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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

A\

£k

TH
de
di
WV

scribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriasheed
ferent types of document should be noted (see www.iso.org/direct

e procedures used to develop this document and those intended for its further maintepance are

bd for the
ves or

ww.iec.ch/members experts/refdocs).

Af]

pdtent rights. ISO and [EC shall not be held responsible for identifying any orall such patent righ

of|
on
dd

Arx

Fo
ex
Tr
se

Th
ed
IS

Ar

complete listing of these'bodies can be found at www.iso.org/members.html and www.iec.ch
c£

tention is drawn to the possibility that some of the elements of this dogument may be the

any patent rights identified during the development of the documentwill be in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list
clarations received (see https://patents.iec.ch).

r an explanation of the voluntary nature of standards, the meaning of ISO specific t

r www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

itorial rules. It was adopted,(under the JTC1 PAS procedure, by Joint Technical C
D/IEC JTC 1, Information technology.

subject of
[ts. Details
nand/or
of patent

y trade name used in this document is information given for the convenience of users and does not
copstitute an endorsement.

brms and

pressions related to conformity assessment, as.well as information about ISO's adherence to the World
ade Organization (WTO) principles:.@in the Technical Barriers to Trade (TBT),

is document was prepared by Khronos (as gITF™ 2.0 Specification) and drafted in accordange with its

ommittee

y feedback or questionson’this document should be directed to the user’s national standards body. A

national-

mittees.

© ISO/IEC 2022 - All rights reserved

iii


https://www.iso.org/directives-and-policies.html
https://www.iec.ch/members_experts/refdocs
https://www.iso.org/iso-standards-and-patents.html
https://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iec.ch/understanding-standards
https://www.iso.org/members.html
https://www.iec.ch/national-committees
https://www.iec.ch/national-committees
https://standardsiso.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC 12113:2022(E)

Table of Contents

1. Foreword

2. Introduction

2.1. General

2.2. Document Conventions

2.2.1. Normative Terminology and References

2.2.2. Informative Language

2.2.3. Technical Terminology

2.

D.4. Normative References
2.2.4.1. External Specifications
2.2.4.2. Media Type Registrations

. Motivation and Design Goals (Informative)
. BITF Basics

. Versioning

. File Extensions and Media Types

. |SON Encoding

. PRIs

epts

. [General

. Asset

. Indices and Names

. foordinate System and Units
. pcenes

.p.1. Overview

.p.2. Nodes and Hierarchy
.p.3. Transformationgs-,

. Binary Data Storage

.p.1. Buffers and)Buffer Views

3.6.1.1. Qverview
3.6.1.2-6LB-stored Buffer

.p.2. Accessors

2.6.2.1. Overview

3.6.2.2. Accessor Data Types
3.6.2.3. Sparse Accessors
3.6.2.4. Data Alignment
3.6.2.5. Accessors Bounds

3.7. Geometry

3.7.1. Overview
3.7.2. Meshes

© ISO/IEC 2022 - All rights reserved

© 00 00 00 ~J O U1 U1 W N DN DN N DN =

NN N NN NN NN N R R s e e s
© 0 0 0 U1 B W N NR O O © 90 U ua ua b W wWw w =~


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

ISO/IEC 12113:2022(E)

3.7.2.1. Overview 28
3.7.2.2. Morph Targets 32
3.7.3. Skins 35
3.7.3.1. Overview 35
3.7.3.2. Joint Hierarchy 36
3.7.3.3. Skinned Mesh Attributes 37
3.7.4. Instantiation 39
3.8. Texture Data 41
3.8.1. Overview 41
3.B.2. Textures 42
3.8.3. Images . 42
3.B.4. Samplers 44
3.8.4.1. Overview 44
3.8.4.2. Filtering C, 44
3.8.4.3. Wrapping , 45
3.8.4.4. Example ‘ 45
3.8.4.5. Non-power-of-two Textures ) 46

3.9. Materials 46
3.p.1. Overview N 46
3.p.2. Metallic-Roughness Material - 47
3.p.3. Additional Textures \ 49
3.p.4. Alpha Coverage X% 51
3.p.5. Double Sided s 52
3.p.6. Default Material +eC) 52
3.p.7. Point and Line Materials. .\ 52
3.10] Cameras ~N 53
3.10.1. Overview @ 53
3.110.2. View Matrix . 53
3.110.3. Projection.Matrices 53
3.10.3.1. Qverview 53
3.10.3,2:nfinite perspective projection 54
3.10.8.3. Finite perspective projection 55
3.40.3.4.- Orthographic projection 55
3.11. Animations 55
3.12. Specifying Extensions 61
4. GLB File Format Specification 63
4.1. General (Informative) 63
4.2. Structure 63
4.3. File Extension & Media Type 63
4.4. Binary gITF Layout 63
4.4.1. Overview 63

© ISO/IEC 2022 - All rights reserved \Y


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

ISO/IEC 12113:2022(E)

4.4.2. Header
4.4.3. Chunks

vi

4.4.3.1. Overview
4.4.3.2. Structured JSON Content
4.4.3.3. Binary buffer

5. Properties Reference

5.1. Accessor

5.1.1. accessor.bufferView

5.1.2. accessor.byteOffset

5.

JL.4. accessor.normalized

U1
S

o1 o1 U1 U1 Ul

5.3.

5.4.

5.

1.3. accessor.componentType

1.5. accessor.count

JL.6. accessor.type

L.7. accessor.max

1.8. accessor.min

JL.9. accessor.sparse

L.10. accessor.name

1.11. accessor.extensions

JL.12. accessor.extras

. Accessor Sparse

.L.1. accessor.sparse.count

..2. accessor.sparse.indices

..3. accessor.sparse.values

.2.4. accessor.sparse.extensions. .

2.5. accessor.sparse.extras

Accessor Sparse Indices , &2

5.B.1. accessor.sparse.indigces.bufferView
5.B.2. accessor.sparse.iridices.byteOffset

5.
5
5

B.3. accessor.spatse.indices.componentType

.B.4. accessar¢{sparse.indices.extensions

.B.5. accessor.sparse.indices.extras

Accéssor Sparse Values

1 accessor sparse values huffor\Views

5.4.2. accessor.sparse.values.byteOffset

5.4.3. accessor.sparse.values.extensions

5.4.4. accessor.sparse.values.extras

5.5. Animation

5.5.1. animation.channels

5.5.2. animation.samplers

5.5.3. animation.name

5.5.4. animation.extensions

© ISO/IEC 2022 - All rights reserved

64
64
64
65
65
66
66
67
67
67
68
68
68
68
69
69
69
69
69
70
70
70
71
71
71
71
72
72
72
73
73
73
74
74
74
74
74
75
75
76
76


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

ISO/IEC 12113:2022(E)

5.5.5. animation.extras 76
5.6. Animation Channel 76
5.6.1. animation.channel.sampler 77
5.6.2. animation.channel.target 77
5.6.3. animation.channel.extensions 77
5.6.4. animation.channel.extras 77
5.7. Animation Channel Target 77
5.7.1. animation.channel.target.node 78
5.7.2. animation.channel.target.path 79
5./.3. animation.channel.target.extensions 79
5.f.4. animation.channel.target.extras N 79
5.8. Animation Sampler 79
5.B.1. animation.sampler.input 80
5.B.2. animation.sampler.interpolation C, 80
5.B.3. animation.sampler.output , 81
5.B.4. animation.sampler.extensions ‘ 81
5.B.5. animation.sampler.extras ) 81
5.9. Asset 81
5.p.1. asset.copyright N 82
5.p.2. asset.generator . 82
5.p.3. asset.version \ 82
5.p.4. asset.minVersion X% 82
5.p.5. asset.extensions s 83
5.p.6. asset.extras C) 83
5.10| Buffer ~ 83
5.10.1. buffer.uri ~N 83
5.10.2. buffer.byteLength ) 84
5.10.3. buffer.namec. 84
5.10.4. buffer.extensions 84
5.10.5. buffer.exXtras 84
5.11| Buffer\View 84
5.11.% bufferView.buffer 85
5.012 hnf‘f’nr\linmrhyfnﬂf‘f‘enf 85
5.11.3. bufferView.byteLength 85
5.11.4. bufferView.byteStride 86
5.11.5. bufferView.target 86
5.11.6. bufferView.name 86
5.11.7. bufferView.extensions 86
5.11.8. bufferView.extras 86
5.12. Camera 87
5.12.1. camera.orthographic 87

© ISO/IEC 2022 - All rights reserved vii


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

ISO/IEC 12113:2022(E)

viii

5.12.2. camera.perspective

5.12.3. camera.type

5.12.4. camera.name

5.12.5. camera.extensions

5.12.6. camera.extras

5.13

. Camera Orthographic

5.13.1. camera.orthographic.xmag

5.13.2. camera.orthographic.ymag

5.13.3. camera.orthographic.zfar

3.
3.
5
5.14

o1 o1 o1 U1 U1 U

5.15
5.16
5.17

5
5
5
5
5
5
5
5
5
5

5.

13.4. camera.orthographic.znear

13.5. camera.orthographic.extensions

J13.6. camera.orthographic.extras

Camera Perspective

Jl4.1. camera.perspective.aspectRatio
Jl14.2. camera.perspective.yfov

J14.3. camera.perspective.zfar

Jl4.4. camera.perspective.znear

Jl14.5. camera.perspective.extensions

J14.6. camera.perspective.extras

Extension
Extras
gITF

J17.1. glTF.extensionsUsed
J17.2. glTF.extensionsRequired
J17.3. glTF.accessors

J17.4. gITF.animations

JL7.5. glTF.asset

J17.6. glTF.buffers

J17.7. gITF bufferViews

JL7.8. gITF.cameras

J17.9. glTFAmages

JL7 X0XgITF.materials

1711 g]'T‘]:' meoshes

5.17.12. gITF.nodes
5.17.13. glTF.samplers
5.17.14. glTF.scene
5.17.15. glTF.scenes
5.17.16. glTF.skins
5.17.17. gITF.textures
5.17.18. gITF.extensions
5.17.19. gITF.extras

© ISO/IEC 2022 - All rights reserved

88
88
88
88
88
89
89
90
90
90
90
90
91
91
91
92
92
92
92
92
93
93
94
94
94
94
94
95
95
95
95
95
95
96
96
96
96
96
96
96
97


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

ISO/IEC 12113:2022(E)

5.18. Image 97
5.18.1. image.uri 98
5.18.2. image.mimeType 98
5.18.3. image.bufferView 98
5.18.4. image.name 98
5.18.5. image.extensions 98
5.18.6. image.extras 99

5.19. Material 99
5.19.1. material.name 100
5.19.2. material.extensions 100
5.119.3. material.extras K 100
5.119.4. material.pbrMetallicRoughness 100
5.19.5. material.normalTexture . 100
5.119.6. material.occlusionTexture C 101
5.119.7. material.emissiveTexture . 101
5.119.8. material.emissiveFactor C 101
5.119.9. material.alphaMode \ 101
5.119.10. material.alphaCutoff 102
5.119.11. material.doubleSided \ 102

5.20| Material Normal Texture Info . 102
5.0.1. material.normalTexturelnfo.index 103
5.0.2. material.normalTextureInfo.texCoord 103
5.0.3. material.normalTextureInfo.scale 103
5.0.4. material.normalTextureInfoextensions 103
5.0.5. material.normalTexturelnfo.extras 104

5.21| Material Occlusion Textuxre Info 104
5.p1.1. material.occlusiohTextureInfo.index 104
5.p1.2. material.occlusionTextureInfo.texCoord 104
5.p1.3. materialectlusionTexturelnfo.strength 105
5.p1.4. material’occlusionTextureInfo.extensions 105
5.p1.5. material.occlusionTextureInfo.extras 105

5.22| Mdterial PBR Metallic Roughness 105
5.22:4 material.pbrMetallicRoughness.baseColorFactor 106
5.22.2. material.pbrMetallicRoughness.baseColorTexture 106
5.22.3. material.pbrMetallicRoughness.metallicFactor 106
5.22.4. material.pbrMetallicRoughness.roughnessFactor 107
5.22.5. material.pbrMetallicRoughness.metallicRoughnessTexture 107
5.22.6. material.pbrMetallicRoughness.extensions 107
5.22.7. material.pbrMetallicRoughness.extras 107

5.23. Mesh 108
5.23.1. mesh.primitives 108

© ISO/IEC 2022 - All rights reserved ix


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

ISO/IEC

12113:2022(E)

5.23.2. mesh.weights

5.23.3. mesh.name

5.23.4. mesh.extensions

5.23.5. mesh.extras
5.24. Mesh Primitive

5.24.1. mesh.primitive.attributes

5.24.2. mesh.primitive.indices

5.24.3. mesh.primitive.material

5.24.4. mesh.primitive.mode

3.
3.
5

U1
NS
3

o1 o1 o1 U1 U1 L1 U1 U1 U1 U1 U1 U

5.26

o1 o1 U1 U1 U1

3.
5.27

D4.5. mesh.primitive.targets

D4.6. mesh.primitive.extensions

.24.7. mesh.primitive.extras

Node

.£5.1. node.camera
.£5.2. node.children
.£5.3. node.skin

.£5.4. node.matrix
.£5.5. node.mesh
.£5.6. node.rotation
.25.7. node.scale

.25.8. node.translation
.£5.9. node.weights
.£5.10. node.name
.£5.11. node.extensions

.25.12. node.extras

Sampler

.£6.1. sampler.magFilter »
.26.2. sampler.minFilter
.£6.3. sampler wrap$S
£6.4. samplet.-wrapT
26.5. sampler.name

.26.6, §ampler.extensions

D G-7 camp]nr oxtrag

. Scene

5.27.1. scene.nodes

5.27.2. scene.name

5.27.3. scene.extensions

5.27.4. scene.extras

5.28

. Skin

5.28.1. skin.inverseBindMatrices
5.28.2. skin.skeleton

© ISO/IEC 2022 - All rights reserved

108
108
109
109
109
110
110
110
110
111
111
111
111
113
113
113
113
114
114
114
114
114
114
115
115
115
115
116
116
116
117
117
117
117
118
118
118
118
118
119
119


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

ISO/IEC 12113:2022(E)

5.28.3. skin.joints 119
5.28.4. skin.name 120
5.28.5. skin.extensions 120
5.28.6. skin.extras 120
5.29. Texture 120
5.29.1. texture.sampler 121
5.29.2. texture.source 121
5.29.3. texture.name 121
5.29.4. texture.extensions 122
5.L9.5. texture.extras 122
5.30] Texture Info 122
5.B0.1. textureInfo.index 122
5.B0.2. textureInfo.texCoord 123
5.B0.3. textureInfo.extensions 123
5.0.4. textureInfo.extras 123

6. Ackilowledgments (Informative) 124
6.1. Editors 124
6.2. Khronos 3D Formats Working Group and Alumni 124
6.3. ppecial Thanks 124
Appenfix A: JSON Schema Reference (Informative) 126
A.1.[[SON Schema for Accessor 126
A.2.[[SON Schema for Accessor Sparse 130
A.3.JSON Schema for Accessor Sparse Indices 131
A.4.[[SON Schema for Accessor SparseValues 133
A.5.[[SON Schema for Animation 134
A.6.[SON Schema for Animatien'Channel 135
A.7.[[SON Schema for Animation Channel Target 136
A.8.[[SON Schema for Animation Sampler 137
A.9.SON Schema fofVAsset 139
A.10 JSON Schema for Buffer 140
A.11} JSON_Schema for Buffer View 141
A.12L JSON Schema for Camera 143
A.13JSON Schema for Camera Orthographic 145
A.14. JSON Schema for Camera Perspective 146
A.15. JSON Schema for Extension 147
A.16. JSON Schema for Extras 148
A.17.JSON Schema for gITF 149
A.18. JSON Schema for gITF Child of Root Property 153
A.19. JSON Schema for gITF Id 154
A.20. JSON Schema for gITF Property 155
A.21. JSON Schema for Image 156

© ISO/IEC 2022 - All rights reserved

xi


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

ISO/IEC 12113:2022(E)

A.22. JSON Schema for Material

A.23. JSON Schema for Material Normal Texture Info
A.24. JSON Schema for Material Occlusion Texture Info
A.25. JSON Schema for Material PBR Metallic Roughness
A.26. JSON Schema for Mesh

A.27.JSON Schema for Mesh Primitive

A.28. JSON Schema for Node

A.29. JSON Schema for Sampler

A.30. JSON Schema for Scene

A.31. JSON Schema for Skin
A.32 JSON Schema for Texture
A.33 JSON Schema for Texture Info

Appenfix B: BRDF Implementation

B.1. General
B.2. Material Structure

Bf.1. Metals

Bf2.2. Dielectrics
Bf2.3. Microfacet Surfaces
BJ2.4. Complete Model
3. Bample Implementation (Informative)
Bf3.1. Overview
Bf3.2. Specular BRDF
BR.3. Diffuse BRDF
B{3.4. Fresnel
Bf3.5. Metal BRDF and Dielectric‘\BRDF
Bf3.6. Discussion
B.3.6.1. Masking-Shadowing Term and Multiple Scattering
B.3.6.2. Schlick’s Presnel Approximation
B.3.6.3. Coupliarg/Diffuse and Specular Reflection

B.4. References.¥

Appenfix C: Anvirnation Sampler Interpolation Modes

Xii

C.1. Dverview

C.2. Btep - Interpolation
oL T T

C.3. Linear Interpolation
C.4. Spherical Linear Interpolation

C.5. Cubic Spline Interpolation

© ISO/IEC 2022 - All rights reserved

158
161
162
163
165
166
169
172
175
176
177
178
179
179
179
179
180
181
182
183
183
183
184
184
185
185
185
185
186
187
188
188
188
188
188
189


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

ISO/IEC 12113:2022(E)

Chapter 1. Foreword

Copyright 2013-2021 The Khronos Group Inc.

This specification is protected by copyright laws and contains material proprietary to Khronos.
Except as described by these terms, it or any components may not be reproduced, republished,
distributed, transmitted, displayed, broadcast, or otherwise exploited in any manner without the
express prior written permission of Khronos.

This specification has been created under the Khronos Intellectual Property Rights Policy, which is
AttachpmentA-ofthe Khrones-Group Membership-Agreemaen ccodloblo ol
files/member_agreement.pdf. Khronos grants a conditional copyright license to use and meproduce
the unmodified specification for any purpose, without fee or royalty, EXCEPT no licenses [to any
patent] trademark or other intellectual property rights are granted under these ferms. Parties
desirin)g to implement the specification and make use of Khronos trademarks)n relation fo that
implerpentation, and receive reciprocal patent license protection under the Khronos IP Policly must
become Adopters under the process defined by Khronos for.his specificatio
https:/fwww.khronos.org/conformance/adopters/file-format-adopter-pregram.

; see

Some parts of this Specification are non-normative through heifig explicitly identified as [purely
infornjative, and do not define requirements necessary for compliance and so are outside thg Scope
of this|Specification.

Wherd this Specification includes normative referencés to external documents, only the specjfically
identiffed sections and functionality of those extérnal documents are in Scope. Requir¢ments
definefl by external documents not created }y Khronos may contain contributions frorh non-
membegrs of Khronos not covered by the Khronos Intellectual Property Rights Policy.

Khronps makes no, and expressly diselaims any, representations or warranties, express or ipplied,
regarding this specification, including, without limitation: merchantability, fitness for a paifticular
purpoge, non-infringement of<ahy intellectual property, correctness, accuracy, completeness,
timeliness, and reliability. Under no circumstances will Khronos, or any of its Promoters,
Contriputors or Membegrs,_or their respective partners, officers, directors, employees, ag¢nts or
represpntatives be lighle for any damages, whether direct, indirect, special or conseqpential
damages for lost pevenues, lost profits, or otherwise, arising from or in connection with these
materials.

Khronps®; and Vulkan® are registered trademarks, and ANARI™, WebGL™, gITF™, NNEF™,
OpenVX™} SPIR™, SPIR-V™, SYCL™, OpenVG™ and 3D Commerce™ are trademarks of The Khronos
Group Inc. OpenXR™ is a trademark owned by The Khronos Group Inc. and is registered as a
trademark in China, the European Union, Japan and the United Kingdom. OpenCL™ is a trademark
of Apple Inc. and OpenGL® is a registered trademark and the OpenGL ES™ and OpenGL SC™ logos
are trademarks of Hewlett Packard Enterprise used under license by Khronos. ASTC is a trademark
of ARM Holdings PLC. All other product names, trademarks, and/or company names are used solely
for identification and belong to their respective owners.
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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.

The gl
(e.g., d
formir

Specification text can address either party; typically, the intended audience can be inferre

contex

Any re
are im

2.2.1.

The kg
RECO]
14.

These

Refere

normajtive terms defined-ih this section to refer to them or their requirements, either as a w
in part.

2.2.2.

Some

Document Conventions

[F Specification is intended for use by both implementers of the asset exporters or con|
gital content creation tools) and application developers seeking to impart or load gITF
g a basis for interoperability between these parties.

t, though some sections are defined to address only one of thése parties.

posed only on the audience of that text.

Normative Terminology and References

y words MUST, MUST NOT, REQUIRED, SHALL, SHALL NOT, SHOULD, SHOULIL
IMENDED, MAY, and OPTIONAL i this document are to be interpreted as described

key words are highlighteddin the specification for clarity.

nces to external dgCuments are considered normative if the Specification uses any

Informative Language

language in the specification is purely informative, intended to give backgrou

erters
assets,

1 from

quirements, prohibitions, recommendations, or optiens defined by normative terminology

) NOT,
in BCP

of the
hole or

nd 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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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 meanin

terms

accessor

An

animajtion

An

by ift.

back-fi

See

buffen
An

buffen

An
the

camer
An

facing|

A ]
(wil

front-1

may have in other technical contexts (i.e. outside the Specification).

pbject describing the keyframe data, including timestamps, and,the target property a

acing

facingness.

external or embedded resource that represents a linear array of bytes.
view
buffer’s content is interpreted.

A

bbject defining the projection parameters that are used to render a scene.

ness

assificatiop~of a triangle as either front-facing or back-facing, depending on the orie}
nding order) of its vertices.

bbject describing the number and the format of data elements stored in abinary buffef.

gs the

ffected

pbject that represents a range,of\a’ specific buffer, and optional metadata that controls how

\tation

deing

See

image

facingness.

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

mipmap

A sgt of image representations consecutively reduced by the factor of 2 in.each dimension

morph target

An pltered state of a mesh primitive defined as a set of difference‘values for its vertex attrjbutes.

node

An pbject defining the hierarchy relations and the local:transform of its content.

non-i;]‘dexed geometry
A npesh primitive that uses linear order of veftex attribute values to assemble the primitive’s
topplogy.

normal

A uhit XYZ vector defining the perpendicular to the surface.

root npde

A npde that is not a child of‘any other node.

sampler

An pbject that centrols how image data is sampled.

scene

An pbjeet containing a list of root nodes to render.

skinning
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 object 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 process of Qn]nrﬁng an imqgn pivn] based on normalized texture coordinates

2.2.4|/Normative References

The following documents are referenced by normative sections of the specification:

2.2.4.1} External Specifications

Brddner, S., Key words for use in RFCs to Indicate Requirement Lévels, BCP 14, RFC 2119, [March
1997. Leiba, B., Ambiguity of Uppercase vs Lowercase in RFC 2119 Key Words, BCP 14, RF( 8174,
Maly 2017. https://www.rfc-editor.org/info/bcp14

IEQ 60050-102 International Electrotechnical Vocabulary ¢IEV) - Part 102: Mathematics - General

conjcepts and linear algebra https://webstore.iec.ch/ptblication/160

IEq 60050-103 International Electrotechnical\ Vocabulary (IEV) - Part 103: Mathemputics -
Functions https://webstore.iec.ch/publication@61

Note

An online version of these standards is available at
https://www.elgttropedia.org/

The¢ Unicode Consortium, The Unicode Standard https://www.unicode.org/versions/latest/

Bray, T., Ed., The JavaScript Object Notation (JSON) Data Interchange Format, STD 90, RFC 8259,
DOIl 10.17487/RE€8259, December 2017, https://www.rfc-editor.org/info/rfc8259

ISQ/IEC 60559 Floating-point arithmetic https://www.iso.org/standard/80985.html

ISQ/IEEC \I5948 Portable Network Graphics (PNG): Functional specification https://www.jso.org/
stap®adrd/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

CIHA DC-008-Translation-2019 Exchangeable image file format for digital q’calmeras
htt os://www.cipa.jp/std/documents/download_e.html?DC—OOS—Translation—ZO19-E\(b‘ .

Malsinter, L., The "data" URL scheme, RFC 2397, DOI 10.17487/RFC'2\q§\7, August| 1998,
https://www.rfc-editor.org/info/rfc2397 O

Berners-Lee, T, Fielding, R., and L. Masinter, Uniform Resource Ide r (URI): Generic pyntax,
STD 66, RFC 3986, DOI 10.17487/RFC3986, January 2005, https:// € c-editor.org/info/rf¢3986

Duprst, M. and M. Suignard, Internationalized Resource I&ttiﬁers (IRIs), RFC 398f, DOI
10.17487/RFC3987, January 2005, https://www.rfc—editor.o@ fo/rfc3987

Fielding, R., Ed., and J. Reschke, Ed., Hypertext Trans{;l@\l)rotocol (HTTP/1.1): Message Syntax and

Routing, RFC 7230, DOI 10.17487/RFC7230, June 20]@ ttps://www.rfc-editor.org/info/rfc7230
o

IEQ 61966-2-1 Default RGB colour space - SRGB ‘E‘fps://webstore.iec.ch/publication/G169
¥
Note
xO

o The encoding chariéaristics of sRGB are freely available from [ICC:
https://www.color.@chardata/rgb/srgb.xalter

Re¢ommendation ITU-R %6 Parameter values for the HDTV standards for productipn and
international progmmlcs change https://www.itu.int/rec/R-REC-BT.709-6-201506-1

~

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

Thpmas Porterga Tom Duff. 1984. Compositing digital images. SIGGRAPH Comput. Graph. 18, 3
(July 1984)@”—259. DOI: https://doi.org/10.1145/964965.808606

&v Note
b A'Tree version of this paper is available Trom Pixar: hitps://graphics.pixar.com/
library/Compositing/

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 Type. https://www.iana.org/assignments/media-types/
application/gltf-buffer

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)

gITF i§ an open interoperable 3D asset ‘transmission’ format that is compact, and efficjent to
procesp and render at runtime. gITF 2.0 is designed to be vendor- and runtime-neutral,;usabjle by a
wide vjariety of native and web-based engines and applications regardless of undenying platforms
and 30 graphics APIs.

glTF’s ffocus on run-time efficiency is a different design goal than typicak.3D ‘authoring’ fqrmats.
Authofing formats are typically more verbose, with higher procesSing overheads, to| carry
authorning data that is no longer needed after iterative design is complete. gITF is complemenitary to
authoifing formats, providing a common, interoperable distillation‘target for publishing 3D agsets to
a wide|audience of end users.

A primary goal of gITF is to be deployable on a wide range of devices and platforms, including the
web and mobile devices with limited processing and™memory resources. gITF can be evolyed, to
keep pace with growing compute capabilities .over time. This helps to foster broad irjdustry
conserfsus on 3D functionality that can be used\ubiquitously, including Physically Based Rendering.

gITF cpmbines an easily parsable JSON&tscene description with one or more binary regources
representing geometry, animations,(ahnd other rich data. These binary resources can offen be
loaded| directly into GPU buffers with no additional parsing or processing, combining the ffaithful
preserjation of full hierarchical) ‘'scenes, nodes, meshes, cameras, materials, and animatior}s with
efficient delivery and fast loaging.

gITF has been designed-to meet the following goals:

» Compact filésizes. The plain text glTF JSON file description is compact and rapid to parse. All
larpe dataxstich as geometry, textures and animations are stored in binary files that are
significantly smaller than equivalent text representations.

* Runtimre=imdependence—gtiTF s purety amrasset formatand—does ot 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.

© ISO/IEC 2022 - All rights reserved 7


https://www.iana.org/assignments/media-types/application/gltf-buffer
https://www.iana.org/assignments/media-types/application/gltf-buffer
https://www.iana.org/assignments/media-types/application/octet-stream
https://www.iana.org/assignments/media-types/application/octet-stream
https://www.rfc-editor.org/info/rfc2046
https://www.iana.org/assignments/media-types/image/png
https://standardsiso.com/api/?name=ba60957990a5c20c129ed8d26e0f6acc

ISO/IEC

12113:2022(E)

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 streaming
constructs in gITF 2.0.

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

too

Is for remixing.

* gITF is not intended to be human-readable, though by virtue of being represented in JSON, it
is developer-friendly.

2.4.

A gITF

. A]
cal

e Bin

e Im

Binary
by-sidg

A valid

2.5.

Any uj

compaftible. Backward compatibility means that any client implementation that supports log

gITF 2
impler
new fe

A mi
existi
NOTDb

gITF Basics

asset is represented by:

neras, as well as descriptor information for meshes, animations, anid other constructs.
ary files (.bin) containing geometry, animation, and other buffer-based data.

hge files (.jpg, .png) containing texture images.

and image resources MAY also be embedded directly'in JSON using Data URI or store
with JSON in GLB container.

gITF asset MUST specify its version.

Versioning

pdates made to the gITF Specification in a minor version MUST be backward and £

X asset will also be ahte-to load a gITF 2.0 asset. Forward compatibility means that 4§
hentation that only(supports gITF 2.0 can load gITF 2.x assets while gracefully ignori
atures it does netwunderstand.

r version_update MAY introduce new features but MUST NOT change any pre\
behavior. Existing functionality MAY be deprecated in a minor version update, but it
P removed.

SON-formatted file (.gltf) containing a full scene description: npde hierarchy, magerials,

d side-

rward
ding a

client
hg any

yiously
MUST

Major

2.6.

ersionm updates MAY be incompatibie Wittt previous Versions.

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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.bin file extension with application/octet-stream Media Type;

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

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

2022(E)

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

o

2.7.

profites MGST beignored by chient implermettatiorrs:

Exchangeable image file format (Exif) chunks MAY be ignored by client implementati
Implementation Note
o Certain Exif chunks, e.g., “Orientation”, may severely Impact an as
portability.

JSON Encoding

Altho

h gITF Specification does not define any subset ‘6f the JSON format, implemen

SHOULD be aware of its peculiar properties that could affect asset interoperability.

1. gl

ap
SH

2. AS

JSON data SHOULD be written with UTF-8 enicoding without BOM. This requiremen
lied when a gITF implementation does.@ot control string encoding. gITF implemen|
ODULD adhere to RFC 8259, Section 8,1~with regards to treating BOM presence.

CII characters stored in gITF JSON@SHOULD be written without JSON escaping.

o Example
"buffer" instead of "\u6062\ud@75\u0066\u0066\ub065\ud072".

N-ASCII characters stored in gITF JSON MAY be escaped.

DINS.

set’s

fations

[ is not
fations
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Example

These two examples represent the same gITF JSON data.

{
"asset": {
"version": "2.0"
b
"nodes": [
{
“name": "ky6"
he
{
"name": "000"
}
]
e
{
"asset": {
"version": "2.0"
I
"nodes": [
{
"name": "\u043a\u0443\u0431"
e
{
“name" sN=\u7acb\ub5b9\u9ad4”
}
]
}
4. Prgperty names (keys) within JSON objects SHOULD be unique. gITF client implemenfations
SHOULD overrideyeéxically preceding values for the same key.
5. Some of glTE\properties are defined as integers in the schema. Such values MAY be stqred as
de¢imalswith a zero fractional part or by using exponent notation. Regardless of encoding, such
prqpefties MUST NOT contain any non-zero fractional value.

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.

10 © ISO/IEC 2022 - All rights reserved
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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:

° Da o 'TD ethaot axralnd Ihainapys »AacA11ponc 10 tha n-]'T‘[‘ ICON. ac dafinad by tha DIC 2007 T e Data
OIS ot CITtoCOoar y 1 Co0ur Tt ottt g T JOUIY TS TUCTItct u)/ |5 3 svap v an e ey ore suay e o §

URP’s mediatype field MUST match the encoded content.

o Implementation Note
Base64 encoding used in Data URI increases the payload’s byte length by 330%.

* Relative paths —path-noscheme or ipath-noscheme as defined by REC\3986, Section 4.2 pr RFC
39847, Section 2.2 —without scheme, authority, or parameters. Reserved characters (as defined
by RFC 3986, Section 2.2. and RFC 3987, Section 2.2.) MUST be pércent-encoded.

Paths with non-ASCII characters MAY be written as-is, with-JSON string escaping, or with pgrcent-
encoding; all these options are valid. For example, the following three paths point to th¢ same
resourge:

{
"images": [
{
"uri": "grande_sphéresprig"
Iy
{
"uri": "grande;<ph\u@0E8re.png"
I
{
"uri¢?y*grande_sph%C3%A8re.png"
}
I
}

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 SHOULD undergo syntax-based normalization as defined by RFC 3986, Section 6:2\2, RF{ 3987,
Section 5.3.2, and applicable schema rules (e.g., REC 7230, Section 2.7.3 for HTTP).On export jand/or
import.

Implementation Note

o While the specification does not explicitly disallow notf¥hormalized URIs, theirf use
may be unsupported or lead to unwanted side-effe¢ts— such as security warnjings
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.

-
o

.

Figure [l. gITF Object Hierarchy

-

o

3.2.|Asset §

Each gITF asset MUST
that specifies the tar
be used to speci
propeity allo
support in

in Sec'@g

extensrorm—Adc

copyright. For example,

sset creators to specify a minimum version that a client implementation
r to load the asset. This is very similar to the extensionsRequired concept des
712, where an asset SHOULD NOT be loaded if the client does not support the sp

an asset property. The asset object MUST contain a version py
TF version of the asset. Additionally, an optional minVersion propert
minimum gITF version support required to load the asset. The min

operty
y MAY
ersion
MUST
cribed

ecified
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{
"asset": {
"version": "2.0",
"generator”: "collada2gltf@f356b99aef8868f74877c7ca545f2cd206b9d3b7",
"copyright": "2017 (c) Khronos Group"
}
¥

Implementation Note

specified and ensure both major and minor versions can be supported. 4
minVersion is specified, then clients should check the version property and ensure
the major version is supported. Clients that load GLB format shouldralso check for
the minVersion and version properties in the JSON chunk as the version specifi¢d in
the GLB header only refers to the GLB container version.

3.3.|Indices and Names

Entitieg of a gITF asset are referenced by their indices in corgésponding arrays, e.g., a bufferView
refers fo a buffer by specifying the buffer’s index in buffers‘array. For example:

{
"buffers": [
{
"bytelLength": 1024,
"uri": "path-to.bin"
}
Il
"bufferViews": [
{
"buffer" e ¥4
"byteléngth": 512,
"bybe0ffset": 0
}
I
+

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 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 12113:2022(E)

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 . glTF Coordinate System Orientation
The urlits for all linear distances are meters.
All angles are in radians.

Positivie rotation is counterclockwise.

Red, Gfeen, and Blue primary colors use Recommepdation ITU-R BT.709 chromaticity coordinfates.

Implementation Note

Chromaticity coordinates define the interpretation of each primary color chapnel
of the color model. In the*context of a typical display, color primaries describ¢ the
o color of the red, greén, and blue phosphors or filters. Unless a wide color ggmut
output is explicitly> used, client implementations usually do not need to corjvert
colors. Future specification versions or extensions may allow other color primdries
(such as P3).

3.5.|Scenes

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.

3.5.2|Nodes and Hierarchy

glTF a
Nodes

Nodes
called

The ndde hierarchy MUST be a set of disjoint strict trees. That is node hierarchy MUST NOT (

cycles

The ngde hierarchy is defisted using a node’s children property, as in the following example:

16

"nodes": [
{
"name": "singleNode"
}
Il
"scenes": [
{
"name": "singleScene",
"nodes": [
0
]
}
Il
"scene": 0

4sets MAY define nodes, that is, the objects comprising the scene to render.
[MAY have transform properties, as described later.

are organized in a parent-child hiera¥chy known informally as the node hierarchy. A 1
h root node when it doesn’t have.@parent.

and each node MUST have zero or one parent node.

node is

ontain
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{
"nodes": [
{
"name": "Car",
"children": [1, 2, 3, 4]
j¥
{
"name": "wheel 1"
I¥
{
"name"* "Whpo1_7"
+
{
"name": "wheel 3"
H
{
"name": "wheel 4"
}
I
}

The ngde named Car has four children. Each of those nodés could in turn have its own chfildren,
creating a hierarchy of nodes.

3.5.3.|Transformations

Any npde MAY define a local space transform either by supplying a matrix property, or jany of
translgtion, rotation, and scale properties (also known as TRS properties). translation and scale
are 3D|vectors in the local coordinate syStem. rotation is a unit quaternion value, XYZW, in the local
coordipate system, where W is the.scalar.

When matrix is defined, it MUST be decomposable to TRS properties.

o Implemeéntation Note
Transformation matrices cannot skew or shear.

When [a nade is targeted for animation (referenced by an animation.channel.target), only TRS
propenties 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 lighting
and/or visibility artifacts.

© ISO/IEC 2022 - All rights reserved 17
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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 pxample below, a node named Box defines non-default rotation and translation.
{
"nodes": [
{

"name": "Box",

"rotation": [
0,
0,
0,
1

1,

"scale": [
1,
1,
1

1,

"translation": [
-17.7082,
-11.4156,
2.0922

]

}
]
}
The ngxtexample defines the transform for a node with attached camera using the matrix pyoperty

rather thamusing the imdividuat TRS vatues:

18 © ISO/IEC 2022 - All rights reserved
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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,
0.374196,
-0.927081,
0,
-0.0115543,
0.194711,
-0.478297,
1
]
}
I
}
3.6.|Binary Data Storage
3.6.1|Buffers and Buffer-Views
3.6.1.1} Overview
A buffer is arbitraryydata stored as a binary blob. The buffer MAY contain any combinafion of
geomelry, animation, skins, and images.
Binary] blohs allow efficient creation of GPU buffers and textures since they require no additional

parsin

b cexeept 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.

© ISO/IEC 2022 - All rights reserved
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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"

prope

The byjte length of the referenced resource MUST be greater than or equal to the buffef.bytd
ty.
data MAY alternatively be embedded in the gITF file via data: URI-with base64 en

Buffer
When
stream

A buffe
buffer
proper

Buffer
contail
and ve

When

bufferYiew.target with a value of elemrent array buffer or array buffer respectively.
Implementation Neote
This allows client implementations to early designate each buffer view to a pr
o processing-step, e.g, buffer views with vertex indices and attributes woul

The bu

data: URI is used for buffer storage, its mediatype field MUST be.set to application
or application/gltf-buffer.

r view represents a contiguous segment of data in a buffer{_defined by a byte offset i}
specified in the byteOffset property and a total byte)length specified by the bytg
ty of the buffer view.

views used for images, vertex indices, vertex¥Zattributes, or inverse bind matrices
1 only one kind of data, i.e., the same buffer\view MUST NOT be used both for vertex
rtex attributes.

a buffer view is used by vertex” indices or attribute accessors it SHOULD

copied-torthe appropriate GPU buffers, while buffer views with image data w
be passed to format-specific image decoders.

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

The fo

Length

foding.
octet-

nto the
Length

MUST
ndices

specify

bper
] be
puld

]nuring nvnmp]n defines two buffer views: the first holds the indices for an indexed t

set, and the second holds the vertex data for the triangle set.

20

riangle
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{
"bufferViews": [
{
"buffer": 0,
"bytelLength": 25272,
"byteOffset": 0,
"target": 34963
e
{
"buffer": 0,
"hyfplnng+h"' 16768
"byteOffset": 25272,
"byteStride": 32,
"target": 34962
}
I
}

When |a buffer view is used for vertex attribute data, it MAY have’a byteStride property. This
propenty defines the stride in bytes between each vertex. Buffer’views with other types ¢f data
MUST [NOT not define byteStride (unless such layout is explicitly enabled by an extension).

Buffery and buffer views do not contain type information. They simply define the raw dta for
retrievjal from the file. Objects within the gITF asset~(fheshes, skins, animations) access buffers or
buffer|views via accessors.

3.6.1.2| GLB-stored Buffer

The gITF asset MAY use the GLB file eontainer to pack gITF JSON and one gITF buffer into ope file.
Data fqr such a buffer is provided,via the GLB-stored BIN chunk.

A buffpr with data provided By the GLB-stored BIN chunk, MUST be the first element of juffers
array and it MUST have its buffer.uri property undefined. When such a buffer exists, a BIN[chunk
MUST Jpe present.

Any gITF buffer with undefined buffer.uri property that is not the first element of buffer§ array
does njot referto the GLB-stored BIN chunk, and the behavior of such buffers is left undefined to
accommodate*future extensions and specification versions.

The byTe Iength of the BIN chunk MAY De Up 1o 3 bytes bigger than JSON-delined butTer.bytelLength
value to satisfy GLB padding requirements.

Implementation Note

o Not requiring strict equality of chunk’s and buffer’s lengths slightly simplifies 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:
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"buffers": [
{
"bytelLength": 35884
iy
{
"bytelLength": 504,
"uri": "external.bin"
}

See GI

3.6.2.

3.6.2.1

All binfry data for meshes, skins, and animations is stored in buffegs'and retrieved via accesg

An acd
access
when

specifi
anima

The by
view. I
morph
buffer
anima

All acc

The fo
indicef
data.

B File Format Specification for details on GLB File Format.

Accessors

Overview

essor defines a method for retrieving data as typed atpays from within a buffer vie|
pr specifies a component type (e.g., float) and a data“type (e.g., VEC3 for 3D vectors),

ors.

w. The
which

combined define the complete data type for eachidata element. The number of elements is

ed using the count property. Elements could~be, e.g., vertex indices, vertex atty
ion keyframes, etc.

FeOffset property specifies the location of the first data element within the referenced
f the accessor is used for vertex attributes (i.e., it is referenced by a mesh primitive

targets), the locations of{ flie subsequent data elements are controlled X
iew.byteStride property. If the accessor is used for any other kind of data (vertex i
ion keyframes, etc.), its data elements are tightly packed.

pssors are stored inthe asset’s accessors array.

lowing example shows two accessors, the first is a scalar accessor for retrieving a prin
, and the Seeond is a 3-float-component vector accessor for retrieving the primitive’s p

ibutes,

buffer
b Or its
y the
hdices,

nitive’s
psition
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{
"bufferView": 0,
"byteOffset": 0,
"componentType": 5123,
"count": 12636,
"max": [
4212
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3.6.2.2

compor

1,
"type": "SCALAR"

"bufferView": 1,
"byteOffset": 0,
"componentType": 5126,
"count": 2399,
"max": [

0.961799,

1.6397,

0.539252

-0.692985,
0.0992937,

xO

-0.613282 OF

1, o
"type": "VEC3" §§>‘~
}
] C)O
N\ >
0%
Accesson‘g?a Types
O
e lifggk

nt
S

Data Type

5120

sicned bute
o -

Signed

Qign ed _twa’s

Bits

5121
5122

5123
5125
5126

unsigned byte

signed short

unsigned short
unsigned int

float
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complement

Unsigned
Unsigned
Signed

16

16
32
32
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Signed

32-bit integer components are not supported.

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

Values

type

"SCALA
"VEC2"
"VEC3"

of NaN, +Infinity, and -Infinity MUST NOT be present.

Number of components

RII

"VEC4'
"MAT2'
"MAT3'
"MAT4'

Element size, in bytes, is (size in bytes of the 'componentType') * (rumber of components ¢
by "type').

For exgmple:

In this
so ther

7020 bytes (PF032 --- 14051] inclusive range of the buffer view).

© kW N

\3
R
%
"accessors": [ N\

{ &
"bufferView": 1, X\
"byteOffset": 7032, \,O
"componentType": 5126, (\}‘

n n \\
count”: 585,

.

“type": IIVEC3I| -
] OC)
o
accessor, the componentType is 5126 (float), so each component is four bytes. The type is
e are three components. The size of each element is 12 bytes (4 * 3). Thus, the accesso

efined

'"VEC3",
Ir takes

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
refprred from the indices.

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

"accessors": [
{
"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_COMPONENT
* NUMBER_OF _COMPONENTS

MUST be less than or equal to bufferView.length.

Access

es of 4).

igned to
[JST be

prs of matrix type have data stored in column-major order; start of each column MUST be

alignedl to 4-byte boundaries. Specifically, when ROWS * SIZE_OF_COMPONENT (where ROWS|is the

numbe

Only the following three accessor configurations require padding.

00 01 02 03
EE
04 05 06 07
w01 [ ma [0 ]
Figure B. Matrix 2x2, 1-byte Components
00 01 02 03
700 || mo [ meo [
04 05 06 07
701 || mi1 m'lzkfp‘l
08 09 0A 0B
e e
Figure ¥.Matrix 3x3, 1-hyte Components

26

r of rows of the matrix) is not a multiple of 4, then (ROWS * SIZE_QF(COMPONENT) % 4 ppdding
bytes MUST be inserted at the end of each column.
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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 [ ]

Figure 5. Matrix 3x3, 2-byte Components
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Alignrrhent requirements apply only to the start of each column, so trailing bytes MAY be omlitted if

there’d no further data.
Implementation Note
o Alignment requirements allow client implementations to more efficiently prdcess
binary buffers because creating aligned data views usually<d0€s not require gxtra
copying.
Considler the following example:
{
"bufferViews": [
{
"buffer": 0,
"bytelLength": 17136,
"byteOffset": 620
}
],
"accessors": [
{
"bufferView" 4,
"byteOffset”: 4608,
"compoRentType": 5123,
"count": 42,
~type": "VEC2"
}
I
}

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

accesspr.min and accessor.max properties are arrays that contain per-component minimr\rxrn and
maximum values, respectively. The length of these arrays MUST be equal to thenumber of
accesspr’s components.

Values| stored in gITF JSON MUST match actual minimum and maximum binary values st¢red in
buffers. The accessor.normalized flag has no effect on these properties.

A sparpe accessor min and max properties correspond, respectively, to.the minimum and makimum
component values once the sparse substitution is applied.

When jneither sparse nor bufferView is defined, min and max properties MAY have any values.|This is
intendpd for use cases when binary data is supplied by eéxternal means (e.g., via extensions).

For ﬂ;Lating-point components, JSON-stored minimum and maximum values represent|single
precision floats and SHOULD be rounded to sifigle precision before usage to avoid any pdtential
boundpry mismatches.

o ECMAScript Implementaqtion Note

Math.fround function could be used to achieve that.

Animaftion input and vertex position attribute accessors MUST have accessor.min and accesgor.max
definefl. For all other acgessSors, these properties are optional.

3.7.|Geometry

3.7.1.| Ot%erview

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:

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

Each attribute is defined _as’/a property of the attributes object. The name of the pyoperty
corresponds to an enumerated value identifying the vertex attribute, such as POSITION. The vplue of

the prgperty is the index'of an accessor that contains the data.

The specificationydefines the following attribute semantics: POSITION, NORMAL, TANGENT, TEXCPORD_n,

{
"'meshes": [
{
"primitives": [
{
"attributes": {
I
"indices": 21,
"material": 3,
"mode": 4
}
]
}
I
}
COLOR_p, JOINESsH, and WEIGHTS n.

Applichtion-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)
POSITION VEC3 float
NORMAL VEC3 float

© ISO/IEC 2022 - All rights reserved
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Unitless XYZ vertex
positions

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 Jn VEC3 float RGB or RGBA yeTtex cqlor
VEC4 unsigned byte normalized linear multiplier
unsigned short normalized
JOINTY_n VEC4 unsigned byte unsigned short See 8kiAned Mesh Attrjbutes
WEIGHTS_ n VEC4 float _Sed'skinned Mesh Attrjbutes

POSITI
The W

When
have a

All con

TEXCO0
form [

semanfics MUST start with ‘0 and be consecutive positive integers: TEXCOORD_0, TEXCOORD
MUST NOT useleading zeroes to pad the number of digits (e.g., TEXCOORD_01 is not allowed).

Indice

unsigned byte normalized !
unsigned short normalized

DN accessor MUST have its min and max properties defined.
component of each TANGENT accessor element MUST be set to 1.0 or -1.0.

A COLOR_n attribute uses an accessor of "YE€3" type, its alpha component MUST be assu
value of 1.0.

hponents of each COLOR_0 accessorelement MUST be clamped to [0.0, 1.0] range.

RD_n, COLOR_n, JOINTS_n, and\WEIGHTS_n attribute semantic property names MUST be
semantic]_[set_index]s€:g., TEXCOORD_O, TEXCOORD_1, COLOR_0. All indices for indexed at

Client
one joi

All att
not de

mplementdtions SHOULD support at least two texture coordinate sets, one vertex col
ts/weights set.

ibute' accessors for a given primitive MUST have the same count. When indices proj

med to

of the
fribute
|1, etc.

br, and

erty is

3 b

ndices

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).

30

Implementation Note

The maximum values trigger primitive restart in some graphics APIs and w
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.

Topolg

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.

Fox

Poji

Ea

Lir

On

Lirn

triangtes, tMUST bedivisible by Sarmd morezero
gy types are defined as follows.
nts

h vertex defines a single point primitive, according to the equation:

;i = {vi}
e Strips

e line primitive is defined by each vertex and the following vertex, according to the eqj

pi = {Vi: Vi+1}

e Loops

hation:

Logps are the same as line strips except that a final segment is added from the final splecified

vel

Lir

Ea

tex to the first vertex.

es

P =AW Vot

h consecutive pair of vertices defines a single line primitive, according to the equation:

Triangles

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

Pi = {Vai, V3ie1, Vo)

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:

Mesh ¢
the saj

When
unless
and nd

When
MikkT
associa

When

Pi = {Vir1, Viep, Vo}

ne vertex more than once per topology primitive.

positions are not specified, client implementations SHOULD skip primitive’s re
its positions are provided by other means (e.g., by an extension). This@pplies to both i
n-indexed geometry.

tangents are not specified, client implementations SHOULD, calCulate tangents using

ited with the normal texture.

normals are not specified, client implementations MUST calculate flat normals a

provided tangents (if present) MUST be ignored.

Vertice

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

triangle have different tangent.w values, its tangent space is considered undefined.

The bi
XYZ ¥
cross(

fangent vectors MUST be computed by taking the cross product of the normal and ¢
ectors and multiplying it- against the W component of the tangent: bitang
normal.xyz, tangent.xyz)-¥>tangent.w.

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

3.7.2.2
Morph

A mor

Morph Targets

targetsane defined by extending the Mesh concept.

phtarget is a morphable Mesh where the primitives' attributes are obtained by add

feometry SHOULD NOT contain degenerate lines or triangles, i.e., lines or triangles-that use

dering
dexed

Hefault

bpace algorithms with the specified vertex positions, normals, and texture coorginates

nd the

E Same

angent
ent =

ng the

lattributac tao o varaiahtad o A ftha taraont’c atteihaitnc

origina-attributesto-a-weishted-surmof the target’sattributes

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

way:

prim
we
we
we

32

itives[i].attributes.POSITION +

ights[0] * primitives[i].targets[0].POSITION +
ights[1] * primitives[i].targets[1].POSITION +
ights[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

Client | implementations SHOULD support at least three attributes— POSITION -NORMA

may contain different sets of attributes.

|, and

TANGEN] — for morphing. Client implementations MAY optionally support mgrphed TEX§OORD_n

and/or{COLOR_n attributes.

If morph targets contain application-specific semantics, their names MUST be prefixed with an
undergcore (e.g., _TEMPERATURE) like the associated attribute semanticst

All primitives MUST have the same number of morph targets in/the’same order.

Accesspr type and component type for each morphed attribute semantic property MUST follow the
table helow. Note that the W component for handednéss is omitted when targeting TANGENT data

since Handedness cannot be displaced.

Name Accessor Type(s)
POSITION VEC3 S
NORMAL VEC3

TANGENT VECS

TEXCOQRD_n ..VECZ

Component Type(s)
float

float
float

float

signed byte normalized
signed short
normalized

Description

XYZ vertex positign
displacements

XYZ vertex normagl
displacements

XYZ vertex tangent
displacements

ST texture coordihate
displacements
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Name Accessor Type(s) Component Type(s) Description

COLOR_n VEC3 float RGB or RGBA color
VEC4 signed byte normalized deltas

signed short

normalized

unsigned byte

normalized

unsigned short

normalized

POSITIPN accessor MUST have its min and max properties defined.

Displagements for POSITION, NORMAL, and TANGENT attributes MUST be applied’ |before any
transfgrmation matrices affecting the mesh vertices such as skinning or node transforms.

When fhe base mesh primitive does not specify tangents, client implementations SHOULD calculate
tangents for each morph target using default MikkTSpace algorithms.With the updated |vertex
positions, normals, and texture coordinates associated with the normal(téxture.

When [the base mesh primitive does not specify normals, client {mplementations MUST calculate
flat nqrmals for each morph target; the provided tangentscand their displacements (if present)
MUST Jpe ignored.

When [COLOR_n deltas use an accessor of "VEC3" type, their alpha components MUST be assumed to
have alvalue of 0.0.

After gpplying color deltas, all components 0f each COLOR_0 morphed accessor element MUST be
clampe¢d to [0.0, 1.0] range.

All mopph target accessors MUST have’the same count as the accessors of the original primitiye.

A mesh with morph targets. MAY also define an optional mesh.weights property that stores the
defaulf targets' weights. Fhese weights MUST be used when node.weights is undefined.[ When
mesh.wgights is undefinedpthe default targets' weights are zeros.

The fo]llowing exagple extends the Mesh defined in the previous example to a morphable pne by
adding two morph targets:
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{
"primitives": [
{
"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
}
]
}
Il
"weights": [0, 0.5]
+

The nymber of morph targets is not linited. Client implementations SHOULD support at leagt eight
morphed attributes. This means that they SHOULD support eight morph targets when each morph
target jhas one attribute, four marph targets where each morph target has two attributes, pr two
morph targets where each mopph target has three or four attributes.

For asgets that contain-akigher number of morphed attributes, client implementations MAY fhoose
to onlyf use the eightajtributes of the morph targets with the highest weights.

fmplementation Note

A significant number of authoring and client implementations associate ngmes

. . . lie a
e 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. Overview

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

An ac(
type. T|
or equ
0.0, 0

3.7.3.2

The jof
node d
a com}
node i
the sar

Implementation Note

o Although the skeleton property is not needed for computing skinning-transfoyms,

it may be used to provide a specific “pivot point” for the skinned geometry.

essor referenced by inverseBindMatrices MUST have floating-point-eomponents of
he number of elements of the accessor referenced by inverseBingMatrices MUST greatg

"MAT4"
br than

al to the number of joints elements. The fourth row of each-fnatrix MUST be set t¢ [0.0,

0, 1.0].

Implementation Note

o The matrix defining how to pose the skii’s’geometry for use with the joints

also

known as “Bind Shape Matrix”) shoulg®e premultiplied to mesh data or to Invierse

Bind Matrices.

Joint Hierarchy

nt hierarchy used for controlling skinned mesh pose is simply the node hierarchy, with each

esignated as a joint by a reference from the skin.joints array. Each skin’s joints MUS
mon parent node (direct or indirect) called common root, which may or may not be
self. When a skin isxeférenced by a node within a scene, the common root MUST be
e scene.

Implementation Note

o Ahode object does not specify whether it is a joint. Client implementations

need to traverse the skins array first, marking each joint node.

T have
a joint
ong to

may

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

Implementation Note

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

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

gITF

Only the joint transforms are applied to the skinned mesh; the transform of the skinned mesh node

36
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of node_1 are applied while the

{
"nodes": [
{
"name": "node 0",
"children": [ 1 ],
"translation": [ 0.0, 1.0, 0.0 ]
iy
{ W
Q
"name": "node_1", rﬁﬁb
"children": [ 2 ], n:\
"scale": [ 0.5, 0.5, 0.5 ] N
} O
i \4
"name": "node 2" ng)
I ;\\
@)
L &
"name": "node 3", QQ
"children": [ 4 ], A
"translation": [ 1.0, 0.0, 0.0 ] *$>
e \\Q@
{ N\
"name": "node 4", iggb
"mesh": 0, (@)
"rotation": [ 0.0, 1.Q<SB:E, 0.0 ],
W om, N
skin": 0 CS\
} ‘.
1, S
"skins": [ O
{ O
"inveq;%%#hdMatrices": 0,
"joifgs": [ 1, 2 1,
"skdleton": 1
}éO
I ,<j?~
P9

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

© ISO/IEC 2022 - All rights reserved
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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": {
"JOINTS_0": 179,
"NORMAL": 165,
"POSITION": 163,
"TEXCOORD_0": 167,
"WEIGHTS_0": 176
I
"indices": 161,
"material": 1,
"mode": 4
}
]
}
I
}
The nymber of joints that influence one ye¥tex is limited to 4 per set, so the referenced acg¢essors
MUST have VEC4 type and following cotnponent types:

* JOINTS_n: unsigned byte or unsigned short

* WEIGHTS_n: float, or normdlized unsigned byte, or normalized unsigned short
The joint weights for eaghvertex MUST NOT be negative.
Joints MUST NOT._cOntain 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
reasonfably~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
suppot

All joint values MUST be within the range of joints in the skin. Unused joint values (i.€),joints|with a
weigh{ of zero) SHOULD be set to zero.

3.7.4/Instantiation

A mesh is instantiated by node.mesh property. The same mesh coulde’used by many nodes,|which
could have different transforms. For example:

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

After gpplying 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]
}
I
}

A skinlis instantiated within a node using a combination of the node’s mesh<@nd skin properties. The
mesh flor a skin instance is defined in the mesh property. The skin propérty contains the index of the
skin to|instance.

The fo]lowing example shows a skinned mesh instance: a skifi"pbject, a node with a skinned mesh,
and twjo joint nodes.
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{
"skins": [
{
"inverseBindMatrices": 29,
"joints": [1, 2]
}
1.
"nodes": [
{
"name":"Skinned mesh node",
"mesh": 0
"skin": 0 Q(-l/(l,
{ o
“name":"Skeleton root joint", '\'\
"children": [2], '\q’
"rotation": [ <</C)
0, \
0, %O
0.7071067811865475, \\
0.7071067811865476 K
I QQ
"translation": [ NS
4.61599, ®\°
-2.032e-06, NS
-5.08e-08 R\
] OA\Q’
b A\
{ oF
"name":"Head", C)\\
"translation": ‘.
8.76635, OQ
0, O
0 %O
1 &
} QS)
I X~
I N
AN~
9

3.8. Texture Data

3.8.1. Overview

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

Samplers.

© ISO/IEC 2022 - All rights reserved
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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
)
I
}

gITF 2.p supports only static 2D textures.

When [texture.source is undefined, the image SHOULD be provided by an‘extension or application-
specifir means, otherwise the texture object is undefined.

Implementation Note

Client implementations may render such textfices with a predefined placehdlder
image or being filled with some error color{usually magenta).

When [texture.sampler is undefined, a sampler withirepeat wrapping (in both directions) anjd auto
filterirjg MUST be used.

3.8.3./Images
Images referred to by textures are storéd in the images array of the asset.
Each ijnage contains one of

* a URI (or IRI) to an external file in one of the supported image formats, or

e a Data URI with embedded data, or

» argeferencetoabufferView; in that case mimeType MUST be defined.

The followiRg example shows an image pointing to an external PNG image file and another{image
referencing a bufferView with JPEG data.
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"images": [

{
"uri": "duckCM.png"

iy

{
"bufferView": 14,
"mimeType": "image/jpeg"

}

2022(E)

Client

mplementations MAY need to manually determine the media type of some images. In

case, the following table SHOULD be used to check the values of the first few bytes.

Medis

image
image

The im

The or
This is
corner]

(0,0)

0.1)

Figure

>

S

| Type Pattern Length Pattern Bytes

png 8 0x89-0X50 OX4E 0x47 @x@D
0xdA-0x0A

jpeg 3 ~OxFF 0xD8 OxFF

age data MUST match the image.mimeType property when the latter is defined.

jgin of the texture coordinates (0, 0) corresponds to the upper left corner of a texture
illustrated in the following figure, where the-respective coordinates are shown for §
s of a normalized texture space:

(1,0)

1, 1)

b. Normalized Texture Coordinates

such a

Ox0A

image.
11 four

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,

o UNPACK_COLORSPACE_CONVERSION_WEBGL flag to NONE.

3.8.4.

set

To ignore embedded colorspace information when using ImageBitmap API, set

colorSpaceConversion option to none.

Samplers

3.8.4.1. Overview

Sampl
wrapp

The sa

Client

client implementations MAY set their own default texture filtering settings.

Client

3.8.4.2

Filtering modes control texture’s magnification and minification.

Magni
* Ne
€oq

adj
Minifi

e Ne

Manhattan disfairce) coordinates from the original image. This process is sometimes

‘ng

. Lir]:ar. For each requested texel‘coordinate, the sampler computes a weighted sum of
J

brs are stored in the samplers array of the asset. Each sampler specifies filtery
Ing modes.

mpler properties use integer enums defined in the Properties Reference.

implementations SHOULD follow specified filtering modes. Whenhe’latter are und

mplementations MUST follow specified wrapping modes.

Filtering

fication modes include:

rdinates. This process is sometimgs:ealled “nearest neighbor”.

cent texels. This process is\sometimes called “bilinear interpolation”.
ation modes includes:

irest. For each @equested texel coordinate, the sampler selects a texel with the neaj

arest neighibor”.

. LiTjar. Eor each requested texel coordinate, the sampler computes a weighted sum of

|g and

pfined,

irest. For each requested texel coqrdinate, the sampler selects a texel with the pearest

everal

est (in
called

everal

adjaCent texels from the original image. This process is sometimes called “hfilinear

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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© ISO/IEC 2022 - All rights

reserved


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

ISO/IEC 12113:2022(E)

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

Overri atho minification filterina madae ac fallowze:
et e rcatr ot e 5t oo e oo vvo-

Mipmap minification mode Fallback mode

Nearegt-mipmap-nearest Nearest
Nearegt-mipmap-linear

Lineaf-mipmap-nearest Linear
Linean-mipmap-linear

3.8.4.3] Wrapping

Per-vertex texture coordinates, which are provided via TEXCQORD_n attribute values, are normalized
for thq image size (not to confuse with the normalizedcagtessor property, the latter refers ¢nly to
data encoding). That is, the texture coordinate value@f (0.0, 0.0) points to the beginning] of the
first (Upper-left) image pixel, while the texture coerdinate value of (1.0, 1.0) points to thelend of
the lasf (lower-right) image pixel.

Sampleér’s wrapping modes define how tg _lrandle texture coordinates that are negative or greater
than of equal to 1.0, independently forboth directions. Supported modes include:

* Repeat. Only the fractional part of texture coordinates is used.

o Example
2.2 mapsto 0.2; -0.4 maps to 0.6.

* Mifrored Repéut. This mode works as repeat but flips the direction when the integdr part
(tryincated-towards -) is odd.

_0 F'ynmplp
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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3.8.4.5

Client

verticgl sizes are powers of two) when running on platforms that have limited-support fg
textur¢ dimensions.

3.9.

3.9.1.

gITF d
repres

beren

46

o * has a wrapping mode (either wrapS or wragT)\e€qual to repeat or mirrored rej

12113:2022(E)

"samplers": [

{
"magFilter": 9729,
"minFilter": 9987,
"wrapS": 10497,
"wrapT": 10497

}

Non-power-of-two Textures

implementations SHOULD resize non-power-of-two textures (so that their\fiorizonf

Implementation Note

Specifically, if the sampler the texture references:

or

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

Materials

Overview

pfines materials using a.€dmmon set of parameters that are based on widely used m

fered consistently~across platforms.

al and
r such

beat,

aterial

entations from Physically Based Rendering (PBR). Specifically, gITF uses the mfetallic-
roughmess material modeh Using this declarative representation of materials enables a glTH

file to
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Base Color Metal Rough

Bottle Cap Side
Bottle

 Sleeve Side

Emissive Occlusion Normal

Figure [/. Physically Based Rendering Example

3.9.2|Metallic-Roughness Material

All pdrameters related to the metallic-roughnesszymaterial model are defined under the
pbrMetgllicRoughness property of material object.,The following example shows how to define a
gold-like material using the metallic-roughness parameters:
xO

{ \\C\)j“

"materials": [ C)

{ .
n ] d " @

name": "gol
“pbrMeta ﬁ;hghness
"basqé;§orFactor [ 1.000, 0.766, 0.336, 1.0 ],
1licFactor": 1.0,
ughnessFactor": 0.0

A
] é\%‘é

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.

{
"materials": [
{
"pbrMetallicRoughness": {
"baseColorTexture": {
"index": 0,
"texCoord": 1
}
}
}
],
"textures": [
{
"source": 0
}
],
"images": [
{
"uri": "base_coleg.png"
}
I
}
The bgse color textuire MUST contain 8-bit values encoded with the sRGB opto-electronic tyansfer
functign so RGB 'values MUST be decoded to real linear values before they are used fpr any
computatiofys: To achieve correct filtering, the transfer function SHOULD be decoded |before
perfording 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)

48 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 12113:2022(E)

[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 material definition also provides for additional textures that MAY also be used'wijth the
metalljc-roughness material model as well as other material models, which could be provided via
glITF extensions.

The following additional textures are supported:

* nofmal : A tangent space normal texture. The texture encodes XYZ components of a pormal
veqtor in tangent space as RGB values stored with linear transfer function. Normal tgxtures
SHOULD NOT contain alpha channel as it not used anyway, After dequantization, texel|values
MUST be mapped as follows: red [0.0 .. 1.0] to X [-1 .. 1],,gre€en [0.0 .. 1.0] to Y [-1 .. 1], blug (0.5 ..
1.0] maps to Z (0 .. 1]. Normal textures SHOULD NOT:¢ontain blue values less than or efual to
0.5

o Implementation Note
This mapping is usually implémented as sampledValue * 2.0 - 1.0.

The texture binding for normal textures MAY additionally contain a scalar scale valge that
lingarly scales X and Y components of the normal vector.

Normal vectors MUST bejormalized before being used in lighting equations. When scgling is
used, vector normalizdtibh happens after scaling.

* ocqlusion : The(occlusion texture; it indicates areas that receive less indirect lighting from
ampbient sources. Direct lighting is not affected. The red channel of the texture encodes the
ocdlusion value, where 0.0 means fully-occluded area (no indirect lighting) and 1.0 megns not
ocqlude®@area (full indirect lighting). Other texture channels (if present) do not affect occlpsion.

TheTexture binding 1or 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
decoded 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
0 the camera’s exposure settings, which are left as an implementation detail

unless otherwise defined by a gITF extension.

factor of 1.0 results in a fully exposed pixel.

Many rendering engines simplify this calculation by assuming that an etnigsive

The fo]lowing example shows a material that is defined using pbrMetallicRoughness parameters as

well aq additional textures:

"materials": [
{
"name": "Material@",
"pbrMetallicRoughness": {
"baseColorFactor": [ 0.5, 0.5, @&,5, 1.0 ],
"baseColorTexture": {
"index": 1,
"texCoord": 1
b
"metallicFactor" &,
"roughnessFactonit 1,
"metallicRoughnessTexture": {
"indextl) 2,
"texCoord": 1
}
Jrs

"napmdlTexture": {
"scale": 2,
"index": 3,
"texCoord": 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 foyTth component of the base color 10T metallic-roughness material model.

alphaMpde can be one of the following values:

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

. MA?IlK] - The rendered output is either fully opaque or fully transparent depending on thg alpha
valjue and the specified alpha cutoff value; the exact appearance of the‘etiges MAY be subject to
implementation-specific techniques such as “Alpha-to-Coverage”.

o Note
This mode is used to simulate geometry suchvas tree leaves or wire fences.
* BLEND - The rendered output is combined with tlie background using the “over” operator as

deqcribed in Compositing digital images.

0 Note
This mode is used to simulate geometry such as gauze cloth or animal fur.

When [alphaMode is set to MASK the\alphaCutoff property specifies the cutoff threshold. If thq alpha
value [is greater than or equal to the alphaCutoff value then it is rendered as fully opaque,
otherwise, it is rendered a$ fully transparent. alphaCutoff value is ignored for other modes.
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3.9.5.

The do
When

When

face MUST have its normals reversed before the lighting equation is evaluated.

3.9.6.

The de

no properties specified. All the default values of material apply.

3.9.7.

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
required for correct output.

not

» MASK - A depth value is not written for a pixel that is discarded after the alpha

for correct output.

works for all cases. Client implementations should try to achieve the~o
blending output for as many situations as possible. Whether depth-val
written or whether to sort is up to the implementation. JFor® exa

implementations may discard pixels that have zero or close to-zero alpha v
to avoid sorting issues.

Double Sided

ibleSided property specifies whether the material is double sided.
this value is false, back-face culling is enabled, i.e., only front-facing triangles are rend

this value is true, back-face culling is disabled a@id double sided lighting is enabled. Th

Default Material

fault material, used when a mesh~does not specify a material, is defined to be a materi

Implementation.Note

This matefigl’does not emit light and will be black unless some lighting is pre
in the sCéne.

Pointand Line Materials

This sy

test. A depth value is written for all other pixels. Mesh sorting is not required

rect
e is
ple,
alue

bred.

b back-

al with

sent

lines),

eCification does not define size or style of non-triangular primitives (such as points oj

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

inc

luding 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

propexty.

A camgpra object defines the projection matrix that transforms scene coordinates from the view
space fo the clip space.

A nod¢ containing the camera instance defines the view matrix that transforms scene coordlinates
from the global space to the view space.

3.10.2. View Matrix

The camera is defined such that the local +X axis is to the right;\the “lens” looks towards the Jocal -Z
axis, and the top of the camera is aligned with the local +Y axds.

The vipw matrix is derived from the global transformpof the node containing the camera wjith the
scaling ignored. If the node’s global transform is identity, the location of the camera is at the grigin.

3.10.3. Projection Matrices

3.10.3.[1. Overview

The prpjection can be perspective-or orthographic.

There jare two subtypes of perspective projections: finite and infinite. When the zfar property is
undefined, the camera defines an infinite projection. Otherwise, the camera defines g finite
projection.

The following €Xample defines two perspective cameras with supplied values for Y field of view,
aspectjratioy;and 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

4~

"name": "Infinite perspective camera",
"type": "perspective",
"perspective”: {

"aspectRatio": 1.5,

"yfov": 0.660593,

"znear": 0.01

Client Implementations SHOULD use the following\projection matrices.

3.10.3.2. Infinite perspective projection

Let

*a |be the aspect ratioc\(width over height) of the field of view, spt by
canmera.perspective.aspectRatio, or the aspect ratio of the viewport;

* y b the vertical field-ofview in radians, set by camera.perspective.yfov;

* n bp the distanceAg-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
tan(0.5 x y)
0 0 -1 —2n
0 0 -1 0

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.

1 . e PRI h ot 1 £-11
Then, L1IC PIUJTULIUIT ITIAU 1A 1S UCLLIIICU dS5 IUIIUVVS.

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 4

When [the provided camera’s aspect ratio does not match the aspect ratio of the viewport| client
implernentations SHOULD NOT crop or perform non-uniforxm scaling (“stretching”) to fill the
viewport.

3.10.3.4. Orthographic projection
Let

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

* t bp half the orthographic height, set'by camera.orthographic.ymag;

f bp the distance to the far clipping plane, set by camera.orthographic.zfar;

* n bp the distance to the neat ¢lipping plane, set by camera.orthographic.znear.

Then, the projection matfixis defined as follows.

1

-0 0 0

r

1

0o - 0 0
t

0 0 2 f+n
n—f n-f

[0 0 O T

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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o of timelines, etc. When loading a gITF 2.0 asset, client implementations may-s

All anijmations are stored in the animations arragiof the asset. An animation is defined as g

chann
and in

The fo]
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0 also supports animation of instantiated morph targets in a similar fashion.

Note

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 but, as a best practice, it is recommended that each~animation is self-containg

an animation entry and pause it on the first frame, play it automatically,©r'ig

client implementations may reset the scene to the initial state orMreeze it af
current frame.

Implementation Note

gITF 2.0 does not specifically define how an animatign'will be used when impdg

an action. For example, “Walk” and “Run” anjsiations might each contain mul
channels targeting a model’s various bones:Ihe client implementation may ch
when to play any of the available animatioirs.

ls (the channels property) and a set of<samplers that specify accessors with key franj
ferpolation method (the samplers property).

lowing examples show the expected usage of animations.

blect
hore

all animations until further user requests. When a playing animation.is" stopped,

the

rted
d as
fiple
Dose

set of
e data

{
"animations": [
{
"nam€"x” "Animate all properties of one node with different samplers",
"ehannels": [
{
"sampler": 0,
"target": {
"node": T,
"path": "rotation"
}
Ifs
{
"sampler": 1,
"target": {
"node": 1,
"path": "scale"
}
o
56
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{
"sampler": 2,
"target": {
"node": 1,
"path": "translation"
}
}
Il
"samplers": [
{
“input": 4,
—
"output": 5 (l/
}, ;19(1’
( 0
"input": 4, q/'\
"interpolation": "LINEAR", N
"output": 6

“input": 4, O\
"interpolation": "LINEAR", &
"output": 7 QQ
] } >
%
} &

"name": "Animate two nodes wﬁé? different samplers",

"channels": [ XSD
{ "
"sampler":‘dl)

"target" a{*
> o,

(;bth"; "rotation"
&
72

"sampler": 1,

"target": {
&?“ "node": 1,
S "path": "rotation"
}
}
Il
"samplers": [
{
"input": 0,
"interpolation": "LINEAR",
"output": 1
}
{
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"input": 2,
"interpolation": "LINEAR",
"output": 3

I
{
"name": "Animate two nodes with the same sampler",
"channels": [
{
"sampler": 0,
———
"node": 0, (1/(1/
"path": "rotation" ;i;>
) N
Iy q/'\
{ N
"sampler": 0, Q/Q
"target": { O\\
"node": 1, \%
"path": "rotation" é}
} \
} R
1, A\
5 QO
samplers": [ o
{ &
“input": 0, ) N
"interpolation”: “LLN@%h",
"output": 1 xO
} <
] e
}' .
{ >
"name": "A iﬁ;&e a node rotation channel and the weights of a Morph Tafget
it ipstantiates", q?
"c:;%5$§§ ]
Ve "sampler": 0,
=§S> "target": {
&?“ "node": 1,
S "path": "rotation"

38

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

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

Iy

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

}

[ .}

Channegls connect the output values of the key frame animation to a specifi¢ node in the hiefarchy.
A channel’s sampler property contains the index of one of the samplers'yrésent in the confaining
animation’s samplers array. The target property is an object that identifies which node to ahimate
using |ts node property, and which property of the node to animate using path. Non-anjmated
propeiqties MUST keep their values during animation.

When [node isn’t defined, channel SHOULD be ignored. Valid path names are "translption",

m.n

"rotatjon”, "scale", and "weights".
Nodes[that do not contain a mesh with morph targéets MUST NOT be targeted with "weights" path.

Withir] one animation, each target (a combination of a node and a path) MUST NOT be usedl more
than ohce.

Implementation Note

This prevents potential ambiguities when one target is affected by two or rhore
overlapping-samiplers.

Each of the animatign’s’samplers defines the input/output pair: a set of floating-point scalar|values
representing linedttime in seconds; and a set of vectors or scalars representing the anjmated
propenqty. All values are stored in a buffer and accessed via accessors; refer to the table below for
output] accessor types. Interpolation between keys is performed using the interpolation rpethod
specifipd-n the interpolation property. Supported interpolation values include LINEAR, ST§P, 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 quaterniori
signed byte normalized

unsigned byte normalized
signed short normalized
unsigned short normalized

"scalq" "VEC3" float XYZ scale Vector

"weiglfts” "SCALAR" float Welghts of morph targets
signed byte normalized

unsigned byte normalized

signed short normalized

unsigned short normalized

Implerpentations MUST use following equationssto decode real floating-point value f from a
normallized integer ¢ and vise-versa:

accesgor.componentType int-to-float float-to-int

signed byte f {aax(c / 127.0, -1.0) ¢ = round(f * 127.0)
unsigned byte = ¢ / 255.0 ¢ = round(f * 255.0)
signed short - f = max(c / 32767.0, -1.0) c = round(f * 32767.0)
unsighed short 2 f=c/65535.0 ¢ = round(f * 65535.0)

Animaftion sampler’s input accessor MUST have its min and max properties defined.

Implementation Note

ARtatioRs-wih-ron-Hnear-Hmeinputs-steh-as-tme-warpsinAutodesk3ds-Max
o or Maya, are not directly representable with gITF 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 defines an extension mechanism that allows the base format to be extended \wit
capabilities. Any gITF object MAY have an optional extensions property, as inyth€ fol
exampile:

{

All ext

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

"sheenRoughnessFactor”: 0.8

bnsions used in@-gITF asset MUST be listed in the top-level extensionsUsed array object

"extensionsUsed": [
YKHR_materials_sheen",

ITEUT TN

h new
lowing

e.g.

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

extens

62

onsUsed.
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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 1nading g]'T‘F files ncnn]]y rprlnirpc either separate requests to fetch all hinmr‘y data_qr extra

space flue to base64-encoding. Base64-encoding requires extra processing to decode andingreases
the file size (by ~33% for encoded resources). While transport-layer gzip mitigatesthe file size
increage, decompression and decoding still add significant loading time.

To avaid this file size and processing overhead, a container format, Binary gITF 1s introduced that
enables a gITF asset, including JSON, buffers, and images, to be stored in agifnrgle binary blob.

A Binary gITF asset can still refer to external resources. For examplésan application that wants to
keep images as separate files may embed everything needed for aSeene, except images, in a [Binary
gITF.

4.2.|Structure

A Binary gITF (which can be a file, for example) has the following structure:

* A 12-byte preamble, called the header.

* Onp or more chunks that contain JSON'content and binary data.

The cRhunk containing JSON MAY. refer to external resources as usual, and MAY also refierence
resourges stored within other ¢hunks.

4.3.|File Extension & Media Type
The filp extension,to be used with Binary gITF is .glb.

The repistered 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 S

~~~~~~~~~

Figure 8. Binary glTF Layout

The following sections describe the structure more in detail.

4.4.2.
The 12
uint

uint
uint

* mag
as

* verj
vell

Cli
in
vel

e len

4.4.3.

44.3.1

Eachc

uint

Header
tbyte header consists of three 4-byte entries:
32 magic

32 version
32 length

ic MUST be equal to equal 0x46546C67. It is ASCII string g¥TF and can be used to identi
Binary gITF.

sion 2.

bnt implementations that load GLB formd®MUST also check for the asset version pro

sion.

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

Chunks

Overview

hunk has thé-following structure:

32 "chunkLength

uint

[y data

sion indicates the version of the Binary gITF centainer format. This specification ¢lefines

perties

he JSON chunk, as the version specified in the GLB header only refers to the GLB container

ubyt

e chu
e chu

e chu

RI~“ahiunlTvyna
T CTITOTS Ty PT

e[] chunkData

nkLength is the length of chunkData, in bytes.
nkType indicates the type of chunk. See Table 1 for details.
nkData 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 padding 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.

S ———

This chhunk holds the gITF JSON, as it would be provided within a .gltf 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 pafged with JSON.parge as
usual.

This chunk MUST be the very first chunk of a Binary gITF asset’By reading this chunk first, an
implerpentation is able to progressively retrieve resources from subsequent chunks. This way, it is
also pgssible to read only a selected subset of resources from*a Binary gITF asset.

This chunk MUST be padded with trailing Space chars-\{@x20) to satisfy alignment requirements.

w

4.4.3.3| Binary buffer

This chunk contains the binary payload for geometry, animation key frames, skins, and images. See
GLB-stpred Buffer for details on referereing this chunk from JSON.

This chunk MUST be the second €hunk of the Binary gITF asset.
This chunk MUST be padded with trailing zeros (0x00) to satisfy alignment requirements.

When [the binary buffér is empty or when it is stored by other means, this chunk SHOULD be
omittefl.
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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

Description Required

bufferView integer

byteQffset integer
comppnentType integer
normaplized boolean
count| integer

type string

max :number [1-16]

min number [1-16]

The index of the No
bufferView.

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

RS &

The datatype of the ()" v Yes
accessor’s Components.

Specifies whether No, default: false
integer datawalues are
normalized before

usage.

JIhe 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
accessor.

sparse accessor.sparse

name string

66

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.

The in
proper

* Ty]
* Re
e Mil
5.1.2.

The of

component datatype. This property MUST NOT bewdefined when bufferView is undefined.

* Ty
* Re
+ Mi]
* Re

5.1.3.

The d
access

* Ty}

accessor.buffervView

Hex of the buffer view. When undefined, the accessor MUST be initialized mwith zeros;
ty or extensions MAY override zeros with actual values.

pe: integer
quired: No

himum: >= 0

accessor.byteOffset

set relative to the start of the buffer view in bytes. This MUST be a multiple of the sizg

De: integer
quired: No, default: 0
himum: >= 0

ated WebGL functions{ vertexAttribPointer() offset parameter

accessor.componentType

tatype of the“accessor’s components. UNSIGNED_INT type MUST NOT be used f
pr that ishot referenced by mesh.primitive.indices.

pe/fnteger

sparse

of the

DY any

* Required: v Yes

¢ Allowed values:

o

o

o

o

o

5120 BYTE

5121 UNSIGNED_BYTE
5122 SHORT

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
* Refquired: No, default: false

* Related WebGL functions: normalized parameter of vertexAttribPointer()

5.1.5/accessor.count

The nymber of elements referenced by this accessor, not to be confusgd\with the number of bytes
or number of components.
» Type: integer
* Refuired: v Yes

e Mipimum: >= 1

5.1.6accessor.type

Specifies if the accessor’s elements are scalars, vectors, or matrices.

» Type: string
* Refquired: v Yes
* Allowed values:

"SCALAR"

o

° "VECZ"
° "VEC3"
| "VECH

o LLMATD "

> "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

lengthlis determined by the value of the type property; it can be 1, 2, 3, 4, 9, or 16.

normaljzed 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 vaflues of
accesspr data with sparse substitution applied.

» Type: number [1-16]

* Reqpuired: No

5.1.9/accessor.sparse
Sparse|storage of elements that deviate from their initialization value.

° TY])EZ accessor.sparse

* Reqpuired: No

5.1.10. accessor.name

The uger-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
* Reqpuired: No

5.1.1]1. accessor.extensions

JSON c1bject 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

coun mteger NUmber of deviaung VvV Yes
accessor values stored
in the sparse array.

indicgs accessor.sparse.indice An object pointingtoa + Yes
> buffer view containing
the indices of deviating¢
accessor values. The/~\"
number of indices.is
equal to count. Indices
MUST strictlytincrease.

value accessor.sparse.values An objett pointingtoa + Yes
bufferview containing
the'deviating accessor

walues.

JJ

extenfions extension JSON object with No
extension-specific
objects.

extrag extras Application-specific No
data.

Additignal properties are-allowed.

* JSON schema:@cressor.sparse.schema.json

5.2.1.|accessor.sparse.count

N e e e e e e e

* 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 gbject with extension-specific objects.

» Type: extension
* Reqpuired: No

» Type of each property: Extension

5.2.5./accessor.sparse.extras
Applicption-specific data.

* Type: extras
* Refuired: No

5.3.|Accessor Sparsedndices

An objpct pointing to a buffer yview containing the indices of deviating accessor values. The number
of indifes is equal to accessorsparse.count. Indices MUST strictly increase.

Table 4 Accessor Sparse_Indices Properties
Type Description Required

bufferView. integer The index of the buffer + Yes
view with sparse
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.

Additignal properties are allowed.

. JSC

5.3.1.

The in
target

)N schema: accessor.sparse.indices.schema.json

accessor.sparse.indices.bufferview

aligned to the componentType byte length.

* Ty]
* Re
o Mij
5.3.2.

The of

* Ty
* Re
* Mij
5.3.3.

The in

pe: integer

uired: v’ Yes

himum: >= 0
accessor.sparse.indices.byteOffset

set relative to the start of the buffer view in bytes.

De: integer
quired: No, default:)0

himum: >= 0

accessor.sparse.indices.componentType

ices data type.

fex of the buffer view with sparse indices. The referenced huffer view MUST NOT have its
or byteStride properties defined. The buffer view and, tlie optional byteOffset MUST be

» Type: integer
* Required: v Yes

« All

o
o

o

72

owed values:

5121 UNSIGNED_BYTE
5123 UNSIGNED_SHORT
5125 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

ISO/IEC 12113:2022(E)

ApphC ot olJCbifiL datar

* Type: extras

* Ref[uired: No

5.4.|Accessor Sparse Values

An object pointing to a buffer view containing the deviating atcessor values. The number of
elements is equal to accessor.sparse.count times number pf\components. The elements hdve the
same qomponent type as the base accessor. The elements:are tightly packed. Data MUST be gligned

follow]ng the same rules as the base accessor.

Table 5] Accessor Sparse Values Properties

byteQffset integer

extenkions extension

Type

bufferView integer

Description

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

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

JSON object with

Required
Vv Yes

No, default: 0

No.

extras extras

Additional properties are allowed.

extension-specific
objects.
Application-specific
data.

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

e Minimum: >= 0

5.4.2.

accessor.sparse.values.byteOffset

The of’

* Ty
* Re
* Mij

5.4.3.

pe: integer
quired: No, default: 0

himum: >= 0

accessor.sparse.values.extensions

JSON dbject with extension-specific objects.

* Ty
* Re

* Ty]
5.4.4.
Applic

* Ty]
* Re

3.5.

A keyf

hbe: extension
quired: No

pe of each property: Extension

accessor.sparse.Values.extras
htion-specific data.

De: extras

quired: No

Animation

Fdme animation.

set relative to the start of the bufferView in bytes.

Table 6

74

. Animation Properties
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channels animation.channel [1-*]
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Description Required

An array of animation v 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

samplers animation.sampler [1-*]

name string

extenfions extension

extras extras

Additignal properties are alloweg.

* JSON schema: animatipa.5chema.json

5.5.1/animation.channels

An argay of amimation channels. An animation
target
same tRrgets.

same targets.

An array of animation v Yes
samplers. An animation
sampler combines

timestamps with a

sequence of output :
values and defines af)"’
interpolation

algorithm.

The user-defined name No
of this afject.

JSONVobject with No
extension-specific

"objects.

Application-specific No

data.

channel combines an animation sampler with a

property being animated. Different channels of the same animation MUST NOT hdve the

» 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-*]

© ISO/IEC 2022 - All rights reserved
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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 anImatinn Avinncinnc
oD I [UITIITIIU CIUTI. CATCITSTUILS

JSON gbject with extension-specific objects.

» Type: extension

* Reqpuired: No

» Type of each property: Extension
5.5.5/animation.extras
Applicption-specific data.

* Type: extras
* Refuired: No

5.6.[Animation Channel

=

An animation channel combinestai animation sampler with a target property being animate

Table 7} Animation Channel Broperties
: 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.channel.target
The descriptor of the animated property.

» Type: animation.channel.target

* Refuired: v Yes
5.6.3/animation.channel.extensions
JSON dbject with extension-specific objects.

» Type: extension
* Refuired: No

» Type of each property: Extension

5.6.4/animation.channel.extras
Applichtion-specific data.

* Type: extras

* Ref[uired: No

5.7./Animation Channel Target

- 4= el - R 3 .
The descriptorof theamnimated property:

Table 8. Animation Channel Target Properties

© ISO/IEC 2022 - All rights reserved 77


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

ISO/IEC 12113:2022(E)

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(Xy '
Y, and Z axes. For the
“rotation” property, the
values are @ gquaternion
in the order (%, y, z, w),
wherew is the scalar.
Forthe "scale”
sproperty, the values are
the scaling factors

along the X, Y, and Z
axes.

extengions extension JSON object with No
extension-specific

objects.

extra$ Zextras Application-specific No
' data.

Additignal properties are allowed.

* JSONSchema: animation.channel.target.schema.json

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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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
» Allpowed vatues:

o

5.7.3.

"translation"
"rotation"
"scale"

"weights"

animation.channel.target.extensions

JSON gbject with extension-specific objects.

* Ty]
* Re

* Ty)

5.7.4.
Applic

* Ty]
* Re

5.8.

pe: extension

quired: No

pe of each property: Extension
animation.channel.target.extras
htion-specific data.

hbe: extras

quired: No

Animation Sampler

An an

mation sampler combines timestamps with a sequence of output values and defipes an

interpolation algorithm.

Table 9. Animation Sampler Properties
Type Description
input integer The index of an

Required
Vv Yes

© ISO/IEC 2022 - All rights reserved
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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
ODjects:

extra$ extras Application-specific No
data.

Additignal properties are allowed.

* JSON schema: animation.sampler.schema.json

5.8.1/animation.sampler.input

The index of an accessor containing keyframe timestamps:)FThe accessor MUST be of scaldr type
with floating-point components. The values represent time in seconds with time[0] >= 0]0, and
strictly increasing values, i.e., time[n + 1] > time[n].
* Type: integer
* Reqpuired: v Yes

e Mihimum: >= 0

5.8.2|animation.sampler.interpolation

Interpglation algorithm.
» Type: string
* Refuired: No,‘default: "LINEAR"

* Allowed yalues:

o

"LINEAR" The animated values are linearly interpolated between keyframes. When targeting

ot 1o 4 1 1s Tt A PR Lal AY CIIOIIL I 1 <l 4 -y 1
d 1Ulatluli, DlJllCLlL(ll 1111ITaAl lllLCLPULQLLUII \DLCLP} OLIVUVULD T uscu W 1ITLT pO ate

quaternions. The number of output elements MUST equal the number of input elements.

o "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.

o "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: integer
* Required: v Yes

e Minimum: >= 0

5.8.4. animation.sampler.extensions

SON Ob 4 N 4 3 1£3 1o %
] JCLL VVIUL CALCIIO1IVUIL Otlcblllb UUJC\.LO-

« Type: extension
* Ref[uired: No

» Type of each property: Extension

5.8.5/animation.sampler.extras
Applicption-specific data.

* Type: extras

* Reqpuired: No

5.9.|Asset

Metadgta about the gITF asset.

Table 1. Asset Properties

Type Description Required

copyrjght String A copyright message No
suitable for display to
credit the content

creator.

generptor. string Tool that generated this No

e

debugging.

version string The gITF version in the  Yes
form of <major>.<minor>
that this asset targets.
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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.

extrag extras Application-specific No
data.

Additignal properties are allowed.

* JSON schema: asset.schema.json

5.9.1|asset.copyright

A copyfright message suitable for display to credit the contentcreator.

» Type: string
* Reqpuired: No

5.9.2|asset.generator
Tool that generated this gITF model. Useful for debugging.
» Type: string

* Refuired: No

5.9.3.|asset.version

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

» Type:string
* Required: v Yes

« 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: M[0-9]+\.[0-9]+$

5.9.5. asset.extensions

JSON object with extension-specific objects.

* Type: extension

* Required: No

* Type of each property: Extension

ISO/IEC 12113:2022(E)

5.9.6.|asset.extras
Applicption-specific data.

* Type: extras
* Refuired: No

5.10. Buffer

A buffer points to binary geometry, animation, or skin§:

Table 1f1. Buffer Properties

Type Description Required

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

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

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

extengions extension JSON object with No
extension-specific
objects.

extras extras Appiication=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.

+ Ty

na: 1ntoaor
B-e—+

* Re
* Mij

5.10.3

The us

eges
quired: v/ Yes
nimum: >= 1

. buffer.name

er-defined name of this object. This is not necessarily unique, e:g, an accessor and a

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

* Ty]
* Re

5.10.

pe: string

quired: No

L. buffer.extensions

JSON dbject with extension-specific objects.

* Ty]
* Re

* Ty
5.10.5
Applic

* Tyj
* Re

pe: extension

quired: No

pe of each property: Extension
. buffer.extras

htion-specificdata.

De: extras

quited: No

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. v Yes
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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.

extenfions extension JSON object with No
extension-specific
objects.

extrag extras Application-specifiC No

Additignal properties are allowed.

* JSON schema: bufferView.schema.json

5.11.1. bufferView.buffer

The inflex of the buffer.

» Type: integer
* Reqpuired: v Yes

e Mihimum: >= 0

5.11.2. bufferView byteOffset

The offset into¢he buffer in bytes.

* Type: tnteger

data.

* 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: integer

Required: No

Minimum: >= 4

e Maximum: <= 252

* Related WebGL functions: vertexAttribPointer() stride parameter

5.11.3. bufferView.target

The hipt representing the intended GPU buffer type to use with this buffer<view.

* Type: integer
* Ref[uired: No
* Allowed values:

34962 ARRAY_BUFFER

o

34963 ELEMENT_ARRAY_BUFFER

o

* Related WebGL functions: bindBuffer()

5.11.6. bufferView.name

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

» Type: string

* Reqpuired: No

5.11.7. buffépView.extensions

SON dbjéct 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 qurriptinn qunirpd

orthopraphic camera.orthographic An orthographic No
camera containing
properties to create an
orthographic projection
matrix. This property |
MUST NOT be defined:\.
when perspective is
defined.

perspective camera.perspective A perspective‘camera  No
containing properties
to create'a perspective
prejéection matrix. This
Jproperty MUST NOT be
"defined when
orthographic is defined.

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

name ~string The user-defined name No

' of this object.

extenfions extension JSON object with No
extension-specific
objects.

extrag 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 qni\this, either the
camerd’s perspective or orthographic property MUST be defined.

» Type: string
* Refpuired: v Yes

e Allowed values:

o

"perspective"

o

"orthographic"

5.12.4. camera.name

The uger-defined name of this object. This is. 1ot 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
* Ref[uired: No
5.12.3. camera.extensions
JSON dbject with extension-specific objects.

» Type: extension

* Reqpuired: 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

xmag

Type
number

ISO/IEC 12113:2022(E)

Description Required

The floating-point Vv Yes
horizontal

magnification of the

view. This value MUST

ymag

zfar

znear

extengions

extrasg

number

number

number

7~ NG/

~@xtension

extras

NOT be equal to zero.
This value SHOULD
NOT be negative.

The floating-point Vv Yes
vertical magnification

of the view. This value
MUST NOT be equal'to

zero. This value

SHOULD NOT be

negative.

The floating-point Vv Yes
distance to the far

_clipping plane. This

“value MUST NOT be

equal to zero. zfar
MUST be greater than
znear.

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

JSON object with No
extension-specific
objects.

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

The flgating-point distance to the far clipping plane. This value MUST NOT be equal-{e)zZerf. zfar
MUST e greater than znear.

» Type: number
* Refuired: v Yes
* Miphimum: > 0
5.13.4. camera.orthographic.znear

The flgating-point distance to the near clipping plane.

» Type: number
* Refquired: v Yes

e Mihimum: >= 0

5.13.3. camera.orthographiciextensions

JSON dbject with extension-specific objects.

» Type: extension
* Reqpuired: No

* Type of eachiproperty: Extension

5.13.6. eamera.orthographic.extras

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 e — e —

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 the near
clipping plane.
extengions extension JSON object with No
extension-specific
ohjects.
extrag extras " Application-specific No
data.

Additignal properties are allowed.

* JSON schema: camera.perspettive.schema.json

5.14.1. camera.perspective.aspectRatio

The flpating-point~aspect ratio of the field of view. When undefined, the aspect ratio [of the
rendeying viewport MUST be used.

» Type: aumber

* Re Inirr-\ﬂ- 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: number

* Required: No

e Minimum: > 0

5.14.4. camera.perspective.znear

The flq

ating-point distance to the near clipping plane.

» Type: number

* Refuired: v Yes

e Miphimum: > 0

5.14.3. camera.perspective.extensions

JSON dbject with extension-specific objects.

» Type: extension

e Refjuired: No

» Type of each property: Extension

5.14.
Applic

* Ty]
* Re

. camera.perspective.extras
htion-specific data.

De: extras

quired: No

5.15

JSON o

Extension

bject 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. glTE

The ropt object for a gITF asset.

Table 1)6. g1TF Properties

Type Description Required

extensionsUsed string [1-*] Names of gITF Xo
extensions used inhis
asset.

extensionsRequired  string [1-*] Names of giFF No

extensions required to
properlyload this asset.

accessors accessor [1-*] Anlarray of accessors. No

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

asset asset ‘ Metadata about the Vv Yes
gITF asset.

buffers buffer fdv*] An array of buffers. No

bufferviews buffe-rv-i ew [1-*] An array of No

] bufferViews.

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

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

materials > 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. glTF.extensionsUsed

Nameq of gITF extensions used in this asset.

* Type: string [1-*]

Each element in the array MUST be unique.

o

* Ref[uired: No

5.17.2. glTF.extensionsRequired
Namegq of gITF extensions required to properly load this*asset.

» Type: string [1-*]

o

Each element in the array MUST be unique.

* Reqpuired: No

5.17.3. glTF.accessors
An arrpy of accessors. An accessSor is a typed view into a bufferView.
» Type: accessor [1-%}

* Reqpuired: No

5.17.4. glTE.animations

An arrhy-of keyframe animations

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

5.17.5. glTF.asset

Metadata about the gITF asset.

* Type: asset

94 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 12113:2022(E)

* 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 arrpy of bufferViews. A bufferView is a view into a buffer generally representing a sulsef of the
buffer

» Type: bufferView [1-*]

* Reqpuired: No

5.17.8. glTF.cameras

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

* Reqpuired: No

5.17.9. glTF.images

An arrpy of images. An image defines data used to create a texture.
* Type: image [1-*]
* Reqpuired: No

5.17.10. glTF.materials

An arrpy of materialszA'material defines the appearance of a primitive.

» Type: material [1-*]

* Reqpuired: 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-*]
* Reqpuired: No

5.17.14. gITF.scene

The inflex of the default scene. This property MUST NOT be defined, whendscenes is undefinef.

» Type: integer
* Ref[uired: No

e Mihimum: >= 0

5.17.15. gITF.scenes
An arrpy of scenes.
» Type: scene [1-*]

* Ref[uired: No

5.17.16. gITF.skins
An arrpy of skins. A skin ig defined by joints and matrices.
» Type: skin [1-*]

* Reqpuired: 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. Image

Image|data used to create a texture. Image MAY be referenced by an URI (or IRD) or a buffgr view
index.

Table 1f7. Image Properties

Type Description Required
uri string The URI (ox ) of the  No
image.
mime[l'ype string The image’s media No

type. This field MUST
Sbe 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 stri ng The user-defined name No
of this object.

extengions extension JSON object with No
extension-specific
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.Z. 1mage.mimeType

The imjage’s media type. This field MUST be defined when bufferView is defined.

» Type: string

o|"image/jpeg"
>|"image/png"
5.18.3. image.bufferView

The inflex of the bufferView that contains the image» This field MUST NOT be defined when uri is
definegl.

» Type: integer
* Refuired: No

e Mihimum: >= 0

5.18.4. image.name

The uger-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: streing

* Refquired: 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

ISO/IEC 12113:2022(E)

The material appearance of a primitive.
Table 118. Material Properties
Type Description Required
name string The user-defined name ,NoO
of this object. :
extenfions extension JSON object with No
extension-specifi¢
objects.
extrag extras Application-specific No
data.
pbrMptallicRoughness material.pbriletallicRo 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.
normplTextufe material.normalTexture The tangent space No
Info normal texture.
occlusionTexture material.occlusionText The occlusion texture. No
urelnfo
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"
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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.

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

could

* Ty}
* Re

5.19.7

JSON gbject with extension-specific objects.

* Ty]
* Re

* Ty
5.19.3
Applic

* Ty]
* Re

5.19.4

A set

. material.name

ave the same name, or two accessors could even have the same name.
pe: string

quired: No

. material.extensions

pe: extension

quired: No

pe of each property: Extension
. material.extras
htion-specific data.

pe: extras

quired: No

L. material.pbrMetallicRoughness

pf-pdrameter values that are used to define the metallic-roughness material modg

buffer

| 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

indica

e areas that receive full indirect lighting and lower values indicate no indirect ligh

ing. If

other
undefi

* Ty]
* Re
5.19.7

The en
This tg

component (A) is present, it MUST be ignored. When undefined, the texture MUST be sam]

having

* Ty]
* Re

channels are present (GBA), they MUST be ignored for occlusion calculatioss,
hed, the material does not have an occlusion texture.

be: material.occlusionTextureInfo
quired: No
. material.emissiveTexture

nissive texture. It controls the color and intensity of the light being emitted by the m
pxture contains RGB components encoded with the{sRGB transfer function. If a

1.0 in RGB components.

pe: texturelnfo

quired: No

5.19.8. material.emissiveFactor

The fajctors for the emissive colox of the material. This value defines linear multipliers |}

samplg

* Ty]

o

* Re

5.19.¢

d texels of the emissive texture.

pe: number [3]

quired: Noy default: [0,0,0]

) - material.alphaMode

When

hterial.
fourth
pled as

for the

Each element inthe array MUST be greater than or equal to @ and less than or equal t¢ 1.

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

» Type: string
* Required: No, default: "OPAQUE"

« All

o

owed values:

"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”.

"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

Specifi
to this

value gre

ignore

* Ty}
* Re
o Mij

5.19.1

es the cutoff threshold when in MASK alpha mode. If the alpha value is greater than or equal
value then it is rendered as fully opaque, otherwise, it is rendered as fully transparent. A
ster—thran———wilrender—the—entirematertalasfolb—ransparer ris—ratae—MRIST be
ed.

d for other alpha modes. When alphaMode is not defined, this value MUST NOT be dé&ij

be: number
quired: No, default: 0.5

himum: >= 0

1. material.doubleSided

enabl
The b

* Ty
* Re

5.2(

Refere

Table 1

index|

Specifﬂ'is whether the material is double sided. When this-¥alue is false, back-face cuIing is

. When this value is true, back-face culling is disabled and double-sided lighting is epabled.

ck-face MUST have its normals reversed before the\lighting equation is evaluated.

be: boolean

quired: No, default: false

. Material Normal Texture Info

nce to a texture.
0. Material Normal\\Féxture Info Properties
Type Description Required
integer The index of the v Yes
texture.

texCoerd— integer  Thogetindexof —  No-defaultg—

scale

102

texture’s TEXCOORD
attribute used for
texture coordinate
mapping.
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.normalTextureInfo.index
The inflex of the texture.

* Type: integer
* Refpuired: v Yes

e Mihimum: >= 0

5.20.2. material.normalTexturelnfo.texCoord

This integer value is used to construct a string in theormat TEXCOORD_<set index> whi
reference to a key in mesh.primitives.attributes (gg="a value of @ corresponds to TEXCOOR
mesh primitive MUST have the corresponding texture coordinate attributes for the materig
applicgble to it.

» Type: integer

* Reqpuired: No, default: 0

e Mihimum: >= 0

5.20.3. material.normalTexturelnfo.scale

h is a

D _0). A

1 to be

The scplar parameter’applied to each normal vector of the texture. This value scales the ormal

vector|in X and Y~directions using the formula: scaledNormal = normalize<sampled normal f{
value>|* 2.0<9.0) * vec3(<normal scale>, <normal scale>, 1.0.
» TypeZnumber

exture

* Required: No, default: 1

5.20.4. material.normalTexturelnfo.extensions

JSON o

bject 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

Refere

Table 2|

index|

hce to a texture.

texCoord

streny

rth

extensions

extra

0. Material Occlusion Texture Info Properties

Type

integer

integer

number

Scontrolling the amount
of occlusion applied.

extension

extras

Additignal properties-dare allowed.

. J8(

5.21.1

)N schema( material.occlusionTextureInfo.schema.json

| material.occlusionTextureInfo.index

Description Required

The index of the ¥ Yes
texture. :

The set index of No, default: 0
texture’s TEXCQQRD

attribute used.for
texture coordinate

mappilg.

Aealar multiplier No, default: 1

JSON object with No
extension-specific
objects.

Application-specific No
data.

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 scalgrparameter CONroiing the amourt of OCCIUSIoN appiied: A value of -0 means no ocqlusion.
A valup of 1.0 means full occlusion. This value affects the final occlusion value as: 1.0 +.‘strgngth *
(<sampled occlusion texture value> - 1.0).

» Type: number
* Refquired: No, default: 1
e Mipimum: >= 0
e Maximum: <= 1
5.21.4. material.occlusionTexturelnfo.extensions

JSON dbject with extension-specific objects.

» Type: extension

* Reqpuired: No

» Type of each property: Extension
5.21.3. material.occlusionTextureInfo.extras
Applicption-specific data.

* Type: extras
* Reqpuired: No

1 PPR Mo
I T DIUIVICT

5 2 Natoria
oebdbde IVITUATLTIT IT

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.
extengions extension JSON object with No
extension-specific
objects.
extrag extras Application-specific ~ ,No

Additignal properties are allowed.

. JS(

5.22.]

The fa
texels

* Ty

o

* Re

5.22.4

The b4
functig
repres
The ma

data. .

)N schema: material.pbrMetallicRoughness.schema.jspf

. material.pbrMetallicRoughness.baseColorFactor

ctors for the base color of the material. Thi§walue defines linear multipliers for the sgmpled
bf the base color texture.
be: number [4]

Each element in the array MUST be greater than or equal to 0 and less than or equal t¢ 1.

quired: No, default: [1, 174,1]

. material.pbfMetallicRoughness.baseColorTexture

se color texture. The first three components (RGB) MUST be encoded with the sRGB tyansfer
n. They, speécify the base color of the material. If the fourth component (A) is pregent, it
ents thelinear alpha coverage of the material. Otherwise, the alpha coverage is equal|to 1.0.

premut

Fer?ql.alphaMode property specifies how alpha is interpreted. The stored texels MUST NOT be

a a¥a ALpen-yundge neg noe a _-kl pe-Sanpieg-asS-Havg !1 alss enneen-.

* 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
e Minimum: >= 0

e 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
* Refquired: No, default: 1
e Mipimum: >= 0

e Maximum: <= 1

5.22.3. material.pbrMetallicRoughness.metallicRoughnessTexture

The mnjetallic-roughness texture. The metalness values are samipled from the B channgl. The
roughness values are sampled from the G channel. These valdes MUST be encoded with a|linear
transfer function. If other channels are present (R or A){they MUST be ignored for mjetallic-
roughness calculations. When undefined, the texture MUST be sampled as having 1.0 in G{and B
comp(j;\ents.

* Type: texturelnfo

* Refuired: No

5.22.6. material.pbrMetallicRoughness.extensions

JSON dbject with extension-spécific objects.

» Type: extension
* Refuired: No

» Type of each\property: Extension

5.22.7. material.pbrMetallicRoughness.extras

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 e+ Array-ofweightsto-be—Ne
applied to the morph
targets. The number of
array elements MUST
match the number of

morph targets.

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

extenfions extension JSON object with No
extension-gpetific
objects.

extrag extras Application-specific No

datd.

™

Additignal properties are allowed.

* JSON schema: mesh.schema.json

5.23.1. mesh.primitives
An arrpy of primitives, each\defining geometry to be rendered.
» Type: mesh.primitive[1-*]

* Refuired: v/Yés

5.23.2. mesh.weights

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.
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* 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)

5.23.3. mesh.extras
Applicption-specific data.

* Type: extras
* Refuired: No

5.24. Mesh Primitive

Geomdtry to be rendered with the given material.

Related WebGL functions: drawElements() and drawArrays()

Table 23. Mesh Primitive Properties

Type
attribjutes object

indices integer

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.

The index of the No

material integer

mode integer

© ISO/IEC 2022 - All rights reserved

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
targets object [1-*]
extensions extension
extras extras

Description

An array of morph
targets.

JSON object with
extension-specific
objects.

Application-specific
data.

Required
No

No

No

Additigmat propertiesare attowed:

* JSON schema: mesh.primitive.schema.json

5.24.1. mesh.primitive.attributes

A plaif} JSON object, where each key corresponds to a mesh attribute semafitic and each valug is the

index ¢f the accessor containing attribute’s data.

» Type: object
* Reqpuired: v Yes
* Type of each property: integer

5.24.2. mesh.primitive.indices

The index of the accessor that contains the vertex indices. When this is undefined, the prjmitive
define$ non-indexed geometry. When .defined, the accessor MUST have SCALAR type gnd an

unsigned integer component type.
» Type: integer
* Reqpuired: No

e Mihimum: >= 0

* Related WebGLunctions: drawElements() when defined and drawArrays() otherwise.

5.24.3. mesh:primitive.material

The inflexof 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

« All

o
o

o

o

o

owed values:
0 POINTS

1 LINES

2 LINE_LOOP
3 LINE_STRIP
4 TRIANGLES

ISO/IEC 12113:2022(E)

o

o

5.24.3

An arr

* Tyj
* Re

5.24.6. mesh.primitive.extensions

JSON gbject with extension-specific objects.

* Ty]
* Re

* Ty]
5.24.7
Applic

* Ty
* Re

5 TRIANGLE_STRIP
6 TRIANGLE_FAN

). mesh.primitive.targets

y of morph targets.

be: object [1-*]

quired: No

pe: extension

quired: No

pe of each property: Extensiofl
. mesh.primitive.extras
htion-specific data

hbe: extras

quired:No

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.

© ISO/IEC 2022 - All rights reserved
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Table 24. Node Properties

camera

children

skin

Type

integer

integer [1-*]

integer

Description Required

The index of the No
camera referenced by
this node.

The indices of this No
node’s children.

The index of the skin ~ No
referenced by this

matrix

mesh

rotation

scale

translation

weights

number [16]

integer

number [4]

number [3]

number [3]

“number [1-*]

Suniform scale, given as

node.

A floating-point 4x4 No, default:
transformation matrix [1,0,0,0¢9,1,0,0,0,0,1
stored in column-major /0,0,0,071]
order.

The index of the mesh\\No
in this node.

The node’s unit No, default: [0,0,p,1]
quaterniongtation in
the ordery, v, z, w),
wherew'is the scalar.

The'hode’s non- No, default: [1,1,]1]

the scaling factors
along the %, y, and z
axes.

The node’s translation No, default: [0,0,p]
along the X, y, and z
axes.

The weights of the No
instantiated morph

target. The number of
array elements MUST
match the number of
morph targets of the

name

extensions

112

string

extension

referenced mesh. When
defined, mesh MUST
also be defined.

The user-defined name No
of this object.

JSON object with No
extension-specific
objects.
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Type Description Required
extras extras Application-specific No
data.

Additional properties are allowed.

* JSON schema: node.schema.json

5.25.1. node.camera

The 11’1 dasc aftha caxnnra wAfaranond s thic
e o CarCTIoa T CrIe I Tnccor Uy oS 1o

» Type: integer
* Ref[uired: No

e Mihimum: >= 0

5.25.2. node.children
The inglices of this node’s children.

» Type: integer [1-*]

[

Each element in the array MUST be unique.

o

Each element in the array MUST be greater th@n or equal to 0.

* Reqpuired: No

5.25.3. node.skin

The inflex of the skin referenced by this node. When a skin is referenced by a node within af scene,
all joipts used by the skin MUST belong to the same scene. When defined, mesh MUST glso be
definegl.
» Type: integer
* Reqpuired: No

e Mihimum:$3'0

5.25.4mode.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: integer
* Required: No

e Minimum: >= 0

5.25.6. node.rotation

Th Ao 3+ o ratatl R rdail AY ol ratla 1o
e n Ul O UIlll qualcllllull LT ULAUUIT IIT tIICT UL UTI (4, y’ L, VVJ, VVIICLITUT VV IO UIU oSldldl.

» Type: number [4]

o

Each element in the array MUST be greater than or equal to -1 and less than*or equal fo 1.

* Refquired: No, default: [0,0,0,1]

5.25.7. node.scale

The ndde’s non-uniform scale, given as the scaling factors along the\x, y, and z axes.

» Type: number [3]
* Refquired: No, default: [1,1,1]

5.25.8. node.translation

The ndde’s translation along the x, y, and z axes.
» Type: number [3]
e Regjuired: No, default: [0,0,0]

5.25.9. node.weights

The weights of the ifistantiated morph target. The number of array elements MUST mafch the
numbgr of morphd{argets of the referenced mesh. When defined, mesh MUST also be defined.

* Type: number[1-*]

e Reg@yuired: No

5.25.10. node.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
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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

ApphC ot olJCbifiL datar

* Type: extras

* Ref[uired: No

5.26. Sampler

Texture sampler properties for filtering and wrapping modes.

Table 25. Sampler Properties

Type Deseription Required

magFjlter integer : M‘;';\g‘;nification filter. No
minFilter integer  Minification filter. No
wrap$ integer > S (U) wrapping mode.  No, default: 10497
wrapT integer N T (V) wrapping mode.  No, default: 10497
name string The user-defined name No

of this object.

extenfions ~extension JSON object with No
! extension-specific
objects.
extrag 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:
> 9728 NEAREST
o 9729 LINEAR
* Related WebGL functions: samplerParameteri() with pname equal to TEXTURE_MAG_FILTER

5.26.2. sampler.minFilter

Minification filter.

* Type: integer

e Refjuired: No

e Allowed values:

9728 NEAREST

o

9729 LINEAR

o

o

9984 NEAREST_MIPMAP_NEAREST
9985 LINEAR_MIPMAP_NEAREST

o

9986 NEAREST_MIPMAP_LINEAR

o

9987 LINEAR_MIPMAP_LINEAR

o

* Related WebGL functions: samplerParameteri() with'pname equal to TEXTURE_MIN_FILTER

5.26.3. sampler.wrap$S

S (U) wrapping mode. All valid values correspond to WebGL enums.
* Type: integer
* Reqpuired: No, default: 10497

e Allowed values:

o

33071 CLAMP_TO_EDGE

o

33648 MIRRORED_REPEAT
10497 REPEAT

o

* Related\WebGL functions: samplerParameteri() with pname equal to TEXTURE_WRAP_S

5.26.4. sampler.wrapT
T (V) wrapping mode.

* Type: integer
* 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
* Reqpuired: No

5.26.6¢. sampler.extensions
JSON dbject with extension-specific objects.

» Type: extension

* Reqpuired: No

» Type of each property: Extension
5.26.7. sampler.extras
Applicption-specific data.

» Type: extras

* Ref[uired: No

5.27. Scene

The ropt nodes of a scene-

Table 26. Scene Properties

Type Description Required
nodeﬂ integer [1-*] The indices of each root No
naoda
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.

* Refquired: No

5.27.2. scene.name

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

* Type: string
* Ref[uired: No
5.27.3. scene.extensions
JSON dbject with extension-specific objects.

» Type: extension

* Ref[uired: No

» Type of each property: Extensiof
5.27.4. scene.extras
Applicption-specific datd.

* Type: extras
* Refuired:No

5.28. Skin

Joints and matrices defining a skin.

Table 27. Skin Properties
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Type Description Required

inverseBindMatrices 1integer The index of the No

accessor containing the
floating-point 4x4
inverse-bind matrices.

skeleton integer The index of the node No

joints

name

exten

extra

Additignal properties are allowed.

. J8(

5.28.]1

The in

prope

undefi

* Ty]
* Re
e Mil
5.28.7

The in

used as a skeleton root.

integer [1-*] Indices of skeleton v Yes
nodes, used as joints in

TS SKIIT.
string The user-defined name No

of this object.

sions extension JSON object with No
extension-specific
objects. -

5 extras Application-specific No
data.

)N schema: skin.schema.json

. skin.inverseBindMatrices

lex of the accessor containing the floating-point 4x4 inverse-bind matrices. Its accessof
ty MUST be greater than or egual to the number of elements of the joints array.
hed, each matrix is a 4x4 identity matrix.

pe: integer

quired: No

himum: >= 0

. skinskeleton

joints

Hex \of the node used as a skeleton root. The node MUST be 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: 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.

* 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

e Refjuired: No

5.28.53. skin.extensions

JSON gbject with extension-specific objects.

* Type: extension

e Refjuired: No

» Type of each property: Extension

5.28.
Applic

* Ty]
* Re

5.29

. skin.extras
htion-specific data.

hbe: extras

quired: No

. Texture

A textyre and its sampler.
Relategd WebGE functions: createTexture(), deleteTexture(), bindTexture(), texImage2D(]), and
texParJameterf()
Table 28—Fexturet oper ttes
Type Description Required
sampler integer The index of the No
sampler used by this

120

texture. When
undefined, a sampler
with repeat wrapping
and auto filtering
SHOULD be used.
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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.

extenfions extension JSON object with No
extension-specific
objects. |
extrag extras Application-specific *No
data.

Additignal properties are allowed.

* JSON schema: texture.schema.json

5.29.1. texture.sampler

The index of the sampler used by this texture® When undefined, a sampler with repeat wrppping
and ayto filtering SHOULD be used.

* Type: integer
* Reqpuired: No

e Mihimum: >= 0

5.29.2. texture.source

The index of thig'image used by this texture. When undefined, an extension or other mechanism
SHOULD supply an alternate texture source, otherwise behavior is undefined.

* Type—ntager

* 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.). texture.extras
Applichtion-specific data.

* Type: extras

* Reqpuired: No

5.30. Texture Info

Referepce to a texture.

Table 2P. 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.

extengions extension JSON object with No
extension-specific
objects.

extra$ 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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* Required: v Yes

e Minimum: >= 0

5.30.2. texturelnfo.texCoord

ISO/IEC 12113:2022(E)

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: integer
* Refquired: No, default: 0

e Mipimum: >= 0

5.30.3. texturelInfo.extensions

JSON dbject with extension-specific objects.

* Type: extension

* Refuired: No

* Type of each property: Extension
5.30.4. texturelnfo.extras
Applichtion-specific data.

* Type: extras

* Ref[uired: No

© ISO/IEC 2022 - All rights reserved
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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",
[titTe™: "Accessor', )
"type": "object", 9
"description”: "A typed view into a buffer view that contains raw binar .‘Qka.'
"al10f": [ { "$ref": "glTFChildOfRootProperty.schema.json" } 1, h:\
"properties": { '\q/
"bufferView": { CJ
"allof": [ { "$ref": "gl1TFid.schema.json" } 1, \<(/
"description": "The index of the bufferView.", (3\
"gltf_detailedDescription": "The index of the ﬁg?r view. When undefined,
the pccessor **MUST** be initialized with zeros; ‘sparse; froperty or extensions
**MAN** override zeros with actual values." <<

}, \QQ

"byteOffset": { s\&
"type": "integer", V:gb
"description": "The offset relqggﬁe to the start of the buffer view in
bytes.", &
"minimum": 0, (><\
n n \
default": 0,

"gltf_detai1edDescr32§§;#ﬁ: "The offset relative to the start of the
buffer view in bytes. This **MUST** be a multiple of the size of the component
dataftype. This property ** NOT** be defined when ‘bufferView' is undefined.",
“gltf_webgl"CD vertexAttribPointer()" offset parameter"
} o)
"component y@': {
"des tion": "The datatype of the accessor's components.",
" f?f;detailedDescription": "The datatype of the accessor's components
UNSIGNED_I {:} pe **MUST NOT** be used for any accessor that is not referenced by

‘mesh.pr jve.indices'.",
Cé;‘ "gltf_webgl": "“type‘ parameter of ‘vertexAttribPointer()'. The
o A ol \T_LOA \ AN N 2040 \ \T _L1Ccp \ N1 N Wl \
COFF DPUIIUIII‘J LleCU ClIIGy) dl © J.IILOI'\IIGY 7 UIIILUI‘\IIGY 7 lllLIUHIICly 7 UITITUCTURT 1 y 12

‘Uint32Array', and ‘Float32Array'.",
"any0f": [
{
"const": 5120,
"description": "BYTE",
"type": "integer"

"const": 5121,
"description": "UNSIGNED_BYTE",
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"type": "integer"
e
{
"const": 5122,
"description": "SHORT",
"type": "integer"
Ifs
{
"const": 5123,
"description": "UNSIGNED_SHORT",
"type": "integer"
1
{ ({)/
"const": 5125, ;153
"description": "UNSIGNED_INT", “?b'
"type": "integer" N
) N4
{ <&
"const": 5126, O\\
"description": "FLOAT", \%
"type": "integer" (‘)\
1y N
f O
"type": "integer" 0\\
} .
] )
}, O
"normalized": { K\
"type": "boolean", xO
"description”: "Spec1ft§§'whether integer data values are normalized
before usage.", \
"default": fals
"gltf_ deta11edé§§}1pt1on "Specifies whether integer data values are
normplized (‘true‘) to 3/ 1] (for unsigned types) or to [-1, 1] (for signed types
when| they are accessedy“This property **MUST NOT** be set to ‘true‘ for accessors With
“FLOAT' or ‘UNSIG \EINT‘ component type.",
“gkgfgﬁgbgl": "‘normalized’ parameter of ‘vertexAttribPointer()" "
1N
" "
&?‘ "type": "integer",
9 "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."
b
"type": {
"description": "Specifies if the accessor's elements are scalars, vectors,
or matrices.",
"any0f": [
{
"const": "SCALAR"
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acce
acce
leng
16.\
the

**MU

acce

5sor's

pctual

"type": "string" (‘)\
] <
b €§>
n n &
max": { o
"type": narrayu’ ’\\9
"description”: "Maximum value é§$each component in this accessor.",
"items": { \
“type": "number" xO
}I ’O
"minItems": 1, C)\\
"maxItems": 16 §
"gltf_detailedDaScription": "Maximum value of each component in this
5S0r .

[th is determi S y the value of the ‘type' property; it can be 1, 2, 3, 4, 9, |or
n\n‘normali

GT**
T&ﬁ;é;

"min": {

I
{
"const": "VEC2"
Iy
{
"const": "VEC3"
H
{
"const": "VEC4"
by
{
“eonst MAT2S
} 9%
{ SV
"const": "MAT3" Oy
), N
i N

const": "MAT4" (J
NZ

Array elementS-**MUST** be treated as having the same data type as
‘componen e'. Both ‘min' and ‘max‘ arrays have the same length. The
property has no effect on array values: they always correspond|to
¥:§@Es stored in the buffer. When the accessor is sparse, this property
ain maximum values of accessor data with sparse substitution applied.]

ssor.

"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
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

128
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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.”
}
"sparse": {
"all0f": [ { "$ref": "accessor.sparse.schema.json" } 1,
"description”: "Sparse storage of elements that deviate from their
initialization value."

T

"name": { },

“extensiors——f;

"extras": { } V
I . N
"dependencies": { A?D’

"byteOffset": [ "bufferView" ] (1:\
} N
"required": [ "componentType", "count", "type" ] Q/O

} \
O
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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 : 1
"count": { Q"l,q’
"type": "integer",
"description”: "Number of deviating accessor values stored 1nh{ﬁé sparge

array.", ,\(1/
"minimum": 1 (}
}, \\Q,
"indices": {
"all0f": [ { "$ref": "accessor.sparse.indices.s a.json" 1,

"description”: "An object pointing to a buff iew containing the ind{ces
of deviating accessor values. The number of indices 1 éual to ‘count'. Indices
**MUST** strictly increase.”
i gS}
"values": {
"allof": [ { "$ref": "accessor.s %gge values.schema.json" } 1,
"description”: "An object po1mg g to a buffer view containing the
devipting accessor values.'

1, \{}O
"extensions": { }, <QS’
"extras": { } ,(:)

}

"required": count(i;)1nd1ces , "values" ]
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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.",

artoT* T 1 { "$ref T "gIIfProperty.schema.json r I,
"properties": { <Sjsb

"bufferView": { d

"al10f": [ { "$ref": "g1TFid.schema.json" } 1, A?D'
"description”: "The index of the buffer view with sparse 1E35Ees. The
refefenced buffer view **MUST NOT** have its ‘target' or ‘byteStride" properties
defiped. The buffer view and the optional ‘byteOffset' **MUST** Qgg; igned to the
componentType* byte length." O
b, \\%

"byteOffset": { (@)

"type": "integer", <<

"description": "The offset relative to tﬁe start of the buffer view in
bytef.", ;\Q\\
"minimum": 0, (%)
"default": 0 )

N

} A»\Q,

omponentType": { o
"description”: "The indig?s data type.",
"any0f": [ )

e

{ .
"const“§s§421,
"des jon": "UNSIGNED BYTE",
"QZBQ : "integer"

|

2
<2~ "const": 5123,
v

"description": "UNSIGNED_SHORT",

%Q n n nz n
type”: "integer

"const": 5125,
"description”: "UNSIGNED_INT",
"type": "integer"

"type": "integer"

}I

"extensions": { 1},
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"extras": { }

}I

"required": [ "bufferView", "componentType" ]
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JSON Schema for Accessor Sparse Values

as

{

"$§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 mﬁmmﬂmmmh—l—esamwf/
the pase accessor.", cgl,

"all0f": [ { "$ref": "glTFProperty.schema.json" } 1, S

"properties": { r:?D'

"bufferView": { '\(1:\

"al10f": [ { "$ref": "g1TFid.schema.json" } 1,

"description": "The index of the bufferView with spa values. The
refefenced buffer view **MUST NOT** have its ‘target’ or ‘byte§tyide’ properties
defiped." AX

1, S
"byteOffset": { <:§k

"type": "integer", <2

"description”: "The offset relative RQSShe start of the bufferView in
bytes.", (%)

"minimum": 0, £S>

"default": 0 . ®$

3, L
"extensions": { }, \£TS>
"extras": { } ’\\0

b, O

"required": [ "bufferVi ]

} 0@\

O
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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 @ 1
"type": "array", "1,(1’
"description": "An array of animation channels. An animation chaﬁiﬁ%
combfines an animation sampler with a target property being animated. Diffec t
chanpels of the same animation **MUST NOT** have the same targets."”, 9\
"items": { N

n n n . . . n Q
$ref": "animation.channel.schema.json \\Q/
O

H
"minItems": 1 \%
} o)
"samplers": { <:§k
"type": "array", <2
"description”: "An array of animatio .égmplers. An animation sampler
combfines timestamps with a sequence of 0utput\¥g§ues and defines an interpolation

algofrithm.", h\
"items": { »<2§§
"$ref": "animation.same§@r.schema.json"
0, N
"minltems": 1 )

}, O
"name": { }, ’
"extensions": { b0®

"extras": { }-().

, e
"required": £:§Shannels", "samplers" ]

} &
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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.",

the

to ¢
(TRS

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

properties : 1
"sampler": { Q"l,q’
"all0f": [ { "$ref": "glTFid.schema.json" } 1, S
"description": "The index of a sampler in this animation usedr{}?bompu1e
value for the target.",
"gltf_detailedDescription”: "The index of a sampler in {ﬁf? animation ¢sed
pmpute the value for the target, e.g., a node's translation,.{?}ation, or scald

)." O
}, &\%
"target": { @)
"al10f": [ { "$ref": "animation.channel.t ﬁﬂ;schema.json" 1,
"description": "The descriptor of the aqfaa ed property.”
}I 5\0\
"extensions": { }, (%)
"extras": { } )
N
}, 2
"required": [ "sampler", "target" &>
b\

&
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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 : 1
"all0f": [ { "$ref": "gl1TFid.schema.json" } 1, ‘1:»
"description": "The index of the node to animate. When undefinedf |the
animpted object **MAY** be defined by an extension." “:\ '
S N/
' @
"description": "The name of the node's TRS property SZQnimate, or the
\"wefights\"" of the Morph Targets it instantiates. For the *\"{T3nslation\"" proper
the palues that are provided by the sampler are the translatﬂﬁ? along the X, Y, ang
axes|. For the “\"rotation\"' property, the values are a gugfernion in the order (x
z, W), where w is the scalar. For the ‘\"scale\"' propsé%y, the values are the sca]
factprs along the X, Y, and Z axes.",
"any0f": [ ;\Q\\
{ )
"const": "translation"\sjs>
} @
{ L
"const": "rotatigﬁ$>
b U
{ O
"const“§s§séa1e"
b O
{ o}
\cg)nst": "weights"
b%
%O??{ "type": "string"
}
v
Sy ]
"extensions": { },
"extras": { }
I
"required": [ "path" ]
}
136 © ISO/IEC 2022 - All rights reserved
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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 : 1
"input": { Q"l,q’
"all0f": [ { "$ref": "glTFid.schema.json" } 1, S
"description": "The index of an accessor containing keyframe t{ﬁbétamps. ,
"gltf_detailedDescription”: "The index of an accessor con ajB}ng keyfrdme
timestamps. The accessor **MUST** be of scalar type with floating-pejyt components
The palues represent time in seconds with ‘time[0] >= 0.0", and §§g}ct1y increasing

\ n

values, i.e., ‘time[n + 1] > time[n]". O
}, &\%
"interpolation": { (@)
"description": "Interpolation algorithm.",QQ
"default": "LINEAR", %
"gltf_detailedDescription”: "Interpokg£$bn algorithm.",
"any0f": [
Y{ 4$§b
"const": "LINEAR", .Q§S
"description": "ngsﬁhimated values are linearly interpolated
between keyframes. When targeting a\£. ation, spherical linear interpolation (slerp)
**SHOULD** be used to interpolatexquaternions. The number of output elements **MUST**
equall the number of input elemeﬁizt"

b
/ 90®
"C@S |: "STEP",

“description": "The animated values remain constant to the output
of the first key e, until the next keyframe. The number of output elements **MUT**
equall the num f input elements."

S
,\?‘ "const": "CUBICSPLINE",

2 T e N e

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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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": {

cont

debu

this

that
vers

copyrignt : 1

type : “string’,
"description”: "A copyright message suitable for display to cred(i;}
pnt creator.”
1
n ", '\(1/
generator": { (}

"type": Ilstr_ingll,

"description”: "Tool that generated this glTF modet:§>Usefu1 for
gging. "

3, &
"version": { <:§k

"type": Ilstr_ingll, Q

"description”: "The glTF version in t&§$¥orm of ‘<major>.<minor>" that
asset targets.", (%)

"pattern": "A[0-9]+\\.[0-9]+$" o)

}I < ®$
n . . n, A\
minVersion": { o
"type": "string", X
"description": "The mid¥mum g1TF version in the form of ‘<major>.<minof

this asset targets. This preperty **MUST NOT** be greater than the asset
fon.", gsb ’
"pattern”: "e£§>9]+\\.[@—9]+$"
extens10ns ‘§>},

"extras"

g Q‘

"requirquZN[ "version" ]
&

9
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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 T 3
"type": "string", QSJCL
"description": "The URI (or IRI) of the buffer.", (1,
"format": "iri-reference", rb
"gltf_detailedDescription”: "The URI (or IRI) of the buffg{}, Relat1ve
pathk are relative to the current glTF asset. Instead of referenci external
1 3 1 *%* *% 3 \ .\ n
file|, this f'1|e1d MAY ﬁc.m:c'am ? df_jtal.' -URIL.", \\Q/
gltf_uriType": "application O
}, &\%
"byteLength": {

"type": "integer", <<

"descr1pt1on : "The length of the buffe{fzn bytes."

"minimum": 1 *S>
} Q

"name": { 1},
n g n $
.4@

extensions": { },

"extras": { } 3

}
"required": [ "bytelength" ] \Qgﬁ’

} C)
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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": [ { "$ref": "glTFChildOfRootProperty.schema.json" } 1,
properties : 1
"buffer": { Q"l,q’
"allof": [ { "$ref": "gl1TFid.schema.json" } 1, !
"description”: "The index of the buffer." A?D'
b NV
yteOffset": { (J
"type": "integer", \Q/
"description”: "The offset into the buffer in byte(:g\
"minimum": 0, AX
"default": 0 é}

"byteLength": {

"type": "integer", Q\\
"description": "The length of the\EgﬁferV1ew in bytes.",

"minimum": 1 ~§:\’
+ 2
"byteStride"' { ‘3
"type": "integer"
"descr1pt1on "The(f$§$sé in bytes."
"minimum": 4,
"maximum". 252,
"multipleOf"; G)
"gltf_detad g%bescription“: "The stride, in bytes, between vertex
attrfibutes. When thgb 1s not defined, data is tightly packed. When two or more
accegsors use th e buffer view, this field **MUST** be defined.",

"%;gﬁ;webgl": "‘vertexAttribPointer()"' stride parameter"

L Q

%?ﬁ?get": {
A "description”: "The hint representing the intended GPU buffer type to 1se
with s butter wiew,

"gltf_webgl": "‘bindBuffer()‘",
"anyOf": [
{

"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": { }

"coanaead": [ "hy fEa " "hyutalanath" 1
e ea— o+ e+— By-te=eh Gth .
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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": "object",
"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": {
"a110f": [ £ "Srof": "camera nrfhnnrnnhin schoema icnn" 1
"description": "An orthographic camera containing propert1es to cre@ﬁ}yan
orthpgraphic projection matrix. This property **MUST NOT** be defined when
‘perfpective’ is defined." fb
y N
"perspective": { ,\(1/
"all0f": [ { "$ref": "camera.perspective.schema.json" Clh
"description”: "A perspective camera containing pr?$§é%{es to create a
perspective projection matrix. This property **MUST NOT** be<§9 ned when
‘orthographic' is defined." *\
1

projection."”,

orthpgraphic
orthographi

.

"type": { QQ

&

name"

"description": "Specifies if the came(3$yses a perspective or orthographic

"gltf_detailedDescription": "SpeoQ§$%s if the camera uses a perspective¢ or

projection. Based on thisinééfﬁer the camera's ‘perspective’ or
¢' property **MUST** be defig
"anyOf": [ xO

{ oF

"const": "p(f}ﬁective"
} <
{ N
"conSt' "orthographic”
o
o

<2_ "type": "string"
}

4

extens1ons {3,

"ext

}I

ras": { }

"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
ographic projection matrix.",

"allof": [ { "$ref": "glTFProperty.schema.json" } 1,

properties : {
"Xmag": { Q(.l/(l/

"type": "number", S

value **MUST NOT** be equal to zero. This value **SHOULD NOT** bg<ﬂg ative.'
¥
nymagu: { \\@
"type": "number",
"description": "The floating-point vertical magqgg?cat1on of the view.
value **MUST NOT** be equal to zero. This value **SHO NOT** be negative."

b
o O

zfar": {
"type": "number", Q\\
"description": "The floating-point @¢istance to the far clipping plane.
value **MUST NOT** be equal to zero. ‘z **MUST** be greater than ‘znear'.]
"exclusiveMinimum": 0.0 R
\
% o
"znear": { \{:\
"type": "number" \0

"description”: The(;ioat1ng point distance to the near clipping plane
"minimum": 0.0 st

3

"extensions": @9

"extras": {EQ

g Q

"requ1redwégf xmag", "ymag", "zfar", "znear" ]
RS

e

ve)

"description”: "The floating-point horizontal magnification of{%he v1ew.
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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 : 1

"aspectRatio" { QSJCL

"type": "number", S

"descr1pt1on "The floating-point aspect ratio of the field o{:b1ew

"exclusiveMinimum": 0.0,

"gltf_detailedDescription”: "The floating-point aspect tjf\b of the figld
of vfiew. When undefined, the aspect ratio of the rendering viewp *MUST** be usgd."
Iz O
"yfov": { \%

"type": "number", s\
"description”: "The float1ng point vert1ca{§k1eld of view in radians. This

valug **SHOULD** be less than m. <2
"exclusiveMinimum": 0.@ g$>
+ %
"zfar": { \§f$>
"type": "number", Qg

~

"description"' “The float12§Qbo1nt distance to the far clipping plane.]
"exclusiveMinimum": 0. @ \»

"gltf_ deta11edDescr;g§‘ : "The floating-point distance to the far
clipping plane. When defined ' **MUST** be greater than ‘znear‘. If ‘zfar' i:
undeffined, client implementa@}ons **SHOULD** use infinite projection matrix."

b O

znear": {
"type": %CJ%DGF
"des 1on "The floating-point distance to the near clipping planel",

s1veM1n1mum : 0.0,
tf_detailedDescription": "The floating-point distance to the near

clipping

!
6"nvtr\r\c-n'\r\t-"l f }

I

"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 : 1
"type": "object"

~
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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

port

gbiTity.

}
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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 1
"type": "array", (Sjib
"description": "Names of glTF extensions used in this asset.", )
"items": { '\r\ '
: type”: “string ,\(1/
’ O
"uniqueltems": true, \<</
"minItems": 1 O\
}, \\%
"extensionsRequired": { (@)
"type": "array", <<
"description”: "Names of glTF extension&f?equired to properly load thij
asseft.", ;\\}
"items": { (%)
"type": "string" <§f$>
i 2
"uniqueltems": true, 3
"minItems": 1 O
<
b N
"accessors": { ‘(J
"type": "array" sl
"description&ﬂ;)An array of accessors.",
"items":
"$FQE) "accessor.schema.json"
s <§?7
" {%}vems": 1,
tf_detailedDescription”: "An array of accessors. An accessor is a
typefd Zi§g§§nto a bufferView."
cE)";,.“.i.':".a’:icr‘.s": {

"type": llarrayll’
"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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