - max(c / 32767.0, -1.0) ¢ = round(f * 32767.9)
unsigned dhort 7 f=c/ 65535.0 ¢ = round(f * 65535.d)

Animation{sampier”s input accessor MUST have its min and max properties defined.

fmptementationote
Animations with non-linear time inputs, such as time warps in Autodesk 3ds Max
o or Maya, are not directly representable with gIlTF animations. gITF is a runtime

format and non-linear time inputs are expensive to compute at runtime. Exporter
implementations should sample a non-linear time animation into linear inputs
and outputs for an accurate representation.

A morph target animation frame is defined by a sequence of scalars of length equal to the number
of targets in the animated morph target. These scalar sequences MUST lie end-to-end as a single
stream in the output accessor, whose final size is equal to the number of morph targets times the
number of animation frames.
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Morph target animation is by nature sparse, consider using Sparse Accessors for storage of morph
target animation. When used with CUBICSPLINE interpolation, tangents (a,, b,) and values (v;) are
grouped within keyframes:

A4,a9,...85,V1,Vy,...V,01,0,,...0,
See Appendix C for additional information about interpolation modes.

Skinned animation is achieved by animating the joints in the skin’s joint hierarchy.

3.12. Specifying Extensions

gITF defi with new
capabilitiep. Any gITF object MAY have an optional extensions property, as infth€ following
example:

material™: [
{
"extensions": {
"KHR_materials_sheen": {
"sheenColorFactor": [
1.0,
0.329,
0.1
1,

"sheenRoughnessFacter: 0.8

All extensipns used ina\gITF asset MUST be listed in the top-level extensionsUsed array oljject, e.g.,

{

"extlensionsUsed": [
"KHR_materials_sheen",
"VENDOR_physics"

]

}

All gITF extensions required to load and/or render an asset MUST be listed in the top-level
extensionsRequired array, e.g.,
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{
"extensionsRequired": [
"KHR_texture transform"
1,
"extensionsUsed": [
"KHR_texture_transform"
]
+

extensionsRequired is a subset of extensionsUsed. All values in extensionsRequired MUST also exist in
extensionsUsed
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Chapter 4. GLB File Format Specification

4.1. General (Informative)

gITF provides two delivery options that can be used together:

» gITF JSON points to external binary data (geometry, key frames, skins), and images.

* gITF JSON embeds base64-encoded binary data, and images inline using data URIs.

Hence, loading gITF files usually requires either separate requests to fetch all binary data, or extra
space due to base64-encoding. Base64-encoding requires extra processing to decode and increases
the file size (by ~33% for encoded resources). While transport-layer gzip mitigates the file size

increase,

To avoid tl
enables a g

A Binary g
keep imag
gITF.

4.2. St

A Binary g

« A12-by

e One or

The chunk
resources

4.3. Fi
The file ex

The registe

cjecompression and decoding still add significant loading time.

uis file size and processing overhead, a container format, Binary glTF 1s intro
ITF asset, including JSON, buffers, and images, to be stored in a single binary 4

ITF asset can still refer to external resources. For examplée,@h application th{
s as separate files may embed everything needed for a-Scéne, except images,

ructure

TF (which can be a file, for example) hag,the following structure:

te preamble, called the header.

more chunks that contain JSON content and binary data.

containing JSON MA¥ refer to external resources as usual, and MAY alsg
tored within other,chunks.

le Extension & Media Type

ensionte’be used with Binary gITF is .glb.

duced that
lob.

it wants to
n a Binary

reference

red/media type is model/gltf-binary.

4.4. Binary gITF Layout

4.4.1. Overview

Binary gITF is little endian. The figure below shows an example of a Binary gITF asset.
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12-byte header Chunk 0 (JSON) Chunk 1 (Binary Buffer)
magi ¢ version I ength chunkLengt h| chunkType | chunkData [chunkLength| chunkType | chunkDat a
(uint32) (uint32) (ui nt 32) (uint32) (uint32) (ubyte[]) (uint32) (uint32) (ubyte[])
\i, buf f er s[ 0]
¢~ External \‘\.,
N\, data  /
Figure 8. Binary glTF Layout

The following sections describe the structure more in detail.

4.4.2. Header

The 12-byt

uint32
uint32
uint32 1

e header consists of three 4-byte entries:

agic
ersion
ength

* magic MIUST be equal to equal 0x46546C67. It is ASCII string g1 " and can be used to identify data

as Bina

e versiorn
versior

Client implementations that load GLB format-MUST also check for the asset version
in the ]
versior}.

* length

4.4.3. Chjunks

4.4.3.1. Ov

Each chun

ry gITF.

2.

SON chunk, as the version specified in the GLB header only refers to the GLE

s the total length of the Binary gITF, including header and all chunks, in bytes.

erview

k has the-following structure:

indicates the version of the Binary gITF container format. This specificatijpn defines

properties
container

uint32 chunklength
uint32 chunkType

ubyte[]

chunkData

» chunkLength is the length of chunkData, in bytes.

* chunkType indicates the type of chunk. See Table 1 for details.

» chunkData is the binary payload of the chunk.

The start and the end of each chunk MUST be aligned to a 4-byte boundary. See chunks definitions

for paddin
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g schemes. Chunks MUST appear in exactly the order given in Table 1.
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Table 1. Chunk types

Chunk Type ASCII Description Occurrences
1. 0x4E4F534A JSON Structured JSON 1
content
2. 0x004E4942 BIN Binary buffer Oor1

Client implementations MUST ignore chunks with unknown types to enable gITF extensions to
reference additional chunks with new types following the first two chunks.

4.4.3.2. Structured JSON Content

This chun}f holds the gITF JSON, as it would be provided within a .gltt file.

ECMAScript Implementation Note

o In a JavaScript implementation, the TextDecoder API can be used.to extract|the gITF
content from the ArrayBuffer, and then the JSON can be parsed with JSONJparse as
usual.

This chunk MUST be the very first chunk of a Binary gITF asset) By reading this chunpk first, an
implementation is able to progressively retrieve resources frgm subsequent chunks. This way, it is
also possihle to read only a selected subset of resources fresi a Binary gITF asset.

This chunj MUST be padded with trailing Space chars\{(¥x20) to satisfy alignment requirerents.

4.4.3.3. Binary buffer

This chun} contains the binary payload fot\ geometry, animation key frames, skins, and images. See
GLB-stored Buffer for details on referericing this chunk from JSON.

This chun}f MUST be the second ¢hunk of the Binary gITF asset.
This chunj MUST be paddedywith trailing zeros (0x00) to satisfy alignment requirements.

When the [binary buffer is empty or when it is stored by other means, this chunk SHOULD be
omitted.
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Chapter 5. Properties Reference

5.1. Accessor

A typed view into a buffer view that contains raw binary data.

Table 2. Accessor Properties

Type

bufferView integer

Description Required

The index of the No

byteOffse integer

[

componehtType integer

normalized boolean
count integer

type string

max (nomber [1-16]

min number [1-16]

bufferView.
The offset relative to No, default: 0
the start of the buffer

view in bytes. )

The datatype of the Vv Yes
accessor’s components.

Specifies whether No, default: f
integer data-values are

normatized before

usage.

The number of Vv Yes
elements referenced by

this accessor.

Specifies if the Vv Yes
accessor’s elements are
scalars, vectors, or

matrices.

Maximum value of No
each component in this
accessor.

Minimum value of each No
component in this

hlse

sparse accessor.sparse
name string
66

accessor.

Sparse storage of No
elements that deviate

from their initialization
value.

The user-defined name No
of this object.
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Type Description Required
extensions extension JSON object with No
extension-specific
objects.
extras extras Application-specific No
data.
Additional properties are allowed.

* JSON schema: accessor.schema.json

5.1.1. ac

The index
property o

* Type: i

* Required: No

* Minim

5.1.2. ac

The offset
componen

* Type: i

* Requined: No, default: 0

* Minim
* Relate

5.1.3. ac

The dataty
accessor th

cessor.butierview

of the buffer view. When undefined, the accessor MUST be initialized with ze
I extensions MAY override zeros with actual values.

nteger

um: >= 0

ressor.byteOffset

relative to the start of the buffer view in bytes. This MUST be a multiple of the|
I datatype. This property MUST NOT be(defined when bufferView is undefined.

nteger

um: >= 0
1l WebGL functions: vertexAttribPointer() offset parameter

cessor.componentType

rpe of the' accessor’s components. UNSIGNED_INT type MUST NOT be us¢
at igot referenced by mesh.primitive.indices.

rOS; sparse

size of the

rd for any

* Type: i

nteger

* Required: v Yes

¢ Allowed values:

> 5120 BYTE

> 5121 UNSIGNED_BYTE

o 5122 SHORT

o

o

5123 UNSIGNED_SHORT
5125 UNSIGNED_INT
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> 5126 FLOAT

* Related WebGL functions: type parameter of vertexAttribPointer(). The corresponding typed
arrays are Int8Array, Uint8Array, Int16Array, Uint16Array, Uint32Array, and Float32Array.

5.1.4. accessor.normalized

Specifies whether integer data values are normalized (true) to [0, 1] (for unsigned types) or to [-1, 1]
(for signed types) when they are accessed. This property MUST NOT be set to true for accessors
with FLOAT or UNSIGNED_INT component type.

* Type: boolean

* RequinedNodefault—alse

* Relatefl WebGL functions: normalized parameter of vertexAttribPointer()

5.1.5. acgessor.count

The numbegr of elements referenced by this accessor, not to be confused with the numbler of bytes
or number| of components.

* Type: integer
* Requirled: v Yes

e Minimpm: >= 1

5.1.6. acgessor.type

Specifies ifl the accessor’s elements are scala¥s, vectors, or matrices.

» Type: qtring
* Requined: v Yes
* Allowdd values:
o "SCALAR"
o "VEf2"
o "VEf3"

° |IVE ‘lA"

> "MAT2"
> "MAT3"
> "MAT4"

5.1.7. accessor.max

Maximum value of each component in this accessor. Array elements MUST be treated as having the
same data type as accessor’s componentType. Both min and max arrays have the same length. The
length is determined by the value of the type property; it can be 1, 2, 3, 4, 9, or 16.
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normalized property has no effect on array values: they always correspond to the actual values
stored in the buffer. When the accessor is sparse, this property MUST contain maximum values of
accessor data with sparse substitution applied.

» Type: number [1-16]
* Required: No

5.1.8. accessor.min

Minimum value of each component in this accessor. Array elements MUST be treated as having the
same data type as accessor’s componentType. Both min and max arrays have the same length. The
length is determined by the value of the type property; it can be 1, 2, 3, 4, 9, or 16.

normalized| property has no effect on array values: they always correspond to the actfual values
stored in the buffer. When the accessor is sparse, this property MUST contain minimurp values of
accessor data with sparse substitution applied.

* Type: rjumber [1-16]

* Requined: No

5.1.9. acgessor.sparse

Sparse storage of elements that deviate from their initiadization value.
» Type: dccessor.sparse
* Requined: No

5.1.10. agcessor.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could havd the same name, or,two accessors could even have the same name.

» Type: tring
* Requined: No

5.1.11. accessor.extensions

JSON object with extension-specific objects.

» Type: extension

* Required: No

» Type of each property: Extension
5.1.12. accessor.extras
Application-specific data.

* Type: extras
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* Required: No

5.2. Accessor Sparse

Sparse storage of accessor values that deviate from their initialization value.

Table 3. Accessor Sparse Properties
Type Description Required

count integer Number of deviating v Yes

accessar values starad

in the sparse array.

indices accessor.sparse.indice An object pointingtoa + Yes
> buffer view containing
the indices of deviating |
accessor values. The
number of indices\is
equal to count.dAdices

MUST strictly.increase.

values accessor.sparse.values An objectpointingtoa + Yes
buffer{view containing
the.deviating accessor

Walues.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additionalfproperties are.allowed.

* JSON sfhema:@geessor.sparse.schema.json

5.2.1. acgessor.sparse.count

Number of deviating accessor values stored in the sparse array.

* Type: integer
* Required: v Yes
* Minimum: >= 1
5.2.2. accessor.sparse.indices
An object pointing to a buffer view containing the indices of deviating accessor values. The number

of indices is equal to count. Indices MUST strictly increase.
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» Type: accessor.sparse.indices
* Required: v Yes
5.2.3. accessor.sparse.values
An object pointing to a buffer view containing the deviating accessor values.
* Type: accessor.sparse.values

* Required: v Yes

5.2.4. accessor.sparse.extensions

JSON objeqt with extension-specific objects.

* Type: gxtension
* Requined: No

* Type of each property: Extension

5.2.5. acgessor.sparse.extras

Applicatiop-specific data.

* Type: dxtras
* Required: No

5.3. Accessor Sparse-Indices

An object pointing to a buffer view containing the indices of deviating accessor values. The number
of indices s equal to accessefysparse.count. Indices MUST strictly increase.

Table 4. Accessor Sparse\Indices Properties

Type Description Required
bufferView, integer The index of the buffer «+ Yes

view with snarse
T

indices. The referenced
buffer view MUST NOT
have its target or
byteStride properties
defined. The buffer
view and the optional
byteOffset MUST be
aligned to the
componentType byte
length.
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Type Description Required

byteOffset integer The offset relative to No, default: 0
the start of the buffer
view in bytes.

componentType integer The indices data type. v Yes

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional|properties are allowed.

* JSON sfhema: accessor.sparse.indices.schema.json

5.3.1. acgessor.sparse.indices.buffervView

The index [of the buffer view with sparse indices. The referenced buffer view MUST NQT have its
target or pyteStride properties defined. The buffer view and“the optional byteOffsef MUST be
aligned to the componentType byte length.

» Type: integer
* Requirnjed: v Yes
* Minimpm: >= 0
5.3.2. acgessor.sparse.indices.byteOffset

The offset felative to the start of thexbuffer view in bytes.

* Type: integer
* Requined: No, default.p

e Minimum: >= @

5.3.3. acgessor.sparse.indices.componentType

The indices data type.

» Type: integer

* Required: v Yes

* Allowed values:
o 5121 UNSIGNED_BYTE
o 5123 UNSIGNED_SHORT
o 57125 UNSIGNED_INT
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5.3.4. accessor.sparse.indices.extensions

JSON object with extension-specific objects.

* Type: extension
* Required: No

» Type of each property: Extension

5.3.5. accessor.sparse.indices.extras

Application-specific data.

* Type: dxtras
* Required: No

5.4. Accessor Sparse Values

An object [pointing to a buffer view containing the deviating. accessor values. The
elements if equal to accessor.sparse.count times number of(d0Omponents. The elements have the
same comi]onent type as the base accessor. The elementscare tightly packed. Data MUST

following

Table 5. Accpssor Sparse Values Properties

Type

bufferView integer

byteOffse integer

[

e same rules as the base accessor.

Description Required

The index of the
bufferView with sparse
values. The referenced
buffer view MUST NOT
have its target or
byteStride properties
defined.

v Yes

The offset relative to No, default: 0
the start of the

bufferView in hy‘rpc

humber of

be aligned

extensions extension

extras extras

Additional properties are allowed.

JSON object with No
extension-specific
objects.

Application-specific No
data.

* JSON schema: accessor.sparse.values.schema.json
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5.4.1. accessor.sparse.values.bufferView

The index of the bufferView with sparse values. The referenced buffer view MUST NOT have its
target or byteStride properties defined.

» Type: integer
* Required: v Yes
* Minimum: >= 0
5.4.2. accessor.sparse.values.byteOffset

The offset relative to the start of the bufferView in bvtes.

» Type: integer
* Requirjed: No, default: 0
* Minimpm: >= 0
5.4.3. acgessor.sparse.values.extensions

JSON objedt with extension-specific objects.

* Type: gxtension
* Required: No
» Type of each property: Extension
5.4.4. acgessor.sparse.values.extras

Applicatiop-specific data.

* Type: dxtras
* Required: No

5.5. A11imation

A keyframe animation.

Table 6. Animation Properties
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Type Description Required

channels animation.channel [1-*] An array of animation + Yes
channels. An animation
channel combines an
animation sampler
with a target property
being animated.
Different channels of
the same animation
MUST NOT have the
same targets.

samplers animation.sampler [1-*] An array of animation + Yes
samplers. An animation
sampler combines

timestamps with a

sequence of output '
values and defines an
interpolation

algorithm.

name string The user-defined name No
of this.@bject.

extensions extension JSON“object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional|properties are allowed.

* JSON sfhema: animatigmyschema.json

5.5.1. anjmatiomxchannels

target propexty being animated. Different channels of the same animation MUST NOT have the
same targets.

An array (i;)f animation channels. An animation channel combines an animation sampler with a

» Type: animation.channel [1-*]

* Required: v Yes

5.5.2. animation.samplers

An array of animation samplers. An animation sampler combines timestamps with a sequence of
output values and defines an interpolation algorithm.

* Type: animation.sampler [1-*]
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* Required: v Yes

5.5.3. animation.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

» Type: string
* Required: No

5.5.4. animation.extensions

JSON objeqt with extension-specific objects.

* Type: gxtension
* Requined: No

* Type of each property: Extension

5.5.5. animation.extras

Applicatiop-specific data.

* Type: dxtras
* Required: No

5.6. Animation Channel

An animatjon channel combines‘an animation sampler with a target property being aninjated.

Table 7. Animation Channel Properties
Ch

“Type Description Required
sampler integer The index of a sampler + Yes
in this animation used

to compute the value
for the target.

target animation.channel.targ The descriptor of the  + Yes
et animated property.
extensions extension JSON object with No
extension-specific
objects.
extras extras Application-specific No
data.

Additional properties are allowed.
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* JSON schema: animation.channel.schema.json

5.6.1. animation.channel.sampler

The index of a sampler in this animation used to compute the value for the target, e.g., a node’s
translation, rotation, or scale (TRS).

» Type: integer

* Required: v Yes

e Minimum: >= 0

5.6.2. animation-channektarget
The descriptor of the animated property.
» Type: gnimation.channel.target

* Requirled: v Yes

5.6.3. animation.channel.extensions

JSON objeqt with extension-specific objects.

* Type: gxtension

* Required: No

» Type of each property: Extension
5.6.4. animation.channel.extras
Applicatiop-specific data.

* Type: dxtras
* Required: No

5.7. Apimation Channel Target

The descriptor of the animated property.

Table 8. Animation Channel Target Properties
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Type Description Required

node integer The index of the node  No
to animate. When
undefined, the
animated object MAY
be defined by an
extension.

path string The name of the node’s + Yes
TRS property to
animate, or the
"weights" of the Morph
Targets it instantiates.
For the "translation"
property, the values
that are provided by
the sampler are the '
translation along the X
Y, and Z axes. Fopthe
“rotation” preperty, the
values are a-quaternion
in the order (%, vy, z, w),
where/w is the scalar.
Forthe "scale"
Pproperty, the values are
the scaling factors
along the X, Y, and Z
axes.

extensions extension JSON object with No
extension-specific
objects.

extras (extras Application-specific No
data.

Additionalfproperties are allowed.

* JSON schema: amimatiom. channe . target. SChema. j5on

5.7.1. animation.channel.target.node

The index of the node to animate. When undefined, the animated object MAY be defined by an
extension.

» Type: integer
* Required: No

e Minimum: >= 0
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5.7.2. animation.channel.target.path

The name of the node’s TRS property to animate, or the "weights" of the Morph Targets it
instantiates. For the "translation" property, the values that are provided by the sampler are the
translation along the X, Y, and Z axes. For the "rotation" property, the values are a quaternion in
the order (%, y, z, w), where w is the scalar. For the "scale" property, the values are the scaling
factors along the X, Y, and Z axes.

» Type: string
* Required: v Yes

* Allowed values:

o "trfnslation”

o "rotation"
o "scale"
o "wefghts"

5.7.3. animation.channel.target.extensions
JSON objeqt with extension-specific objects.

* Type: gxtension

* Required: No

» Type of each property: Extension
5.7.4. animation.channel.target.extras

Applicatiop-specific data.

* Type: dxtras
* Requined: No

5.8. Apimation Sampler

An animation sampler combines timestamps with a sequence of output values and defines an
interpolation algorithm.

Table 9. Animation Sampler Properties

Type Description Required

input integer The index of an v Yes
accessor containing
keyframe timestamps.
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Type Description Required
interpolation string Interpolation No, default: "LINEAR"
algorithm.
output integer The index of an Vv Yes
accessor, containing
keyframe output
values.
extensions extension JSON object with No
extension-specific
objects.
extras EXTTdS Application-speciiic No
data.
Additional|properties are allowed.

. JSO

5.8.1.

N sghema: animation.sampler.schema.json

animation.sampler.input

The index|of an accessor containing keyframe timestampgs. The accessor MUST be of gcalar type
with floating-point components. The values represent tinye in seconds with time[@] >k 0.0, and

strictly

* Type: integer
* Requirned: v Yes

e Minimum: >= 0

5.8.2.

Interpolation algorithm.

» Type: qtring
* Requirnjed: No,default: "LINEAR"

* Allowdd values:

o

80

incyeasing values, i.e,, time[n + 1] > time[n].

anjimation.samplerdnterpolation

"LINEAR™ The animated values are linearly interpolated between keyframes. When targeting
a rotation, spherical linear interpolation (slerp) SHOULD be used to interpolate
quaternions. The number of output elements MUST equal the number of input elements.

"STEP" The animated values remain constant to the output of the first keyframe, until the
next keyframe. The number of output elements MUST equal the number of input elements.

"CUBICSPLINE" The animation’s interpolation is computed using a cubic spline with specified
tangents. The number of output elements MUST equal three times the number of input
elements. For each input element, the output stores three elements, an in-tangent, a spline
vertex, and an out-tangent. There MUST be at least two keyframes when using this
interpolation.
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5.8.3. animation.sampler.output

The index of an accessor, containing keyframe output values.

* Type: i

nteger

* Required: v Yes

e Minimum: >= 0

5.8.4. animation.sampler.extensions

JSON object with extension-specific objects.
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* Type: g

xtension

* Required: No

» Type of each property: Extension

5.8.5. an
Applicatio]

* Type: ¢

n-specific data.

xtras

* Requined: No

imation.sampler.extras

5.9. Asgset
Metadata gbout the gITF asset.
Table 10. Aqset Properties
Type Description Required
copyright | string A copyright message No
suitable for display to
credit the content
creator.
generator strimg Tool that generated this NoO
gITF model. Useful for
debugging.
version string The gITF version in the  Yes

© ISO/IEC 2022 - All rights reserved
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Type Description Required

minVersion string The minimum gITF No
version in the form of
<major>.<minor> that
this asset targets. This
property MUST NOT be
greater than the asset
version.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additionalfproperties are allowed.

* JSON sfhema: asset.schema.json

5.9.1. asset.copyright

A copyrighit message suitable for display to credit the content creator.

» Type: qtring
* Requined: No

5.9.2. asset.generator
Tool that generated this glTF model. Useful for debugging.

» Type: qtring
* Required: No

5.9.3. asset.version

The gITF versiénin the form of <major>.<minor> that this asset targets.

» Type: string

* Required: v Yes

o Pattern: "[0-9]+\.[0-9]+$
5.9.4. asset.minVersion

The minimum gITF version in the form of <major>.<minor> that this asset targets. This property
MUST NOT be greater than the asset version.

» Type: string
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* Required: No
» Pattern: "[0-9]+\.[0-9]+$

5.9.5. asset.extensions
JSON object with extension-specific objects.

* Type: extension
* Required: No

* Type of each property: Extension

5.9.6. asset.extras

Applicatiofp-specific data.

* Type: dxtras
* Required: No

5.10. Buffer

A buffer pgints to binary geometry, animation, or skins:

Table 11. Byffer Properties

Type Description Required

uri string The URI (or IR]) of the  No
buffer.

byteLength integer The length of the buffer + Yes
in bytes.

name (string The user-defined name No

of this object.

extensions extension JSON object with No
extension-specific
UbjCLtO-

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: buffer.schema.json

5.10.1. buffer.uri

The URI (or IRI) of the buffer. Relative paths are relative to the current gITF asset. Instead of
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referencing an external file, this field MAY contain a data:-URL

» Type: string
* Required: No

* Format: iri-reference
5.10.2. buffer.byteLength
The length of the buffer in bytes.

» Type: integer

° ReqUined vYes

e Minimpum: >= 1

5.10.3. buffer.name

The user-defined name of this object. This is not necessarily unique, e.8.)an accessor af

could havqd the same name, or two accessors could even have the sameéJriame.
» Type: qtring

* Requined: No

5.10.4. bpffer.extensions
JSON objeqt with extension-specific objects.

* Type: gxtension
* Requined: No

* Type of each property: Extension
5.10.5. bpffer.extras
Applicatiop-specificdata.

* Type: dxtras

d a buffer

* RequireetNo

5.11. Buffer View

A view into a buffer generally representing a subset of the buffer.

Table 12. Buffer View Properties

Type Description Required

buffer integer

The index of the buffer. + Yes

84 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

Type Description Required

byteOffset integer The offset into the No, default: 0
buffer in bytes.

byteLength integer The length of the v Yes
bufferView in bytes.

byteStride integer The stride, in bytes. No

target integer The hint representing No
the intended GPU
buffer type to use with
this buffer view.

name string The user-defined name No
of this object.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No

Additionalfproperties are allowed.

* JSON sthema: bufferView.schema.json

5.11.1. bufferView.buffer

The index pf the buffer.

» Type: integer
* Requined: v Yes
* Minimpm: >= 0
5.11.2. bpffervView.byteOffset

The offset Into(the buffer in bytes.

data.

* Type: integer
* Required: No, default: 0

e Minimum: >= 0

5.11.3. bufferView.byteLength
The length of the bufferView in bytes.

* Type: integer
* Required: v Yes
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e Minimum: >= 1

5.11.4. bufferView.byteStride

The stride, in bytes, between vertex attributes. When this is not defined, data is tightly packed.

When two or more accessors use the same buffer view, this field MUST be defined.

* Type: i

nteger

* Required: No

e Minimum: >= 4

e Maximum: <= 252

* Relate

5.11.5. b

The hint reg

* Type: i

1 WebGL functions: vertexAttribPointer() stride parameter

nfferview.target

presenting the intended GPU buffer type to use with this buffer view.

nteger

* Required: No

¢ Allowe
o 349
o 349

* Relate

5.11.6. b

The user-defined name of this object! This is not necessarily unique, e.g., an accessor af

could havg

* Type: g

d values:

b2 ARRAY_BUFFER

b3 ELEMENT_ARRAY_BUFFER

l WebGL functions: bindBuffer()

nfferview.name

the same name, or two-accessors could even have the same name.

tring

* Requined: No

5.11.7. b

ufferView.extensions

d a buffer

JSON object with extension-specific objects.

* Type: extension

* Required: No

» Type of each property: Extension

5.11.8. bufferView.extras

Application-specific data.

* Type: extras
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* Required: No

5.12. Camera

A camera’s projection. A node MAY reference a camera to apply a transform to place the camera in
the scene.

Table 13. Camera Properties

Type Description Required

orthographic camera.orthographic An-orthographic No

camera containing
properties to create an
orthographic projection
matrix. This property
MUST NOT be defined
when perspective i§
defined.

perspectiye camera.perspective A perspectiyé.camera No
containing properties

to cre@te’a perspective
projection matrix. This
@roperty MUST NOT be
defined when

orthographic is defined.

type string Specifies if the camera + Yes
uses a perspective or
orthographic
projection.

name (sting The user-defined name No

of this object.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: camera.schema.json

5.12.1. camera.orthographic

An orthographic camera containing properties to create an orthographic projection matrix. This
property MUST NOT be defined when perspective is defined.
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» Type: camera.orthographic

* Required: No

5.12.2. camera.perspective

A perspective camera containing properties to create a perspective projection matrix. This property
MUST NOT be defined when orthographic is defined.

» Type: camera.perspective

* Required: No

5.12.3. camera-type

Specifies if the camera uses a perspective or orthographic projection. Based ony‘this,|either the
camera’s pprspective or orthographic property MUST be defined.
» Type: qtring
* Requirned: v Yes
* Allowdd values:

o "pefspective"

o "orthographic”

5.12.4. camera.name

The user-defined name of this object. This is;hiot necessarily unique, e.g., an accessor and a buffer
could havd the same name, or two accessors'could even have the same name.

» Type: tring
* Required: No
5.12.5. camera.extensions
JSON objeqt with exténsion-specific objects.

» Type: dxtension

* Required: No

» Type of each property: Extension

5.12.6. camera.extras
Application-specific data.

* Type: extras
* Required: No
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5.13. Camera Orthographic

An orthographic camera containing properties to create an orthographic projection matrix.

Table 14. Camera Orthographic Properties

Type Description Required
xmag number The floating-point v Yes
horizontal

magnification of the
view. This value MUST
NOT be equal to zero.
This value SHOULD
NOT be negative.

ymag number The floating-point Vv Y6ES
vertical magnification
of the view. This value
MUST NOT be equal to
zero. This value
SHOULD NQT-be
negative.

zfar number The floating-point v Yes
distance to the far
clipping plane. This
‘value MUST NOT be
equal to zero. zfar
MUST be greater than
znear.

znear number The floating-point Vv Yes
distance to the near
clipping plane.

extensions Extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: camera.orthographic.schema.json

5.13.1. camera.orthographic.xmag

The floating-point horizontal magnification of the view. This value MUST NOT be equal to zero.
This value SHOULD NOT be negative.

* Type: number
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* Required: v Yes

5.13.2. camera.orthographic.ymag

The floating-point vertical magnification of the view. This value MUST NOT be equal to zero. This
value SHOULD NOT be negative.

* Type: number
* Required: v Yes

5.13.3. camera.orthographic.zfar

The floatirjg-point distance to the far clipping plane. This value MUST NOT be equaltq zero. zfar
MUST be greater than znear.

* Type: fjumber
* Requirled: v Yes

e Minimpum: > 0

5.13.4. camera.orthographic.znear

The floating-point distance to the near clipping plane.

» Type: rjumber
* Requined: v Yes

e Minimjum: >= 0

5.13.5. camera.orthographic.extensions
JSON objedt with extension-specifit objects.

* Type: dxtension

* Required: No

* Type of each-property: Extension

Application-specific data.

* Type: extras
* Required: No
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5.14. Camera Perspective

A perspective camera containing properties to create a perspective projection matrix.

Table 15. Camera Perspective Properties

Type Description Required
aspectRatio number The floating-point No
aspect ratio of the field
of view.
yfov number The floating-point v Yes

vertical field of view in
radians. This value
SHOULD be less than 7.

zfar number The floating-point No
distance to the far )
clipping plane.

znear number The floating-point v Yes
distance to the4rear
clipping plane.

extensions extension JSON okject with No
extension-specific
objects.

extras extras Application-specific No
data.

Additionalfproperties are allowed.

* JSON srhema: camera.perspective.schema.json

5.14.1. camera.perspective.aspectRatio

The floating-point-aspect ratio of the field of view. When undefined, the aspect rgtio of the
rendering viewpext MUST be used.

» Type: rlumbér

* Required: No

e Minimum: > 0

5.14.2. camera.perspective.yfov
The floating-point vertical field of view in radians. This value SHOULD be less than 7.

* Type: number
* Required: v Yes
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e Minimum: > 0

5.14.3. camera.perspective.zfar

The floating-point distance to the far clipping plane. When defined, zfar MUST be greater than
znear. If zfar is undefined, client implementations SHOULD use infinite projection matrix.

* Type:n

* Requir

umber

ed: No

e Minimum: > 0

5.14.4. camera:perspective:znear

The floatin

* Type: 1

g-point distance to the near clipping plane.

umber

* Requirled: v Yes

* Minim

um: > 0

5.14.5. camera.perspective.extensions

JSON objeg

* Type: 4

t with extension-specific objects.

xtension

* Required: No

* Type o

f each property: Extension

5.14.6. camera.perspective.extras

Applicatio}

* Type: 4

n-specific data.

xtras

* Required: No

5.15. Extension

JSON object with extension-specific objects.

Additional

properties are allowed.

* JSON schema: extension.schema.json
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5.16. EXtras
Application-specific data.

Although extras MAY have any type, it is common for applications to store and access custom data
as key/value pairs. Therefore, extras SHOULD be a JSON object rather than a primitive value for
best portability.

5.17. glTF

The root object for a gITF asset.

Table 16. gUiTF Properties

Type Description Required
QR
extensionsUsed string [1-*] Names of gITF No
extensions used inthis
asset.
extensionisRequired  string [1-*] Names of gITE No

extensiofs required to
properly’load this asset.

accessors| accessor [1-*] Axnrarray of accessors. No

animations animation [1-*] An array of keyframe No
animations.

asset asset : Metadata about the Vv Yes
gITF asset.

buffers buffer [1‘—‘*‘]_ An array of buffers. No

bufferviews buffAerV1' ew [1-*] An array of No

( bufferViews.

cameras ) 'Acamera [1-*] An array of cameras. No

images Nd image [1-*] An array of images. No

materialg 22 material [1-*] An array of materials. No

meshes mesh [1-*] An array of meshes. No

nodes node [1-*] An array of nodes. No

samplers sampler [1-*] An array of samplers. No

scene integer The index of the default No
scene.

scenes scene [1-*] An array of scenes. No

skins skin [1-*] An array of skins. No

textures texture [1-*] An array of textures. No
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Type Description Required
extensions extension JSON object with No
extension-specific
objects.
extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: glTF.schema.json

5.17.1. gITF .extensionsUsed

Names of gITF extensions used in this asset.

* Type: qtring [1-*]
o Eadh element in the array MUST be unique.

* Required: No

5.17.2. glTF.extensionsRequired

Names of gITF extensions required to properly load this‘@sset.

» Type: qtring [1-*]
o Eadh element in the array MUST be unigue.

* Requined: No

5.17.3. glTF.accessors
An array of accessors. An aceessor is a typed view into a bufferView.
» Type: dccessor [1-*{

* Requined: No

5.17.4. glTE.animations

An array of keyframe animations.

* Type: animation [1-*]
* Required: No

5.17.5. glTF.asset

Metadata about the gITF asset.

* Type: asset
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* Required: v Yes

5.17.6. gITF.buffers

An array of buffers. A buffer points to binary geometry, animation, or skins.
» Type: buffer [1-*]

* Required: No

5.17.7. gITE.bufferViews

An array of bufferViews. A bufferView is a view into a buffer generally representing a subset of the
buffer.

» Type: QufferView [1-*]
* Requined: No

5.17.8. glTF.cameras

An array of cameras. A camera defines a projection matrix.
* Type: damera [1-*]

* Requined: No

5.17.9. glTF.images

An array of images. An image defines data uSed to create a texture.

. Type:‘]mage [1-*]

* Requined: No

5.17.10. gITF.materijals

An array of materialsi A material defines the appearance of a primitive.

. Type::literial [1-*]

* Requined:"No

5.17.11. gITF.meshes

An array of meshes. A mesh is a set of primitives to be rendered.

» Type: mesh [1-*]
* Required: No
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5.17.12. glTF.nodes

An array of nodes.
* Type: node [1-*]

* Required: No

5.17.13. glTF.samplers

An array of samplers. A sampler contains properties for texture filtering and wrapping modes.

» Type: sampler [1-*]
« Requirjed: No

5.17.14. gITF.scene

The index pf the default scene. This property MUST NOT be defined, when iscehes is undefined.

» Type: integer
* Requined: No

e Minimum: >= 0

5.17.15. ¢ITF.scenes

An array of scenes.
* Type: qcene [1-*]

* Required: No

5.17.16. gITF.skins

An array of skins. A skin js‘\defined by joints and matrices.

» Type: gkin [1-*]
* Requirjed: No

5.17.17. gITF.Textures
An array of textures.
» Type: texture [1-*]
* Required: No
5.17.18. gITF.extensions
JSON object with extension-specific objects.

* Type: extension
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* Required: No
» Type of each property: Extension
5.17.19. gITF.extras
Application-specific data.

* Type: extras
* Required: No

5.18. I|mage
Image datd used to create a texture. Image MAY be referenced by an URI (or IRD ‘or a Huffer view
index.
Table 17. Inage Properties
Type Description - Required
uri string The URI (or IRI) of the No
image.
mimeTyple string The.mage’s media No
type. This field MUST
Jbe defined when
bufferView is defined.
bufferView integer The index of the No
bufferView that
contains the image.
This field MUST NOT
be defined when uri is
( defined.
name ‘string The user-defined name No
of this object.
extensions extension JSON object with No
extension-speeifie
objects.
extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: image.schema.json
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5.18.1. image.uri

The URI (or IRI) of the image. Relative paths are relative to the current gITF asset. Instead of
referencing an external file, this field MAY contain a data:-URI. This field MUST NOT be defined
when bufferView is defined.

» Type: string

* Required: No

¢ Format: iri-reference

5.18.2. image.mimeType

The image{s media type. This field MUST be defined when bufferView is defined.

» Type: qtring
* Required: No

¢ Allowdd values:

o "image/jpeg"”

> "impge/png"

5.18.3. image.bufferView

The index fof the bufferView that contains the image.“This field MUST NOT be defined when uri is
defined.

» Type: integer
* Required: No

e Minimum: >= 0

5.18.4. image.name

The user-defined nanrie*of this object. This is not necessarily unique, e.g., an accessor and a buffer
could havq the samie hame, or two accessors could even have the same name.

* Type: 4t£ing

* Required: No

5.18.5. image.extensions
JSON object with extension-specific objects.

» Type: extension
* Required: No

» Type of each property: Extension
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5.18.6. image.extras

Application-specific data.

* Type: extras
* Required: No

5.19. Material

The material appearance of a primitive.

Table 18. M3terial Properties

Type Description Requitred

name string The user-defined name | No
of this object.

extensions extension JSON object with No
extension-specifie
objects.
extras extras Application-specific No
data,
pbrMetallicRoughness material.pbriMetallicRo A’set of parameter No
ughness ‘values that are used to

define the metallic-
roughness material
model from Physically
Based Rendering (PBR)
methodology. When
undefined, all the
default values of

pbrMetallicRoughness
MUST apply.
normalTedxtufe material.normalTexture The tangent space No
Info normal texture.
occlusionTexture material.occlusionText The occlusion texture. No
ureInfo
emissiveTexture textureInfo The emissive texture. No
emissiveFactor number [3] The factors for the No, default: [0,0,0]
emissive color of the
material.
alphaMode string The alpha rendering No, default: "OPAQUE"

mode of the material.
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Type Description Required
alphaCutoff number The alpha cutoff value No, default: 0.5
of the material.
doubleSided boolean Specifies whether the  No, default: false
material is double
sided.

Additional properties are allowed.

* JSON schema: material.schema.json

5.19.1. rJaterlal.name
I‘_

The user-defined name of this object. This is not necessarily unique, e.g., an accesgor and a buffer

could havd the same name, or two accessors could even have the same name.
» Type: qtring
* Required: No

5.19.2. material.extensions

JSON objeqt with extension-specific objects.

* Type: gxtension
* Required: No

» Type of each property: Extension

5.19.3. mjaterial.extras

Applicatiop-specific data.

* Type: dxtras
* Requined: No

5.19.4. material.pbrMetallicRoughness

A set of parameter values that are used to define the metallic-roughness material model from
Physically Based Rendering (PBR) methodology. When undefined, all the default values of
pbrMetallicRoughness MUST apply.

* Type: material.pbrMetallicRoughness
* Required: No
5.19.5. material.normalTexture

The tangent space normal texture. The texture encodes RGB components with linear transfer
function. Each texel represents the XYZ components of a normal vector in tangent space. The
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normal vectors use the convention +X is right and +Y is up. +Z points toward the viewer. If a fourth
component (A) is present, it MUST be ignored. When undefined, the material does not have a
tangent space normal texture.

» Type: material.normalTexturelnfo

* Required: No

5.19.6. material.occlusionTexture

The occlusion texture. The occlusion values are linearly sampled from the R channel. Higher values
indicate areas that receive full indirect lighting and lower values indicate no indirect lighting. If
other channels are present (GBA), they MUST be ignored for occlusion calculations. When
undefined| the material does not have an occlusion texture.

* Type: :|ater1'al.occlusionTextureInfo

* Requined: No

5.19.7. material.emissiveTexture

The emissive texture. It controls the color and intensity of the light being emitted by the material.
This textupe contains RGB components encoded with the sRGB transfer function. If a fourth
componenf (A) is present, it MUST be ignored. When undefined, the texture MUST be g§ampled as
having 1.0[in RGB components.

* Type: fexturelnfo
* Required: No

5.19.8. material.emissiveFactoz:

The factorg for the emissive colorof the material. This value defines linear multipli¢rs for the
sampled tgxels of the emissivetexture.

» Type: rjumber [3]
o Eadh elementin the array MUST be greater than or equal to @ and less than or eqyal to 1.

* Requined: N@;, default: [0,0,0]

5.19.9. material.alphaMode

The material’s alpha rendering mode enumeration specifying the interpretation of the alpha value
of the base color.

» Type: string
* Required: No, default: "OPAQUE"
¢ Allowed values:

o "OPAQUE" The alpha value is ignored, and the rendered output is fully opaque.

o "MASK" The rendered output is either fully opaque or fully transparent depending on the
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alpha value and the specified alphaCutoff value; the exact appearance of the edges MAY be
subject to implementation-specific techniques such as “Alpha-to-Coverage”.

o "BLEND" The alpha value is used to composite the source and destination areas. The rendered
output is combined with the background using the normal painting operation (i.e. the Porter

and Duff over operator).

5.19.10. material.alphaCutoff

Specifies the cutoff threshold when in MASK alpha mode. If the alpha value is greater than or equal
to this value then it is rendered as fully opaque, otherwise, it is rendered as fully transparent. A
value greater than 1.0 will render the entire material as fully transparent. This value MUST be
ignored for other alpha modes. When alphallode is not defined, this value MUST NOT be

efined.

» Type: rjumber
* Requined: No, default: 0.5

e Minimum: >= 0

5.19.11. material.doubleSided

Specifies whether the material is double sided. When this‘value is false, back-face

enabled. When this value is true, back-face culling is disabled and double-sided lighting
The back-fhce MUST have its normals reversed before thelighting equation is evaluated.

* Type: Hoolean
* Requined: No, default: false

5.20. Material Normal Texture Info

Reference fo a texture.

Table 19. Material Normat\Fexture Info Properties

culling 1is
is enabled.

Type Description Required
index integer The index of the Vv Yes
fexture
texCoord integer The set index of No, default: 0
texture’s TEXCOORD

attribute used for
texture coordinate

mapping.

scale number The scalar parameter  No, default: 1
applied to each normal

vector of the normal
texture.
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Type Description Required
extensions extension JSON object with No
extension-specific
objects.
extras extras Application-specific No
data.
Additional properties are allowed.
* JSON schema: material.normalTextureInfo.schema.json
5.20.1. material.normalTexturelnfo.index
The index pf the texture.
* Type: integer
* Requirned: v Yes
* Minimpm: >= 0
5.20.2. material.normalTextureInfo.texCoord

This integ
reference

which is a
"OORD_0). A

br value is used to construct a string in the format TEXCOORD_<set index>
fo a key in mesh.primitives.attributes (@8 a value of @ corresponds to TEX

mesh printitive MUST have the corresponding teture coordinate attributes for the material to be
applicablelto it.

» Type: integer

* Requined: No, default: 0

* Minimpm: >= 0
5.20.3. material.noxmalTextureInfo.scale
The scalar| parametef—applied to each normal vector of the texture. This value scales the normal
vector in X and<¥directions using the formula: scaledNormal = normalize<sampled normal texture

value> * 2

L0-1.0) * vec3(<normal scale>, <normal scale>, 1.0.

» Type: number

* Required: No, default: 1

5.20.4. material.normalTexturelnfo.extensions

JSON object with extension-specific objects.

* Type: extension

* Required: No

» Type of each property: Extension
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5.20.5. material.normalTextureInfo.extras

Application-specific data.

* Type: extras
* Required: No

5.21. Material Occlusion Texture Info

Reference to a texture.

Table 20. Mgterial Occlusion Texture Info Properties

Type Description Requitred
index integer The index of the | v Yes
texture.
texCoord integer The set index of No, default: 0
texture’s TEXCOORD

attribute used for
texture coordinate
mapping.
strength number Asscalar multiplier No, default: 1
«controlling the amount
of occlusion applied.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additionalfproperties,are allowed.

* JSON sfhem@a:material.occlusionTextureInfo.schema.json

5.21.1. material.occlusionTextureInfo.index

The index of the texture.

» Type: integer
* Required: v Yes

e Minimum: >= 0

5.21.2. material.occlusionTexturelnfo.texCoord

This integer value is used to construct a string in the format TEXCOORD_<set index> which is a
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reference to a key in mesh.primitives.attributes (e.g. a value of @ corresponds to TEXCOORD_0). A
mesh primitive MUST have the corresponding texture coordinate attributes for the material to be
applicable to it.
* Type: integer
* Required: No, default: 0

e Minimum: >= 0

5.21.3. material.occlusionTextureInfo.strength

A scalar parameter controlling the amount of occlusion applied. A value of 0.0 means no occlusion.
A value of I-8meansfull occlusion-Thisvalue affects the final geclusion value as: 1.0 4 Strength *

(<sampled pcclusion texture value> - 1.0).

Type: rfjumber
* Requined: No, default: 1

Minimum: >= 0

Maximum: <= 1

5.21.4. mjaterial.occlusionTexturelnfo.extensions
JSON objeqt with extension-specific objects.

» Type: gxtension

* Requined: No

* Type of each property: Extension
5.21.5. material.occlusionTextureIlnfo.extras

Applicatiop-specific data.

* Type: dxtras
* Requined: No

5.22. Material PBR Metallic Roughness

A set of parameter values that are used to define the metallic-roughness material model from
Physically-Based Rendering (PBR) methodology.

Table 21. Material PBR Metallic Roughness Properties

Type Description Required

baseColorFactor number [4] The factors for the base No, default: [1,1,1,1]
color of the material.
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Type Description Required
baseColorTexture textureInfo The base color texture. No
metallicFactor number The factor for the No, default: 1

metalness of the
material.
roughnessFactor number The factor for the No, default: 1
roughness of the
material.
metallicRoughnessTe texturelnfo The metallic-roughness No
xture texture.
extensions extension JSON object with No
extension-specific
objects.
extras extras Application-specific \No
data.

Additionalfproperties are allowed.

* JSON sfhema: material.pbrMetallicRoughness.schema.jspn

5.22.1. material.pbrMetallicRoughness.baseColorFactor

The factors for the base color of the material. Thi§value defines linear multipliers for tlje sampled
texels of the base color texture.

» Type: rjumber [4]

- Eadh element in the array MUST be greater than or equal to 0 and less than or eqyal to 1.

* Requined: No, default: [1,1,1,1]

5.22.2. material.pbrMetallicRoughness.baseColorTexture

The base cplor textufe. The first three components (RGB) MUST be encoded with the sR¢B transfer
function. They,Specify the base color of the material. If the fourth component (A) is|present, it
represents|the linear alpha coverage of the material. Otherwise, the alpha coverage is equal to 1.0.
The materiat.atphaMode property Speciiies how alpna nterpreted. 1ne stored texels MUST NOT be
premultiplied. When undefined, the texture MUST be sampled as having 1.0 in all components.

* Type: texturelnfo
* Required: No

5.22.3. material.pbrMetallicRoughness.metallicFactor

The factor for the metalness of the material. This value defines a linear multiplier for the sampled
metalness values of the metallic-roughness texture.
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Type: number
Required: No, default: 1

Minimum: >= 0

Maximum: <= 1

5.22.4. material.pbrMetallicRoughness.roughnessFactor

The factor for the roughness of the material. This value defines a linear multiplier for the sampled

roughness

values of the metallic-roughness texture.

Type: number

Minim

Maxini

5.22.5. 10

The metallic-roughness texture. The metalness values are satapled from the B ch

roughness
transfer fu
roughness
componern

* Type: {

* Required: No

5.22.6. 1

JSON objeg

* Type: g

* Required: No

Requilled: No, default: 1

um: >= 0

lum: <= 1

jaterial.pbrMetallicRoughness.metallicRoughnessTexture

innel. The

values are sampled from the G channel. These valies MUST be encoded wi
Inction. If other channels are present (R or A), they MUST be ignored fo
calculations. When undefined, the texture MUST be sampled as having 1.0
[S.

extureInfo

jaterial.pbrMetallicRoughness.extensions
t with extension-specific objects.

xtension

each-property: Extension

h a linear
metallic-
n G and B

Application-specific data.

* Type: extras

* Required: No
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5.23. Mesh

A set of primitives to be rendered. Its global transform is defined by a node that references it.

Table 22. Mesh Properties

Type Description Required

primitives mesh.primitive [1-*] An array of primitives, + Yes
each defining geometry
to be rendered.

weights number [1-*] Array of weights to be No
applied to the morph
targets. The number of
array elements MUST
match the number of
morph targets.

}_ v
name string The user-defined namé, No

of this object.

extensions extension JSON object wifh No
extension-specific
objects,

extras extras Application-specific No
data.

Additionalfproperties are allowed.

* JSON sfhema: mesh.schema.json

5.23.1. mesh.primitives

An array of primitives, eaclrdefining geometry to be rendered.

o Type: nesh.primitive [1-*]
* Requirled: v Yes

5.23.2.

Array of weights to be applied to the morph targets. The number of array elements MUST match the
number of morph targets.

» Type: number [1-*]

* Required: No

5.23.3. mesh.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

108 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

* Type: string
* Required: No
5.23.4. mesh.extensions
JSON object with extension-specific objects.

* Type: extension
* Required: No

* Type of each property: Extension

ISO/IEC 12113:2022(E)

5.23.5. mesh.extras

Applicatiofp-specific data.

* Type: dxtras
* Required: No

5.24. Mesh Primitive

Geometry fo be rendered with the given material.

Related WebGL functions: drawElements() and dfawArrays()

Table 23. Mgsh Primitive Properties

Type

attributes object

Description Required

A plain JSON object, v Yes
where each key

corresponds to a mesh
attribute semantic and

each value is the index

of the accessor

containing attribute’s

data.

indices integer

material integer

mode integer

© ISO/IEC 2022 - All rights reserved

The index of the No
accessor that contains
the vertex indices.

The index of the No
material to apply to this
primitive when

rendering.

The topology type of No, default: 4
primitives to render.
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Type Description Required

targets object [1-*] An array of morph No
targets.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON sfhema: mesh.primitive.schema.json

5.24.1. mesh.primitive.attributes

A plain JSQN object, where each key corresponds to a mesh attribute semanti¢ and each yalue is the
index of thle accessor containing attribute’s data.
» Type: dbject
* Requined: v Yes
» Type of each property: integer

5.24.2. mesh.primitive.indices

The index|of the accessor that contains the ¥ertex indices. When this is undefined, th¢ primitive
defines ng¢n-indexed geometry. When défined, the accessor MUST have SCALAR type and an
unsigned ipteger component type.

» Type: integer

* Requined: No

e Minimum: >= 0

¢ Relatefl WebGLfunctions: drawElements() when defined and drawArrays() otherwise

5.24.3. mesh:primitive.material

The index of the material to apply to this primitive when rendering.

» Type: integer
* Required: No

e Minimum: >= 0

5.24.4. mesh.primitive.mode

The topology type of primitives to render.
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* Type: integer
* Required: No, default: 4
* Allowed values:
o 0 POINTS
o 1T LINES
> 2 LINE_LOOP

o

3 LINE_STRIP

o

4 TRIANGLES
o 5 TRIANGLE_STRIP

° b T]l{IANGLE_FAN

5.24.5. mesh.primitive.targets

An array of morph targets.
* Type: dbject [1-*]

* Required: No

5.24.6. mesh.primitive.extensions

JSON objeqt with extension-specific objects.

* Type: gxtension

* Requined: No

» Type of each property: Extension
5.24.7. mesh.primitive.extras

Applicatiop-specific datal

* Type: dxtras
* Requined; N¢

5.25. Node

A node in the node hierarchy. When the node contains skin, all mesh.primitives MUST contain
JOINTS_@ and WEIGHTS_@ attributes. A node MAY have either a matrix or any combination of
translation/rotation/scale (TRS) properties. TRS properties are converted to matrices and
postmultiplied in the T * R * S order to compose the transformation matrix; first the scale is
applied to the vertices, then the rotation, and then the translation. If none are provided, the
transform is the identityy When a node is targeted for animation (referenced by an
animation.channel.target), matrix MUST NOT be present.
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Table 24. Node Properties

Type Description Required

camera integer The index of the No
camera referenced by
this node.

children integer [1-*] The indices of this No
node’s children.

skin integer The index of the skin ~ No
referenced by this
node.

matrix number [16] A floating-point 4x4 No, default;
transformation matrix [1,0,0,8:0,4,00,0,0,0,1
stored in column-major /0,0,0,0,1]
order.

: N
mesh integer The index of the mesh~ No
in this node.

rotation number [4] The node’s unit No, default: [§,0,0,1]
quaternion retation in
the ordef(x, v, z, w),
wheré&w’is the scalar.

scale number [3] Themnode’s non- No, default: [1,1,1]
uniform scale, given as
the scaling factors
along the %, y, and z
axes.

translatiqn number [ 3} The node’s translation No, default: [§,0,0]
along the X, y, and z
axes.

weights (odmber [1-*] The weights of the No
' instantiated morph

target. The number of
array elements MUST
match the number of
morph targets of the
referenced mesh. When
defined, mesh MUST

also be defined.

name string The user-defined name No
of this object.

extensions extension JSON object with No
extension-specific
objects.
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extras

Additional

Type Description

extras Application-specific

data.

properties are allowed.

* JSON schema: node.schema.json

5.25.1. node.camera

The index of the camera referenced by this node.

ISO/IEC 12113:2022(E)

Required
No

* Type: ]nteger

* Requi
* Minim
5.25.2.n
The indice

* Type: i
o Eac

o Eac

ed: No
um: >= 0
pde.children

5 of this node’s children.

nteger [1-*]
h element in the array MUST be unique.

h element in the array MUST be greater than or equal to 0.

* Requined: No

5.25.3.n

The index
defined.

* Type: i

pde.skin

nteger

* Requined: No

* Minim

um: >3 0

pf the skin referenced hy@his node. When a skin is referenced by a node with
all joints yised by the skin MUST belong to the same scene. When defined, mesh MU

in a scene,
ST also be

5.25.4. node.matrix

A floating-point 4x4 transformation matrix stored in column-major order.

* Type: number [16]

* Required: No, default: [1,0,0,0,0,1,0,0,0,0,1,0,0,0,0,1]

» Related WebGL functions: uniformMatrix4fv() with the transpose parameter equal to false
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5.25.5. node.mesh

The index of the mesh in this node.

* Type: i

* Requir

nteger

ed: No

e Minimum: >= 0

5.25.6. node.rotation

The node’s

unit quaternion rotation in the order (x, y, z, w), where w is the scalar.

» Type: rjumber [4]

- Ea

* Requi

5.25.7.n

The node’s

* Type: 1

* Requinjed: No, default: [1,1,1]

5.25.8.n

The node’s

* Type: 1

* Requined: No, default: [0,0,04

5.25.9.n

The weighits of the imstantiated morph target. The number of array elements MUST

number of

* Type: 1]

element in the array MUST be greater than or equal to -1 and less thanor equal to 1.

ed: No, default: [0,0,0,1]

pde.scale

non-uniform scale, given as the scaling factors along the\x, y, and z axes.

umber [3]

pde.translation
translation along the x, y, and z .azgs.

umber [3]

pde.weights

morphargets of the referenced mesh. When defined, mesh MUST also be defir

umber’[1-*]

* Required: No

5.25.10. node.name

match the
ed.

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

* Type: string

* Required: No
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5.25.11. node.extensions
JSON object with extension-specific objects.

* Type: extension

* Required: No

» Type of each property: Extension
5.25.12. node.extras

Application-specific data.

* Type: dxtras

* Required: No

5.26. Sampler

Texture sampler properties for filtering and wrapping modes.

Table 25. Sampler Properties

Type Desgription Required

magFilter integer | l\/.Iélg‘nification filter. No
minFilter integer * Minification filter, No
wrapS$S integer ” S (U) wrapping mode.  No, default: 19497
wrapT integer ~ T (V) wrapping mode.  No, default: 1£497
name string » The user-defined name No

of this object.

extensiorls (e¥tension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: sampler.schema.json

5.26.1. sampler.magFilter

Magnification filter.

» Type: integer
* Required: No
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¢ Allowed values:

o 9728 NEAREST

o 9729 LINEAR

* Related WebGL functions: samplerParameteri() with pname equal to TEXTURE_MAG_FILTER

5.26.2. sampler.minFilter

Minification filter.

* Type: i

nteger

* Required: No

* Allowe
o 972
972

o

998

o

998

o

> 998

> 998

* Relate

d values:

B NEAREST

) LINEAR

l NEAREST_MIPMAP_NEAREST
b LINEAR_MIPMAP_NEAREST

b NEAREST MIPMAP_LINEAR

{ LINEAR_MIPMAP_LINEAR

1l WebGL functions: samplerParameteri() with‘pname equal to TEXTURE_MIN |

5.26.3. sampler.wrap$S

S (U) wrap

* Type: i

ping mode. All valid values correspond to WebGL enums.

nteger

* Requined: No, default: 10497

* Allowe
> 330
> 336
o 104

d values:

(1 CLAMP_TQ EDGE
18 MIRRORED_REPEAT
)7 REPEAT

FILTER

* Relate

1l WebhGL functions: camrrﬂ erParameteri() with pname pr}nn] to TEXTURE WRA

5.26.4. sampler.wrapT

T (V) wrapping mode.

* Type: i

nteger

* Required: No, default: 10497

¢ Allowed values:

> 33071 CLAMP_TO_EDGE
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o 33648 MIRRORED_REPEAT
> 10497 REPEAT
* Related WebGL functions: samplerParameteri() with pname equal to TEXTURE_WRAP_T

5.26.5. sampler.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

» Type: string
* Required: No

5.26.6. sampler.extensions
JSON objeqt with extension-specific objects.

* Type: gxtension
* Requined: No

» Type of each property: Extension

5.26.7. sampler.extras
Applicatiof-specific data.

* Type: dxtras
* Required: No

5.27. Scene

The root npdes of a scene:

Table 26. Sgene Propeities

Type Description Required
nodes integer [1-7] The indices of each root No
node.
name string The user-defined name No

of this object.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.
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Additional properties are allowed.

* JSON schema: scene.schema.json

5.27.1. scene.nodes

The indices of each root node.

» Type: integer [1-*]
o Each element in the array MUST be unique.

o Each element in the array MUST be greater than or equal to 0.

* Requined:No

5.27.2. s¢ene.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could havd the same name, or two accessors could even have the same nameé.

* Type: qtring
* Required: No
5.27.3. s¢ene.extensions
JSON objedt with extension-specific objects.

* Type: dxtension

* Required: No

» Type of each property: Extension
5.27.4. s¢ene.extras

Applicatiop-specific data'

* Type: dxtras
* Required: No

5.28. Skin

Joints and matrices defining a skin.

Table 27. Skin Properties
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Description Required
The index of the No
accessor containing the
floating-point 4x4

inverse-bind matrices.

skeleton integer The index of the node No
used as a skeleton root.
joints integer [1-*] Indices of skeleton v Yes
nodes, used as joints in
this skin.
name StrTmg The user-defined name NoO
of this object.
extensions extension JSON object with No
extension-specific
objects. '
extras extras Application-specifie No

Additionalfproperties are allowed.

* JSON sfhema: skin.schema.json

5.28.1. skin.inverseBindMatrices

data.

The index pf the accessor containing the flgating-point 4x4 inverse-bind matrices. Its accdssor.count
property MUST be greater than or equal to the number of elements of the joints ajray. When

undefined] each matrix is a 4x4 identity matrix.

* Type: integer
* Required: No

e Minimjum: >= 0

5.28.2. skingskeleton

The index of the node USed as a SKeieton root. 1ne node MUST be the closest common root of the
joints hierarchy or a direct or indirect parent node of the closest common root.

* Type: integer
* Required: No

e Minimum: >= 0

5.28.3. skin.joints

Indices of skeleton nodes, used as joints in this skin.

© ISO/IEC 2022 - All rights reserved
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* Type: i

nteger [1-*]

o Each element in the array MUST be unique.

o Each element in the array MUST be greater than or equal to 0.

* Required: v Yes

5.28.4. skin.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

» Type: string

. Requilled: No

5.28.5. skin.extensions

JSON objeg

* Type: g

t with extension-specific objects.

xtension

* Required: No

» Type of each property: Extension

5.28.6. skin.extras

Applicatio]

* Type: g

n-specific data.

xtras

* Requined: No

5.29. Texture

b2D(), and

A texture gnd its saatpler.
Related WebGL functions: createTexture(), deleteTexture(), bindTexture(), texImag
texParametprfY)
Table 28. Texture Properties
Type Description Required

sampler integer The index of the No

sampler used by this

texture. When

undefined, a sampler

with repeat wrapping

and auto filtering

SHOULD be used.
120
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Type Description Required

source integer The index of the image No
used by this texture.
When undefined, an
extension or other
mechanism SHOULD
supply an alternate
texture source,
otherwise behavior is
undefined.

name string The user-defined name No
of this object.

extensions extension JSON object with No
extension-specific
objects. l
extras extras Application-specific No
data.

Additionalfproperties are allowed.

* JSON sfhema: texture.schema.json

5.29.1. texture.sampler

The index [of the sampler used by this texture* When undefined, a sampler with repeat wrapping
and auto filtering SHOULD be used.

* Type: integer
* Requined: No

e Minimum: >= 0

5.29.2. texture.source

The index|of thesimage used by this texture. When undefined, an extension or other pechanism
SHOULD supply an alternate texture source, otherwise behavior is undefined.

» Type: integer
* Required: No

e Minimum: >= 0

5.29.3. texture.name

The user-defined name of this object. This is not necessarily unique, e.g., an accessor and a buffer
could have the same name, or two accessors could even have the same name.

» Type: string
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* Required: No

5.29.4. texture.extensions

JSON object with extension-specific objects.

* Type: extension

* Required: No

* Type of each property: Extension

5.29.5. texture.extras

Applicatio

n-specific data.

* Type: dxtras

* Requined: No

5.30. Texture Info

Reference

fo a texture.

Table 29. Texture Info Properties

Type “Description Required

index integer The index of the v Yes
texture.

texCoord integer The set index of No, default: 0
texture’s TEXCOORD
attribute used for

| texture coordinate

mapping.

extensions extension JSON object with No
extension-specific
objects.

extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: textureInfo.schema.json

5.30.1. textureInfo.index

The index of the texture.
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* Type: integer
* Required: v Yes

e Minimum: >= 0

5.30.2. texturelnfo.texCoord

This integer value is used to construct a string in the format TEXCOORD_<set index> which is a
reference to a key in mesh.primitives.attributes (e.g. a value of @ corresponds to TEXCOORD_0). A
mesh primitive MUST have the corresponding texture coordinate attributes for the material to be
applicable to it.

* Type: irteger

* Requirjed: No, default: 0

e Minimjum: >= 0
5.30.3. textureInfo.extensions
JSON objeqt with extension-specific objects.

* Type: gxtension

* Required: No

» Type of each property: Extension
5.30.4. texturelnfo.extras

Applicatiop-specific data.

* Type: gxtras
* Required: No
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Appendix A: JSON Schema Reference
(Informative)

A.1. JSON Schema for Accessor

"$schema": "https://json-schema.org/draft/2020-12/schema”,
"$id": "accessor.schema.json",

"title": "Accessor",

"type—ebjeet—

"deqcription”: "A typed view into a buffer view that contains raw b1naryiaata.",
"allof": [ { "$ref": "glTFChildOfRootProperty.schema.json" } 1, ;]/

"prdperties": { n?b'
"bufferView": { q/'\
"al10f": [ { "$ref": "glTFid.schema.json" } 1, N

"description": "The index of the bufferView.", {</C)
"gltf_detailedDescription": "The index of the qEﬁ%ér view. When undefined,
the accdssor **MUST** be initialized with zeros; ‘sparse{fﬁroperty or extensions
**MAY** loverride zeros with actual values."

b 4
"byteOffset": { QQ
"type": "integer", 0\

"description": "The offset relayéy to the start of the buffer view in
bytes." | O
"minimum": 0, .Q§S
"default": 0, D
"gltf_detailedDescript&?n": "The offset relative to the start of the
buffer Jiew in bytes. This ** ** be a multiple of the size of the component
datatypq. This property **MUEB\NOT** be defined when ‘bufferView' is undefined.|",
“gltf_webglfgsg‘vertexAttribPointer()‘ offset parameter"

e
"componentType’: {
"de tion": "The datatype of the accessor's components.",
! ff)_detailedDescription": "The datatype of the accessor's compongnts.
UNSIGNEQ_INT™ pype **MUST NOT** be used for any accessor that is not referenced |y
‘mesh.pidtive.indices"."

"gltf_webgl": “‘type‘ parameter of ‘vertexAttribPointer()'. The
corresponding typed arrays are ‘Int8Array‘, ‘Uint8Array‘, ‘Int16Array‘, ‘Uint16Array",
‘Uint32Array', and ‘Float32Array'.",

"any0f": [
{

"const": 5120,
"description": "BYTE",
"type": "integer"

"const": 5121,
"description": "UNSIGNED_BYTE",
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"type": "integer"

H
{
"const": 5122,
"description": "SHORT",
"type": "integer"
H
{
"const": 5123,
"description": "UNSIGNED_SHORT",
"type": "integer"
+
{
"const": 5125, (l/
"description": "UNSIGNED_INT", (gl'
"type": "integer" (,;1/
I ,\'\

"const": 5126, O
"description”: "FLOAT", \\Q/
"type": "integer" qé;)
¥ \\
{ <<0
"type": "integer" QQ
¥ N\
) N
I Ol
ormalized": { 4§
"type": "boolean", R
"description”: "Specit$95 whether integer data values are normalized
before Jsage.", e$.

"default": falses
"gltf_detailedDescription": "Specifies whether integer data values fare
normalided (‘true') to(5§§“1] (for unsigned types) or to [-1, 1] (for signed types)
when thqy are accesséd; This property **MUST NOT** be set to ‘true' for accessqrs with
“FLOAT" [or ‘UNSIGNERMINT' component type.",

"gwebgl": "‘normalized' parameter of ‘vertexAttribPointer()‘ "

o

Nao g, Wo oo
Cypt . mceycT

"description": "The number of elements referenced by this accessor.",
"minimum": 1,
"gltf_detailedDescription": "The number of elements referenced by this
accessor, not to be confused with the number of bytes or number of components."”
i
"type": {
"description": "Specifies if the accessor's elements are scalars, vectors,
or matrices.",
"anyOf": [
{

"const": "SCALAR"
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}I
{
"const": "VEC2"
}I
{
"const": "VEC3"
}I
{
"const": "VEC4"
}I
{
"const": "MAT2"
}I
{
} "const": "MAT3" qusb
{ r(<3>‘
"const": "MAT4" r\q/
}, O
{ NZ
n n, n . n O
type”: “string CE)
} O
] & O
}I QQ
"max": { Qb
"type": "array", QO

"description": "Maximum valueQSf?@ach component in this accessor.",
"items": { QS
n n, n n .@
type": "number OA\
inItems": 1, ’C\)j‘:\
"maxItems": 16, ~ >
"gltf_detailegDescription": "Maximum value of each component in thils

}

accessorl. Array eleme *MUST** be treated as having the same data type as
accessorl's ‘componentJype'. Both ‘min‘ and ‘max' arrays have the same length. |[The
length {s determi by the value of the ‘type' property; it can be 1, 2, 3, 4,9, or

16.\n\n|normalj property has no effect on array values: they always correspond to
the actdal s stored in the buffer. When the accessor is sparse, this propdrty
*FEMUST*H ain maximum values of accessor data with sparse substitution applijed."
1=
"min": {

"type": "array",
"description”: "Minimum value of each component in this accessor.",
"items": {

“type": "number"

}

inItems": 1,

"maxItems": 16,

"gltf_detailedDescription”: "Minimum value of each component in this
accessor. Array elements **MUST** be treated as having the same data type as
accessor's ‘componentType‘. Both ‘min‘ and ‘max‘ arrays have the same length. The
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length is determined by the value of the “type‘ property; it can be 1, 2, 3, 4, 9, or
16.\n\n"normalized" property has no effect on array values: they always correspond to
the actual values stored in the buffer. When the accessor is sparse, this property
**MUST** contain minimum values of accessor data with sparse substitution applied.”
1
"sparse": {
"all0f": [ { "$ref": "accessor.sparse.schema.json" } 1,
"description”: "Sparse storage of elements that deviate from their
initialization value."
T
"name": { },
"extensions": { },
"extras": { }

}, )
"degendencies": { (Sl'
"byteOffset": [ "bufferView" ] (Eﬁb'

) ,\'\
"required": [ "componentType", "count", "type" ] 5:1/
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A.2. JSON Schema for Accessor Sparse

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$§id": "accessor.sparse.schema.json",

"title": "Accessor Sparse",

"type": "object",

"description"”: "Sparse storage of accessor values that deviate from their
initialization value.",

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

"properties": {

"count": [
"type": "integer", O\
"description”: "Number of deviating accessor values stored i @iﬂ(sparse
array.") “(5‘
"minimum": 1 (1:\
F N

"indices": { (J
"all0f": [ { "$ref": "accessor.sparse.indices.s ‘ﬁﬁg.json" 1,
"description”: "An object pointing to a bufqug§$sw containing the lindices
of devidting accessor values. The number of indices 1s<§qua1 to ‘count'. Indicds

**MUST*{ strictly increase." <:§k
alues": { \\<2

}
"al10f": [ { "$ref": "accessor.%2§$%e.va1ues.schema.json" Y1,
"description”: "An object poirfing to a buffer view containing the
deviatirlg accessor values."

1, ¥
"extensions": { }, \*jSD
extras": { } .\0

}, @)

redquired": [ "counggk:“indices", "values" ]

}
©

O 3
D
\<</C)
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A.3.JSON Schema for Accessor Sparse Indices

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"§id": "accessor.sparse.indices.schema.json",

"title": "Accessor Sparse Indices",

"type": "object",

"description”: "An object pointing to a buffer view containing the indices of
deviating accessor values. The number of indices is equal to ‘accessor.sparse.count'.

Indices **MUST** strictly increase.",
"all0f": [ { "$ref": "gl1TFProperty.schema.json" } 1,
"pr pnr+inc"' {

"bufferView": { (i),
"al10f": [ { "$ref": "g1TFid.schema.json" } 1, Q
"description": "The index of the buffer view with sparse ifdjces. T

referended buffer view **MUST NOT** have its ‘target' or ‘byteStridg™propertie
defined The buffer view and the optional ‘byteOffset® **MUST** beNaTigned to t
‘compongntType* byte length." Q/Q
+ <:§>
"byteOffset": { \%
"type": "integer", (‘)\
"description": "The offset relative to<f$@ start of the buffer view
bytes." | <2

:minimum:i 0, g$§>
default": 0
%
}, )
"componentType": { »Q§$
"description": "The indices data type.",
"any0f": [ xO
{ OF
"const“:(3?21,

"descgiption": "UNSIGNED_BYTE",
"t& "integer"

A
C§2~ "const": 5123,
st; "description": "UNSIGNED_SHORT",

\Q/ "type": "integer"

I
{
"const": 5125,

"description”: "UNSIGNED_INT",
"type": "integer"

"type": "integer"
]
+

"extensions": { 1},
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"extras": { }

}I

"required": [ "bufferView", "componentType" ]
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A.4. JSON Schema for Accessor Sparse Values

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$id": "accessor.sparse.values.schema.json",

"title": "Accessor Sparse Values",

"type": "object",

"description”: "An object pointing to a buffer view containing the deviating

accessor values. The number of elements is equal to ‘accessor.sparse.count' times
number of components. The elements have the same component type as the base accessor.

The
the

referended buffer view **MUST NOT** have its ‘target‘ or ‘bytqéé;dde‘ propertig

defined " \
s \%O
"byteOffset": { C‘)\
"type": "integer",
"description”: "The offset relative Q? e start of the bufferView [in
bytes." | <>
"minimum": 0, g\
"default": 0 QS}
}, D
"extensions": { }, K\
"extras": { } xO
b &

elements are tightly packed. Data **MUST** be aligned following the same rules as

base—accessor "
"allof": [ { "$ref": "glTFProperty.schema.json" } 1, ({)/
"prdperties": { 3153
"bufferView": { p{?)'
"al10f": [ { "$ref": "g1TFid.schema.json" } 1, N

"description": "The index of the bufferView with sparsk.Yalues. Thd

[7)

reduired": "bufferV1a@3Q]
c)o@
&
O
3
NS
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A.5.JSON Schema for Animation

"$§schema": "https://json-schema.org/draft/2020-12/schema",
"$id": "animation.schema.json",
"title": "Animation",
"type": "object",
"description": "A keyframe animation.",
"all0f": [ { "$ref": "g1TFChildOfRootProperty.schema.json" } 1,
“properties": {
"channels": {

"type": "array"
"description": "An array of animation channels. An animation ch 1
combined an animation sampler with a target property being animated. Dif@ﬁgb t
channelqd of the same animation **MUST NOT** have the same targets.", h{b'
"items": { N
"$ref": "animation.channel.schema.json" ":1'
}, ((/Q
"minItems": 1 O\\
! &
"samplers": { (‘)\
"type": "array", K
"description": "An array of animatioqégghplers. An animation samplgr

combineq timestamps with a sequence of output ¥§$ues and defines an interpolatijon
algorithm.", b

"items": { ngb
"$ref": "animation.sama?ér.schema.json"
} N\
"minItems": 1 xO
} .\c§l~
"name": { }, CS‘

"extensions": { J *

"extras": { } Og\

}, O

"required": iéS%hannels", "samplers" ]
O

D
\<</C)
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A.6. JSON Schema for Animation Channel

{
"$§schema": "https://json-schema.org/draft/2020-12/schema",
"$id": "animation.channel.schema.json",
"title": "Animation Channel",
"type": "object",
"description”: "An animation channel combines an animation sampler with a target
property being animated.",
"allof": [ { "$ref": "glTFProperty.schema.json" } 1,
"properties": {
ls_a[nrr\'lnr"' {
"allof": [ { "$ref": "gl1TFid.schema.json" } 1, ({)/
"description": "The index of a sampler in this animation used]gb dmpute
the valde for the target.", h:b
"gltf_detailedDescription”: "The index of a sampler in ;Gis animatifon used
to compyte the value for the target, e.g., a node's translation, Hbt tion, or dcale
(TRS)."
+ (:§§g/
"target": {
"all0f": [ { "$ref": "animation.channel. tacget schema. Json" 1,
"description": "The descriptor of the a ed property.”
b K
"extensions": { }, <}
"extras": { } s\
Iy
“redquired": [ "sampler", "target" %$
}
xS)
O
o
§§>.
o
R
Q/C)
A\
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A.7.]JSON Schema for Animation Channel Target

{
"$§schema": "https://json-schema.org/draft/2020-12/schema",
"§id": "animation.channel.target.schema.json",
"title": "Animation Channel Target",
"type": "object",
"description": "The descriptor of the animated property.",
"all0f": [ { "$ref": "glTFProperty.schema.json" } 1,
“properties": {
"node": {
"S110f" - [ { "$rn'F"' "g1TF‘if‘| schema jcnn" } ]’
"description": "The index of the node to animate. When undefined{]ﬁhe
animateq object **MAY** be defined by an extension." f153
b ,\‘b'
"nath": { N

"description”: "The name of the node's TRS property td<3fimate, or [the '

\"weighfs\""' of the Morph Targets it instantiates. For the ‘\' slation\"" property,

the valyes that are provided by the sampler are the transla ‘Qﬁ along the X, Y,| and Z

axes. Fqr the *\"rotation\"' property, the values are a q\ rnion in the order| (x, vy,

z, w), where w is the scalar. For the ‘\"scale\"' propetity, the values are the |scaling

factors |along the X, Y, and Z axes.", ((

"anyOf": [ QQ
{ N

"const": "translation”

%

1 &

{ @&
"const": "rotatiqg¥

}, xO

{ &
"const":(ﬁgbale"

+ K
: O@
nst"

: "weights"
C§é3§>’ weig

st; "type": "string"
288
]
}I

"extensions": { },
"extras": { }

+
"required": [ "path" ]
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A.8.JSON Schema for Animation Sampler

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$§id": "animation.sampler.schema.json",

"title": "Animation Sampler",

"type": "object",

"description”: "An animation sampler combines timestamps with a sequence of output
values and defines an interpolation algorithm.",

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

"properties": {
"inpu+"' {

"allof": [ { "$ref": "gl1TFid.schema.json" } 1, O\,

"description”: "The index of an accessor containing keyframefﬁsglgtamps.“,

"gltf_detailedDescription": "The index of an accessor conBQ?ging keyframe
timestanps. The accessor **MUST** be of scalar type with floating-paint’ compongnts.
The valdes represent time in seconds with ‘time[0] >= 0.0%, and sthNi€tly incredsing

\ n

values, |i.e., ‘time[n + 1] > time[n]". Q/Q
\
@)

i
"interpolation": { N
"description": "Interpolation algorithm.",<§\
"default": "LINEAR",
"gltf_detailedDescription”: "Interpokégkrlalgorithmﬂﬁ
"any0f": N\
Y{ [ g§>
"const": "LINEAR", QSSD
"description": "Th imated values are linearly interpolatled
between [keyframes. When targeting a (ﬁggfﬂon, spherical linear interpolation (dqlerp)
**SHOULO** be used to interpolatex§daternions. The number of output elements **MUST**

1 th b f input el .
equa e number of input e eggﬁﬁs

}I 'C)

{ *
"c(r§": U

déscription”: "The animated values remain constant to the joutput
of the first key. e, until the next keyframe. The number of output elements **MUST**
equal tHe num f input elements."

+,
&

“const: "CUBLCSPLINE™,

"description”: "The animation's interpolation is computed using a
cubic spline with specified tangents. The number of output elements **MUST** equal
three times the number of input elements. For each input element, the output stores
three elements, an in-tangent, a spline vertex, and an out-tangent. There **MUST** be
at least two keyframes when using this interpolation.”

b
{

"type": "string"
}

}I
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"output": {
"al10f": [ { "$ref": "glTFid.schema.json" } 1,
"description”: "The index of an accessor, containing keyframe output

values."
I¥
"extensions": { },
"extras": { }
+

“required": [ "input", "output" ]
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A.9. JSON Schema for Asset

{
"$§schema": "https://json-schema.org/draft/2020-12/schema",
"$id": "asset.schema.json",
"title": "Asset",
"type": "object",
"description”: "Metadata about the glTF asset.",
"all0f": [ { "$ref": "glTFProperty.schema.json" } 1,
“properties": {
"copyright": {
"+ypn"' "c+ring"'
"description”: "A copyright message suitable for display to cred{a/the
content |[creator."” !i;)
1 ,\"b'
"generator" { N
"type": "string", '\q’
"description”: "Tool that generated this glTF moqugl)Useful for
debugging." O\
] &
"version": { \
"type": "string", (<

"description”: "The glTF version in'qggkorm of ‘<major>.<minor>" that

this asdet targets.", NS
n ", n _ _ n KQ
pattern": "A[0-9]+\\.[0-9]+$
%)
¥ S
"minVersion": { ~Q§S
"type": "string", b

"description": "The mi§¥mum g1TF version in the form of ‘<major>.<mfinor>"
that this asset targets. This<g£$perty **MUST NOT** be greater than the asset

version{", O

"pattern": 4&@~9]+\\ [0-9]+%"

extens10 ;&Q 1,

extras

reduir [ "version" ]

N N
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A.10. JSON Schema for Buffer

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$id": "buffer.schema.json",

"title": "Buffer",

"type": "object",

"description”: "A buffer points to binary geometry, animation, or skins.",
"all0f": [ { "$ref": "g1TFChildOfRootProperty.schema.json" } 1,
“properties": {

"uri": {
"+ypn"' "c+ring"'
"description": "The URI (or IRI) of the buffer.", (i)/
"format": "iri-reference", Q

"gltf_detailedDescription”: "The URI (or IRI) of the buffer?y-Relatfive
paths arle relative to the current glTF asset. Instead of referenci;%tan external
file, tHis field **MAY** contain a ‘data:‘-URI.", N
"gltf_uriType": "application” Q/Q
+ (:§t‘
"byteLength": { \%
"type": "integer", C‘)\
"description”: "The length of the buffesin bytes.",

"minimum": 1 <2
%’ame"' {} QS§>
L %]

"extensions": { }, O
"extras": { } ) ®$

Iy, D

"reduired": [ "bytelength" ] xO

} (SSS)

C)O® |
@ .
<2.

O
D
&
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A.11. JSON Schema for Buffer View

{
"$§schema": "https://json-schema.org/draft/2020-12/schema",
"$id": "bufferView.schema.json",
"title": "Buffer View",
"type": "object",
"description”: "A view into a buffer generally representing a subset of the
buffer.",
"all0f": [ { "$ref": "glTFChildOfRootProperty.schema.json" } 1,
"properties": {
"buffar": {
"allof": [ { "$ref": "gl1TFid.schema.json" } 1, ({)/
"description": "The index of the buffer." !i;)
1 ,\"b'
"byteOffset": { N
"type": "integer", ":1'
"description”: "The offset into the buffer in bth%Sg
"minimum": 0, (5§~
"default": 0 \%
} N
) O
"bytelLength": { (<
"type": "integer", <:>
"description": "The length of the Egg?LrView in bytes.",
"minimum": 1 b
%
}, )
"byteStride": { QS
"type": "integer", \Sgb
"description": "The sté?de, in bytes.",
"minimum": 4, X
"maximum": 252, C)\\
"multipleOf":ad
“gltf_deta(f§§5escription“: "The stride, in bytes, between vertex
attribufes. When s/is not defined, data is tightly packed. When two or more
accessorls use th me buffer view, this field **MUST** be defined.",
" I:;%ﬁebgl": "‘vertexAttribPointer()"' stride parameter"
et": {
“description”: "[The hint representing the 1ntended GPU bufter type to use
with this buffer view.",
"gltf_webgl": "‘bindBuffer()*",
"any0f": [
{

"const": 34962,
"description": "ARRAY_BUFFER",
"type": "integer"

"const": 34963,
"description”: "ELEMENT_ARRAY_BUFFER",
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"type": "integer"

b
{
"type": "integer"
}
]
},
"name": { },

"extensions": { },
"extras": { }

}
"required": [ "buffer", "bytelength" ]
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A.12. JSON Schema for Camera
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"$schema": "https://json-schema.org/draft/2020-12/schema",

"$id": "camera.schema.json",
"title": "Camera",
"type": Ilobject",

"description”: "A camera's projection. A node **MAY** reference a camera to apply

a transform to place the camera in the scene.",

"all0f": [ { "$ref": "glTFChildOfRootProperty.schema.json" } 1,

"properties": {
"orthographic": {

"al10f": [ { "$ref": "camera.orthographic.schema.json" } 1,
"description”: "An orthographic camera containing properties to create an

orthogrgphic projection matrix. This property **MUST NOT** be defined when (1,

‘perspeqtive’ is defined."

}

"perspective": {

‘orthographic® is defined."

}I
"type": {

projection.”,

orthogrdphic projection. Based on this, ejfher the camera's ‘perspective’ or
‘orthographic® property **MUST** be defig@ Y
"any0f": [ \SSD
{ O
"const": tpe*spective"
0

. :E§5§§‘; "orthographic”
ééssz;ype“: "string"

=
&

1
7

"all0f": [ { "$ref": "camera.perspective.schema.json" g{Ik
"description”: "A perspective camera containing progésties to creatje a
perspec{ive projection matrix. This property **MUST NOT** be\\ ined when

Q
v
N

"description": "Specifies if the camag(fﬁes a perspective or orthdgraphic

"gltf_detailedDescription": "Specifgés if the camera uses a perspedtive or

"name": { },
"extensions": { 1},
"extras": { }

b
"required": [ "type" 1,
"not": {
"required": [ "perspective", "orthographic" ]
}
¥
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A.13. JSON Schema for Camera Orthographic

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$id": "camera.orthographic.schema.json",

"title": "Camera Orthographic",

"type": "object",

"description”: "An orthographic camera containing properties to create an
orthographic projection matrix.",

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

"properties": {

"ymag": [
"type": "number", O\
"description": "The floating-point horizontal magnification Qﬁsgké view.

This value **MUST NOT** be equal to zero. This value **SHOULD NOT** bq<?§gative."

¥ N

"ymag": { '\q’
"type": "number", <(/Q
"description": "The floating-point vertical ma ‘%\cation of the vilew.

This value **MUST NOT** be equal to zero. This value **sugagé NOT** be negativg."

) &

"zfar": { K
"type": "number", <:>
"description”: "The floating—point<§$stance to the far clipping plane.

This value **MUST NOT** be equal to zero. ‘%5 **MUST** be greater than ‘znedr'.",
"exclusiveMinimum": 0.0 O

}, D

"znear": { K\
"type": "number",  xO
"description”: "Thqi*ioating—point distance to the near clipping plane.",
"minimum": 0.0 (:$>

+
"extensions": X

"extras": {

1, N

"recuired"(fzzxmag", "ymag", "zfar", "znear" ]
Q%

NS
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A.14. JSON Schema for Camera Perspective

"$§schema": "https://json-schema.org/draft/2020-12/schema",

"$id": "camera.perspective.schema.json",

"title": "Camera Perspective",

"type": "object",

"description”: "A perspective camera containing properties to create a perspective
projection matrix.",

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

"properties": {

":cpnn+P:+in"' {
“type": "number", (i)/
"description": "The floating-point aspect ratio of the field afVidu.",

"exclusiveMinimum": 0.0, “?5'
"gltf_detailedDescription”: "The floating-point aspect giitio of thg field
of view| When undefined, the aspect ratio of the rendering viewpor'th\**MUST** be used."
I (OQ
"yfov": { O\\
“type": "number",
"description": "The floating-point verticak§£}eld of view in radiars. This

value *{SHOULD** be less than m.", ((
"exclusiveMinimum": 0.0 QQ
) >
"zfar": { Q;\
"type": "number", O

"description”: "The floatia§§point distance to the far clipping pldne.",
"exclusiveMinimum": 0.0,

"gltf_detailedDescripkfon": "The floating-point distance to the far
clippingd plane. When defined,.‘é*ﬁr‘ **MUST** be greater than ‘znear'. If ‘zfarl' is
undefindd, client implementa@}bns **SHOULD** use infinite projection matrix."

1, .

"znear": { O®
"type": mber",
"des ﬁ%&ﬁon“: "The floating-point distance to the near clipping plane.",
" g%ZiveMim'mum": 0.0,

(fgftf_detailedDescription": "The floating-point distance to the nedr

clipping {{ane."

I

"extensions": { },

"extras": { }

}I

"required": [ "yfov", "znear" ]
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A.15. JSON Schema for Extension

"$schema": "https://json-schema.org/draft/2020-12/schema”,
"$id": "extension.schema.json",

"title": "Extension",

"type": "object",

"description”: "JSON object with extension-specific objects."
"properties": {

Ifs

"additionalProperties": {

"+ype": "ghiact"
P 7

~

}
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A.16. JSON Schema for Extras

"$§schema": "https://json-schema.org/draft/2020-12/schema",
"$id": "extras.schema.json",

"title": "Extras",

"description": "Application-specific data.",

"gltf_sectionDescription": "Although ‘extras’ **MAY** have any type, it is common
for applications to store and access custom data as key/value pairs. Therefore,
‘extras' **SHOULD** be a JSON object rather than a primitive value for best

portability."
}
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A.17.JSON Schema for gITF

"$§schema": "https://json-schema.org/draft/2020-12/schema",
"§id": "glTF.schema.json",

"title": "glTF",

"type": "object",

"description”: "The root object for a glTF asset.",
"all0f": [ { "$ref": "glTFProperty.schema.json" } 1,
“properties": {

"extensionsUsed": {

asset.",

typed vi

"+vypa": "srray"
"description”: "Names of glTF extensions used in this asset.", (i)/
"items": { Q
"type": "string" )
yp g N
I \
"uniqueltems": true, N
"minItems": 1 <</C)
7 O\\
xtensionsRequired": { \%
lltypell: "array"’ O\
"description”: "Names of glTF extensiogf§{equired to properly load |this
"items": \<2
"t ‘E, n . n 5\0\
ype': “string
%
b &
"uniqueltems": true, »Q§S
"minItems": 1 K\
}, xO
"accessors": { .<i$7
lltypell: "arrayll’C)
"descriptioq¥§:%An array of accessors.",

“1tems":ﬁ£§)
"%;g&". "accessor.schema.json"

Jrs
" {:§%;ms": 1,

tf_detailedDescription”: "An array of accessors. An accessor iq a
rnto a bufferView."

}

I
"animations": {
"type": "array",
"description”: "An array of keyframe animations.",
"items": {
"$ref": "animation.schema.json"

}

inItems": 1
Jis
"asset": {

"allof": [ { "$ref": "asset.schema.json" } 1,
"description": "Metadata about the glTF asset.”
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