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Foreword

ISO (the

International Organization for Standardization) and

IEC (the International

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental

and non-go\

nrnmnnfnlj inliaison with 1SQO _and IF(‘, also take pnrf in-the work In the field of infor

ation

technology,
International
The main ta
Standards a

an Internatio

Attention is
rights. ISO a

SO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of the joint technical committee is to prepare International Standards. Draft Interna

ional

Hopted by the joint technical committee are circulated to national bodies for voting. Publicatipn as

nal Standard requires approval by at least 75 % of the national bodies casting a vote.

irawn to the possibility that some of the elements of this document-may be the subject of pj
nd IEC shall not be held responsible for identifying any or all such\patént rights.

ISO/IEC 14

Subcommittge SC 29, Coding of audio, picture, multimedia and hypermédia information.

ISO/IEC 144
audio-visual

Part 1:

Part 2:

Part 3: A

Part 4:

Part 5: 4

Part 6: 1

Part 7:

Part 8:

96-25 was prepared by Joint Technical Committee ISOAEC JTC 1, Information techng

96 consists of the following parts, under the generaltitle Information technology — Codi
objects:

bystems

isual

\udio

Conformance testing

Reference software

Delivery Multimedia_lntegration Framework (DMIF)

Dptimized reference software for coding of audio-visual objects [Technical Report]

Carriage~of ISO/IEC 14496 contents over IP networks

atent

logy,

ng of

Part 9: §

Reference hardware description

Part 10:

Part 11:

Part 12:

Part 13:

Part 14:

Part 15:

Advanced Video Coding

Scene description and application engine

ISO base media file format

Intellectual Property Management and Protection (IPMP) extensions
MPA4 file format

Advanced Video Coding (AVC) file format
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— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format

— Part 18: Font compression and streaming

— Part 19: Synthesized texture stream

— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format (SAF)

— Part 21: MPEG-J Graphics Framework eXtensions (GFX)

— Part 22: Open Font Format
— Part 23: Symbolic Music Representation
— Part 24: Audio and systems interaction [Technical Report]

— Part 25: 3D Graphics Compression Model
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Introduction

Within ISO/IEC 14496-11 and ISO/IEC 14496-16, several tools for compression of 3D graphics primitives are
standardized (for geometry, texture and animation). Such tools are designed to apply on representations

information as defined in ISO/IEC 14496-11 (commonly know as BIFS).

In this Internatlonal Standard the paradlgm changes maklng it posslble to apply the compressmn tools for 3D

graphics defined

scene graph

Currently, th

and graphlcs pr|m|t|ves expressed in XML

Vi

e model is implemented for XMT, COLLADA and X3D.

ats for
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This
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mod
stred
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21

The
and

Scope

part of ISO/IEC 14496 describes a model for connecting 3D Graphics Compression too
EC 14496 to graphics primitives defined in any other standard, specification or recommenda

joal of this part of ISO/IEC 14496 is to specify an architectural model able to\accommodate
third-party XML based description of scene graph and graphics primitives with
(potential) binarization tools and with

MPEG-4 3D Graphics Compression tools specified ‘in "ISO/IEC 14496-2, ISO/IEC 14
ISO/IEC 14496-16.

hdvantages of such an approach are on one side the Use of powerful compression tools for
e other side the generality of graphics primitives representation. Hence, compression tools
EC 14496-2, ISO/IEC 14496-11 and ISO/IEC*14496-16 would be applied not only to the
ed by ISO/IEC 14496-11 but to any scene'@raph definition. The bitstreams obtained wh
el are MP4 formatted and contain XML (or' binarized XML) for the scene graph and binar
ms for graphics compression (geometry, texture and animation).

Architecture model

Global view

architectural model,_illustrated in Figure 1, has three layers: Textual Data Representation,
Compression.

s defined in
ion.

496-11 and

jraphics and
Heveloped in
scene graph
en using the

elementary

Binarization
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XML Binarization | F

30 Graphics

Co

mpression

The three la

2.2 Layen 1: Textual Data Representation

The current

Figure 1 — Layers of the 3D Graphics Compression Model

ers of the architecture are defined in the following subclauses.

model can accommodate any scenegraph and graphics primitives’ representation formalism| The

only requirement on this representation is that-it should be expressed in XML. Any XML Schema (specifi¢d by

MPEG or b

dedicated arnnex.
Currently thg following XML Schemas are supported:
e XMT (Annex B),

e COLLADA (Anpex:€) and

e X3D

2.3 Layen 2. Binarization

y external bodies) may be used. The particular case of each specific schema is treatgd in

(Annex-D).

The Binarization layer is processing the XML data that is not encoded by the MPEG-4 elementary bitstreams

encoders (e.

g. scene graph elements). This data is encapsulated in the "meta" atom of the MP4 file and it can

be textual or binarized by using gzip.
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Layer 3: Compression

The Compression layer includes the following MPEG-4 compression tools specified within ISO/IEC 14496-11
and ISO/IEC 14496-16:

AFX object code Compression Tool Type Standard
0x03/ Cl Coordinate Interpolator Animation ISO/IEC 14496-11
0x04 / Ol Orientation Interpolator Animation ISO/IEC 14496-11
0x05/ PI Position Interpolator Animation ISO/IEC 14496-11

Ox67BBA Bone-based-Animation Anirmation 1ISOAEC44496-16
0x09 / 3DMCe 3D Mesh Compression Extension Geometry ISO/IEC-14496-16
0x0B / FAMC Frame-based Animated Mesh Compression Animation ISO/IEC 14496-16

For image compression, MPEG-4 natively supports PNG, JPEG and JPEG 2000. An image re

XML

in ordler to be encapsulated in the MP4 file format.

Each

- a upique identifier is assigned to the element of the initial XMlgnthis is named element_ID

- the
o the
§ ne
o the
§ loc
o the
§ loc
Exan
data
0 (s¢
1 #ff]
2 #ff
item

data structure having a format other than PNG, JPEG or JPEG 2000 should’be converted to

following parameters of the MP4 file metabox are updated:

data_references table is incremented with a new liné.having the following form:
t_index #ffp (track_ID="anID") - #ffp refers to the File Format Pointer scheme as defined in ISO/IH
item_location table is incremented with a newine having the following form:
ation dref index next_index, offset=0, length=0

item_name table is incremented with a new'ine having the following form:
ation name=element_ID, mime=video/mp4

hple of a meta_box parameters:

references

If)

b(track_ID=2)

p(track _ID=3)

ocation

10d

11 dref index 2, offset=0;\length=0

item hame

10 name=mesh_1,'mime=video/mp4

11 name=mesh_2,"mime=video/mp4

In this example,) the element_ID in the original XML file are mesh_1 and mesh_2.

2.41

ef index 1, offset=0, length=0

3D-MeshCompression and 3D-Mesh Compression Extension Streams

ferred in the

one of these

elementary stream has an associated track. In order to indicate.to which element of the initial XML
sceng a specific track corresponds the following steps are performed:

C 14496-12

3DMCe [ISO/IEC 14496-16:2006/Amd.1:2007, 5.9 (3DMC extension tools)] compresses the geometry
features present in the IndexedFaceSet node as defined in VRML (ISO/IEC 14772-1:1997) as well as multiple
and user defined attributes per vertex. 3DMCe has also the property of keeping the vertex and/or triangle
order.

© ISO/IEC 2009 — All rights reserved
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2.4.2 Coordinatelnterpolator, Orientationinterpolator and Positioninterpolator Streams

Cl, Ol and PI [ISO/IEC 14496-11:2005, 8.9 (Interpolator compression)] are compression tools allowing to
encode series of arrays consisting in

o (X,Y,Z)x (number of vertices) x (humber of key frames) for Cl,
e (X,Y,2)x (1) x (humber of key frames) for PI, and

e (X,Y, Z, theta) x (1) x (number of key frames) for Ol.

While these|tools were initially designed for nodes Coordinate, Position and Orientation Interpolatofs as
defined by VRML, the compression scheme may apply to any time series as defined above.

2.4.3 Bon¢-Based Animation Stream

BBA [ISO/IEC 14496-16:2006, 5.4 (Compressed Bone-based animation)] is a compressieniool for geometric
transforms gf bones (used in skinning-based animation) and weights (used in morphing-animation). Tjhese
elements ar¢ defined in the scene graph and should be uniquely identified by IDs. The*BBA stream refgrs to
these IDs arld contains the new transforms of bones (expressed as Euler Anglesor, Quaternion) and thg new
weights of the morph targets (expressed as floats).

244 Frame-based Animated Mesh Compression Stream

FAMC (ISOJIEC 14496-16:2006/Amd.2) is a frame-based compression tool for animated vertex attriputes
(coordinates} normals ...). It is applicable to temporal series of vertex attributes and uses the connectivity for
efficient prediction.

2.5 Interfpce between Layer 2 and Layer 3

While the rejationship between Layer 1 and 2 is straightforward, one being a textual and the other a bjinary
representatipn of the same information, in order to.attach the compression tools (Layer 3) to the scene graph
(Layer 2), sgecific interfaces are defined for each~implementation of Layer 1 (for each XML Schema usegd for
scene graph description). These interfaces~are normative and are specified in Annexes B, C and D,
respectively;

e XMT Schema (standardized in ISO/IEC 14496-11, used for representing textual MPEG-4 scenes
e COLULADA Schema (propesed by Khronos Group, available at http://www.khronos.org/collada/)
e X3D|Schema (standardized by Web3D in ISO/IEC 19775:2004, available at http://www.web3d.org/).

3 Decoder model

The third party scene representations defined by using XML are stored in the 'meta’ atom of an |[MP4
file/stream. he ‘meta’ atom specmes as weII |f this content is textual or blnary When binary, the d¢fault
schema is '@ lernal
resources. These ES are stored in the 'moov' atom of the MP4 flle/stream as medla tracks. After decodlng

them it is possible to reconstruct the original XML data. The data flow is represented in Figure 2.

4 © ISO/IEC 2009 — All rights reserved
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3DGC
Decoder

3DGC
Decoder

XML

Com posD
anGe :
A —a—a—4 \=[=lE=]
Decoder \‘<:::>

Expand

Figure 2 — Decoding path for the 3D Graphics' Compression Model
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Annex A
(informative)

Encoding model

A potential implementation of an encoder compatible with this standard is illustrated in Figure A.1 — Encoding
path for the 3D Graphics Compression Model.

3DGC ompressed
Encoder Bitstream
3DGC ompressed
Encoder Bitstream
@ spitter Encoder Bitstream MUX
L Binary
Binarisation Bitstream

Figure A.1 — Encading path for the 3D Graphics Compression Model
First, an XML document is splitsin~two sections. The first section contains the graphics primitives that are
supported by the MPEG-4 compression tools. The second section contains the other elements of the jnitial
document ag well as references to the resources in the first section.

Then, each gocument-isiprocessed individually:

e Theffirst(section is processed by the set of MPEG-4 3D graphics encoders introduced in Subclause
1.3 ernd the output is a collection of elementary streams.

e The second section is optionally processed by the binarization tool in which case the output is one
binary stream.

The output of the encoders and the output of the binarization tool are multiplexed in an ISO file format.

6 © ISO/IEC 2009 — All rights reserved
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Annex B
(normative)

Binarization and Compression of Scene Graph expressed with XMT

B.1

This

Introduction

ISO/
B.2

The

B.3

3DM

<l--

Annex nrovides—the - mannina hetwaen XMT scena—aranh nodes—and 30 Granhics tools.
RREX—PFeVHEES—e—appig—eetWe e i—Ar+—S68He—gapi—Roaes—aha—o FRPHHES—06H1

EC 14496-16.

Scene Graph and Object Graph binarization

3DMCe Stream

Ce is connected to the IndexedFaceSet element defined as follows:

IndexedFaceSet -->
mplexType name="IndexedFaceSetType">
all>
<element ref="xmta:IS" minOccurs="0" />
<element name="color" form="qualified" minOccurg={"@">
<complexType>
<group ref="xmta:SFColorNodeType" minOccurs="0" />
</complexType>
</element>
<element name="coord" form="qualified" mMinOccurs="0">
<complexType>
<group ref="xmta:SFCoordinateNodeType" minOccurs="0" />
</complexType>
</element>
<element name="normal" form="gyalified" minOccurs="0">
<complexType>
<group ref="xmta:SFNormalNodeType" minOccurs="0" />
</complexType>
</element>
<element name="texCoerd" form="qualified" minOccurs="0">
<complexType>
<group ref=prqta:SFTextureCoordinateNodeType" minOccurs="0" />
</complexType>
</element>
/all>
attribute{amhe="ccw" type="xmta:SFBool" use="optional" default="true" />
attribufeYname="colorIndex" type="xmta:MFInt32" use="optional" />
attripuf® name="colorPerVertex" type="xmta:SFBool" use="optional" default="true" />
attfihtte name="convex" type="xmta:SFBool" use="optional" default="true" />
afrIbute name="coordIndex" type="xmta:MFInt32" use="optional" />

binarization tool for XMT content is 'gzip'. The binary buffer is represented into.the 'meta’ atom.

</

abffibute name="creaseAngle" type="xmta:SFFloat" use="optional" default="0" />

<attribute name="normalIndex" type="xmta:MFInt32" use="optional" />

<attribute name="normalPerVertex" type="xmta:SFBool" use="optional" default="true" />
<attribute name="solid" type="xmta:SFBool" use="optional" default="true" />
<attribute name="texCoordIndex" type="xmta:MFInt32" use="optional" />

<attributeGroup ref="xmta:DefUseGroup" />

complexType>

All attributes are supported by 3DMCe.

© ISO/IEC 2009 — All rights reserved
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B.4 PI, OIl, Cl Streams

PI, Ol and CI are connected to the Positioninterpolator, Orientationinterpolator and Coordinatelnterpolator,
elements, respectively, defined as follows:

<!-- PositionInterpolator -->
<complexType name="PositionInterpolatorType">
<all>
<element ref="xmta:IS" minOccurs="0" />
</all>

<attribute name="key" type="xmta:MFFloat" use="optional" />
<attribute name="keyValue" type="xmta:MFVec3f" use="optional" />
<attributeGroup ref="xmta:DefUseGroup" />

</complex[lype>
<!-- OriefjtationInterpolator -->
<complexType name="OrientationInterpolatorType">
<all>
<elem¢gnt ref="xmta:IS" minOccurs="0" />
</all>

<attribyte name="key" type="xmta:MFFloat" use="optional" />
<attribyte name="keyValue" type="xmta:MFRotation" use="optional" />
<attribyteGroup ref="xmta:DefUseGroup" />

</complex{ype>

<!-- CoordipgateInterpolator -->
<complexType name="CoordinateInterpolatorType">
<all>
<elem¢gnt ref="xmta:IS" minOccurs="0" />
</all>

<attribyte name="key" type="xmta:MFFloat" use="opfional” />
<attribyte name="keyValue" type="xmta:MFVec3f""Use="optional" />
<attribyteGroup ref="xmta:DefUseGroup" />

</complexType>

All attributes|are supported by PI, Ol and.Cl respectively.

B.5 BBA Stream

The BBA stream is connected to the bone transforms defined by SBBone element and weights field defined
by MorphShape element,

<!-- SBBogpe -->
<complexType pame="SBBoneType">
<all>

<elemgnt Wef="xmta:IS" minOccurs="0" />
<element name="children™ form="qualified™ minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType" minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
</all>
<attribute name="bonelID" type="xmta:SFInt32" use="optional" default="0" />
<attribute name="center" type="xmta:SFVec3f" use="optional" default="0 0 0" />
<attribute name="endpoint" type="xmta:SFVec3f" use="optional" default="0 0 1" />
<attribute name="falloff" type="xmta:SFInt32" use="optional" default="1" />
<attribute name="ikChainPosition" type="xmta:SFInt32" use="optional" default="0" />
<attribute name="ikPitchLimit" type="xmta:MFFloat" use="optional” />
<attribute name="ikRollLimit" type="xmta:MFFloat" use="optional" />
<attribute name="ikTxLimit" type="xmta:MFFloat" use="optional" />
<attribute name="ikTyLimit" type="xmta:MFFloat" use="optional" />
<attribute name="ikTzLimit" type="xmta:MFFloat" use="optional" />
<attribute name="ikYawLimit" type="xmta:MFFloat" use="optional" />

8 © ISO/IEC 2009 — All rights reserved
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<attribute name="rotation" type="xmta:SFRotation" use="optional" default="0 0 1 0" />
<attribute name="rotationOrder" type="xmta:SFInt32" use="optional" default="0" />
<attribute name="scale" type="xmta:SFVec3f" use="optional" default="0 0 0" />
<attribute name="scaleOrientation" type="xmta:SFRotation" use="optional" default="0 0
<attribute name="sectionInner" type="xmta:MFFloat" use="optional" />

<attribute name="sectionOuter" type="xmta:MFFloat" use="optional" />

<attribute name="sectionPosition" type="xmta:MFFloat" use="optional" />

<attribute name="skinCoordIndex" type="xmta:MFInt32" use="optional" />

<attribute name="skinCoordWeight" type="xmta:MFFloat" use="optional" />

<attribute name="translation" type="xmta:SFVec3f" use="optional" default="0 0 0" />
<attributeGroup ref="xmta:DefUseGroup" />

</complexType>

<!--
<c

The

MorphShape -->

10" />

mplexType name="MorphShapeType">
all>
<element ref="xmta:IS" minOccurs="0" />
<element name="baseShape" form="qualified" minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType" minOccurs="0" />
</complexType>
</element>
<element name="targetShapes" form="qualified" minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType" minOccurs="0" maxOccurs="unbeunded" />
</complexType>
</element>
/all>
attribute name="morphID" type="xmta:SFInt32" use="optiongi™-default="0" />
attribute name="weights" type="xmta:MFFloat" use="optiohad’ />
attributeGroup ref="xmta:DefUseGroup" />

/complexType>

BBA stream contains updated values of the Tollowing elements: center, rotat

scal¢Orientation, translation and weights

B.6

FAM
inter,

FAMC Stream

[C is connected to the IndexedFaceSet element when the latter is animated by using
polator.

ion, scale,

h coordinate
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Annex C
(normative)

Binarization and Compression of Scene Graph expressed with COLLADA

C.1 Introduction

i id th H het COLLADA h d hi | ks 43D G i
This Annex prevides-the—mapping-betwesn LLADA scene-graph-and-graphics—elementsand-3D-Graphics

greeT
tools specifigd in ISO/IEC 14496-11 and ISO/IEC 14496-16.

C.2 Scene Graph and Object Graph binarization

The binarization tool for COLLADA content is 'gzip'. The binary buffer is represented into the'meta’ atom.

C.3 3DMC(Ce Stream

In COLLADA, meshes are represented in a MESH element with the following stfucture:

S0URCE

VERTICES

LINES

LINESTRIFS

MESH

POLYGONS

i

POLYLIST

TRIFANS

TRISETRIFS

EXTRA

Figure C.1 — COLLADA MESH element

3DMCe subgtitutes)COLLADA MESH element which contains triangles or polygons.

Polylist haveto be converted to tistof indexed potygons, trifans and tristrips fave to be converted 1o indexed
triangles.

3DMCe can be used in order to encode multiple attributes of same type per vertex, such as tangent vectors,
binormal vectors or generic vectors (called UVs in COLLADA).

10 © ISO/IEC 2009 — All rights reserved
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