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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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The procedures used to develop this document and those intended for its further maintenance arg
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the

differer
editoria

Attenti

patent fights. ISO shall not be held responsible for identifying any or all such patént rights. Details of
any patent rights identified during the development of the document will be irzthe Introduction and/of
on the [SO list of patent declarations received (see www.iso.org/patents).

Any tr
constit

For an
express

World Trade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.
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JTC 1.

t types of ISO documents should be noted. This document was drafted in accordance with thg
1 rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

n is drawn to the possibility that some of the elements of this document may be the subject of

de name used in this document is information given for the convenience of users and does nof
te an endorsement.

explanation on the voluntary nature of standards, the meaning of ISO specific terms and
ions related to conformity assessment, as well as infermation about ISO's adherence to thg

This dd
Subcomn

This se
technic

Italsoi

A list of

cument was prepared by Joint Technical Cemmittee ISO/IEC JTC 1, Information technology
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

cond edition cancels and replaces the first edition (ISO/IEC 23000-13:2014), which has beer]
hlly revised.

hcorporates the Amendment ISO/IEC 23000-13:2014/Amd. 1:2015.
all parts in the ISO/IEC 23000 series can be found on the ISO website.
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Introduction

Augmented Reality (AR) applications refer to a view of a real-world environment (RWE), whose
elements are augmented by content, such as graphics or sound, in a computer driven process.
Augmented Reality Application Format (ARAF) is a collection of a subset of the ISO/IEC 14496-11
Scene Description and Application Engine standard, combined with other relevant MPEG standards
(e.g. ISO/IEC 23005, MPEG-V), designed to enable the consumption of 2D/3D multimedia content.
Consequently, this document focuses not on client or server procedures, but on the data formats used to

3 H| 1 maerntad-xraolites oo kot oo
pTOVIUC aITr augnereca T Carty preSCITtatiorn:
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Information technology - Multimedia application format

(MPEG-A) —
Part 13:

: freals Lieationformat

. Scope

['his document specifies the following:

— scene description elements for representing AR content;

— mechanisms to connect to local and remote sensors and actuators;

— mechanisms to integrated compressed media (image, audio, vidéo) graphics);

— mechanisms to connect to remote resources such as maps and compressed media.

P Normative references

[he following documents are referred to in the textin such a way that some or all of their

indated references, the latest edition of the referenced document (including any amendments)
Part 1: Architecture and basic multilingualplane

Part 1: Systems

SO/IEC 14496-3:2009, Information technology — Coding of audio-visual objects — Part 3: Audio
lescription and appliation engine
Framework eXtension (AFX)

Reality<Modeling Language — Part 1: Functional specification and UTF-8 encoding

SO/IEC 23005-5, Information technology — Media context and control — Part 5: Data forn

wtdracting doyisac
T actronmacvicesS

content

constitutes requirements of this document. For dated references, only the edition cited applliies. For

hpplies.

SO/IEC 10646-1:2012, Information technolegy — Universal multiple-octet coded character set (UCS) —

SO/IEC 14496-1:2010 + Amd. 2:2014, Information technology — Coding of audio-visual objects —

SO/IEC 14496-11:2015, Information technology — Coding of audio-visual objects — Part 11: Scene
SO/IEC 14496-16:2011, Information technology — Coding of audio-visual objects — Part 16: Aniimation

SO/IEC 1477 2-1:1997, Information technology — Computer graphics and image processing — Thdq Virtual

nats for

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 23000-1 and the

following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.or

© ISO/IEC 2017 - All rights reserved
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— IEC Electropedia: available at http://www.electropedia.org/

3.1.1
ARAF browser
augmented reality application format compliant browser

3.1.2
MAR scene
textual result of the MAREC creation, played by an ARAF browser (3.1.1)

Note 1 tp entry: The result is a MAR experience.

3.1.3
MAR experience
act of playing the ARAF scene using an ARAF browser (3.1.1)

Note 1 tp entry: The ARAF browser interprets the ARAF scene and presents the result on the efid-user’s device.

3.1.4
contenf creator
creator|of the media files that are being used within the MAR experience (3.1.3)

Note 1 tp entry: The media files can be 2D and/or 3D graphics, images, videos ahd/or sounds.

3.1.5
end-usgr device
smartphone or mobile device used by an end-user to play a MARScene (3.1.2)

Note 1 tp entry: The device shall have an ARAF browser installed.

3.1.6
processing server
server that offers at least one required processing-functionality for a MAR experience (3.1.3) and it is
capabld of communicating with an ARAF browsén (3.1.1)

3.1.7
target resource
target image or target image descriptor

Note 1 tp entry: The target image-represents the image that shall be detected and recognized by a recognitior
library. [he target image descriptor'is represented by the visual descriptors extracted from a target image. Thg
target r¢sources may be specified by the MAREC or they can be already stored in databases on remote servers.

3.1.8
prerecprded video
prerecqrded 2D video whose location is specified by MAREC

Note 1 fo entry< The video file can be stored locally (on the device where the MAR experience is played) o1
remotely (anyWhere else on the web). The recognition process shall be performed on the frames (still images}
composing the video.

3.19
live video camera (stream)
live 2D video camera feed

Note 1 to entry: The URL of the camera providing the real time capture is specified by the MAREC. The URL can

point to one of the cameras of the device where the MAR experience is played or to any other camera that can
provide a live video stream and the ARAF browser can connect to.

2 © ISO/IEC 2017 - All rights reserved
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3.1.10
image recognition library
library that is able to recognize target resources (3.1.7) in a video

Note 1 to entry: The library can run locally (implemented in the ARAF browser) or remotely (on a processing
server). The result of an image recognition library is an array of indexes of the recognized target resources.

3.1.11
image recognition and tracking library
ibrary that is able to recognize and track target resources (3.1.7) in a video

Note 1 to entry: The library can run locally (implemented in the ARAF browser) or remotely (on a\prpcessing
berver). The result of a recognition and tracking library is an array of indexes of the recognized target r¢sources
hind their pose matrixes. Each recognized target resource shall have a pose matrix associated or.a.defaulf value if
he corresponding pose matrix could not be computed.

8.1.12
augmentation resource
media objects that are used in the augmentation of the MAR experience (3.1.3)

Note 1 to entry: A valid augmentation resource can be a 2D/3D grapic elementjan‘image, a video, a sound ¢r a BIFS
scene. The augmentation resources can be stored locally in the MAR Scene\or remotely anywhere on the Web, as

ong as the ARAF browser is capable of accesing their locations. In this cdse, a URL pointing to the augmpntation
Fesource is stored in the MAR scene.

8.2 Abbreviated terms

AR Augmented Reality

ARAF Augmented Reality Application Format

JRI Uniform Resource Identifier
JRL Uniform Resource Locator
JRN Uniform Resource Name

MAR Mixed and Augmented Reality

MARE Mixed and Augmented Reality Experience
MAREC Mixed and Augmented Reality Experience Creator

PROTO A RROTOtype is a mechanism used to group together scene graph elements in order fo im-
plément one or several specific functionalities.

RTR Recognized Target Resource

'O A RAF principleand

Augmented Reality (AR) applications refer to a view of a real-world environment whose elements are
augmented by content, such as graphics or sound, in a computer driven process. Figure 1 illustrates two
real and virtual cameras and the composition of a real image and graphics objects. Annex C describes
several application scenarios for augmented reality.

© ISO/IEC 2017 - All rights reserved 3
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X\
Key (19
1 real picture Oy
2 realcamera Q/'\
3 graphic object QQ
4  virtpal camera (ib
5  calipration O
6  posftion and orientation O\\Q/

Figure 1 — Simplified illustration of the AR gh%iple
The Augmented Reality Application Format (ARAF) is an exte @ of a subset of the MPEG-4 part 11
Scene Description and Application Engine standard, combiﬁmth other relevant MPEG standards
(MPEG44, MPEG-V), designed to enable the consumption of\ /3D multimedia content as depicted in
Figure P. (%)
)

An ARAF, available as a file or stream, is interprete a device, called ARAF device. The nodes of the
ARAF sgene point to different sources of multime {@content such as 2D/3D image, 2D/3D audio, 2D/30

video, 2D/3D graphics and sensor/sensory inforBa ion sources/sinks that are either remote or/and local
S

Remote
Real

Figure 2 — The ARAF context
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5 ARAF scene description

5.1 General

To describe the multimedia scene, ARAF is based on ISO/IEC 14496-11 which at its turn is based on
ISO/IEC 14772-1 (VRML97). About two hundred nodes are standardized in MPEG-4 BIFS and VRML,
allowing various kinds of scenes to be constructed. ARAF is referring to a subset of MPEG-4 BIFS
nodes and external prototypes as defined in ISO/IEC 14496-11:2015, Annex E for scene description as

presented in Table 1.
Table 1 — ARAF nodes and prototypes
Category | aregory name o MPEC-4 BIFS/XMT i
AudioSource Node
Audio Sound Node
Sound2D Node
Image ImageTexture Node
and video MovieTexture Node
Textual FontStyle Node
information Text Node
Appearance Node
Color Node
LineProperties Node
LinearGradient Node
Material Node
ElemenFary Material2D Node
media
Rectangle Node
Shape Node
SBVCAnimationV2 Node
Graphics SBBone Node
SBSegment Node
SBSite Node
SBSkinnedModel Node
MorphShape Node
Coordinate Node
TextureCoordinate Node
Normal Node
IndexedFaceSet Node
IndexedLineSet Node

© ISO/IEC 2017 - All rights reserved 5
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Table 1 (continued)

Category | aegory hame in MPEC.4 BIFS/XMT e
InputSensor Node
OutputActuator Node
SphereSensor Node
inteyascetrivity TimeSensor Node
TOUCIISECIISOI NOdcC
MediaSensor Node N
PlaneSensor Node q>‘)
Background Node r\(b ’
Scenqrelated) Background2D No(d\Q'
infofmation CameraCalibration P@\T’O
(spafial and Group = (Wode
temporal Inline \Qy Node
relatjonships Layer2D (‘\\\v Node
Layer3D ) \%V Node
Layout O\ Node
NavigationInfo (\<( Node
OrderedGroup \Qv Node
Locimg ¢ PROTO
N
RemImgProxy) PROTO
Remlmg&%&r PROTO
Rem{iigComp PROTO
~ ~LocAud PROTO
<.~ RemAud PROTO
r.:\\U‘ Switch Node
Lt V Transform Node
r\$\ Transform2D Node
')\} Viewpoint Node
O Viewport Node
C\\% Form Node
QJ OrientationInterpolator Node
?% ScalarInterpolator Node
Dyndmic a <> Coordinatelnterpolator Node
animated& ColorInterpolator Node
% PositionInterpolator Node
Valuator Node
BitWrapper Node
o MediaControl Node
Maps MapOverlay PROTO
MapMarker PROTO
MapPlayer PROTO
Terminal TermCap Node

© ISO/IEC 2017 - All rights reserved
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All the above listed elements are specified in MPEG-4 Part 11. However, to facilitate the implementation

of ARAF content, the current document contains their XML syntax as well as the semant
functionality.

ics and

MPEG-4 Part 11 describes a scene with a hierarchical structure that can be represented as a graph.
Nodes of the graph build up various types of objects, such as audio video, image, graphic, text, etc.
Furthermore, to ensure the flexibility, a new, user-defined type of node derived from a parent one can

also be defined on demand by using the Proto method.

n gpnprq], nodes expose a set of parameters, fhrmlgh which aspects of their appearance andb

havior

can be controlled. By setting these values, scene designers have a tool to force a scene-reconst

braph arbitrarily.

Certain types of nodes called sensors, such as TimeSensor, TouchSensor, can interact with us
benerate appropriate triggers, which are transmitted to others nodes by routing mechanism,
Changes in state of these receiving nodes. They are bases for the dynamic behavior of a mul
content supported by MPEG-4.

[he maximum flexibility in the programmable feature of MPEG-4 scene is carried out with th|
hode. By routing mechanism to Event In valueln attribute of Sefipt node, the associated fi
[defined in its URL attribute) with the same name Event In valuefn () will be triggered. The beh
his function is user-defined, i.e. scene-designer can freely process some computations, and t}
the values for every Event Out valueOut attribute, which consecutively affect the states of othe
inked to them.

refer to any node in the scene; through this linkyall attributes of the contacted node will be ¢
[0 direct setting and modifying operators within the Script node. The syntax of the language
mplement the function of Script node is ECMAScript (see ISO/IEC 16262).

ARAF supports the definition and xretsability of complex objects by using the MPEG-4
mechanism. The PROTO statement créates its own nodes by defining a configurable object protd
Can integrate any other node from-the scene graph.

ARAF makes extensive use of EXTERNPROTO mechanism which are nodes whose syntax is id
by URNSs as given in ISO/IEE:14496-11:2915, Annex E, while their names are only informative
Fonvenience can be changed by the content creator in the declaration step.

Ilable 1 indicates thetMPEG-4 Part 11 nodes that are included in ARAF. For each node, it is speq
the version of thisi.document when it was published. Further, the XML syntax as well as the se
hnd functionality of these elements are described.

b.1.1 Elementary media

5.1°1,1 Audio

Wt clients’ terminals to adhere to their intention in a predefined manner. In more complicated s¢
the structure of BIFS nodes is not necessarily static; nodes can be added or removed from the scene

ruction
enario,

ers and
causing
fimedia

e Script
unction
avior of
en sets
r nodes

Direct manipulation of nodes’ states is also possible.in MPEG-4 Part 11: the Field field attribjute can

xposed
used to

PROTO
type; it

entified
and for

ified in
mantics

The following audio related nodes are used in ARAF: AudioSource, Sound, Sound2D.
5.1.1.1.1 AudioSource

5.1.1.1.1.1 XSD description

<complexType name="AudioSourceType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">
<complexType>

<group ref="xmta:SFAudioNodeType"” minOccurs="0" maxOccurs="unbounded" />

</complexType>

© ISO/IEC 2017 - All rights reserved
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</element>
</all>
<attribute name="url" type="xmta:MFUrl"” use="optional”/>
<attribute name="pitch" type="xmta:SFFloat" use="optional” default="1"/>
<attribute name="speed" type="xmta:SFFloat" use="optional” default="1"/>
<attribute name="startTime"” type="xmta:SFTime"” use="optional” default="0"/>
<attribute name="stopTime" type="xmta:SFTime" use="optional” default="0"/>
<attribute name="numChan" type="xmta:SFInt32" use="optional” default="1"/>
<attribute name="phaseGroup” type="xmta:MFInt32" use="optional/>
<attributeGroup ref="xmta:DefUseGroup”"/>

</complexType>
CrEmETt TTaEe = ATdToSOurCeE T TypPE= Xt a T AudToSource type™®
5.1.1.1{1.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.15.

This nd

audio t

The addChildren eventln specifies a list of nodes that shall be added to the cHildren field. Thg
removelChildren eventln specifies a list of nodes that shall be removed from the’children field.

The children field allows buffered AudioBuffer or AdvancedAudioBuffer\data to be used as sound
sample$ within a structured audio decoding process. Only AudioBuffer’and AdvancedAudioBuffe

nodes
audio
speech
the orig
is avail
3:2009,
effects

The sp
3:2009,
specifig
time-sc
availab

list itenp 8 describes the use of this field to control the structured audio decoder. To adjust the speed of

other d
3:20009,

The stafrtTime and stopTimé. exposedFields and their effects on the AudioSource node are described ip

ISO/IE(
decode

5.1.1.1

5.1.1.1

de is used to add sound to a BIFS scene. See ISO/IEC 14496-3 for information on‘the various
ols available for coding sound.

all be children to an AudioSource node, and only in the case where url indicates a structured
itstream. The pitch field controls the playback pitch for the’structured audio, the parametrig
(HVXC) and the parametric audio (HILN) decoder. It is,specified as a ratio, where 1 indicates
rinal bitstream pitch, values other than 1 indicate pitch*shifting by the given ratio. This field
hble through the getttune() core opcode in the structured audio decoder (see ISO/IEC 14496
Clause 5). To adjust the pitch of other decoder types, use the AudioFX node with an appropriatg
brchestra.

ped field controls the playback speed for;the structured audio decoder (see ISO/IEC 14496
Clause 5), the parametric speech (HVXC) and the parametric audio (HILN) decoder. It i
d as a ratio, where 1 indicates the original speed; values other than 1 indicate multiplicative
nling by the given ratio (i.e. 0,5 specifies twice as fast). The value of this field shall be madd
e to the structured audio decoder'indicated by the url field. ISO/IEC 14496-3:2009, 5.7.3.3.6

ecoder types, use the AudigEX node with an appropriate effects orchestra (see ISO/IEC 14496
5.9.14.4).

14496-11:2015,7:1:1.1.6.2. The numChan field describes how many channels of audio are in the
] bitstream.

2 Sound

2.1<_XSD description

COMpleXType Idllle="o0uUlldlype
<all>
<element ref="xmta:IS"” minOccurs="0"/>
<element name="source" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFAudioNodeType"” minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="direction”" type="xmta:SFVec3f" use="optional” default="0 0 1"/>
<attribute name="intensity"” type="xmta:SFFloat”" use="optional” default="1"/>
<attribute name="location" type="xmta:SFVec3f" use="optional” default="0 0 0"/>
<attribute name="maxBack"” type="xmta:SFFloat"” use="optional” default="10"/>
<attribute name="maxFront” type="xmta:SFFloat” use="optional” default="10"/>
<attribute name="minBack" type="xmta:SFFloat"” use="optional” default="1"/>

© ISO/IEC 2017 - All rights reserved
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<attribute name="minFront"” type="xmta:SFFloat"” use="optional” default="1"/>
<attribute name="priority" type="xmta:SFFloat” use="optional” default="0"/>

<attribute name="spatialize" type="xmta:SFBool" use="optional” default="true"/>

<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Sound” type="xmta:SoundType'"/>

5.1.1.1.2.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.116.

isual scene. By using this node, sound may be attached to a group, and spatialized or moved

1:1997, 6.42, with the following exceptions and additions.

field determines whether the Sound shall be spatialized. If this flag is set; the sound shall be pr
spatially according to the local coordinate system and current listeningPoint, so that it apg
comes from a source located at the location point, facing in the-direction given by directi
bxact manner of spatialization is implementation-dependant, but-implementators are encour]
brovide the maximum sophistication possible depending on términal resources. If there are 1
thannels of sound output from the child sound, they may-ef. may not be spatialized, accordin
phaseGroup properties of the child, as follows. Any individual channels, that is, channels nofj
related to other channels, are summed linearly and then spatialized. Any phase-grouped chan
hot spatialized, but passed through this node unchanged. The sound presented in the scene i

Fepresented by mapping all the remaining channels into the presentation system as descr]
SO/IEC 14496-11:2015, 7.1.1.2.13.2.2. If the spatialize field is not set, the audio channels from t
hre passed through unchanged, and the sound presented in the scene due to this node is an “a
tound represented by mapping all the audio channels output by the child into the presentation
hs described in ISO/IEC 14496-11:2045, 7.1.1.2.13.2.2.

As with the visual objects in the'sdene, the Sound node may be included as a child or descendan
bosition of spatialized Sound. They have no effect on “ambient” sounds. If a particular gro

rransform node has multiple Sound nodes as descendants, then they are combined for present
br both. For all ofthe spatialized sounds in descendant nodes, the sounds are linearly combined

simple summation from presentation. For multichannel ambient sounds, the sounds are
rombined channel-by-channel for presentation.

5.1.1:1.3 Sound2D

single spatialized sound, represented by the sum.of the individual channels, plus an “ambient{

bf the grouping or transformsnodes. For each of these nodes, the sound semantics are as followsg.
ransformations presented\in the grouping and transform nodes affect the apparant spatiﬂlization

follows. Each of th€-Sound nodes may be producing a spatialized sound, a multichannel ambient

the visual content of the scene. The Sound node relates an audio BIFS sub- graph to the rest ofa audio-

around

hs appropriate for the spatial transforms above the node. By using the functionality ef the audio BIFS
hodes, sounds in an audio scene described using ISO/IEC 14496-11 may be filtered'and mixed before
being spatially composited into the scene. The semantics of this node are as defined in ISO/IE(] 14472-

[he source field allows the connection of an audio sub-graph containipg the sound. The spatialize

bsented
arently
bn. The
aged to
nultiple
b to the
phase-
hels are
b thus a
sound
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<complexType name="Sound2DType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="source" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFAudioNodeType" minOccurs="0"/>
</complexType>
</element>
</all>

<attribute name="intensity"” type="xmta:SFFloat" use="optional” default="1"/>
<attribute name="location” type="xmta:SFVec2f” use="optional” default="0 0"/>
<attribute name="spatialize" type="xmta:SFBool" use="optional” default="true"/>

<attributeGroup ref="xmta:DefUseGroup"/>
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</complexType>
<element name="Sound2D" type="xmta:Sound2DType"/>

5.1.1.1.3.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.117.

The Sound2D node relates an audio BIFS sub-graph to the other parts of a 2D audio-visual scene. It
shall not be used in 3D contexts. By using this node, sound may be attached to a group of visual nodes.
By using the functionality of the audio BIFS nodes, sounds in an audio scene may be filtered and mixed
before bei i i

The intensity field adjusts the loudness of the sound. Its value ranges from 0.0 to 1.0, and thissvalug
specifigs a factor that is used during the playback of the sound. The location field specifies the locatior
of the qound in the 2D scene. The source field connects the audio source to the Sound2D, hode. The
spatialize field specifies whether the sound shall be spatialized on the 2D screen. If this/flag is set
the soupd shall be spatialized with the maximum sophistication possible. The 2D soundJs spatialized
assumipg a distance of 1 m between the user and a 2D scene of size 2 m x 1,5 m, giving the minimun]
imum azimuth angles of -45° and +45° and the minimum and maximum elevation angles of
-37° anld +37°. The same rules for multichannel audio spatialization apply to the-Sound2D node as td
the Sound (3D) node. Using the phaseGroup flag in the AudioSource node, it\is*possible to determine
whether the channels of the source sound contain important phase relations,/and that spatialization af
the terminal should not be performed.

As with the visual objects in the scene (and for the Sound node), the Sound2D node may be included
as a chilld or descendant of any of the grouping or transform nodés, For each of these nodes, the sound
semantjfcs are as follows. Affine transformations presented inthe grouping and transform nodes affec{
the appprent spatialization position of spatialized sound.

If a trgnsform node has multiple Sound2D nodes as- descendants, then they are combined fof
presenffation. If Sound and Sound2D nodes are both used in a scene, all shall be treated the same way
accordihg to these semantics.

5.1.1.2| Image and video

The following image and video related nodes are used in ARAF: ImageTexture, MovieTexture.
5.1.1.2]1 ImageTexture

5.1.1.2]1.1 XSD description

<complexType ndme="ImageTextureType'>
<all>
<element Jréf="xmta:IS" minOccurs="0"/>
</all>
<attri%ute name="url" type="xmta:MFUrl"” use="optional"/>
<att¥ibute name="repeatS" type="xmta:SFBool"” use="optional” default="true"/>
<gtwribute name="repeatT" type="xmta:SFBool" use="optional” default="true"/>
<attributeGroup ref="xmta:DefUseGroup"/>
complexType
<element name="ImageTexture” type="xmta:ImageTextureType"/>

5.1.1.2.1.2 Functionality and semantics
As defined in ISO/IEC 14772-1:1997, 6.22.

The ImageTexture node defines a texture map by specifying an image file and general parameters
for mapping to geometry. Texture maps are defined in a 2D coordinate system (s, t) that ranges from
[0.0, 1.0] in both directions. The bottom edge of the image corresponds to the S-axis of the texture map,
and left edge of the image corresponds to the T-axis of the texture map. The lower-left pixel of the image
corresponds to s=0, t=0, and the top-right pixel of the image corresponds to s=1, t=1.
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The texture is read from the URL specified by the url field. When the url field contains no values ([]),
texturing is disabled. Browsers shall support the JPEG and PNG image file formats. In addition, browsers
may support other image formats (e.g. CGM) which can be rendered into a 2D image. Support for the GIF
format is also recommended (including transparency).

The repeatS and repeatT fields specify how the texture wraps in the S and T directions. If repeatS is
TRUE (the default), the texture map is repeated outside the [0.0, 1.0] texture coordinate range in the
S direction so that it fills the shape. If repeatS is FALSE, the texture coordinates are clamped in the S
direction to lie within the [0.0, 1.0] range. The repeatT field is analogous to the repeatS field.

5.1.1.2.2 MovieTexture

5.1.1.2.2.1 XSD description

<complexType name="MovieTextureType'>

<all>
<element ref="xmta:IS" minOccurs="0"/>

</all>
<attribute name="loop" type="xmta:SFBool"” use="optionall’ \défault="false"/>
<attribute name="speed" type="xmta:SFFloat" use="optigndl" default="1"/>
<attribute name="startTime" type="xmta:SFTime"” use="@ptional” default="0"/>
<attribute name="stopTime" type="xmta:SFTime" use={optional” default="0"/>
<attribute name="url" type="xmta:MFUrl"” use="optdondl"/>
<attribute name="repeatS" type="xmta:SFBool"” usesYoptional” default="true"/
<attribute name="repeatT” type="xmta:SFBool" {use="optional” default="true"/
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>

<element name="MovieTexture" type="xmta:MowieTextureType" />

5.1.1.2.2.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.86,

[he loop, startTime, and stopTime exposedFields and the isActive eventOut, and their effect§ on the
MovieTexture node, are described in ISO/IEC 14496-11:2015, 7.1.1.1.6.2. The speed expogedField
controls playback speed. It does notlaffect the delivery of the stream attached to the Movie[lexture
hode. For streaming media, value-efispeed other than 1 shall be ignored.

A MovieTexture shall displayframe or VOP 0 if speed is 0. For positive values of speed, the framg or VOP
that an active MovieTexturewwill display at time now corresponds to the frame or VOP at movie time
i.e. in the movie’s localtime base with frame or VOP 0 at time 0, at speed = 1): fmod (now - startTime,
Huration/speed). If speed’is negative, then the frame or VOP to display is the frame or VOP at moyjie time:
{uration + fmod(now)-"startTime, duration/speed). A MovieTexture node is inactive before star{Time is
Feached. If speed-is'non-negative, then the first VOP shall be used as texture, if it is already available. If
bpeed is negative, then the last VOP shall be used as texture, if it is already available.

When a MovieTexture becomes inactive, the VOP corresponding to the time at which the Movie[lexture
pecame-inactive shall persist as the texture. The speed exposedField indicates how fast the moyie shall
be played. A speed of 2 indicates the movie plays twice as fast. Note that the duration_changed eyentOut
st affected by the speed exposedField. set_speed events shall be ignored while the movie is playing.

5.1.1.3 Textual information

The following text related nodes are used in ARAF: FontStyle, Text.
5.1.1.3.1 FontStyle

5.1.1.3.1.1 XSD description

<complexType name="FontStyleType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
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</all>
<attribute name="family" type="xmta:MFString” use="optional”
default="s&quot; SERIF&quot;" />
<attribute name="horizontal” type="xmta:SFBool" use="optional” default="true"/>
<attribute name="justify" type="xmta:MFString” use="optional”
default="s&quot;BEGIN&quot;" />
<attribute name="language"” type="xmta:SFString” use="optional”
default="&quot; &quot;" />
<attribute name="leftToRight"” type="xmta:SFBool" use="optional” default="true"/>
<attribute name="size" type="xmta:SFFloat"” use="optional” default="1"/>
<attribute name="spacing” type="xmta:SFFloat” use="optional” default="1"/>
ICtripute Tame=*stytre*type=—"xmtarSFStrirg*Tuse=*optIoma
default="&quot; PLAIN&quot;" />
<attribute name="topToBottom"” type="xmta:SFBool"” use="optional” default="truel/>
<attributeGroup ref="xmta:DefUseGroup" />
/complexType>
element name="FontStyle" type="xmta:FontStyleType"/>

5.1.1.3]1.2 Functionality and semantics
As defimed in ISO/IEC 14772-1:1997, 6.20.

The FonjtStyle node defines the size, family, and style used for Text nodes, as wéll as the direction of thg
text strings and any language-specific rendering techniques used for non-English text.

The sizp field specifies the nominal height, in the local coordinate system of the Text node, of glyphg
renderd¢d and determines the spacing of adjacent lines of text. Values(of the size field shall be greate;
than zefo.

The spqcing field determines the line spacing between adjacent lines of text. The distance between thg
baseling of each line of text is (spacing x size) in the appropriate direction (depending on other fieldy
describged below). Values of the spacing field shall be non-negative.

Font atfributes are defined with the family and style-fields. The browser shall map the specified fonf
attributes to an appropriate available font as desctibed below.

The fanpily field contains a case-sensitive MFString value that specifies a sequence of font family nameg
in prefdrence order. The browser shall searehthe MFString value for the first font family name matching
a suppqrted font family. If none of the string values matches a supported font family, the default fon{
family [SERIF" shall be used. All browsers shall support at least "SERIF" (the default) for a serif fon{
such as| Times Roman; "SANS" fora.sans-serif font such as Helvetica; and "TYPEWRITER" for a fixed
pitch font such as Courier. An empty family value is identical to ["SERIF"].

The styjle field specifies a case-sensitive SFString value that may be "PLAIN" (the default) for defaulf
plain type; "BOLD" for boldface type; "ITALIC" for italic type; or "BOLDITALIC" for bold and italic type
An empty style value (*Jis identical to "PLAIN".

The hotizontal, leftToRight, and topToBottom fields indicate the direction of the text. The horizonta
field inflicates whether the text advances horizontally in its major direction (horizontal = TRUE, thq
default] or vertically in its major direction (horizontal = FALSE). The leftToRight and topToBotton
fields ipdicate direction of text advance in the major (characters within a single string) and minof
(succespive strings) axes of layout. Which field is used for the major direction and which is used for thg
minor direction is determined by the horizontal field.

For horizontal text (horizontal = TRUE), characters on each line of text advance in the positive X
direction if leftToRight is TRUE or in the negative X direction if leftToRight is FALSE. Characters are
advanced according to their natural advance width. Each line of characters is advanced in the negative Y
direction if topToBottom is TRUE or in the positive Y direction if topToBottom is FALSE. Lines are
advanced by the amount of size x spacing.

For vertical text (horizontal = FALSE), characters on each line of text advance in the negativeY direction
if topToBottom is TRUE or in the positive Y direction if topToBottom is FALSE. Characters are advanced
according to their natural advance height. Each line of characters is advanced in the positive X direction
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if leftToRight is TRUE or in the negative X direction if leftToRight is FALSE. Lines are advanced by the
amount of size x spacing.

The justify field determines alignment of the above text layout relative to the origin of the object
coordinate system. The justify field is an MFString which can contain 2 values. The first value specifies
alignment along the major axis and the second value specifies alignment along the minor axis, as
determined by the horizontal field. An empty justify value ("") is equivalent to the default value. If the
second string, minor alignment, is not specified, minor alignment defaults to the value "FIRST". Thus,
justify values of "", "BEGIN", and ["BEGIN" "FIRST"] are equivalent.

[he major alignment is along the X-axis when horizontal is TRUE and along the Y-axis when hotizontal
s FALSE. The minor alignment is along the Y-axis when horizontal is TRUE and along the X-ax|s when
norizontal is FALSE. The possible values for each enumerant of the justify field are "FIRST", "BEGIN",
'MIDDLE", and "END". For major alignment, each line of text is positioned individually atcordinig to the
major alignment enumerant. For minor alignment, the block of text representing-all lines toggther is
bositioned according to the minor alignment enumerant.

[he language field specifies the context of the language for the text string.,/-Due to the multjlingual
hature of the ISO/IEC 10646-1, the language field is needed to provide a‘proper language attrjbute of
'he text string. The format is based on RFC 1766: language|_territory].

['he value for the language tag is based on ISO 639 (e.g. “zh” for Ghinese, “jp” for Japanese, and|“sc” for
bwedish.) The territory tag is based on ISO 3166 country codes (€:.g. “TW” for Taiwan and “CN” fqr China
for the “zh” Chinese language tag). If the language field is empty{""), local language bindings arg used.

[he semantics of the FontStyle node are the ones specifiéd above (ISO/IEC 14772-1:1997, 6.20), with the
pxception that the field types are exposedField and the'semantics of the size and spacing fieldp are as
follows.

[he size field defines the size of the EM box of'a font (The EM is a relative measure of the height of
the glyphs in a font defined in a device- and resolution-independent font design units). This value
corresponds to the distance between two.adjacent baselines of unadjusted text, set in a particular font.
['he value of the size field is conveyed using the same metric units that are used for a scene desdription.
fa scene uses pixel-based metrics, thé.value of the size field is specified in pixels, otherwise, it specifies
the size in meters.

['he spacing field defines the distance between two adjacent lines of text as the product of gize and
bpacing. Special fonts proyided in a font data stream can be accessed using the following syntax:

OD:<odid>;FSID:<fsid>"-where:
— <odid> is the-numeric value of the objectDescriptorID of the associated font data stream,

— <fsid> is'the numeric value of the requested font subset as conveyed by fontSubsetID within the
associated font data stream.

5.1.113:2 Text

2.1.1.53.4.1 AdSD descrlptlon

<complexType name="TextType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
<element name="fontStyle" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFFontStyleNodeType” minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="string” type="xmta:MFString"” use="optional/>
<attribute name="length” type="xmta:MFFloat” use="optional”/>
<attribute name="maxExtent" type="xmta:SFFloat"” use="optional” default="0"/>
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<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Text" type="xmta:TextType"/>

5.1.1.3.2.2 Functionality and semantics
As defined in ISO/IEC 14772-1:1997, 6.47.

The Text node specifies a two-sided, flat text string object positioned in the Z=0 plane of the local
coordmate system based on Values deflned in the fontStyle f1eld (see ISO/IEC 14772 1:1997, 6.20,

ie d by ISO 10646 1 [see 2. [UTF8]) The text strmgs are stored in the order in Whlch the text mode
rs are to be produced as defined by the parameters in the FontStyle node.

longer fhan the maximum extent, as measured in the local coordinate system. If thejtext string with thg
maxim@im length is shorter than the maxExtent, then there is no compressing.‘The maximum extent i
measurfed horizontally for horizontal text (FontStyle node: horizontal=TRUE)and vertically for vertica
text (FgntStyle node: horizontal=FALSE). The maxExtent field shall be gréater than or equal to zero.

The lerjgth field contains an MFFloat value that specifies the length.of each text string in the loca
coordirjate system. If the string is too short, it is stretched (either by scaling the text or by adding
space between the characters). If the string is too long, it is cofipressed (either by scaling the text o1
by subtfacting space between the characters). If a length valueis missing (for example, if there are fouj
strings|but only three length values), the missing values are‘considered to be 0. The length field shall be
greater|than or equal to zero.

Specifylng a value of O for both the maxExtent and length fields indicates that the string may be any length
— [ISQ 10646-1 Character encodings

Characters in ISO 10646 (see 2.[UTF8]) are-encoded in multiple octets. Code space is divided into fout
units, ap follows:

e B o ———— oS-t ———— Fo—m e ———— +
| Groug-octet | Plane-octet |[FRaew-octet | Cell-octet |
t-————q-——- o ———F A Fo—————— +

ISO 10446-1 allows two basie-forms for characters:

a) UCS$-2 (Universal Coded Character Set-2). This form is also known as the Basic Multilingual Plang
(BMIP). Characters are encoded in the lower two octets (row and cell).

b) UC$-4 (Universal Coded Character Set-4). Characters are encoded in the full four octets.

In addition, three transformation formats (UCS Transformation Format or UTF) are accepted: UTF-7
UTF-8, pnd\UTF-16. Each represents the nature of the transformation: 7-bit, 8-bit, or 16-bit. UTF-7 and
UTF-16|are'referenced in 2.JUTF8].

UTF-8 maintains transparency for all ASCII code values (0...127). It allows ASCII text (0x0..0x7F) to
appear without any changes and encodes all characters from 0x80.. 0x7FFFFFFF into a series of six or
fewer bytes.

If the most significant bit of the first character is 0, the remaining seven bits are interpreted as an ASCII
character. Otherwise, the number of leading 1 bits indicates the number of bytes following. There is
always a zero bit between the count bits and any data.

The first byte is one of the following. The X indicates bits available to encode the character:

0XXXXXXX only one byte 0..0x7F (ASCITI)
110XXXXX two bytes Maximum character value is O0x7FF
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1110XXXX three bytes Maximum character value is OxFFFF
11110XXX four bytes Maximum character value is Ox1FFFFF
111110XX five bytes Maximum character value is Ox3FFFFFF
1111110X six bytes Maximum character value is Ox7FFFFFFF

All following bytes have the format 10XXXXXX.

As atwo byte example, the symbol for a register trade mark is ® or 174 in [SO Latin-1 (see ISO/IEC 8859-
1). It is encoded as 0x00AE in UCS-2 of ISO 10646. In UTF-8, it has the following two byte encoding:
0xC2, OxXAE.

IO

A
nlJPCal AIICT

[extures are applied to text as follows. The texture origin is at the origin of the first stfing, as
letermined by the justification. The texture is scaled equally in both S and T dimensions, with the font
height representing 1 unit. S increases to the right, and T increases up.

SO/IEC 14772-1:1997, 4.14 has details on VRML lighting equations and how Appearance, Matefial and
fextures interact with lighting.

['he Text node does not participate in collision detection.

5.1.1.4 Graphics

[he following graphics related nodes are used in ARAE:\ Appearance, Color, LineProperties,
LinearGradient, Material, Material2D, Rectangle, Shape,<SBVCAnimationV2, SBBone, SBS¢gment,
bBSite, SBSkinnedModel, MorphShape, Coordinate, TektureCoordinate, Normal, IndexedlfaceSet,
ndexedLineSet.

5.1.1.4.1 Appearance

5.1.1.4.1.1 XSD Description

<complexType name="Appearancedype'>
<all>
<element ref="xmta:ISminOccurs="0"/>
<element name="matexrdial"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFMaterialNodeType"” minOccurs="0"/>
</complexType>
</element>
<element name="texture” form="qualified” minOccurs="0">
<compléxType>
<group ref="xmta:SFTextureNodeType” minOccurs="0"/>
</éonplexType>
</&lament>
<element name="textureTransform” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFTextureTransformNodeType" minOccurs="0"/>
</complexType>
</element>
</all>

:1—1—r'§h111—ef‘vr\nr\ rof=""vmtg -ﬁaFTTcaf‘vr\nI\"

</complexType>
<element name="Appearance'" type="xmta:AppearanceType"/>

5.1.1.4.1.2 Functionality and semantics
As defined in ISO/IEC 14772-1:1997, 6.3.

The Appearance node specifies the visual properties of geometry. The value for each of the fields in this
node may be NULL. However, if the field is non-NULL, it shall contain one node of the appropriate type.

The material field, if specified, shall contain a Material node. If the material field is NULL or unspecified,
lighting is off (all lights are ignored during rendering of the object that references this Appearance) and
the unlit object colour is (1, 1, 1). Details of the VRML lighting model are in ISO/IEC 14772-1:1997, 4.14.
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ture field, if specified, shall contain one of the various types of texture nodes (ImageTexture,

MovieTexture, or PixelTexture). If the texture node is NULL or the texture field is unspecified, the object
that references this Appearance is not textured.

The textureTransform field, if specified, shall contain a TextureTransform node. If the textureTransform
is NULL or unspecified, the textureTransform field has no effect.

Additional specification: [SO/IEC 14496-11:2015, 7.2.2.6.2.

The material field, if non-NULL, shall contain either a Material node or a Material2D node depending on

the typ
node. T
Materis
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— Ma
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default
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5.1.1.4

5.1.1.4
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e of geometry node used in the geometry field of the Shape node that contains the Appearancg
he list below shows the geometry nodes that require a Material node, those that require ‘3
12D node and those where either may apply:

ferial2D only: Circle, Curve2D, IndexedFaceSet2D, IndexedLineSet2D, PointSet2D, Rectangle;

ferial only: Box, Cone, Cylinder, ElevationGrid, Extrusion, IndexedFaceSet, IndexedLineSet
ntSet, Sphere;

ferial2D or Material: Bitmap, Text.

W Shape node in a 2D context, if no Appearance and therefore no‘\Material2D is defined, thg

values and behavior of the Material2D node shall be used. In a 3D.eontext, the default behaviot
fied in ISO/IEC 14772-1 (the object is unlit and has color 1 1 1).
2 Color
2.1 XSD description
complexType name="ColorType">
<all>
<element ref="xmta:IS" minOccurs="(0t¥L>
</all>

<attribute name="color" type="xmtasMFColor" use="optional”/>
<attributeGroup ref="xmta:DefUs&Group”/>

complexType>

lement name="Color" type="xmta:ColorType"/>

2.2 Functionality and semarntics
ified in ISO/IEC 14772-1:1997, 6.9.
de defines a set of RGB’colours to be used in the fields of another node.

bdes are only<used to specify multiple colours for a single geometric shape, such as colourd
faces or vertices of an IndexedFaceSet. A Material node is used to specify the overall materia
ters of litg€ometry. If both a Material node and a Color node are specified for a geometric shape
urs shallreplace the diffuse component of the material.

RGBA textures take precedence over colours; specifying both an RGB or RGBA texture and 3

Colorn

5.1.1.4.

5.1.1.4.

16

bde’for gpnmnfrir‘ chnpp will resultin the Color node ]’\ping ignnrnr‘

3 LineProperties
3.1 XSD description
<complexType name="LinePropertiesType”>
<all>

<element ref="xmta:IS" minOccurs="0"/>
</all>

<attribute name="lineColor" type="xmta:SFColor" use="optional” default="0 0 0"/>
<attribute name="lineStyle" type="xmta:SFInt32" use="optional” default="0"/>
<attribute name="width" type="xmta:SFFloat” use="optional” default="1"/>
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<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="LineProperties” type="xmta:LinePropertiesType"/>

5.1.1.4.3.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.75.2.
The LineProperties node specifies line parameters used in 2D and 3D rendering.

The lineColor field specifies the color with which to draw the lines and outlines of 2D geometries.

['he lineStyle field shall contain the line style type to apply to lines. The allowed values are deseribed in
Ilable 2.

Table 2 — LineProperties: line styles

lineStyle Description
solid

dash

dot

dash-dot
dash-dash-det
dash-dot=dot

G| |W|IN|R|O

['he terminal shall draw each line style in a manner that is distiguishable from each other lifje style.
[he width field determines the width, in the local eoordinate system, of rendered lines. The Width is
hot subject to the local transformation. The cap and,join style to be used are as follows. The wide lines
bhould end with a square form flush with the end'of the lines.

5.1.1.4.4 LinearGradient

5.1.1.4.4.1 XSD description

<complexType name="LinearGradientType">
<all>
<element ref="%mta:IS"” minOccurs="0"/>
<element name="transform” form="qualified” minOccurs="0">
<complexType>
<gréup’ ref="xmta:SF3DNodeType" minOccurs="0"/>
</caonmpiexType>
</el€ment>
</allX>
<atfeibute name="endPoint" type="xmta:SFVec2f" use="optional” default="1 0" />
<abtribute name="key" type="xmta:MFFloat"” use="optional/>
<attribute name="keyValue" type="xmta:MFColor" use="optional”/>
<attribute name="opacity" type="xmta:MFFloat"” use="optional” default="1"/>
<attribute name="spreadMethod” type="xmta:SFInt32" use="optional” default="(Q"/>
<attribute name="startPoint” type="xmta:SFVec2f" use="optional” default="0 (Q"/>
Affrihnfnfrnnp rnf:"ymfn'ﬁnfﬁq@ﬁrnnp"
</complexType>
<element name="LinearGradient"” type="xmta:LinearGradientType"/>

5.1.1.4.4.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.76.2.

The LinearGradient node is a texture ode that generates a texture procedurally. startPoint and endPoint
define the gradient vector, in percentage of the bounds of the object.

Key represents a location along the gradient vector, expressed in percentage of its length. At each
location, an RGB color is specified in keyValue. Opacity for each color value can be specified. By default,
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colors are 100 % opaque. One value of opacity can be specified meaning all color values have the same
opacity, else an opacity shall be specified for each color value.

Transform is an optional parameter that defines how the coordinate system of the gradient can be
transformed from the gradient coordinate system onto the target coordinate system. By default, the
gradient coordinate system is the same as the object it is applied to. This allows effects such as skewing
the gradient.

Only a 2D Transformation node (e.g. Transform2D, TransformMatrix2D) can be present here.

spreadlMethod can be pad (0), reflect (1), or repeat (2). It indicates what happens if the gradient stants
or ends|inside the bounds of the object. Pad means that the last color is used, reflect says to reflect'the
gradient pattern start-to-end, end-to-start, ... repeatedly until the target object is filled, and repéat-says
to repegt the gradient pattern start-to-end, start-to-end, ... until the target object is filled.

Opacityf for each color value can be specified. By default, colors are 100 % opaque. One value of opacity
can be fpecified, meaning all color values have the same opacity, else an opacity shalkbe specified fof
each color value.

5.1.1.4)5 Material

5.1.1.4J5.1 XSD description

<complexType name="MaterialType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="ambientIntensity” type="xmta<SFFloat” use="optional”
defaulg="0.2"/>
<attribute name="diffuseColor" type="xmka:rSFColor" use="optional” default="0.8
0.8 0.4"/>
<attribute name="emissiveColor" type&”xmta:SFColor" use="optional” default="0 0
On/>
<attribute name="shininess"” typegf¥%xmta:SFFloat” use="optional” default="0.2"/>
<attribute name="specularColor! type="xmta:SFColor" use="optional” default="0 0
O"/>
<attribute name="transparency” type="xmta:SFFloat"” use="optional” default="0"/>
<attributeGroup ref="xmta:BDefUseGroup”/>
</complexType>
<element name="Materiadi\type="xmta:MaterialType"/>

5.1.1.4)5.2 Functionality and semantics

As spedified in ISO/IEC 14772-1:1997, 6.27.

erial node specifies surface material properties for associated geometry nodes and is used by

a) The ambientintensity field specifies how much ambient light from light sources this surface shal
refle Ambienthehtisomnidirectonaland-depene orly-en-the numberefHght sourecesnot-thei

positions with respect to the surface. Ambient colour is calculated as ambientIntensity x diffuseColor.

b) The diffuseColor field reflects all VRML light sources depending on the angle of the surface with
respect to the light source. The more directly the surface faces the light, the more diffuse light
reflects.

c) The emissiveColor field models "glowing" objects. This can be useful for displaying pre-lit models
(where the light energy of the room is computed explicitly), or for displaying scientific data.

d) The specularColor and shininess fields determine the specular highlights (e.g. the shiny spots on
an apple). When the angle from the light to the surface is close to the angle from the surface to the
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viewer, the specularColor is added to the diffuse and ambient colour calculations. Lower shininess

values produce soft glows, while higher values result in sharper, smaller highlights.

e) The transparency field specifies how "clear" an object is, with 1.0 being completely transparent,

and 0.0 completely opaque.
5.1.1.4.6 Material2D

5.1.1.4.6.1 XSD description

<complexType name="Material2DType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="lineProps” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFLinePropertiesNodeType"” minOccurs="(Q"*};>
</complexType>
</element>
</all>
<attribute name="emissiveColor" type="xmta:SFColor" usez"optional” default='
D.8 0.8"/>
<attribute name="filled” type="xmta:SFBool"” use="optional” default="false"/>
<attribute name="transparency” type="xmta:SFFloat”"(Cegé="optional” default="
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Material2D" type="xmta:Material2DType" />

5.1.1.4.6.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.80.2.

[he Material2D node specifies the characteristics of a rendered 2D Shape. Material2D shall
hs the material field of an Appearance nodetin certain circumstances (see ISO/IEC 14496-1

nterior is not drawn. The filled field specifies whether rendered nodes are filled or drawn usi
[his field affects IndexedFaceSet2D, Circle and Rectangle nodes. If the rendered node is not fi
ine shall be drawn centered on the®endered node outline. That means that half the line will fa
'he rendered node and the other(half outside.

['he lineProps field containsiinformation about line rendering in the form of a LinePropertig
When filled is true, if lineProps is null, no outline is drawn; if lineProps is non-null, an oy
irawn using lineProps-information. When filled is false and lineProps is null, an outline ig
Wwith default width (1),-default style (solid) and as line color the emissive color of the Material 2]
filled is false and lineProps is defined, line color, width and style are taken from the lineProp
bee ISO/IEC 14496-11:2015, 7.2.2.75 for more information on LineProperties.

[he transparency field specifies the transparency of the 2D Shape and applies both to tH
nterior'as’well as to the outline when drawn. The part of the line which lies outside of the ge

be-drawn, the texture shall first mapped onto the geometry, where the geometry dimensions a

0.8

"/>

be used
1:2015,

/.2.2.6.2). The emissiveColor field specifies’the color of the 2D Shape. If the shape is not filted, the

g lines.
led, the
l inside

s node.
tline is
drawn
. When
s node.

e filled
ometry

shall net be sensitive to pointer activity. When mapping texture onto a geometry and an outline is to

e those

mithout an outline. Then afterthe geometry istextured the outline shall be drawn
5.1.1.4.7 Rectangle

5.1.1.4.7.1 XSD description

<complexType name="RectangleType'>
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="size" type="xmta:SFVec2f" use="optional” default="2 2"/>
<attributeGroup ref="xmta:DefUseGroup" />
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</complexType>
<element name="Rectangle" type="xmta:RectangleType"/>

5.1.1.4.

7.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.110.2.

This no

de specifies a rectangle centered at (0.0) in the local coordinate system. The size field specifies

the horizontal and vertical size of the rendered rectangle.

5.1.1.4

5.1.1.4

</
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8.1 XSD description

<complexType name="ShapeType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
<element name="appearance” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFAppearanceNodeType" minOccurs="0"/>
</complexType>
</element>
<element name="geometry”" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFGeometryNodeType"” minOccurs="0%/>
</complexType>
</element>
</all>
<attributeGroup ref="xmta:DefUseGroup"/>
omplexType>
ement name="Shape"” type="xmta:ShapeType"/>

8.2 Functionality and semantics
ified in ISO/IEC 14772-1:1997, 6.41.

pe node has two fields, appearance and:geometry, which are used to create rendered objects it
1d. The appearance field contains anfAppearance node that specifies the visual attributes (e.g
1 and texture) to be applied to the)geometry. The geometry field contains a geometry node. The
d geometry node is rendered with the specified appearance nodes applied.

14772-1:1997, 4.14 contdins details of the VRML lighting model and the interaction betweer
hnce nodes and geomettynodes.

ometry field is NULL, the object is not drawn.
9 SBVCAnimationV2

9.1 XSD’description

<complexType name="SBVCAnimationV2Type">

<all>

20

<element ref="xmta:IS"” minOccurs="0"/>
<element name="virtualCharacters” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType" minOccurs="0" maxOccurs="unbounded"/>
</complexType>
</element>
</all>
<attribute name="activeUrlIndex" type="xmta:MFInt32" use="optional”/>
<attribute name="loop" type="xmta:SFBool" use="optional” default="false"/>
<attribute name="speed" type="xmta:SFFloat” use="optional” default="1"/>
<attribute name="startTime" type="xmta:SFTime" use="optional” default="0"/>
<attribute name="stopTime" type="xmta:SFTime" use="optional” default="0"/>
<attribute name="transitionTime"” type="xmta:SFFloat" use="optional” default="0"/>
<attribute name="url" type="xmta:MFUrl" use="optional”/>
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<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="SBVCAnimationV2" type="xmta:SBVCAnimationV2Type'" />

5.1.1.4.9.2 Functionality and semantics
As specified in ISO/IEC 14496-16:2011, 4.7.1.7.

This node is an extension of the SBVCAnimation node and the added functionality consists in streaming
control and animation data collection. The BBA stream can be controlled as a elementary media stream,
nd can be used in connection with the MediaControl node

['he virtualCharacters field specifies a list of SBSkinnedModel nodes. The length of the list'ean be 1 or
breater.

[he url field refers to the BBA stream which contains encoded animation data related|to the
EBSkinnedModel nodes from the virtualCharacters list and is used for outband bitstreams. The
hnimation will be extracted from the first element of the animation URL list ahd"if the case when it is
hot available the following element will be used.

[he loop, startTime, and stopTime exposedFields and the isActive eventOut, and their effect§ on the
bBVCAnimationV2 node, are similar with the ones described by VRMEspecifications (ISO/IEC 14772-1)
for AudioClip, MovieTexture, and TimeSensor nodes and are described as follows.

['he values of the exposedFields are used to determine when thénode becomes active or inactive.

'he SBVCAnimationV2 node can execute for 0 or more eycles. A cycle is defined by field datg within
the node. If, at the end of a cycle, the value of loop.is“FALSE, execution is terminated. Confversely,
f loop is TRUE at the end of a cycle, a time-dependent node continues execution into the next
Cycle. A time-dependent node with loop TRUE atgthe end of every cycle continues cycling forever if
startTime >= stopTime, or until stopTime if startTime < stopTime.

[he SBVCAnimationV2 node generates an isActive TRUE event when it becomes active and generates
hn isActive FALSE event when it becomesinactive. These are the only times at which an isActivye event
s generated. In particular, isActive evénts are not sent at each tick of a simulation.

[he SBVCAnimationV2 node is inactive until its startTime is reached. When time now becomes|greater
than or equal to startTime, an-isActive TRUE event is generated and the SBVCAnimationy2 node
becomes active (now refers te the time at which the player is simulating and displaying the|virtual
vorld). When a SBVCAnimationV2 node is read from a mp4 file and the ROUTEs specified within the
mp4 file have been established, the node should determine if it is active and, if so, generate an isActive
[RUE event and begin)generating any other necessary events. However, if a SBVCAnimation{2 node
vould have becomeé-inactive at any time before the reading of the mp4 file, no events are geherated
ipon the completion of the read.

An activei»SBVCAnimationV2 node will become inactive when stopTime is readhed if
stopTimie > startTime. The value of stopTime is ignored if stopTime <= startTime. Also, an active
SBVCAnimationV2 node will become inactive at the end of the current cycle if loop is FALiE. If an

hctive'SBVCAnimationV2 node receives a set_loop FALSE event, execution continues until the enld of the
current cycle or until stopTime (if stopTime > startTime), whichever occurs first. The terminpation at
the end of cycle can be overridden by a subsequent set_loop TRUE event.

Any set_startTime events to an active SBVCAnimationV2 node are ignored. Any set_stopTime event where
stopTime <= startTime sent to an active SBVCAnimationV2 node is also ignored. A set_stopTime event
where startTime < stopTime <= now sent to an active SBVCAnimationV2 node results in events being
generated as if stopTime has just been reached. That is, final events, including an isActive FALSE, are
generated and the node becomes inactive. The stopTime_changed event will have the set_stopTime value.

A SBVCAnimationV2 node may be restarted while it is active by sending a set_stopTime event equal to
the current time (which will cause the node to become inactive) and a set_startTime event, setting it to
the current time or any time in the future. These events will have the same time stamp and should be
processed as set_stopTime, then set_startTime to produce the correct behaviour.
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The speed exposedField controls playback speed. It does not affect the delivery of the stream attached
to the SBVCAnimationV2 node. For streaming media, value of speed other than 1 shall be ignored.

A SBVCAnimationV2 shall display first frame if speed is 0. For positive values of speed, the frame that
an active SBVCAnimationV2 will display at time now corresponds to the frame at animation time (i.e.
in the animation’s local time base with frame 0 at time 0, at speed = 1):

fmod (now - startTime, duration/speed)

If speed is negative, then the frame to display is the frame at animation time:

When
SBVCA]
movie 9

change;];l eventOut is not affected by the speed exposedField. set_speed events shall heignored whilg

the ani

An ever]
or stop
the dur

activel
When t
intoac
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WH

ney
SLI
usi
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In all thfe cases, when a transitionybetween two animation resources is needed, when the transitionTime

is not
milliseq

5.1.1.4

5.1.1.4

duration + fmod(now - startTime, duration/speed).

i SBVCAnimationV2 becomes inactive, the frame corresponding to the time at which thg
himationV2 became inactive shall persist. The speed exposedField indicates how -fast thg
hall be played. A speed of 2 indicates the animation plays twice as fast. Note thatthe duration|

ation is playing.

tshall be generated via the duration_changed field whenever a change is made to the startTime
Time fields. An event shall also be triggered if these fields are changed-Simultaneously, even if
htion does not actually change.

Irlindex allows to select or to combine specific animation resofirce referred in the url[] field
his field is instantiated, the behavior of the url[] field chafiges from the alternative selection]
ombined selection. In the case of alternative mode, if the)first resource in the url[] field is no
e, the second one will be used, and so on. In the combined mode, the following cases can occur.

iveUrlIndex has one field: the resource from urlf] that has this index is used for animation
en the activeUrlIindex is updated a transition:between to the old animation (frame) and thg
v one is performed. The transition use linear_interpolation for translation, center and scale and
RP for spherical data as rotation and scaléOrientation. The time of transition is specified by
hg the transitionTime field.

veUrllndex has several fields: a composition between the two resources is performed by thg
minal: for the bones that are comimon in two or more resources a mean procedure has to bg
lied. The mean is computed by using linear interpolation for translation, center and scale and
RP for spherical data as rotation and scaleOrientation.

vero, a interpolatiod shall be performed by the player. The transitionTime is specified in
onds.

10 SBBone

10.1 XSD'Description

<complexType name="SBBoneType">
<all>

22

<element ref="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="boneID" 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”/>
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<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”/>
<attribute name="rotation” type="xmta:SFRotation” use="optional” default="0 0 1
om/>
<attribute name="rotationOrder" type="xmta:SFInt32" use="optional” default="0"/>
<attribute name="scale" type="xmta:SFVec3f" use="optional” default="1 1 1"/>
<attribute name="scaleOrientation” type="xmta:SFRotation” use="optional”
default="0 0 1 0"/>
<attribute name="sectionInner"” type="xmta:MFFloat" use="optional"/>
T IPUte TTame=*sSectIonouter*type=—*Xmta M roat*use="*optIomat*
<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>
<element name="SBBone" type="xmta:SBBoneType"/>

5.1.1.4.10.2 Functionality and semantics

\s specified in ISO/IEC 14496-1:2002, 6.8.1.1.2.

SBBone node specifies data related to one bone from the skeleton,
['he bonelD field is a unique identifier which allows that the bone\to be addressed at animation ryn-time.
['he center field specifies a translation offset from the origin of the local coordinate system.
['he translation field specifies a translation to the bone coordinate system.

['he rotation field specifies a rotation of the bone-¢oordinate system.

[he scale field specifies a non-uniform scale*of the bone coordinate system. scale values ghall be
breater than zero.

[he scaleOrientation specifies a rotation of the bone coordinate system before the scale (to|specify
bcales in arbitrary orientations). The scaleOrientation applies only to the scale operation.

[he possible geometric 3D transformation consists of (in order): 1) (possibly) non-uniform scale about
hn arbitrary point, 2) a rotation about an arbitrary point and axis and 3) a translation.

['he rotationOrder field specifies the rotation order when deals with the decomposition of the fjotation
n respect with system)coordinate axes.

['wo ways of speCifying the influence region of the bone are allowed:

[he skinCoordIndex field contains a list of indices of all skin vertices affected by the curremt bone.
Mostly, the,'skin influence region of bone will contain vertices from the 3D neighborhood of the bone,
but special cases of influence are also accepted.

['he skinCoordWeight field contains a list of weights (one per vertex listed in skinCoordIndex) that

b A crsvnc thn st b s A Hl n st W ot by 1 i nctkiasy T Jangtlh cleinC o s Index
TITCAOUT LY UIIU LUITILTITUULIVUIT U LIIC CUITIITvIIv UoullIc LU L1IC vVOUI LU A 11T \.1u\,.)l,lUll. IIcC l\,lls\,ll SINIIITUUVUX

is equal with the length of skinCoordWeight. The sum of all skinCoordWeight related to the same
vertex shall be 1.

The endpoint field specifies the bone 3D end point and is used to compute the bone length.
The sectionlnner field is a list of inner influence region radii for different sections.
The sectionOuter field is a list of outer influence region radii for different sections.

The sectionPosition field is a list of positions of all the sections defined by the designer.
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The falloff field specifies the function between the amplitude affectedness and distance: -1 for x3, 0 for
x2,1 for x, 2 for sinx, 3 for x1/2 and 4 for x1/3.

The two schemes can be used independently or in combination, in which case the individual vertex
weights take precedence.

The ikChainPosition field specifies the position of the bone in the kinematics chain. If the bone
is the root of the IK chain then ikChainPosition=1. In this case, when applying IK scheme, only the
orientation of the bone is changed. If the bone is last in the kinematics chain ikChainPosition=2.
In this case the animation stream has to include the desired pasition of the bone (Y, Y and Z waorld
coordirlates). If ikChainPosition=3 the bone belongs to the IK chain but is not the first or the last oné€'in
the chajn. In this case, position and orientation of the bone are computed by the IK procedure. Finally
if the bpne does not belong to any IK chain (ikChainPosition=0), it is necessary to transmit the-bonsg
local triainsformation in order to animate the bone. If an animation stream contains motion information
about g bone which has ikChainPosition 1, this information will be ignored. If an animation strean]
containjs motion information about a bone which has ikChainPosition 3, this means that.the animatior
producér wants to ensure the orientation of the bone and the IK solver will use this value’as a constrain

The ikYawLimit field consists in a pair of min/max values which limit the bone‘rotation with respect
to the X axis.

The ikRitchLimit field consists in a pair of min/max values which limit th€bone rotation with respec
to the Y| axis.

The ikRollLimit field consists in a pair of min/max values which-limit the bone rotation with respec
to the Zaxis.

The ikTxLimit field consists in a pair of min/max values<which limit the bone translation in the X
directiqn.

The ikTyLimit field consists in a pair of min/max-¥alues which limit the bone translation in the Y
directign.

The ikTzLimit field consists in a pair of min/max values which limit the bone translation in the 7
directign.

The SBBone node is used as a building’block to describe the hierarchy of the articulated model by
attaching one or more child objects:The children field has the same semantic as used in BIFS; thg
absolutp geometric transformation of any child of a bone is obtained through a composition with the
bone-pgrent transformation.

5.1.1.4{11 SBSegment

5.1.1.4J11.1 XSD déscription

<compléxType name="SBSegmentType">
<gisl>
<element ref="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="centerOfMass" type="xmta:SFVec3f" use="optional” default="0 0

O"/>
<attribute name="mass" type="xmta:SFFloat"” use="optional” default="0"/>
<attribute name="momentsOfInertia” type="xmta:MFVec3f" use="optional” default="0
000O0O0O0O0O0O"/>
<attribute name="name" type="xmta:SFString” use="optional”
default="&quot; &quot;" />
<attributeGroup ref="xmta:DefUseGroup"/>
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</complexType>
<element name="SBSegment” type="xmta:SBSegmentType"/>

5.1.1.4.11.2 Functionality and semantics

As specified in ISO/IEC 14496-1:2002, 6.8.1.2.2.

The name field shall be present, so that the SBSegment can be identified at runtime. Each SBSegment

should have a DEF name that matches the name field for that Segment, but with a distinguishin
in front of it.

g prefix

[he mass field is the total mass of the segment.

vas chosen for the mass in order to give a clear indication that no mass value is available:

he momentsOfInertia field contains the moment of inertia matrix. The first three elements

'he third row.

An SBSegment node is a grouping node especially introduced to address two issues.

transformation of one of them do not imply skin defortnations on the other. This is essential
time animation optimization. The SBSegment node‘may contain as a child an SBSkinne

the skeleton hierarchy. For example, a@ing can be attached to a finger; the ring geome

transformation as the attached bone:
5.1.1.4.12 SBSite

5.1.1.4.12.1 XSD description

<complexType, mame="SBSiteType'>
<all>
<element ref="xmta:IS" minOccurs="0"/>
<glément name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType” minOccurs="0" maxOccurs="unbounded
</complexType>
</element>
</all>
<attribute name="center" type="xmta:SFVec3f" use="optional” default="0 0 0'
<attribute name="name" type="xmta:SFString” use="optional”

[he centerOfMass field is the location within the segment of its center of mass. Note that'a zeifo value

are the

first row of the 3x3 matrix, the next three elements are the second row, and the final three elem¢nts are

['he children field can be any object attached at this level of the skeleton; iticluding a SBSkinnedModel.

h) The first one is to the requirement to separate different\parts from the skinned modgel into
deformation-independent parts. Between two deformation-independent parts the georpetrical

for run-
iModel

node (see the SBSkinnedModel node description below). Portions of the model which are ot part
of the seamless mesh can be attached to the skeleton hierarchy by using an SBSegment node.

b) The second deals with the requirement to attach standalone 3D objects at different parts of

try and

attributes are defined outside of skinned model but the ring will have the same local georpetrical

n/>

/>

detault="&quot; &quot; "

<attribute name="rotation” type="xmta:SFRotation” use="optional” default="0 0 1

0r/>

<attribute name="scale" type="xmta:SFVec3f" use="optional” default="1 1 1"/>

<attribute name="scaleOrientation” type="xmta:SFRotation” use="optional”
default="0 0 1 0"/>

<attribute name="translation” type="xmta:SEVec3f" use="optional” default="0 0

O"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="SBSite" type="xmta:SBSiteType"/>
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5.1.1.4.

12.2 Functionality and semantics

As specified in ISO/IEC 14496-1:2002, 6.8.1.3.2.

The center field specifies a translation offset and can be used to compute a bone length. The rotation
field specifies a rotation of the coordinate system of the SBSite node.

The scale field specifies a non-uniform scale of the SBSite node coordinate system and the scale values
shall be greater than zero.

The scqleOrientation specifies a rotation of the coordinate system of the SBSite node before thé
scale, thus allowing a scale at an arbitrary orientation. The scaleOrientation applies only to the seals

operati

The tr1nslati0n field specifies a translation of the coordinate system of the SBSite node.

The chi

The SB
which ¢

accessdries such as clothing. The third is to define a location for a virtual camerain the reference framg

of a SBS

SBSite
special
to the

groupiry
5.1.1.4

5.1.1.4

maxOcc

maxOcc

DI

dren field is used to store any object that can be attached to the SBSegment node.

Bite node can be used for three purposes. The first is to define an "end effector", i.e. a locatior
an be used by an inverse kinematics system. The second is to define an-attachment point fo1

egment node.

nodes are stored within the children field of an SBSegmernt node. The SBSite node is 4
zed grouping node that defines a coordinate system for node$in‘its children field that is relativg
oordinate systems of its parent node. The reason a SBSite node is considered a specialized
g node is that it can only be defined as a child of a SBSegment node.

13 SBSkinnedModel

13.1 XSD description

<complexType name="SBSkinnedModelType">
<all>
<element ref="xmta:IS" mindccurs="0"/>
<element name="bones" fohrm="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFSBBoneNodeType” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
<element name="muscles" form="qualified” minOccurs="0">
<complexType>
<group~ief="xmta:SFSBMuscleNodeType"” minOccurs="0"
rs="unbounded'(/>
</complexType>
</element>
<element name="segments” form="qualified” minOccurs="0">
KcomplexType>
<group ref="xmta:SF3SBSegmentNodeType" minOccurs="0"
rsA"Unbounded” />
</complexType>

26

ul .
<element name="sites"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFSBSiteNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
<element name="skeleton” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
<element name="skin"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
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</element>
<element name="skinCoord"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFCoordinateNodeType"” minOccurs="0"/>
</complexType>
</element>
<element name="skinNormal” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFNormalNodeType"” minOccurs="0"/>
</complexType>
</element>
SIEmETt TTane—*wWeTgTSCoMpuUta tTomS kKImcoora*form=r*guat rircad*mImoccurs="&*
<complexType>
<group ref="xmta:SF3DNodeType" minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="center" type="xmta:SFVec3f" use="optional” default="0 0 (
<attribute name="name" type="xmta:SFString” use="optional”
efault="&quot; &quot;" />
<attribute name="rotation” type="xmta:SFRotation” use="optidnal” default='

D" />
<attribute name="scale" type="xmta:SFVec3f" use="optiohal” default="1 1 1’
<attribute name="scaleOrientation” type="xmta:SFRotation” use="optional”
jefault="0 0 1 0"/>
<attribute name="translation” type="xmta:SFVec3fi-Aise="optional” default='
"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="SBSkinnedModel” type="xmta:SBSkinwedModelType" />

5.1.1.4.13.2 Functionality and semantics
As specified in ISO/IEC 14496-16:2011, 4.5.2.1.2;

[he SBSkinnedModel node is the top of theshierarchy of Skin&Bones related nodes and contd
lefinition parameters for the entire seamless model or of a seamless part of the model.

[he name field specify the name of.the-skinned model allowing easily identification at the an
fun-time.

['he center field specifies a translation offset from the origin of the local coordinate system.
['he translation field specifies a translation of the coordinate system.
['he rotation field specifies a rotation of the coordinate system

[he scale field specifies a non-uniform scale of the coordinate system. scale values shall be
than zero.

['he scaleQrientation specifies a rotation of the coordinate system before the scale (to specify g
hrbitrarysorientations). The scaleOrientation applies only to the scale operation.

[he skinCoord contains the 3d coordinates of all vertices of the seamless model.

n/>

001

00

hins the

mation

greater

cales in

The skin consists of a collection of shapes that share the same skinCoord. This mechanism allows
considering the model as a continuous mesh and, in the same time, to attach different attributes (like

color, texture) to different parts of the model.
The skeleton field specifies the root of the bones hierarchy.
The bones fields consist in the lists of all bones previously defined as SBBone node.

The segments fields consist in the lists of all bones previously defined as SBSegment node.

The sites fields consist in the lists of all bones previously defined as SBSites node. The muscles fields

consist in the lists of all bones previously defined as SBMuscle node.
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The weighsComputationSkinCoord field describes a specific static position of the skinned model. In
many cases the static position of the articulated model defined by skinCoord and skin fields is not
appropriate to compute the influence region of a bone. In this case the weighsComputationSkinCoord
field allows specifying the skinned model vertices in a more appropriate static posture. This posture
will be used just during the initialization stage and ignored during the animation. All the skeleton

transfor

mations are related to the posture defined by skinCoord field.

5.1.1.4.14 MorphShape

5.1.1.4]14.1 XSD description

</

<el

5.1.1.4J14.2 Functionality and semantics

As spedified in ISO/IEC 14496-16:2011, 4.3.6.

morph|

animatjon run-time.

baseShiape: a Shape node that represent-the base mesh. The geometry field of the baseShape can be any
geometfy supported by ISOIEC 14496, (e.g. IndexedFaceSet, IndexedLineSet, SolidRep).

targets

for definig an appearance and-a geometry of a target shape shall be the same as the tool used fof
defining the appearance and the geometry of the base shape (e.g. if the baseShape is defined by using

Indexec

weightk: a vector.of integers of the same size as the targetShapes. The morphed shape is obtained

accprding tg Eérmula (1):

<complexType 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" maxOeclrs="unbounded"”/>
</complexType>
</element>
</all>
<attribute name="morphID" type="xmta:SFInt32" use=Moptional” default="0"/>
<attribute name="weights" type="xmta:MFFloat" uSe=s"optional/>
<attributeGroup ref="xmta:DefUseGroup”"/>
omplexType>
ement name="MorphShape" type="xmta:MorphShapeType" />

D: a unique identifier between 0 and.3023 which allows that the morph to be addressed af

hapes: a vector of Shapes'nodes representing the shape of the target meshes. The tool used

FaceSet, all the target shapes shall be defined by using IndexedFaceSet).

1)
M=3B%Y (T, —B)*w; (1]
I=1
where
M is the morphed shape;
B isthe base shape;
T; isthe targetshapei;
W; is the weight of the T;.
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The morphing is performed for all the components of the Shape (Appearance and Geometry) that have
different values in the base shape and the target shapes (e.g. if the base shape and the target shapes are
definined by using IndexedFaceSet and the coord field contains different values in the base shape and in
the target geometries, the coord component of the morph shape is obtained by using previous equation
applied to the coord field. Note that the size of the coord field shall be the same for the base shapes and
the target shapes).

If the shapes (base and targets) are defined by using IndexedFaceSet, a tipical decoder should support
morphing of the following geometry components: coord, normals, color, texCoord.

5.1.1.4.15 Coordinate

5.1.1.4.15.1 XSD description

<complexType name="CoordinateType'">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="point"” type="xmta:MFVec3f" use="optionall?/>
<attributeGroup ref="xmta:DefUseGroup”"/>
</complexType>
<element name="Coordinate" type="xmta:CoordinateType"/E

5.1.1.4.15.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.12.

[his node defines a set of 3D coordinates to be used ifxthe coord field of vertex-based geometry nodes
ncluding IndexedFaceSet, IndexedLineSet, and PointSet.

5.1.1.4.16 TextureCoordinate

5.1.1.4.16.1 XSD description

<complexType name="TextupeCoordinateType">
<all>
<element ref="xmta*IS" minOccurs="0"/>
</all>
<attribute name=%point"” type="xmta:MFVec2f" use="optional"/>
<attributeGroup _ref="xmta:DefUseGroup" />
</complexType>
<element name=[TgktureCoordinate” type="xmta:TextureCoordinateType"/>

b.1.1.4.16.2 Functionality and semantics
As specifiedda-ISO/IEC 14772-1:1997, 6.48.

[he TextureCoordinate node specifies a set of 2D texture coordinates used by vertex-based ggometry
nodes-(e.g. IndexedFaceSet and ElevationGrid) to map textures to vertices. Textures are two dimgnsional
Colour functions that, given an (s, t) coordinate, return a colour value colour(s, t) Texture may values
[(ImageTexture, MovieTexture, and PixelTexture) range from [0.0, 1.0] along the S-axis and| T-axis.
However, TextureCoordinate values, specified by the point field, may be in the range (-oo,00). Texture
coordinates identify a location (and thus a colour value) in the texture map. The horizontal coordinate s
is specified first, followed by the vertical coordinate ¢.

If the texture map is repeated in a given direction (S-axis or T-axis), a texture coordinate C (s or t) is
mapped into a texture map that has N pixels in the given direction as follows:

Texture map location = [C - floor(C)] x N

If the texture map is not repeated, the texture coordinates are clamped to the 0.0 to 1.0 range as follows:
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Texture map location = N, if ¢ > 1,0,
= 0,0, if ¢ < 0,0,
C x N, if 0,0 <= C <= 1,0
5.1.1.4.17 Normal
5.1.1.4.17.1 XSD description
<complexType name="NormalType">
<all>
<element ref="xmta:TS" minOccurs="0"/>
</all>

<attribute name="vector" type="xmta:MFVec3f" use="optional”/>
<attributeGroup ref="xmta:DefUseGroup" />

</¢omplexType>

<element name="Normal” type="xmta:NormalType"/>

5.1.1.4]17.2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6.30.

This ndde defines a set of 3D surface normal vectors to be used in the vectordield of some geometry
nodes (e.g. IndexedFaceSet and ElevationGrid). This node contains one multiple-valued field thaf
containjs the normal vectors. Normals shall be of unit length.

5.1.1.4/18 IndexedFaceSet

5.1.1.4J18.1 XSD description

<complexType name="IndexedFaceSetType">
<all>
<element ref="xmta:IS" minOccurs="0"A3
<element name="color"” form="qualifiégd” minOccurs="0">
<complexType>
<group ref="xmta:SFColorNodeType” minOccurs="0"/>
</complexType>
</element>
<element name="coord"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFCoordinateNodeType"” minOccurs="0"/>
</complexType>
</element>
<element name="fiormal” form="qualified” minOccurs="0">
<complexTypex
<group gef="xmta:SFNormalNodeType" minOccurs="0"/>
</complexType>
</element>
<element/name="texCoord” form="qualified” minOccurs="0">
<cemplexType>
<group ref="xmta:SFTextureCoordinateNodeType” minOccurs="0"/>
<YcomplexType>
</element>
Aall>
Jattribute name="ccw" type="xmta:SFBool"” use="optional” default="true"/>
<attribute name="colorIndex" type="xmta:MFInt32" use="optional”/>
<attribute name="colorPerVertex" type="xmta:SFBool" use="optional”
default="true"/>
<attribute name="convex" type="xmta:SFBool" use="optional” default="true"/>
<attribute name="coordIndex" type="xmta:MFInt32" use="optional”/>
<attribute name="creaseAngle" type="xmta:SFFloat"” use="optional” default="0"/>
<attribute name="normallIndex" 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>
<element name="IndexedFaceSet" type="xmta:IndexedFaceSetType />
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5.1.1.4.18.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.23.

The IndexedFaceSet node represents a 3D shape formed by constructing faces (polygons) from vertices
listed in the coord field. The coord field contains a Coordinate node that defines the 3D vertices
referenced by the coordindex field. IndexedFaceSet uses the indices in its coordindex field to specify
the polygonal faces by indexing into the coordinates in the Coordinate node. An index of "-1" indicates
that the current face has ended and the next one begins. The last face may be (but does not have to be)
followed hy 2 "-1" index If the grn:\fncf index in the coardIndex field is N’ the Coordinate-node shall

contain N+1 coordinates (indexed as 0 to N). Each face of the IndexedFaceSet shall have:

h) atleast three non-coincident vertices;

b) vertices that define a planar polygon;

[) vertices that define a non-self-intersecting polygon.
Dtherwise, the results are undefined.

[he IndexedFaceSet node is specified in the local coordinate system and is affected |[by the
‘ransformations of its ancestors.

Descriptions of the coord, normal, and texCoord fields are prpvided in the Coordinate, Nornpal, and
[extureCoordinate nodes, respectively.

Details on lighting equations and the interaction betweén color field, normal field, textures, materials,
hnd geometries are provided in ISO/IEC 14772-1:1997,4.14.

f the color field is not NULL, it shall contain a Colo¥ node whose colours are applied to the vertices or
faces of the IndexedFaceSet as follows:

— If colorPerVertex is FALSE, colours are applied to each face, as follows.

— If the colorindex field is not empty, then one colour is used for each face of the IndexedlaceSet.
There shall be at least as_many indices in the colorindex field as there are faceq in the
IndexedFaceSet. If the gteatest index in the colorindex field is N, then there shall be N+1|colours
in the Color node. The colorindex field shall not contain any negative entries.

— If the colorindex.field is empty, then the colours in the Color node are applied to each face of
the IndexedFaceSet in order. There shall be at least as many colours in the Color node gs there
are faces.

— If colorPerVertex is TRUE, colours are applied to each vertex, as follows.

— Ifthecolorindex field is not empty, then colours are applied to each vertex of the lndexed(EaceSet
in )éxactly the same manner that the coordindex field is used to choose coordinates for each
vertex from the Coordinate node. The colorindex field shall contain at least as many inflices as
the coordiIndex field, and shall contain end-of-face markers (-1) in exactly the same placds as the
coordIndex field. If the greatest index in the colorIndex field is N, then there shall be N+1|colours
in the Color node.

— Ifthe colorindex field is empty, then the coordindex field is used to choose colours from the Color
node. If the greatest index in the coordIndex field is N, then there shall be N+1 colours in the
Color node.

If the color field is NULL, the geometry shall be rendered normally using the Material and texture
defined in the Appearance node (see ISO/IEC 14772-1:1997, 4.14 for details).

If the normal field is not NULL, it shall contain a Normal node whose normals are applied to the vertices
or faces of the IndexedFaceSet in a manner exactly equivalent to that described above for applying
colours to vertices/faces (where normalPerVertex corresponds to colorPerVertex and normallndex
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corresponds to colorindex). If the normal field is NULL, the browser shall automatically generate
normals, using creaseAngle to determine if and how normals are smoothed across shared vertices (see
ISO/IEC 14772-1:1997, 4.6.3.5, Crease angle field).

If the texCoord field is not NULL, it shall contain a TextureCoordinate node. The texture coordinates in
that node are applied to the vertices of the IndexedFaceSet as follows.

— Ifthe texCoordindex field is not empty, then it is used to choose texture coordinates for each vertex
of the IndexedFaceSet in exactly the same manner that the coordIndex field is used to choose
coardinates for each vertex from the Coordinate node_The texCoordIndex field shall contain atleast
as many indices as the coordindex field, and shall contain end-of-face markers (-1) in exactly the
same places as the coordIndex field. If the greatest index in the texCoordindex field is N, thencthersg
shall be N+1 texture coordinates in the TextureCoordinate node.

— If the texCoordIndex field is empty, then the coordindex array is used to choose texture coordinates
from the TextureCoordinate node. If the greatest index in the coordIndex field is N, then there shal
be N+1 texture coordinates in the TextureCoordinate node.

If the gexCoord field is NULL, a default texture coordinate mapping is calculated using the loca
coordirlate system bounding box of the shape. The longest dimension of the{bounding box defines
the S cpordinates, and the next longest defines the T coordinates. If two(or'all three dimensions of
the boynding box are equal, ties shall be broken by choosing the X, Y,.60Z dimension in that ordej
of prefd¢rence. The value of the S coordinate ranges from 0 to 1, from-0ne end of the bounding box td
the othpr. The T coordinate ranges between 0 and the ratio of the second greatest dimension of the
boundipg box to the greatest dimension.

Some r¢strictions specified in ISO/IEC 14496-11:2015, 7.2.2.66.2.

The IndexedFaceSet node represents a 3D polygon mesh formed by constructing faces (polygons]
from pqints specified in the coord field. If the coordIndex field is not NULL, IndexedFaceSet uses thg
indices|in its coordIndex field to specify the polygonal faces by connecting together points from the
coord flield. An index of -1 shall indicate that the current face has ended and the next one begins. The
last fac¢ may be followed by a -1. IndexedFaceSet shall be specified in the local coordinate system and
shall bq affected by parent transformations:The coord field specifies the vertices of the face set and is
specifigd by Coordinate node. If the coordIhdex field is not NULL, the indices of the coordIndex field
shall bg used to specify the faces by connecting together points from the coord field. An index of -1
shall inflicate that the current face has ended and the next one begins.

The lasf face may be followed by a—<1. If the coordIndex field is NULL, the vertices of the coord field arg
laid out in their respective order to specify one face. If the color field is NULL and there is a Materia
node dgfined for the Appearance affecting this IndexedFaceSet, then the emissiveColor of the
Material node shall be Gsed to draw the faces.

In ordef to use 3D Mésh Coding (3DMC) with the IndexedFaceSet node, the use3DMeshCoding flag i1
BIFSv2€onfig should be set to TRUE, as described in ISO/IEC 14496-11:2015, 8.5.3.2. This will require
every IndexedFaceSet node in that elementary stream to be coded with 3DMC. Note that 3DMC does nof
support the uSe of DEF and USE within the fields of IndexedFaceSet. Also, an empty IndexedFaceSe{
should not be 1ncluded in a stream where use3DmeshCod1ng flag is set to TRUE A scene with both

uncompressed nodes in separate streams ThlS can be done with an Inline node or by sendlng separate
elementary streams in the same object descriptor. The latter approach has the advantage of keeping the
nodes in the same name space, see the example in ISO/IEC 14496-11:2015, 7.8.

5.1.1.4.19 IndexedLineSet

5.1.1.4.19.1 XSD description

<complexType name="IndexedLineSetType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
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<element name="color"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFColorNodeType" minOccurs="0" />
</complexType>
</element>
<element name="coord"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFCoordinateNodeType” minOccurs="0" />
</complexType>
</element>
</all>

T IpUte TTame=*Toor imex* type="*xmta Mt 32 —use=*optIomat™
<attribute name="colorPerVertex" type="xmta:SFBool" use="optional” defaults

<attribute name="coordIndex"” type="xmta:MFInt32" use="optional/>
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>

<element name="IndexedLineSet"” type="xmta:IndexedLineSetType"/>

5.1.1.4.19.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.24.

[he IndexedLineSet node represents a 3D geometry formed by constructing polylines from 3D {
specified in the coord field. IndexedLineSet uses the indices inCits” coordIndex field to spe
bolylines by connecting vertices from the coord field. An index of"~1" indicates that the current j
nas ended and the next one begins. The last polyline may be (but’does not have to be) followed b
ndexedLineSet is specified in the local coordinate systemvatid is affected by the transformatio
hncestors.

['he coord field specifies the 3D vertices of the line sét\and contains a Coordinate node.

Lines are not lit, are not texture-mapped, and ‘do'not participate in collision detection. The
ines is implementation dependent and each line segment is solid (i.e. not dashed).

f the color field is not NULL, it shall contain a Color node. The colours are applied to the li
follows:

h)  If colorPerVertex is FALSE.

1) If the colorindex field.is'not empty, one colour is used for each polyline of the Indexed
There shall be atleast as many indices in the colorindex field as there are polyline
IndexedLineSet. If the greatest index in the colorindex field is N, there shall be N+1 co
the Color nodey The colorindex field shall not contain any negative entries.

2) If the colorindex field is empty, the colours from the Color node are applied to each pol
the IndexedLineSet in order. There shall be at least as many colours in the Color node §
arepolylines.

b) If eolorPerVertex is TRUE.

"true”

ertices
rify the
bolyline
y a ll_1".
ns of its

ridth of

ne(s) as

LineSet.

5 in the
ours in

yline of
s there

~— If the colorindex field is not empty, colours are applled to each vertex of the IndexedLil

from the Coordlnate node The color]ndex f1eld shall contain at least as many 1nd1ces as the
coordIndex field and shall contain end-of-polyline markers (-1) in exactly the same places as the
coordIndex field. If the greatest index in the colorindex field is N, there shall be N+1 colours in the

Color node.

— Ifthe colorindex field is empty, the coordindex field is used to choose colours from the Color node.
If the greatest index in the coordIndex field is N, there shall be N+1 colours in the Color node.

If the color field is NULL and there is a Material defined for the Appearance affecting this IndexedLineSet,

the emissiveColor of the Material shall be used to draw the lines. Details on lighting equations
affect IndexedLineSet nodes are described in ISO/IEC 14772-1:1997, 4.14.
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5.1.2 Programming information

The following programming related node is used in ARAF: Script.
5.1.2.1 Script

5.1.2.1.1 XSD description

<complexType name="ScriptType">
TUUENCE
<element ref="xmta:field” minOccurs="0" maxOccurs="unbounded"/>
<element ref="xmta:IS" minOccurs="0" maxOccurs="unbounded"”/>
</sequence>
<attribute name="url" type="xmta:MFScript” use="optional”/>
<attribute name="directOutput” type="xmta:SFBool" use="optional” default="false"/>
<attribute name="mustEvaluate” type="xmta:SFBool"” use="optional"” defaulf='false’"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="Script"” type="xmta:ScriptType"/>

5.1.2.1)2 Functionality and semantics

As defimed in ISO/IEC 14772-1:1997, 6.40.

The Scrjipt node is used to program behaviour in a scene. Script nodes typically
— signify a change or user action,

— recgive events from other nodes,

— corftain a program module that performs some computation, and

— effgct change somewhere else in the scene by sending events.

Each S¢ript node has associated programminglanguage code, referenced by the url field, that is
executdd to carry out the Script node's function. That code is referred to as the "script” in the rest of
this deqcription. Details on the url field candbe found in ISO/IEC 14772-1:1997, 4.5.

Browsefrs are not required to supportanyspecific language. Detailed information on scripting languages
is descrjibed in ISO/IEC 14772-1:19974.12 supporting a scripting language for which a language binding
is specified shall adhere to that ldnguage binding.

Sometime before a script receiyes the first event it shall be initialized (any language-dependent or user
defined| initialize() is perfepmed). The script is able to receive and process events that are sent to it
Each evlent that can be-reveived shall be declared in the Script node using the same syntax as is used if
a prototype definition:

evgntIn type \name
The tyge can hesany of the standard VRML fields (as defined in ISO/IEC 14772-1:1997, Clause 5). Nam4
shall b

eventOut type name
With the exception of the url field, exposedFields are not allowed in Script nodes.

If the Script node's mustEvaluate field is FALSE, the browser may delay sending input events to the
script until its outputs are needed by the browser. If the mustEvaluate field is TRUE, the browser shall
send input events to the script as soon as possible, regardless of whether the outputs are needed. The
mustEvaluate field shall be set to TRUE only if the Script node has effects that are not known to the
browser (such as sending information across the network). Otherwise, poor performance may result.
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Once the script has access to a VRML node (via an SFNode or MFNode value either in one of the Script
node's fields or passed in as an eventln), the script is able to read the contents of that node's exposed
fields. If the Script node's directOutput field is TRUE, the script may also send events directly to any
node to which it has access, and may dynamically establish or break routes. If directOutput is FALSE
(the default), the script may only affect the rest of the world via events sent through its eventOuts. The
results are undefined if directOutput is FALSE and the script sends events directly to a node to which it
has access.

A script is able to communicate directly with the VRML browser to get information such as the current
3 Jd 41 4 11 II1DT Tl 3 TR | dof3 J 1o £l AD] £ 1o 3£ - ]
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being used.

['he location of the Script node in the scene graph has no affect on its operation. For example, if 4 parent
pf a Script node is a Switch node with whichChoice set to "-1" (i.e. ignore its children),-the Script node
Continues to operate as specified (i.e. it receives and sends events).

6.1.3  User interactivity

5.1.3.1 General

[he following user interactivity related nodes are used in CARAF: InputSensor, SphergSensor,
[imeSensor, TouchSensor, MediaSensor, PlaneSensor.

5.1.3.2 InputSensor

5.1.3.2.1 XSD description

<complexType name="InputSensorType' >
<all>
<element ref="xmta:IS" minOccuyps="0"/>
<element ref="xmta:buffer” minOccurs="0"/>
</all>
<attribute name="enabled"” type="xmta:SFBool" use="optional” default="true"/>
<attribute name="url" types"xmta:MFUrl"” use="optional” default="&quot;&quot;'|/>
<attributeGroup ref="zmta:DefUseGroup" />
</complexType>
<element name="InputSensor”" type="xmta:InputSensorType"/>

5.1.3.2.2 Functionality.and semantics
As defined in ISO/IEC 14496-11:2015, 7.2.2.71.2.

['he InputSensornode is used to add entry points for user inputs into a BIFS scene. It allows usef events
o trigger updates of the value of a field or the value of an element of a multiple field of an existing node.

nput devices are modelled as devices that generate frames of user input data. A device data frame
[DDF) eonsists in a list of values of any of the allowed types for node fields. Values from DDFs arefused to
ipdate the scene. For example, the DDF definition for a simple mouse is:

W8 oD ot o |
rivuscouturruiric [
SFVec2f cursorPosition

SFBool singleButtonDown

]

The encoding of the DDF is implementation-dependent. Devices may send only complete DDF or
sometimes subsets of DDF as well. The buffer field is a buffered bit string which contains a list of BIFS-
Commands in the form of a CommandFrame (see ISO/IEC 14496-11, 8.6.2). Allowed BIFS-Commands
are the following: FieldReplacement (see ISO/IEC 14496-11, 8.6.21), IndexedValueReplacement (see
ISO/IEC 14496-11, 8.6.22) and NodeDeletion with a NULL node argument (see ISO/IEC 14496-11,
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8.7.3.2).

The buffer shall contain a number of BIFSCommands that matches the number of fields in the

DDF definition for the attached device. The type of the field replaced by the nth command in the buffer
shall match the type of the nth field in the DDF definition.

The url field specifies the data source to be used (see ISO/IEC 14496-11, 7.1.1.2.7.1). The url field shall
point to a stream of type UserlnteractionStream, which “access units” are DDFs. When the enabled
is set to TRUE, upon reception of a DDF, each value (in the order of the DDF definition) is placed in
the corresponding replace command according to the DDF definition, and then the replace command
is executed. These updates are not tlme stamped they are executed at the time of the event, assumlng

executdd. Each replace command in the buffer can be 1ndependently trlggered dependlng on the datc
presenf] in the current DDF. Moreover, the presence in the buffer field of a NodeDeletion command af

the nth

shall bg ignored.

The evéntTime eventOut carrying the current time is generated after a DDF has been processed.

5.1.3.3

5.1.3.3

<Protolfeclare name="OutputActuator” locations="org:mpeg:outputéctuator”>
<figld name="enabled" type="Boolean” vrml97Hint="exposedEidld" booleanValue="TRUE"/>

<figld name="url" type="Strings” vrml97Hint="exposedFiel®d” stringArrayValue= ""/>
<!4Any number of eventlIn fields!-->
</ProtdDeclare>
5.1.3.3]2 BIFS Textual description
EXTERNFROTO OutputActuator [
evgntIn SFBool activate
expposedField SEFBool enabled TRUE

expposedField MFString url [
Any number of the following may then_ fellow:
evgntIn eventType DDFEventName

] ”"Org

5.1.3.3

The Ou
to map

that th¢ device interprets the command and produces the effect immediately when the command is

receive

The OutputActuator{PROTO can receive variable number of events that in turn generate Device Dat3
Frames| (DDFs) thatare sent to the actuator. Each eventln corresponds to one field in the DDF and has
the sanje type. Wheén activate eventln is received, the DDF is assembled and sent to the device.

When declaring an OutputActuator in a BIFS scene, the eventln fields shall be placed in their ordet

of appe
declare

position indicates that the value of the DDF corresponding to the nth field of the DDF definition

OutputActuator

1 XSD description

mpeg:outputActuator”

3 Functionality and semantics

kputActuator proto is usedito communicate between the scene and the MPEG-V actuator. How
these commands to thephysical device is out of the scope of this document. It should be noted

1. The proto definitien’of OQutputActuator is described below.

arance in the associated DDF, after all other fields are declared. The activate eventln shall be

firstin the extern prnfn declaration

The url field specifies the device to be controled.

Only if the enabled field is TRUE then the DDFs are generated.

The mandatory input events of the OutputActuator interface are as described in Table 3.
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Table 3 — OuputActuator: input events

Actuator type Input events, in the given order Input event meaning

Light|SFFloat, SFColor intensity, color
Vibration |SFFloat intensity
Tactile [ MFFloat intensity

Flash |SFFloat, SFColor intensity, color
Heating|SFFloat intensity
Cooling |SFFloat intensity
Wind |SFFloat intensity

Sprayer|SFFloat, SFInt32 intensity, sprayinglypé€

Scent |SFFloat, SFint32 intensity, scent

Fog|SFFloat intensity
Rigid Body Motion | MFVec3f, MFVec3f, MFVec3f, direction! speed, acceleration, angle,
MFVec3f, MFVec3f, MFVec3f angleSpeed, angleAcceleratign
Kinesthetic| MFVec3f, MFVec3f, MFVec3f, position, orientation, force, tprque

MFVec3f

EXTERNPROTO LightActuator [

"org:mpeg:outputactuator"

FXTERNPROTO VibrationActuator

"org:mpeg:outputactuator"

[his could be instantiated in the scene

£0)0.5 1]

LIGHT 1 LightActuator {}

n the following example, two actuators of different types (Light'and Vibration) are presented
rase, the EXTERNPROTO OutputActuator is declared twice as follows:

bventIn SFBool activate

bxposedField SFBool enabled TRUE

bxposedField MFString url [hw://AS%ghtDevicel]
bventIn SFFloat intensity

bventIn SFColor color

[

bventIn SFBool activate

bxposedField SFBool enabled TRUE

bxposedField MFString url [hw://vibrationDevicel]
bventIn SFFloat intensity

as follows:

DEF SI LIGHT ScalarInterpolator ({
Key

keyValues f0.1 0.2 0.3]

DEF SI VIBRATION ScalarInterpolator
Key [0 0.5 1]
keyValues [0.1 0.2 0.3]

i,
DT oIl L

url

T elode B e .
Llylitaciuactul 1

[hw://lightDevice2]

SI VIBRATION.value changed TO VIBRATION 1l.intensity

DEF VIBRATION 1 VibrationActuator ({}
DEF VIBRATION 2 VibrationActuator {
enabled FALSE
url [hw://vibrationDevice?2]
}
ROUTE SI LIGHT.value changed TO LIGHT 1.intensity
ROUTE SI LIGHT.value changed TO LIGHT 2.intensity
ROUTE
ROUTE

SI_VIBRATION.value:changed TO VIBRATION 2.intensity
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5.1.3.4 SphereSensor

5.1.3.4.1 XSD description

<complexType name="SphereSensorType'>
<all>

<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="autoOffset”" type="xmta:SFBool" use="optional” default="true"/>
<attribute name="enabled" type="xmta:SFBool" use="optional” default="true"/>
FTLL1DUCE Name="OLLSEet” Lype-"xXmta:sSFRotation™ use="optional™ derault="0 L U O
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="SphereSensor” type="xmta:SphereSensorType"/>

5.1.3.4)2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6.44.

The SphereSensor node maps pointing device motion into spherical rotation about-the origin of the
local cdordinate system. The SphereSensor node uses the descendent geometry-of its parent node tq
determfne whether it is liable to generate events.

The engbled exposed field enables and disables the SphereSensor node.{fénabled is TRUE, the sensoj
reacts gppropriately to user events. If enabled is FALSE, the sensor does not track user input or send
events.|If enabled receives a FALSE event and isActive is TRUE,<the sensor becomes disabled and
deactivpted, and outputs an isActive FALSE event. If enabled receives)a TRUE event, the sensor is enabled
and ready for user activation.

The SphereSensor node generates events when the pointing device is activated while the pointer is
indicating any descendent geometry nodes of the sensor’s parent group. See ISO/IEC 14772-1:1997
4.6.7.5, for details on using the pointing device to activate the SphereSensor.

Upon a¢tivation of the pointing device (e.g. mouse'button down) over the sensor's geometry, an isActivé
TRUE gvent is sent. The vector defined by :the initial point of intersection on the SphereSensor’s
geometfy and the local origin determines:the radius of the sphere that is used to map subsequen{
pointing device motion while dragging. The-virtual sphere defined by this radius and the local origin af
the timg of activation is used to interpret’subsequent pointing device motion and is not affected by any
changes to the sensor's coordinate system while the sensor is active. For each position of the bearing, 2
rotatiof_changed event is sent which corresponds to the sum of the relative rotation from the origina
interse¢tion point plus the offset value. trackPoint_changed events reflect the unclamped drag positior]
on the purface of this spherfe.)When the pointing device is deactivated and autoOffset is TRUE, offset
is set tq the last rotationschanged value and an offset_changed event is generated. See ISO/IEC 14772
1:1997,14.6.7.4 for more.details.

When the sensor getierates an isActive TRUE event, it grabs all further motion events from the pointing
device pintil it iS released and generates an isActive FALSE event (other pointing-device sensors shal
not generate évents during this time). Motion of the pointing device while isActive is TRUE is termed
a "drag|'. If@ 2D pointing device is in use, isActive events will typically reflect the state of the primary
button hssociated with the device (i.e. isActive is TRUE when the primary button is pressed and FALSH
when it is released). If a 3D pointing device (e.g. wand) is in use, isActive events will typically reflect
whether the pointer is within (or in contact with) the sensor's geometry.

While the pointing device is activated, trackPoint_changed and rotation_changed events are output.
trackPoint_changed events represent the unclamped intersection points on the surface of the invisible
sphere. If the pointing device is dragged off the sphere while activated, browsers may interpret this in
a variety of ways (e.g. clamp all values to the sphere or continue to rotate as the point is dragged away
from the sphere). Each movement of the pointing device while isActive is TRUE generates trackPoint_
changed and rotation_changed events.
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5.1.3.5 TimeSensor

5.1.3.5.1 XSD description

<complexType name="TimeSensorType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="cyclelInterval” type="xmta:SFTime" use="optional” default="1"/>
<attribute name="enabled" type="xmta:SFBool" use="optional” default="true"/>
FGTCL1DUCE Name="100p" Cype-"XMta:oFBoOl" Use="optional’ derault="ralse
<attribute name="startTime"” type="xmta:SFTime" use="optional” default="0"/>
<attribute name="stopTime" type="xmta:SFTime"” use="optional” default="0"g,>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="TimeSensor”" type="xmta:TimeSensorType"/>

5.1.3.5.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.50.

[imeSensor nodes generate events as time passes. TimeSensor nodes:¢dn be used for many pliirposes
ncluding:

— driving continuous simulations and animations;
— controlling periodic activities (e.g. one per minute);
— initiating single occurrence events such as an alarm clock.

[he TimeSensor node contains two discrete eventOuts: isActive and cycleTime. The isActive eyentOut
sends TRUE when the TimeSensor node begins tunning, and FALSE when it stops running. The
rycleTime eventOut sends a time event at startTime and at the beginning of each new cycle (ugeful for
synchronization with other time-based objeets). The remaining eventOuts generate continuous|events.
['he fraction_changed eventOut, an SFFloatin the closed interval [0.1], sends the completed fraction of
he current cycle. The time eventOut sends the absolute time for a given simulation tick.

f the enabled exposedField is TRUE, the TimeSensor node is enabled and may be running. If a set_
bnabled FALSE event is received” while the TimeSensor node is running, the sensor perfoqms the
following actions:

— evaluates and sends all relevant outputs;
— sends a FALSE @zalue for isActive;
— disables itself.

Events on. the exposedFields of the TimeSensor node (e.g. set_startTime) are processed and their
corresponding eventOuts (e.g. startTime_changed) are sent regardless of the state of the enablgd field.
['he remaining discussion assumes enabled is TRUE.

he’ loop, startTime, and stopTime exposedFields and the isActive eventOut and their effects| on the
TimeSensor node are discussed in detail in ISO/IEC 14772:1997, 4.6.9. The "cycle"” of a TimeSensor node
lasts for cyclelnterval seconds. The value of cyclelnterval shall be greater than zero.

A cycleTime eventOut can be used for synchronization purposes such as sound with animation. The
value of a cycleTime eventOut will be equal to the time at the beginning of the current cycle. A cycleTime
eventOut is generated at the beginning of every cycle, including the cycle starting at startTime. The first
cycleTime eventOut for a TimeSensor node can be used as an alarm (single pulse at a specified time).

When a TimeSensor node becomes active, it generates an isActive = TRUE event and begins generating
time, fraction_changed, and cycleTime events which may be routed to other nodes to drive animation or
simulated behaviours. The behaviour at read time is described below. The time event sends the absolute
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time for a given tick of the TimeSensor node (time fields and events represent the number of seconds

since m

idnight GMT January 1, 1970).

fraction_changed events output a floating point value in the closed interval [0, 1]. At startTime the
value of fraction_changed is 0. After startTime, the value of fraction_changed in any cycle will progress
through the range [0.0, 1.0]. At startTime + x cyclelnterval, for N = 1, 2, ..., that is, at the end of every
cycle, the value of fraction_changed is 1.

Let now represent the time at the current simulation tick. Then the time and fraction_changed eventOuts

can the
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A Time
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5.1.3.6

be r‘nmpnfpd as:

e = now
p = (now - startTime) / cyclelnterval

= fractionalPart (temp)
(f == 0.0 && now > startTime) fraction changed = 1.0
e fraction changed = f

ractionalPart(x) is a function that returns the fractional part, (that is, the digits to the right of
mal point), of a nonnegative floating point number.

bensor node can be set up to be active at read time by specifying loop”FRUE (not the default) and
e less than or equal to startTime (satisfied by the default values). Thefime events output absolutg
r each tick of the TimeSensor node simulation. The time events shall start at the first simulatior
ater than or equal to startTime. time events end at stopTimeor at startTime + x cyclelnterval fol
psitive integer value of N, or loop forever depending on thé'yalues of the other fields. An activg
nsor node shall stop at the first simulation tick when now>= stopTime > startTime.

Fantees are made with respect to how often a TiméSensor node generates time events, but g
nsor node shall generate events at least at every simulation tick. TimeSensor nodes arg
eed to generate final time and fraction_changed-events. If loop is FALSE at the end of the Nth
erval and was TRUE at startTime + M x cyclelnterval for all 0 < M < N, the final time event will bg

less. If loop is TRUE at the completion ef every cycle, the final event is generated as evaluated a
e (if stopTime > startTime) or never.

ve TimeSensor node ignores set.dyclelnterval and set_startTime events. An active TimeSenso}
50 ignores set_stopTime events for set_stopTime less than or equal to startTime. For example, if
irtTime event is received wvhile a TimeSensor node is active, that set_startTime event is ignored
rtTime field is not changed, and a startTime_changed eventOut is not generated). If an activg
nsor node receives aset_stopTime event that is less than the current time, and greater thar
he, it behaves as if the stopTime requested is the current time and sends the final events based
urrent time (notethat stopTime is set as specified in the eventIn).

bensor read ffom a VRML file shall generate isActive TRUE, time and fraction_changed events if
sor is enabled and all conditions for a TimeSensor to be active are met.

TouchSensor

5.1.3.6.1 XSD description

<complexType name="TouchSensorType">

<all>
<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="enabled" type="xmta:SFBool" use="optional” default="true"/>
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>
<element name="TouchSensor"” type="xmta:TouchSensorType"/>

5.1.3.6.2 Functionality and semantics

As specified in ISO/IEC 14772-1:1997, 6.51.
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A TouchSensor node tracks the location and state of the pointing device and detects when the user

points at geometry contained by the TouchSensor node's parent group. A TouchSensor node

can be

enabled or disabled by sending it an enabled event with a value of TRUE or FALSE. If the TouchSensor

node is disabled, it does not track user input or send events.

The TouchSensor generates events when the pointing device points toward any geometry nodes that
are descendants of the TouchSensor's parent group. See ISO/IEC 14772-1:1997, 4.6.7.5, for more details

on using the pointing device to activate the TouchSensor.

The isOver eventQut reflects the state of the pninfing device with rpgnrd to whether it is rointing

owards the TouchSensor node's geometry or not. When the pointing device changes state
bosition such that its bearing does not intersect any of the TouchSensor node's geometry*td
which it does intersect geometry, an isOver TRUE event is generated. When the pointing devicd
‘rom a position such that its bearing intersects geometry to one in which it no longer intersg
beometry, or some other geometry is obstructing the TouchSensor node's geometry, an isOvej
event is generated. These events are generated only when the pointing device has)moved and d
over” state. Events are not generated if the geometry itself is animating and*moving underng
bointing device.

As the user moves the bearing over the TouchSensor node's geometry, the point of intersection
petween the bearing and the geometry is determined. Each movement of the pointing devic
sOver is TRUE, generates hitPoint_changed, hitNormal changed—and hitTexCoord_changed
hitPoint_changed events contain the 3D point on the surface of-the underlying geometry, give
[ouchSensor node's coordinate system. hitNormal_changed éyents contain the surface normal v|
the hitPoint. hitTexCoord_changed events contain the texture/coordinates of that surface at the }
['he values of hitTexCoord_changed and hitNormal_changed events are computed as appropriatg
hssociated shape.

fisOver is TRUE, the user may activate the pointing device to cause the TouchSensor node to g
sActive events (e.g. by pressing the primary mouse button). When the TouchSensor node genef
sActive TRUE event, it grabs all further motion events from the pointing device until it is relea
benerates an isActive FALSE event (other pointing-device sensors will not generate events dur
[ime). Motion of the pointing device while isActive is TRUE is termed a "drag." If a 2D pointing d
n use, isActive events reflect the state of the primary button associated with the device (i.e. is/
[RUE when the primary button{s,pressed and FALSE when it is released). If a 3D pointing dev|
1se, isActive events will typically reflect whether the pointing device is within (or in contact wj
[ouchSensor node's geometry.

[he eventOut field touchTime is generated when all three of the following conditions are true.

— The pointing deVice was pointing towards the geometry when it was initially activated (|
is TRUE).

— The pointing device is currently pointing towards the geometry (isOver is TRUE).
— Thepointing device is deactivated (isActive FALSE event is also generated).

na. 2D context, there are restrictions on the SFVec3f eventOuts:

from a
one in
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pitPoint.
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evice is
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ice is in
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isActive

— hitNormal_changed always returns [0.0, 0.0, 1.0];

— hitPoint_changed always has 0.0 as Z coordinate.
5.1.3.7 MediaSensor

5.1.3.7.1 XSD description

<complexType name="MediaSensorType">
<all>

<element ref="xmta:IS" minOccurs="0"/>
</all>
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<attribute name="url"” type="xmta:MFUrl" use="optional”/>
<attributeGroup ref="xmta:DefUseGroup”"/>

</complexType>
<element name="MediaSensor" type="xmta:MediaSensorType"/>

5.1.3.7.

2 Functionality and semantics

As defined in ISO/IEC 14496-11, 7.2.2.71.2.

The Me

diaSensor node monitors the availability and presentation status of one or more stream objects.

The ur
objects
availab
compos
or stop
time. W
Media$
last bed
active S
stream
not ava
sent an

The stn
media 1
object i
the stre
same S}

The stn

in the ulrl field becomes available.

5.1.3.8
5.1.3.8
<complg

<al

</3

<af
/>

<af
/>

<af
/>

<af
/>

<af
/>

field identifies a ISt of stream objects monitored by the MediaSensor node. All the strean
in the url field shall belong to the same media stream. A stream object is considered to. b
e when any of its composition units is available in the composition buffer and is due fo1
ition at that time. A stream object is considered to be no longer available when it ds paused
ped. A stream object is considered to “become available” when it “is available” for the first
[hen there are several monitored stream objects available at the same time, the-fields in thg
ensor convey information about the stream object that became available last If the stream thaf
ame available becomes inactive, the MediaSensor node shall convey informatien about the first
tream in its url field. The isActive event sends a TRUE value each time(one of the monitored
objects referred by the url field becomes available, and a FALSE value when all of them becoms
lable. Whenever a new composition unit is due for composition, a mediaCurrentTime event is
1 indicates the media time of that composition unit within the stream object.

eamObjectStartTime event conveys the start of the streamr object within a stream, relative td
ime zero of the whole stream. The mediaDuration eventconveys the duration of the streani
h seconds. It is set to -1 if this duration is unknown. Thé/Anfo event conveys information abou
am object that is currently monitored. Its first element identifies the stream object using thg
rtax as in the url field.

eamObjectStartTime, mediaDuration and info events are triggered when any stream object

PlaneSensor

1 XSD description

xType name="PlaneSensorType">

1>

<element ref="xmta:IS" minOccurs="0"/>

11>

tribute name="autoOffset” type="xmta:SFBool"” use="optional” default="true"

tribute name=Yénabled” type="xmta:SFBool"” use="optional” default="true”
tribute name="maxPosition” type="xmta:SFVec2f” use="optional” default="-1 -1"
tributeyrlame="minPosition” type="xmta:SFVec2f" use="optional” default="0 0"

trikute name="offset"” type="xmta:SFVec3f" use="optional” default="0 0 0"

<attributeGroup ref="xmta:DefUseGroup”" />
</complexType>
<element name="PlaneSensor"” type="xmta:PlaneSensorType"/>

5.1.3.8.

As spec

2 Functionality and semantics

ified in ISO/IEC 14772-1:1997, 6.34.

The PlaneSensor node maps pointing device motion into two-dimensional translation in a plane parallel

totheZ
its pare

42

=0 plane of the local coordinate system. The PlaneSensor node uses the descendent geometry of
nt node to determine whether it is liable to generate events.
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The enabled exposedField enables and disables the PlaneSensor. If enabled is TRUE, the sensor reacts
appropriately to user events. If enabled is FALSE, the sensor does not track user input or send events. If

enabled receives a FALSE event and isActive is TRUE, the sensor becomes disabled and deactivat
outputs an isActive FALSE event. If enabled receives a TRUE event, the sensor is enabled and mad
for user activation.

ed, and
e ready

The PlaneSensor node generates events when the pointing device is activated while the pointer is
indicating any descendent geometry nodes of the sensor's parent group. See ISO/IEC 14772-1:1997,

4.6.7.5 for details on using the pointing device to activate the PlaneSensor.

'he sum of the relative translation from the original intersection point to the intersection poir

burface of this plane. When the pointing device is deactivated and autoOffset is TRUE, offset is s¢

bee [SO/IEC 14772-1:1997, 4.6.7.4.

When the sensor generates an isActive TRUE event, it grabs all further motion events from the p
levice until it is deactivated and generates an isActive FALSE event. Other pointing-device sensd
hot generate events during this time. Motion of the pointing/device while isActive is TRUE is 1
o as a "drag." If a 2D pointing device is in use, isActive eyénts typically reflect the state of the
button associated with the device (i.e. isActive is TRUE*when the primary button is pressed
FALSE when it is released). If a 3D pointing device (e.g»wand) is in use, isActive events typically
whether the pointer is within or in contact with the’sensor's geometry.

corresponding component of maxPosition, translation_changed events are not clamped in that dinj

component is constrained to the given value. This technique provides a way to implement a ling
rhat maps dragging motion into @ translation in one dimension.

While the pointing device is activated and moved, trackPoint_changed and translation_changed
rracking plane. If the peinting device is dragged off of the tracking plane while activated (e.g

movement of the pointing device, while isActive is TRUE, generates trackPoint_changed and tran|
Changed events:

For furtheriinformation about this behaviour, information can be found in ISO/IEC 14772-1:1997
SO/1EC34772-1:1997, 4.6.7.4, and ISO/IEC 14772-1:1997, 4.6.7.5.

1.4 Scene related information (spatial and temporal relationships)

5.1.4.1 General

Jpon activation of the pointing device (e.g. mouse button down) while indicating the sensor's’‘gepmetry,
hn isActive TRUE event is sent. Pointer motion is mapped into relative translation in the trackinyg plane,
[a plane parallel to the sensor's local Z=0 plane and coincident with the initial point of intersection). For
bach subsequent movement of the bearing, a translation_changed event is output which-torresplonds to

t of the

hew bearing in the plane plus the offset value. The sign of the translation is defined by the Z=0 plane of
he sensor's coordinate system. trackPoint_changed events reflect the unclamiped drag position on the

t to the

ast translation_changed value and an offset_changed event is generated, More details are proyided in

ointing
rs shall
eferred
rimary
and is
reflect

minPosition and maxPosition may be set to clamp translation_changed events to a range of vdlues as
measured from the origin of the Z=0 plane.df the X or Y component of minPosition is greater than the

ension.

f the X or Y component of minPositiornis equal to the corresponding component of maxPositipn, that

Sensor

events

hre sent. trackPoint_changed events represent the unclamped intersection points on the surfade of the

. above

horizon line), browsérs may interpret this in variety ways (e.g. clamp all values to the horizof). Each

slation_

4.6.7.3,

The following scene related nodes are used in ARAF: ARContent, Background, Background2D,
CameraCalibration, Group, Inline, Layer2D, Layer3D, Layout, NavigationInfo, OrderedGroup, Loclmg,
RemImgProxy, RemImgServer, RemImgComp, LocAud, RemAud, Switch, Transform, Transform2D,

Viewpoint, Viewport, Form.
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5.1.4.2 Background

5.1.4.2.1 XSD description

<complexType name="BackgroundType'>
<all>

<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="groundAngle"” type="xmta:MFFloat” use="optional”/>
<attribute name="groundColor"” type="xmta:MFColor"” use="optional”/>
aTCr1DUCE name="DackUrl™ Type—"xXxmta:MFUrl" use="optionarl
<attribute name="bottomUrl” type="xmta:MFUrl"” use="optional”/>
<attribute name="frontUrl" type="xmta:MFUrl" use="optional”/>
<attribute name="leftUrl" type="xmta:MFUrl" use="optional"/>
<attribute name="rightUrl" type="xmta:MFUrl"” use="optional”/>
<attribute name="topUrl" type="xmta:MFUrl"” use="optional”/>
<attribute name="skyAngle" type="xmta:MFFloat"” use="optional”/>
<attribute name="skyColor" type="xmta:MFColor" use="optional” default="0 0 0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="Background"” type="xmta:BackgroundType"/>

5.1.4.2)2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6.5.

The Bagkground node is used to specify a colour backdrop that sithulates ground and sky, as well a5
a background texture, or panorama, that is placed behind all geofmetry in the scene and in front of the
ground|and sky. Background nodes are specified in the local coofdinate system and are affected by the
accumylated rotation of their ancestors as described below.

Backgrpund nodes are bindable nodes as described in~ISO/IEC 14772-1:1997, 4.6.10. There exists 2
Background stack, in which the top-most Background\on the stack is the currently active Background
To movg a Background to the top of the stack, a TRUE'value is sent to the set_bind eventln. Once active
the Bagkground is then bound to the browsers-wiew. A FALSE value sent to set_bind removes thg
Backgrpund from the stack and unbinds it frem the browser's view. More detail on the bind stack is
described in ISO/IEC 14772-1:1997, 4.6.10.

The ba¢kdrop is conceptually a partial'sphere (the ground) enclosed inside of a full sphere (the sky]
in the lpcal coordinate system with‘the viewer placed at the centre of the spheres. Both spheres havg
infinite[radius and each is paintedywith concentric circles of interpolated colour perpendicular to thg
local Y-axis of the sphere. The Bagkground node is subject to the accumulated rotations of its ancestors
transformations. Scaling and translation transformations are ignored. The sky sphere is always slightly
farther|away from the viewer than the ground partial sphere causing the ground to appear in front of
the sky|where they overlap.

The skylColor field spécifies the colour of the sky at various angles on the sky sphere. The first value of thq
skyColor field spécifies the colour of the sky at 0.0 radians representing the zenith (i.e. straight up fromn
the viewer). The'skyAngle field specifies the angles from the zenith in which concentric circles of colouj
appear.| The Zenith of the sphere is implicitly defined to be 0.0 radians, the natural horizon is at /3
radians], and the nadir (i.e. straight down from the viewer) is at m radians. skyAngle is restricted to non
decreasing values in the range [0.0, t]. There shall be one more skyColor value than there are skyAngle
values. The first colour value is the colour at the zenith, which is not specified in the skyAngle field. If the
last skyAngle is less than pi, then the colour band between the last skyAngle and the nadir is clamped to
the last skyColor. The sky colour is linearly interpolated between the specified skyColor values.

The groundColor field specifies the colour of the ground at the various angles on the ground partial
sphere. The first value of the groundColor field specifies the colour of the ground at 0.0 radians
representing the nadir (i.e. straight down from the user). The groundAngle field specifies the angles from
the nadir that the concentric circles of colour appear. The nadir of the sphere is implicitly defined at 0.0
radians. groundAngle is restricted to non-decreasing values in the range [0.0, t/2]. There shall be one
more groundColor value than there are groundAngle values. The first colour value is for the nadir which
is not specified in the groundAngle field. If the last groundAngle is less than /2, the region between the

44 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

last groundAngle and the equator is non-existant. The ground colour is linearly interpolated between
the specified groundColor values.

The backUrl, bottomUrl, frontUrl, leftUrl, rightUrl, and topUrl fields specify a set of images that define
a background panorama between the ground/sky backdrop and the scene's geometry. The panorama
consists of six images, each of which is mapped onto a face of an infinitely large cube contained within
the backdrop spheres and centred in the local coordinate system. The images are applied individually
to each face of the cube. On the front, back, right, and left faces of the cube, when viewed from the origin
looking down the negative Z-axis with the Y-axis as the view up direction, each image is mapped onto
.hC CUI'l CDPUlldills fClLC \A4 ith thC 2dI11IT Ul iClltCltiUll adS ifthc iluasc \AA~ A~ diop}aycd IIU1 ulaH_y ill ZD rbaCkUrl
[0 back face, frontUrl to front face, leftUrl to left face, and rightUrl to right face). On the top.face of the
rube, when viewed from the origin looking along the +Y-axis with the +Z-axis as the viewp difection,
the topUrl image is mapped onto the face with the same orientation as if the image,wete displayed
hormally in 2D. On the bottom face of the box, when viewed from the origin along the-negative Y-axis
vith the negative Z-axis as the view up direction, the bottomUrl image is mapped gnto the face Wwith the
bame orientation as if the image were displayed normally in 2D.

b.1.4.3 Background2D

5.1.4.3.1 XSD description

<complexType name="Background2DType">
<all>
<element ref="xmta:IS" minOccurs="0"/>

</all>
<attribute name="backColor"” type="xmta:SECo}or" use="optional” default="0 0 ("/>
<attribute name="url"” type="xmta:MFUrl"” uase="optional”/>
<attributeGroup ref="xmta:DefUseGroup" />

</complexType>

<element name="Background2D” type="xmtasBackground2DType" />

b.1.4.3.2 Functionality and semantics
As defined in ISO/IEC 14496-11:2015, %2.2.18.2.

[here exists a Background2D -stdck, in which the top-most background is the current active
packground one. The Background2D node allows a background to be displayed behind a 2D scgne. The
‘unctionality of this node camalso be accomplished using other nodes, but use of this node may be more
efficient in some implementations. If set_bind is set to TRUE, the Background2D is moved to|the top
bf the stack. If set_bind(is Set to FALSE, the Background2D is removed from the stack so the previous
background which is(contained in the stack is on top again.

[he isBound event'is sent as soon as the backdrop is put at the top of the stack, so becoming the current
backdrop. The\url field specifies the data source to be used (see ISO/IEC 14496-11:2015, 7.1(1.2.7.1).
'he backColor field specifies a colour to be used as the background. This is not a geometry node.
[he top-left corner of the image is mapped to the top-left corner of the Layer2D and the right{bottom
rorner<ofthe image is stretched to the right-bottom corner of the Layer2D, regardless of the current
franisformation. Scaling and/or rotation do not have any effect on this node. The background impge will
hlways exactly fill the entire Layer2D, regardless of Layer2D size, without tiling or cropping.

When a Background2D node is included in a 3D context, that is in a Group, Layer3D, or
CompositeTexture3D node, then it shall be rendered behind all other geometries and be scaled
to fit in the enclosing frame. For Group node, this frame is the whole scene. For Layer3D and
CompositeTexture3D the background image is scaled to fit in the frame of the node.

5.1.4.4 CameraCalibration

5.1.4.4.1 XSD description

<ProtoDeclare name="CameraCalibration” locations="org:mpeg:CameraCalibration”>
<field name="source" type="Strings” vrml97Hint="exposedField"” stringArrayValue=""/>
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<field name="enabled” type="Boolean” vrml97Hint="exposedField" booleanValue="false"/>
<field name="startTime"” type="Time"” vrml97Hint="exposedField"” timeValue="0"/>
<field name="timeBetweenSnapshots” type="Time" vrml97Hint="exposedField"” timeValue="4"/>
<field name="snapshotsCount” type="Integer"” vrml97Hint="exposedField"” intValue="10"/>
<field name="boardSize" type="Vector2" vrml97Hint="exposedField"” vector2Value="8 5"/>
<field name="onStatus”" type="Integer” vrml97Hint="eventOut"/>

</ProtoDeclare>

5.1.4.4.2 BIFS Textual description

EXTERNPROTO CameraCalibration|
expgsediField —MESExring =2

g4

;
exp¢gsedField SFBool enabled FALSE
expgsedField SFTime startTime 0
expgsedField SFTime timeBetweenSnapshots 4
expg¢sedField SFInt32 snapshotCount 6
expg¢sedField SFVec2f boardSize 8 5

eventOut SFInt32 onStatus
] "orgimpeg:CameraCalibration"

5.1.4.4)]3 Functionality and semantics
The expjosed field source specifies the URL for the camera for which the calibration is performed.
The exposed field enabled specifies whether the calibration algorithm is executed.

The exposed field startTime specifies at which scene time the calibration algorithm should starf
running.

The expjosed field timeBetweenSnapshots specifies the time between each taken snapshot in seconds

The exposed field snapshotCount specifies the number of'snapshots that will be taken during thg
calibration procedure.

The exposed field boardSize specifies the number_ef*cross points on the chessboard that is used foj
calibration.

The evgntOut field onStatus outputs the current status of the calibration process as defined below
— 1: 4 snapshot was taken
— 2: dalibration was succesful

— —1:[calibration was unsuccésful
5.1.4.5| Group

5.1.4.5{1 XSD deseription

complexType name="GroupType">
<allx
Lelement ref="xmta:IS"” minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">

COMPTeXTIYP
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
</all>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Group”" type="xmta:GroupType'/>

5.1.4.5.2 Functionality and semantics

The semantics of the Group node are specified in ISO/IEC 14772-1:1997, 6.21. ISO/IEC 14496-1 does not
support the bounding box parameters (bboxCenter and bboxSize).
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Where multiple sub-graphs containing audio content (i.e. Sound nodes) occur as children of a Group

node, the sounds shall be combined as described in ISO/IEC 14772-1:1997, 7.2.2.116.

As specified in ISO/IEC 14772-1:1997, 6.21, a Group node contains children nodes without introducing a

new transformation. It is equivalent to a Transform node containing an identity transform.

More details on the children, addChildren, and removeChildren fields and eventlns can be found in

ISO/IEC 14772-1:1997, 4.6.5.

The bboxCenter and bboxSize fields specify a bounding box that encloses the Group node's children.

[his is a hint that may be used for optimization purposes. The results are undefined if thesj
bounding box is smaller than the actual bounding box of the children at any time. A default
palue, (-1, -1, -1), implies that the bounding box is not specified and, if needed, is calclilated
browser. A description of the bboxCenter and bboxSize fields is contained in ISO/IEC 147772-1:199

5.1.4.6 Inline

5.1.4.6.1 XSD description

<complexType name="InlineType'>
<all>
<element ref="xmta:IS" minOccurs="0"/>

</all>
<attribute name="url" type="xmta:MFUrl"” use="eptional”/>
<attributeGroup ref="xmta:DefUseGroup" />

</complexType>

<element name="Inline" type="xmta:InlineTypel />

5.1.4.6.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.25.

['he Inline node is a grouping node that reads'its children data from a location in the World Wi
Exactly when its children are read and displayed is not defined (e.g. reading the children may be
intil the Inline node's bounding box is Visible to the viewer). The url field specifies the URL cor
the children. An Inline node with anlempty URL does nothing.

routes at the top level as described in ISO/IEC 14772-1:1997, 4.6.5. The results are undefined if {
refers to a file that is not-VRML or if the VRML file contains non-children nodes at the top level.

f multiple URLs are.specified, the browser may display a URL of a lower preference VRML file w
bbtaining, or if itis inable to obtain, the higher preference VRML file.

['he results aresundefined if the contents of the URL change after it has been loaded.

['he bboxCenter and bboxSize fields specify a bounding box that encloses the Inline node's c
[his issa*hint that may be used for optimization purposes. The results are undefined if the sj
boutiding box is smaller than the actual bounding box of the children at any time. A default j
alue, (-1, -1, -1), implies that the bounding box is not specified and if needed shall be calculate

becified
boxSize
by the
7,4.6.4.

e Web.
delayed
taining

Fach specified URL shall refer to avalid VRML file that contains a list of children nodes, prototypes, and

he URL

hile itis

hildren.
becified
boxSize
1 by the

DrOWSET.
5.1.4.7 Layer2D

5.1.4.7.1 XSD description

<complexType name="Layer2DType'>
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF2DNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
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</element>
<element name="background” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFBackground2DNodeType" minOccurs="0"/>
</complexType>
</element>
<element name="viewport” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFViewportNodeType" minOccurs="0"/>
</complexType>
</element>
Tt
<attribute name="size" type="xmta:SFVec2f"” use="optional” default="-1 -1"/>
<attributeGroup ref="xmta:DefUseGroup”"/>
</¢omplexType>
<element name="Layer2D" type="xmta:Layer2DType"/>

5.1.4.7{2 Functionality and semantics
As defiped in ISO/IEC 14496-11, 7.2.2.72.2.

The Layer2D node is a transparent rendering rectangle region on the screen where a 2D scene i
drawn.|The rectangle always faces the viewer of the scene. Layer2D and Layer3D nodes enable theg
compodition of multiple 2D and 3D scenes.

EXAMPILE This allows users to have 2D interfaces to a 2D scene, or 3D interfaces to a 2D scene, or to view 4
3D sceng¢ from different viewpoints in the same scene.

The addChildren eventln specifies a list of 2D nodes that shall be-added to the Layer2D’s children field
The removeChildren eventln specifies a list of 2D nodes that shall be removed from the Layer2D's
childregn field. The children field may contain any 2D children nodes that define a 2D scene. Layel
nodes are considered to be 2D objects within the scene. Thglayering of the 2D and 3D layers is specified
by any felevant transformations in the scene graph. The'Layer2D node is composed with its center af
the origin of the local coordinate system and shall notbe present in 3D contexts (see ISO/IEC 14496-11
71.1.2.1).

The size parameter shall be a floating point nimber that expresses the width and height of the layet
in the ynits of the local coordinate system.;In case of a layer at the root of the hierarchy, the size is
expresded in terms of the default 2D cdordinate system (see ISO/IEC 14496-11, 7.1.1.2.2). A size of -1
in either direction, means that the Layer2D node is not specified in size in that direction, and that thg
size is ddjusted to the size of the parent layer, or the global rendering area dimension if the layer is or
the top|of the hierarchy. In the-case where a 2D scene or object is shared between several Layer2D}
nodes, the behaviours are defined exactly as for objects that are multiply referenced using the DEF/USH
mecharnism. A sensor triggers-an event whenever the sensor is triggered in any of the Layer2D in which
it is corjtained. The behavjors triggered by the shared sensors as well as other behaviors that apply or]
objects|shared betweén)several layers apply on all layers containing these objects.

A Layer2D stores, the stack of bindable children nodes that can affect the children scene of the layen
All releyant bindable children nodes have a corresponding exposedField in the Layer2D node. During
presentationythese fields take the value of the currently bound bindable children node for the scensg
that is pchild of the Layer2D node Initially, the bound bmdable children node is the correspondmg

f' ld £rlo ¥ gxras 2D woda £ dafiaod T4 o €211 wndafinad +thao £1.06 bion Jd 101 P2 ERPN
1e vare-ortnt LTAyCTZD RoaetHtHisaethea—tHtnefHerats uu\,{CLlucu, tretrstbinaanteentaren uuu

defined in the child scene will be bound. When the binding mechanism of the bindable children node
is used (set_bind field set to TRUE), all the parent layers containing this node set the corresponding
field to the current bound node value. It is therefore possible to share scenes across layers, and to have
different bound nodes active, or to trigger a change of bindable children node for all layers containing a
given bindable children node. For 2D scenes, the background field specifies the bound Background2D
node. The viewport field is reserved for future extensions for 2D scenes.

All the 2D objects contained in a single Layer2D node form a single composed object. This composed
object is considered by other elements of the scene to be a single object. In other words, if a Layer2D
node, A, is the parent of two objects, B and C, layered one on top of the other, it will not be possible to
insert a new object, D, between B and C unless D is added as a child of A.
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Layers are transparent to user input if the background field is set to NULL. If the background field is
specified, any transparent part of the background will also let user input through to lower layers.

5.1.4.8 Layer3D

5.1.4.8.1 XSD description

<complexType name="Layer3DType'>
<all>
TIEMENT IEel="XMta:lo" Minoccurs="0
<element name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbouhded"”/
</complexType>
</element>
<element name="background” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFBackground3DNodeType" minOccurs="0"1/ >
</complexType>
</element>
<element name="fog" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFFogNodeType" minOccurs=/0%L/>
</complexType>
</element>
<element name="navigationInfo” form="qualified™ minOccurs="0">
<complexType>
<group ref="xmta:SFNavigationInfoNode€Type” minOccurs="0"/>
</complexType>
</element>
<element name="viewpoint” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFViewpodintNodeType" minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="size" typ&="xmta:SFVec2f"” use="optional” default="-1 -1"/>
<attributeGroup ref="xmtasDefUseGroup"/>
</complexType>
<element name="Layer3D" type="xmta:Layer3DType"/>

5.1.4.8.2 Functionality and.semantics

As defined in ISO/IEC 14496-11, 7.2.2.73.2.

[he Layer3D nodé-is a transparent, rectangular rendering region where a 3D scene is drayn. The
.ayer3D node niay‘be composed in the same manner as any other 2D node. It represents a rectpngular
region on the-sereen facing the viewer. The basic Layer3D semantics are identical to those for Layer2D
[see [SO/IEE14496-11, 7.2.2.72) but with 3D (rather than 2D) children. In general, Layer3D nodes shall
not be present in 3D co-ordinate systems. The permitted exception to this in when a Layer3D|node is
he "top.“node that begins a 3D scene or context (see ISO/IEC 14496-11, 7.1.1.2.1).

[he following fields specify bindable children nodes for Layer3D:

— background for Background and Background2D nodes;

— fog for Fog nodes;

— navigationlnfo for NavigationInfo nodes;

— viewpoint for Viewpoint nodes.

The viewpoint field can be used to allow the viewing of the same scene with several viewpoints.

The rule for transparency to behaviors is also true for navigation in Layer3D. Authors should carefully
design the various Layer3D nodes in a given scene to take account of navigation. Overlapping several
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Layer3D with navigation turned on may trigger strange navigation effects which are difficult to
control by the user. Unless it is a feature of the content, navigation can be easily turned off using the
NavigationInfo type field, or Layer3D’s can be designed not to be superimposed.

5.1.4.9 Layout

5.1.4.9.1 XSD description

<complexType name="LayoutType">
<all>

<element ref="xmta:IS" minOccurs="0"/>

<element name="children” form="qualified” minOccurs="0">

<complexType>
<group ref="xmta:SF2DNodeType" minOccurs="0" maxOccurs="unbounded" />
</complexType>

</element>
</all>
<attribute name="wrap” type="xmta:SFBool" use="optional” default="falge"/>
<attribute name="size" type="xmta:SFVec2f” use="optional” default="%1 -1"/>
<attribute name="horizontal” type="xmta:SFBool" use="optional” ,deflault="true"/>
<attribute name="justify” type="xmta:MFString” use="optional”
default="s&quot;BEGIN&quot;" />
<attribute name="leftToRight" type="xmta:SFBool"” use="optional"” default="true"/>
<attribute name="topToBottom” type="xmta:SFBool" use="optithal” default="true"/>
<attribute name="spacing"” type="xmta:SFFloat" use="optional” default="1"/>
<attribute name="smoothScroll” type="xmta:SFBool" usé="oOptional” default="false"/>
<attribute name="loop" type="xmta:SFBool"” use="optdional” default="false"/>
<attribute name="scrollVertical” type="xmta:SFBodl' “use="optional” default="true"/
<attribute name="scrollRate" type="xmta:SFFloat®\use="optional” default="0"/>
<attribute name="scrollMode”" type="xmta:SFInt82" use="optional” default="0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="Layout" type="xmta:LayoutType&"/>

5.1.4.9]2 Functionality and semantics
As defi:l;ed in ISO/IEC 14496-11, 7.2.2.74.2.

The Layout node specifies the placement (layout) of its children in various alignment modes aj
specifiqd. For text children, this is by their fontStyle fields, and for non-text children by the fields
horizontal, justify, leftToRight, topToBottom and spacing present in this node. It also provides thg
functiopality of scrolling its children horizontally or vertically.

The children field shall spe(ify a list of nodes that are to be arranged. Note that the children’s positior]
is implicit and that ordersisimportant. The wrap field specifies whether children are allowed to wrap
to the rlext row (or column in vertical alignment cases) after the edge of the layout frame is reached. If
wrap if set to TRUE; children that would be positioned across or past the frame boundary are wrapped
(verticqlly or horizentally) to the next row or column. If wrap is set to FALSE, children are placed in 3
i w or column that is clipped if it is larger than the layout. When wrap is TRUE, if text objects
an the layout frame need to be placed, these texts shall be broken down into pieces that are

returnd and line fi . When there is n h char r in the tex
broken at the last character that is entirely placed in the layout frame.

The size field specifies the width and height of the layout frame.

The horizontal, justify, leftToRight, topToBottom and spacing fields have the same meaning as in
the FontStyle node (see ISO/IEC 14496-11, 7.2.2.61).

The scrollRate field specifies the time needed in seconds to scroll the layout in the given direction. For
example, a layout of 200 x 100 pixels scrolling vertically with a scrollRate value of 2 will translate its
objects vertically of 100/2 times the simulation frame duration in seconds (eg 1,65 pixels at 30 fps).
When scrollRate is zero, then there is no scrolling and the remaining scroll-related fields are ignored.
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The smoothScroll field selects between smooth and line-by-line/character-by-character scrolling of

children. When TRUE, smooth scroll is applied.

The loop field specifies continuous looping of children when set to TRUE. When loop is FALSE, child
nodes that have scrolled out of the scroll layout frame will be deleted. When loop is TRUE, then the set
of children scrolls continuously, wrapping around when they have scrolled out of the layout area. If the
set of children is smaller than the layout area, some empty space will be scrolled with the children. If
the set of children is bigger than the layout area, then only some of the children will be displayed at any
point in time. When scrollVertical is TRUE and loop is TRUE and scrollRate is negative (top-to-bottom

bbject has scrolled entirely into the layout frame. The scrollVertical field specifies whether the\s
s done vertically or horizontally. When set to TRUE, the scrolling rate shall be interpreted as'a
bcrolling rate and a positive rate shall be interpreted as scrolling towards the top. Whensetito FA
scrolling rate shall be interpreted as a horizontal scrolling rate and a positive rate shalFmean s
[0 the right. Objects are placed one by one, in the order they are given in the children list. Text
hre placed according to the horizontal, justify, leftToRight, topToBottom andspacing fields

n the list. In the case of vertical alignment, objects may be placed with respect to their top,
Center or baseline. The baseline of non-text objects is the same as theirbottom. Spacing shall be c
bnly within sequences of objects with the same orientation (same value of horizontal field).

[he notions of top edge, bottom edge, base line, vertical center left edge, right edge, horizonta

that over a sequence of objects where horizontal is TRUE, topToBottom is TRUE and spacing
same value, then the vertical size of the lines is computed as follows.

— maxAscent is the maximum of the ascent on alltext objects.
— maxDescent is the maximum of the descent on all text objects.
— maxHeight is the maximum height of noh-text objects.

f the minor mode in the justify field of the layout is FIRST (baseline alignment), then the 1
bbjects shall be aligned on the baseline, which means the vertical size of the line is: size
maxAscent, maxHeight ) + maxDescent.

f the minor mode in the justify field of the layout is any other value, then the non-text objed
be aligned with respectto-the top, bottom or center, which means the size of the line is: size
maxAscent+maxDescent, maxHeight).

[he first line isplaced with its top edge flush to the top edge of the layout; the base line if

'he middle, between the top and bottom edges. The top edges of subsequent lines are placed at
ntervals-ofWalue spacing size.

['he other cases can be inferred from the above description. When the orientation is vertical,
baseline, ascent and descent are not useful for the computation of the width of the rows. All obje
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5.1.4.10 NavigationInfo

5.1.4.10.1 XSD description

<complexType name="NavigationInfoType">
<all>

<element ref="xmta:IS" minOccurs="0"/>
</all>

<attribute name="avatarSize" type="xmta:MFFloat"” use="optional” default="0.25 0.75

0.75"/>

<attribute name="headlight” type="xmta:SFBool" use="optional” default="true"/>

© ISO/IEC 2017 - All rights reserved

51


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

<attribute name="speed" type="xmta:SFFloat" use="optional” default="1"/>
<attribute name="type" type="xmta:MFString"” use="optional”
default="&quot; WALK&quot;" />
<attribute name="visibilityLimit" type="xmta:SFFloat" use="optional” default="0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="NavigationInfo” type="xmta:NavigationInfoType"/>

5.1.4.10.2 Functionality and semantics

As specified in ISO/IEC 14772-1:1997, 6.29.

The NayigationInfo node contains information describing the physical characteristics of the viewery
avatar and viewing model. NavigationInfo node is a bindable node (see ISO/IEC 14772-1:1997, 4(6,10)
Thus, there exists a NavigationInfo node stack in which the top-most NavigationInfo node on.the/stack
is the cfirrently bound NavigationInfo node. The current NavigationInfo node is considered to.be a child
of the cprrent Viewpoint node regardless of where it is initially located in the VRML file, Whenever the
currenf] Viewpoint nodes changes, the current NavigationInfo node shall be re-parented to it by the
browsef. Whenever the current NavigationInfo node changes, the new NavigationInfoihode shall be re
parentdd to the current Viewpoint node by the browser.

If a TRUE value is sent to the set_bind eventln of a NavigationInfo node, the node'is pushed onto the tog
of the NavigationInfo node stack. When a NavigationInfo node is bound, the-browser uses the fields of
the NavjigationInfo node to set the navigation controls of its user interface.and the NavigationInfo node
is conc¢ptually re-parented under the currently bound Viewpoint nod€)All subsequent scaling changeq
to the ¢urrent Viewpoint node's coordinate system automatically:¢hange aspects (see below) of the
NavigafionInfo node values used in the browser (e.g. scale changes/to any ancestors' transformations)
A FALSE value sent to set_bind pops the NavigationInfo node from'the stack, results in an isBound FALSH
event, gdnd pops to the next entry in the stack which shall be‘re*parented to the current Viewpoint node
ISO/IE( 14772-1:1997, 4.6.10 has more details on binding §tacks.

The typk field specifies an ordered list of navigation paradigms that specify a combination of navigation
types dnd the initial navigation type. The navigdtion type of the currently bound Navigationlnfq
node d¢termines the user interface capabilities, of the browser. For example, if the currently bound
NavigafionInfo node's type is "WALK", the_brewser shall present a WALK navigation user interfacg
paradigm (see below for description of WALK). Browsers shall recognize and support at least the
following navigation types: "ANY", "WALK", "EXAMINE", "FLY", and "NONE".

If "ANY[" does not appear in the type field list of the currently bound Navigationlnfo, the browser's
navigatfion user interface shall be restricted to the recognized navigation types specified in the list
In this tase, browsers shall not-present a user interface that allows the navigation type to be changed
to a type not specified in the'list. However, if any one of the values in the type field are "ANY", thd
browsef may provide any.type of navigation interface, and allow the user to change the navigation
type dyjnamically. Furthermore, the first recognized type in the list shall be the initial navigation typsg
presentled by the brewser's user interface.

ANY ngvigation specifies that the browser may choose the navigation paradigm that best suits the
content{and provide a user interface to allow the user to change the navigation paradigm dynamically
The requltstare undefined if the currently bound Navigationlnfo's type value is "ANY" and Viewpoin{
transitions (see ISO/IEC 14772-1:1997 6 53) are triggered by the Anchor node (see ISQ/IEC 14772

1:1997, 6.2) or the loadURL()scripting method (see ISO/IEC 14772-1:1997, 4.12.10).

WALK navigation is used for exploring a virtual world on foot or in a vehicle that rests on or hovers
above the ground. It is strongly recommended that WALK navigation define the up vector in the +Y
direction and provide some form of terrain following and gravity in order to produce a walking or
driving experience. If the bound NavigationInfo's type is "WALK", the browser shall strictly support
collision detection (see ISO/IEC 14772-1:1997, 6.8).

FLY navigation is similar to WALK except that terrain following and gravity may be disabled or ignored.
There shall still be some notion of "up" however. If the bound NavigationInfo's type is "FLY", the browser
shall strictly support collision detection (see ISO/IEC 14772-1:1997, 6.8).
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EXAMINE navigation is used for viewing individual objects and often includes (but does not require)
the ability to spin around the object and move the viewer closer or further away.

NONE navigation disables and removes all browser-specific navigation user interface forcing the user
to navigate using only mechanisms provided in the scene, such as Anchor nodes or scripts that include
loadURL().

If the NavigationInfo type is "WALK", "FLY", "EXAMINE", or "NONE" or a combination of these types
(i.e. ANY" is not in the list), Viewpoint transitions (see ISO/IEC 14772-1:1997, 6.53) triggered by the
Anchor nade (QPP IQﬂ/IF‘(‘ 14772-1:1997 6 7) or the loadlURI ()eripfing method (QPP IQﬂ/IF‘(‘ 14772-
1:1997, 4.12.10) shall be implemented as a jump cut from the old Viewpoint to the new Viewpoint with
‘ransition effects that shall not trigger events besides the exit and enter events caused by the‘jump.

Browsers may create browser-specific navigation type extensions. It is recommendéd that extended
lype names include a unique suffix (e.g. HELICOPTER _mydomain.com) to prevent.-conflicts. Vigwpoint
fransitions (see ISO/IEC 14772-1:1997, 6.53) triggered by the Anchor node (see (SO/IEC 14772{1:1997,
b.2) or the loadURL()scripting method (see ISO/IEC 14772-1:1997, 4.12.10) are-undefined for extended
havigation types. If none of the types are recognized by the browser, the default "ANY" is used. These
strings values are case-sensitive ("any” is not equal to "ANY").

[he speed field specifies the rate at which the viewer travels throtdgh a scene in metres per [second.
bince browsers may provide mechanisms to travel faster or slower, this field specifies the [default,
hverage speed of the viewer when the NavigationInfo node js\bound. If the NavigationInfo|type is
EXAMINE, speed shall not affect the viewer's rotational speed. Scaling in the transformation hiprarchy
pf the currently bound Viewpoint node (see above) scale§ the speed; parent translation and ffotation
ransformations have no effect on speed. Speed shall belnon-negative. Zero speed indicates that the
hvatar's position is stationary, but its orientation and\field of view may still change. If the nayigation
fype is "NONE", the speed field has no effect.

[he avatarSize field specifies the user's physical’dimensions in the world for the purpose of dollision
letection and terrain following. It is a multi;value field allowing several dimensions to be sgecified.
['he first value shall be the allowable distance between the user's position and any collision ggometry
[as specified by a Collision node) beforg’a collision is detected. The second shall be the height above
the terrain at which the browser shall-maintain the viewer. The third shall be the height of th¢ tallest
bbject over which the viewer cap-miove. This allows staircases to be built with dimensions that can be
hscended by viewers in all browsers. The transformation hierarchy of the currently bound Vigwpoint
hode scales the avatarSize. Translations and rotations have no effect on avatarSize.

For purposes of terrain foJlowing, the browser maintains a notion of the down direction (down pector),
bince gravity is appliédyin the direction of the down vector. This down vector shall be along the rjegative
-axis in the local.cobrdinate system of the currently bound Viewpoint node (i.e. the accumulation of
the Viewpoint node's ancestors' transformations, not including the Viewpoint node's orientation field).

feometry beyond the visibilityLimit may not be rendered. A value of 0.0 indicates an infinite vjsibility
imit. The wisibilityLimit field is restricted to be greater than or equal to zero.

['hecspeed, avatarSize and visibilityLimit values are all scaled by the transformation being applied to
he Currently bound Vlewpomt node If there is no currently bound Vlewpomt node the values are

blndlng to a Viewpoint node that has a scahng transformatlon applied to it w1thout requ1r1ng a new
NavigationInfo node to be bound as well. The results are undefined if the scale applied to the Viewpoint
node is non-uniform.

The headlight field specifies whether a browser shall turn on a headlight. A headlight is a directional
light that always points in the direction the user is looking. Setting this field to TRUE allows the
browser to provide a headlight, possibly with user interface controls to turn it on and off. Scenes that
enlist precomputed lighting (e.g. radiosity solutions) can turn the headlight off. The headlight shall have
intensity = 1, color = (1 1 1), ambientintensity = 0.0, and direction = (0 0 -1).
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It is recommended that the near clipping plane be set to one-half of the collision radius as specified
in the avatarSize field (setting the near plane to this value prevents excessive clipping of objects just
above the collision volume, and also provides a region inside the collision volume for content authors to
include geometry intended to remain fixed relative to the viewer). Such geometry shall not be occluded
by geometry outside of the collision volume.

5.1.4.11 OrderedGroup

5.1.4.11.1 XSD description

<complexType name="OrderedGroupType">
<all>
<element ref="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="order" type="xmta:MFFloat”" use="optional"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="OrderedGroup” type="xmta:0OrderedGroupType"/>

5.1.4.11.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.90.2.

The OrfleredGroup node controls the visual layering order., of'its children. When used as a child of 3
Layer2D node, it allows the control of which shapes obscure‘others. When used as a child of a Layer3D
node, it allows content creators to specify the rendefing order of elements of the scene that havs
identicgl z values. This allows conflicts between coplahar or close polygons to be resolved.

The adfChildren eventln specifies a list of objeéts that shall be added to the OrderedGroup node
The removeChildren eventln specifies a list ef.objects that shall be removed from the OrderedGroup
node. The children field is the current list of-objects contained in the OrderedGroup node. When thq
order flield is empty, (the default) children are layered in order, first child to last child, with the las{
child b¢ing rendered last. If the order-.field contains values, one value is assigned to each child. Entries
in the qrder field array match the.child in the corresponding element of the children field array. Thg
child wjth the lowest order valu€(is rendered before all others. The remaining children are rendered i1
increasjng order. The child corresponding to the highest order value is rendered last. If there are morsg
children than entries in thelorder field, those children that do not have a drawing order are drawn ir
the ordpr in which they appeéar in the children field, but after the ones that have an entry in the order
field. If there are more-@rder entries than children, the excess order entries are ignored.

Since 2P shapes have no z value, this is the sole determinant of the visual ordering of the shapes
Howevgr, whenthe OrderedGroup node is used with 3D shapes, its ordering mechanism shall be used
in placq of the natural z order of the shapes themselves. The resultant image shall show the shape with
the highest\order value on top, regardless of its z value. However, the resultant z-buffer contains a 7
value cortesponding to the shape closest to the viewer at that pixel. The order shall be used to specify
which geometry should be drawn first, to avoid conflicts between coplanar or close polygons.

Content authors should use this functionality carefully since, depending on the Viewpoint, 3D shapes
behind a given object in the natural z order may appear in front of this object.

5.1.4.12 Image recognition, registration, composition in ARAF

5.1.4.12.1 General

It is obvious that an AR standard should have support for image recognition and tracking given
the fact that the trivial AR application uses the device’s camera to retrieve and process the camera
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frame and based on the result augment and present enriched content (augmentation). Functionalities
implementing local or remote image recognition, tracking and composition are therefore defined in this
document.

5.1.4.12.2 presents an important set of parameters to be considered in the computation of the pose

matrix of a recognized target resource. These are the internal parameters of the device’s camera used
to capture the real world.

5.1.4.12.2 Intrinsic camera parameters (internal parameters)

An ARAF browser implementing the prototypes related to remote image recognition (and tracking) can,
hind it’s recommended to provide the intrinsic parameters of the camera which is providing the video
‘rames where the augmentation is performed. This set of internal camera parametersis important
pspecially in the process of computation the pose matrix of the recognized target’resource (see the
related proto descriptions). In some cases, the image processing library does nétyneed the iptrinsic
famera parameters, therefore this is an optional feature of an ARAF browser.

[he way how an ARAF browser computes the intrinsic camera parameters i$ not in the scopg of this
Hocument as long as the image processing library/server receives the pafameters in the correct{fformat.

For example, the ARAF browser may (and it is recommended to) haye.away of storing static pargmeters
hnd/or user preferences. The Browser should automatically compute the intrinsic camera pargmeters
f possible, otherwise to notify the end-user if the values have1iot been computed yet on the [current
levice and propose a way of computing them. This would be the case when the user’s intervention is
heeded in the process of camera calibration. A camera calibration prototype is proposed in th¢ ARAF;
therefore, an ARAF browser implementing the prototype should ask the end-user to perfqrm the
calibration before running a MAR Experience.

['he following parameters are the ones consideréd'in the context of image recognition process i ARAF:
— focal length (f1);

— the principal point (cc);

— the skew coefficient (alpha_c).

An ARAF browser should send the intrinsic camera parameters to the image recognition server{using a
HTTP request that has the following format:

JE=fxfy&
Cc=cXx,cy&
1lpha_c=angle

Iwhere fx and fy represent the focal length, cx and cy is the principal point and alpha_c is the skew
roefficient. All these values are floats.

Refer to

image recognition prototypes in order to see

If any of the intrinsic camera parameters is not available, the corresponding key in the HTTP request
should not be transmitted (ignored).
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5.1.4.12.3 Tables referred in the image recognition and tracking prototypes

Table 4 — Image recognition and tracking: communication protocols

Communication protocol name Reference Code
RTP RFC 3550-2003 Real Time Transport Protocol 0
RTSP RFC 2326-2013 version 2.0 1

Real Time Streaming Protocol
HTTP RFC 2616-1999 Hypertext Transfer Protocol
DASH ISO/IEC 23009-1:2012

Dynamic Adaptive Streaming over HTTP

Table 5 — Image recognition and tracking: video file formats

Reference
ISO/IEC 14496-1:2010 + Amd. 2:2014

Video file format

Raw vifleo data

MPEG4{ Visual ISO/IEC 14496-2
MPEG4{AvC ISO/IEC 14496-10
Table 6 — Image recognition and tracking: camera uri
Camera URI Description
worldFacingCamera Refers to the'primary camera, usually located at the back

of the dewvice (back camera)

Refefs to the secondary camera, usually located at the
front of the device (front camera)

userFafingCamera

Table 7 — Image recognition-and tracking: target image formats

Thrget image Reference targetResourceType targetResourceType
flile formats keyword code

JPEG ISO/IEC 10918 JPEG 0

JPEG 2000 ISO/IEC 25444 J2K 1

PNG ISO/IEC)15948 PNG 2

RAW [S0.12234-2 RAW 3

Table 8 —4mage recognition and tracking: target image descriptors formats

[arget image Description targetResourceType targetResourceType
descriptor file formats keyword code
standafpd CDVA CDVA 5
reserved Proprietary descriptors See Annex B 90-99

5.1.4.12.4 Prototypes implementations

5.1.4.12.4.1 Loclmg (local image recognition registration)

The ARAF browser detects and recognizes the presence of target resources in a video and computes
the pose matrix of the recognized ones. The target resources URL and the video URL where the
recognition shall be performed are specified by the MAREC. The ARAF browser decides which
recognition library is more appropriate for recognizing the provided target resources considering the
time constraints imposed by the MAREC. The ARAF browser sends the result to the ARAF scene as
an array of integers representing the indexes of the recognized target resources along with the pose

56 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

matrixes (optional) for each detected target resource, as described below in the Functionality and
Semantics.

Even though in the presented schema (below) the augmentation media is presented as input along
other data provided by the MAREC, the augmentation media is not used by the Loclmg PROTO
implementation, meaning that it is not part of any of the PROTO fields. The augmentation resources are
of course required for the scene augmentation but they do not influence the recognition process.

End-user Device

A
]
/ ARAF Browser (19'\ \
Augmentation Media (1) Target Resources '\('b :
Target Resources + types QQ
MAR :

E : i Image
Xperience Video Source Recognition
Creator+ (& Tracking)

Content Creator Rl
* recognitionregion | [T s o

) Still Image
+ delay constraints 3) (raw/cofnpressed) Descriptor
Extraction /

N ~

Live video camera (stream) Prerecorded video

R\ Local or remote live Local or remote pre-
$ video camera feed recorded video file | )

¥
Figure 3 — b@al image recognition registration
‘\\C)
5.1.4.12.4.2 BIFS Textual descg'f)tion

EXTERNPROTO LocImg

exposedField SFStg?Q videoSource mn
exposedField Mb targetResources []

exposedField% ring targetResourcesTypes []

exposedFie Bool enabled FALSE
exposedFi SFInt32 maximumDelay 200 #milliseconds
exposed d SFInt32 optimalDelay 50 #milliseconds
expos Q‘eld MFVec2f recognitionRegion []
eve ﬁs MEFInt32 onRecognition

% MFVec3f onTranslation

tout MFRotation onRotation
/<Q entOut SFInt32 onError

g:mpeg:local image recongnition registration”

5.1.4.12.4.3 Functionality and semantics

ARAF browser running on the end-user’s device performs the recognition process of target resources
in a video. The expected response is an array containing the indexes of the recognized target resources
and their pose matrixes (optional) that are relative to the camera viewpoint within the video, as
specified in the targetResources field’s description. Depending on the processing library capabilities,
the prototype functionality can be limited to only recognizing the target resources, without providing
the pose matrixes of the recognized ones. In addition to the target resources and the video, the MAREC
may also provide time constraints, indirectly affecting the frequency of the recognition (and tracking)
process and the power consumption of the end user’s device as described further in the Functionality
and Semantics.
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videoSource is a SFString specifying the URI/URL of the video where the recognition (and tracking)
process shall be performed on. The videoSource can be one of the following:

a) Live 2D video camera feed:

1) aURIto one of the cameras available on the end user’s device. The possible values are specified
in Table 6;

2) aURL to an external camera providing live camera feed;

b) A URLTo aprerecorded video file stored:
— | locally on the end user’s device;
— | remotely on an external repository in the Web.

Based pn the MAREC preferences, the video frames are sent to the recognition libyary every X
milliseqonds (the ARAF browser is in charge of computing the frequency), as long as;the recognitior
(and tracking) process is enabled. The video frames are sent as compressed images or raw data (see
Table 7| for the supported image file formats), or as descriptor files (see Table.8) depending on thg
chosen recognition (and tracking) library capabilities. The ARAF browser is‘\in*charge of deciding the
encoding type of the video frames that shall be sent to the processing library, considering the MARE(
preferehces and the capabilities of the processing library.

The acdepted video formats are specified in Table 5.

The acdepted communication protocols are specified in Table 4. targetResources is an MFString whersg
the target resources to be recognized (and tracked) within thelMAR experience are specified. A URI car
point td a local or remote resource file. The accepted communication protocols for the remote resourceg
are the| ones specified in Table 4. Any of the below cenibinations describes a valid targetResources
assignment:

— UR]s pointing to target images. The file formats specified in Table 7 are accepted.

— UR][s pointing to files where target image descriptors are found. A file contains descriptors of ong
single target image. The file formats specified in Table 8 are accepted.

— URLs pointing to files where multiple target image descriptors are found. One file containg
degcriptors of multiple target images. The file formats specified in Table 8 are the supported ones.

— any combination of the cases'described above can coexist in the same targetResources field.

The tangetResourcesTypes field is an MFString containing an array which specifies the type of each
target rlesource definedin the targetResources field. Each target resource shall have associated a type
in ordef for the ARAF browser to know how to interpret the data. The possible pre-defined keywordg
of the tpirgetResourecesTypes and their meaning are listed in Table 7 and Table 8. If the target resourcs

is a prdprietary:descriptor file, and in addition to the actual image descriptors data, the proprietary
recognition (ahd tracking) library needs some other data (for e.g. an XML file), the related conten{
should pe stored in a directory that has the same name as the resource type (for e.g. target_resource]

of the files w1th1n the directory have to be the same name as the correspondmg descrlptor flle name.

enabled is a SFInt32 value indicating if the recognition (and tracking) process is enabled (running).
MAREC can control the status of the recognition (and tracking) process or he can let the ARAF browser
to decide whether the recognition (tracking) process should be running or not. Table 9 specifies the
supported integer values of the enabled field.
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Table 9 — Loclmg: enabled

enabled Description

-1 The ARAF browser decides when the recognition (and tracking) process is enabled. If not sup-
ported, the recognition process is always disabled unless a value of 0 or 1 is set by the MAREC.

0 (default) The recognition (and tracking) process is disabled.

1 The recognition (and tracking) process is enabled.

A value of -1 specifies that the ARAF browser decides the status of the recognition (and tr

acking)

hrocess.
['he recognition (and tracking) process is inactive while enabled is 0.
While enabled is 1, the following cases are differentiated based on the video source.

— local live video camera feed: the frames coming from the local live video camera feed are con|
by the ARAF browser in the recognition (and tracking) process.

— remote live video camera feed: the frames coming from the remote-livé video camera stré
considered by the ARAF browser in the recognition (and tracking) \process. Technically, t
difference between the first case and the second one is the sourcelof the video frames. In th
a streaming protocol should be used to fetch the remote video.camera stream.

— local prerecorded video file: as long as enabled is 1, the ARAF browser plays the video file
corresponding video frames are used in the recognitiénj(and tracking) process. Whenever
is 0 the video play back is paused. On 1, the video.starts playing from the point where it ¥
paused. The video play back starts from the beginning when the end of the video stream is
and enabled is 1.

— remote prerecorded video file: idem as in the previous case except that the remote file hg
downloaded first. If a streaming protoca}is being used, the ARAF browser may request (if p
video frames whenever enabled is 1, as\it would play back the video remotely.

ndirectly, the processing powersconsumed by the recognition (and tracking) process. MAR
control this by setting a maximum acceptable delay. As described in Figure 4, a response timg
rhan the maximum delay indicates an unacceptable quality of the MAR experience, therefore, a
browser should not preserntit. Any response time with a delay lower than the specified maximu
broduces a MAR experiénce that is at least acceptable from the point of view of the MAREC, th
hn ARAF browser should present the MAR experience. The MAREC can also specify an optim
Constraint informing an ARAF browser that there is no need in trying to provide recogniti
'racking) response with a higher frequency (lower delay) becuase the MAR experience has
reached the targeted quality.
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Figure 4 — LocImg: AR quality vs. processing delay

Further, the two fields implementing this functionality are’presented.

maximumDelay is a SFInt32 value measured in_milliseconds specifying which is the maximunj
acceptdble delay of the recognition (and tracking)’process in order for the MAR experience to bq
presentled by an ARAF browser. The MAREC expects an answer from the recognition (and tracking]
procesd every, at most, maximumDelay milliseconds.

optimdlDelay is a SFInt32 value measured in milliseconds specifying which is the optimal delay of the
recognition (and tracking) process. By setting this field, the MAREC suggests that there is no need if
trying fo provide a recognition (and'tracking) response with a higher frequency (lower delay) becaussg
the MAR experience quality is the desired one.

recognjitionRegion a MFVe(Zf field specifying two 2D points that are relative to the center of the vided
frame @n which the recoguition (and tracking) algorithm is performed. The first point indicates thg
lower l¢ft coordinate and)the second one the upper right coordinate of a rectangle. By using this field
the MAREC suggests)that only the inside area given by the rectangle has to be used in the recognition
(and trpcking) proeess, not the entire video frame. The recognition (and tracking) process can be
improved by using a video frame region rather than the whole video frame but on the other hand the
way hoyv the-original video frame is pre-preprocessed (e.g. cropped) may introduce delays. The ARAF
browsef cahnot ensure that by using a recognition region the overall processing speed is improved.

onRecognition is an output event of type MFInt32 specifying the indexes of the target resources that
have been recognized. An index is an integer value representing the position of a target resource in
the targetResources array (0 indexed). The index of the first target resource is 0 and it is incremented
by one for each next target resource. If a target resource is a file containing descriptors for several
images, each target image descriptor within the descriptor file is assigned the next index as they were
separately specified.

The following two fields are used to describe the pose matrix of a recognized resource. A pose matrix
describes the relative position to the camera viewpoint of a recognized target resource. The pose matrix
is described by one rotation and one translation vector, fields which are described below. These two
fields are optional, meaning that the functionality of the prototype can be limited to only recognizing
target resources, without computing their associated pose matrixes. If onTranslation is not used,
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then implicitly onRotation is not used and vice-versa. If a translation is computed, then implicitly the
corresponding rotation should be computed by the processing server. In other words, if the processing
server is capable of computing the pose matrix, the MAREC expects that both of the fields (onTranslation

and onRotation) are set.

onTranslation is an exposed MFVec3f field where the translations of the recognized target resources
are stored. A SFVec3f vector specifies where the corresponding recognized target resource is relative
to the camera position within the video frame where the recognition process has been performed
on. The default value of a translation vector is <0,0,0>. MAREC expects a SFVec3f translation for each
3 Jd & 4 Jd oL 4 ] £ 1 . | P 14 £ 1o . ,-l. Tl V/IAREC
CLUslllLCu Lal SCL ITOUUILT Ul 4 UTliqdull vdadlutc II LUIIT I dlisidiivull COUIU 11Ul UT LUIIIPULCU I'11IC
considers that the nth value of onTranslation corresponds to the target resource given by the value
found on the nth index of onRecognition. The field is optional.

pbnRotation is a exposed MFRotation field where the rotations of the recognized target resoufces are
stored. A SFRotation vector specifies how the corresponding recognized target resource is rotated with
respect to the camera plane within the video frame. The default value of a rotation vector is <(,0,0,0>.
he MAREC expects a SFRotation vector for each recognized target resourcé’or a default valye if the
rotation could not be computed. The nth value of onRotation corresponds-to the target resourge given
by the value found on the nth index of onRecognition. The field is optional,

bnRotation, onTranslation and onRecognition shall have the same lengths.
pnError is an output event of type SFInt32.

Ilable 10 specifies onError possible values and their meaning.

Table 10 — Loclmg;ierror codes

onError Description
-1 The video source URL is invalid or\not supported.
-2 Atleast one target resource isiinvalid or not supported. This error can be triggered in the

cases when the ARAF browser is not able to read/access any of the target resources or the pro-
cessing library does not support the format of at least one target resource.

-3 The video frame format is not supported by the recognition (and tracking) library.

-4 Unavailable recoghition (and tracking) library for at least one target resource that has been
specified by the MAREC.

-5 Unknown érror

5.1.4.12.4.4 RemlmgProxy (Remote image recognition registration proxy)

['he MAREC provides a set of target resources, a video source URL and one or multiple ARAF compliant
brocessing server URLs where recognition (and tracking) libraries are available. The ARAF hrowser
rommunjeates with any of the processing servers provided by the MAREC, sends the target refources
hnd the video frames and receives the recognition (and tracking) result. The ARAF browser cojmposes
'he server result in the expected format before sending it to the ARAF scene, as described in the
Functionality and Semantics below.

Even though in Figure 5, the augmentation media is presented as input along other data provided by
the MAREC, the augmentation media is not used by the RelmgProxy PROTO implementation, meaning
that it is not part of any of the PROTO fields. The augmentation resources are of course required for the
scene augmentation but they do not influence the recognition process.
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5.1.4.12.4.5 BIFS Textual Description Q
EXTERNFROTO RemImgProxy [ 0\\
expposedField SFString videoSource mn
exposedField MFString processingServerURL &

exgposedField SFInt32 frameEncodingType R
expposedField SFInt32 processingType 0
expposedField MFString targetResources ‘\Q []
expposedField MFString targetResources‘Afpes []
exgposedField SFBool enabled \O FALSE
expposedField SFInt32 maximumbDel
exgosedField SFInt32 optimal
exgosedField MFVec2f recogn@ nRegion []
evgntout MFInt32 onRecegniition [
evdntout MFVec3f on%mélation ]
evgntOut MFRotation ation []
evgntOut SFInt32 Cﬁrror

1"org:1 peg:remote_image_r@q nition registration”

5.1.4.1

The MAREC provi Q)ne or multiple processing server URLs where recognition (and tracking]
, along with the target resources to be recognized and the video source where thg
recognition pr shall be performed on. The ARAF browser uses the provided processing servers as
an extefnal rﬁgéhrce that is able to perform the recognition (and tracking) of the target resources. Theg

are sent to the processing server in a format that is specified by the MAREC, otherwise
the bes gmtable format is chosen by the ARAF browser. The recognition (and tracking) result received

librariefs are avail

video f amﬁg

2.4.6 Functionali@}md semantics

by the ARAF scene is an array of integers representing the indexes of the recognized target resources
and optionally their pose matrixes as described in the description of the fields below.

An ARAF compliant processing server shall understand the HTTP requests presented in Table 11.
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Table 11 — RemImgProxy: communication workflow

ARAF browser | Request Description Processing Description
request type server
response
pServer/alive GET Get the unique key, |unique key The unique key shall be used to inden-
the server parame- |64-bit, target tify future requests from the client.
ters and capabilities |resource code, |The target resource code specifies the
video frame formats of the target resources that
are supported by the server. The video
;Z%?l’ii;rc‘;ege?' frame code specifies the formatg of the
video frame that are supported by the
server. The ARAF browser decides how
the video data will be @ncoded before
is sent to the server by:considering this
response and the MAREC prefergnces
(see frameEncédingType). The sefver ca-
pability code innforms the ARAF prows-
er aboutthe type of the processing that
the seryeris able to perform.
pServer POST Inform the process- | True/false Theserver reponse is True if the data is
X ing server about correctly received and False othprwise
ey&frame_for- he chosen video
mat(&intrinsic E ec (;se M d
camera params) rame format an
optionally send the
intrinsic camera
parameters
pServer POST Send each target True/false The server reponse is True if the data is
. resource along correctly received and False othprwise
key&target&type&id type code and
the unique target
resource id
pServer POST Send anewvideo |identified, rota-|The server reponse is a list containing
frame to the server |tion, translation |recognized target resources ids pnd
key&frame

optionally their pose matrixes (fotation

and translation).

Communication workflows

) The ARAF browser'interrogates the processing server (GET /alive) in order to detect its status and
to receive the sefver parameters and capabilities. The server returns:

1) auniquékey that shall be transmitted by ARAF browser in future requests,

2) the list of codes describing the supported target resources formats (file types or image
descriptors). See Table 7 and Table 8 for the supported codes and their meaning.

3)7~the list of codes describing the supported video frame formats (file types or image desciiptors).
See Table 7 and Table 8 for the supported codes and their meaning.

4) the list of codes describing the sever capabilities. See Table 12 for the supported codes and

their meaning.

The server response shall be in the following format:

key=unique key

64-bit

&resource_code=[target resource format codes];

&frame_code=[video frame format codes];

&server_capability_code=[server capability codes]

© ISO/IEC 2017 - All rights reserved

63


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

b)

64

Example of a possible server response:
key=2e45325f4f&resource_code=0,1&frame_code=0&server._capability_code=0,5

Once the key has been received, the ARAF browser knows that the processing server is ready to
perform the recognition (and tracking) process. The ARAF browser decides on one video frame
encoding type, based on the user preference (if specified) and on the server's response then it
informs the processing server about the chosen format. The video frames of this session are sent
only in the specified encoding type. In addition to the video frame format, the ARAF browser
chaoses one of the available r‘npnhi]ifipc to be pprfnrmpd hy the prnr‘pccing server. Therefore 3
capgability code (see Table 12) has to be transmitted to processing server along with the unique Key
and the chosen video frame format. Optionally the intrinsic camera parameters (if available), are
sent to the image processing server as described in 5.1.4.12.1.

The¢ second type of request contains the target resources provided by the MAREC (one request pet
eadh target resource). Each resource shall have associated a unique ID, the one to bereturned by
thelprocessing server when it is recognized, and the file format of the resource. The’/POST request{
arelas follows:

1) | Send the chosen video frame format:

keyrunique_key

&frame_code=the chosen encoding format code

&sgrver_capability_code=one of the available server capabilities‘code

&flxthe 2d vector representing the focal length (comma separated float values, optional)
&cd=the 2d vector representing the principal point (comma separated float values, optional)
&alpha_c=the angle representing the skew coefficient (float, optional)

2) | Every target resource is sent separatelyyusing a POST request:

keyi=unique_key

&tdrget_resource=the target resource’data

&type_code=the target resourceencoding type

&id=the id of the target nesource uniquely identifying the target resource in the MAR scene
The processing serverreturns TRUE if the data is correctly received or FALSE otherwise.

The¢ ARAF browser sends a video frame to the processing server. The video frame has to be sent ir
thelexact format that the processing server has been previously informed.

key=unique: key

&frpme_data=the camera frame

The processing server's response is a list of IDs of the recognized target resources and optionally
their corresponding pose matrixes or FALSE if no target resource is recognized.

identified=comma separated ids of the recognized target resources
&translation=[x,y,z]; //optional

&rotation=[x,y,z,q]; //optional

Where

— identified is a list of integer values separated by commas
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— translation contains groups of 3 float values separated by semicolon. Each value is separated

by comma.

— rotation contains groups of 4 float values separated by semicolon. Each value is separated

by comma.

If the processing server does not have tracking capabilities, then the response will be composed only

from the list of the recognized target resources (identified).

d) The loop starts over from point 3 whenever the ARAF browser has to send a new video frame data

to the processing server.

yideoSource is a SFString specifying the URI/URL of the video where the recognition (and ty
brocess shall be performed on. The videoSource can be one of the following:

£)  Live 2D video camera feed:

1) aURIto one of the cameras available on the end user’s device. The possible values are sj
in Table 6;

2) aURL to an external camera providing live camera feed;
') A URL to a prerecorded video file stored:

— locally on the end user’s device;

— remotely on an external repository in the Web.

Based on the MAREC preferences, the video framestare sent to the recognition (and tracking)
bvery X milliseconds (the ARAF browser is in chiarge of computing the frequency), as long
recognition (and tracking) process is enabled. The video frames are sent as compressed imageg
ata (see Table 7 for the supported image file-formats), or as descriptor files (see Table 8) depen|
'he processing server capabilities. The ARAFbrowser is in charge of deciding the encoding typ
Video frames that shall be sent to the processing server, considering the MAREC preferences

Capabilities of the server.

['he accepted video formats are §pgcified in Table 5.
[he accepted communicatiens-protocols are specified in Table 4.

Dne or multiple codes (presented in Table 12 might be sent by the processing server to th
browser (see the first stép described in Table 11). The purpose is to inform the ARAF browser al
processing capabilities of the server. On the other hand, the MAREC can use the dedicated pr
field (processinglype) to express his preferences related to the processing type that he expects f
server by specifying one of the codes defined in this table. The ARAF browser finally decides wh
bf processifig-the server should perform, based on the server capability and the MAREC preferen
berver returns different responses based on the chosed processing type (see Table 11 field desc}

Table 12 — RemImgProxy: server capability codes
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Capability Description
code

0 Recognition only.

response contains information about the indexes of the recognized target resources, as de
the description of the fields.

The processing server is capable of performing image recognition only. This means that the server

fined in

1 Recognition and tracking.

along with their pose matrixes (the computed ones), as defined in the description of the fi

The processing server is capable of performing image recognition and tracking. This means that
the server response contains information about the indexes of the recognized target resources

elds.
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processingServerURL is a MFString used by the MAREC to specify one or multiple web addresses
where ARAF compliant processing servers are available. A valid URL is one that points to a processing
server that handles at least one target resource type and is able to understand ARAF browser requests,
as defined in Table 11. Because a processing server can handle requests from multiple clients in the
same time, a unique key is generated by the server and transmitted to the ARAF browser. The ARAF
browser sends the unique generated key in each request to the processing server. This way, the
processing server knows the source of the request and therefore it can perform the recognition (and
tracking) process on the correct set of the target resources.

preferehces using a POST request as described in Table 11%

targetResources is an MFString where the target-fesources to be recognized (and tracked) within
the MAR experience are specified. A URI can poiuft to a local or remote resource file. The accepted
commupication protocols for the remote resources are the ones specified in Table 11. Any of the below
combinptions describes a valid targetResourges-assignment:

— UR]s pointing to target images. TheTile formats specified in Table 7 are accepted.

— UR[s pointing to files where target image descriptors are found. A file contains descriptors of ong
single target image. The file fonmats specified in Table 8 are accepted.

— URLs pointing to files(where multiple target image descriptors are found. One file containg
degcriptors of multiplefarget images. The file formats specified in Table 8 are the supported ones.

— Any combination‘ef'the cases described above can coexist in the same targetResources field.

The tangetResourcesTypes field is an MFString containing an array which specifies the type of each
target rlesourcee-deéfined in the targetResources field. Each target resource shall have associated a type
in order for the ARAF browser to know how to interpret the data. The possible pre-defined keywordg
of the tprgetResourcesTypes and their meaning are listed in Table 7 and Table 8. If the target resourcs
is a proprietary descriptor fite amd i addition to the actuat immage descriptors data the proprietary
recognition (and tracking) library needs some other data (for e.g. an XML file), the related content
should be stored in a directory that has the same name as the resource type (for e.g. target_resource_
type_keywod/) in order for the ARAF browser to know where the required files can be found. The names
of the files within the directory have to be the same name as the corresponding descriptor file name.

enabled is a SFInt32 value indicating if the recognition (and tracking) process is enabled (running).
MAREC can control the status of the recognition (and tracking) process or he can let the ARAF browser
to decide whether the recognition (tracking) process should be running or not. Table 13 specifies the
supported integer values of the enabled field.
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Table 13 — RemImgProxy: enabled

enabled Description

-1 ARAF browser decides when the recognition (and tracking) process is enabled/disabled. If not
supported, the recognition process is always disabled unless a value of 0 or 1 is set by the MAREC.

0 (default) The recognition (and tracking) process is disabled.

1 The recognition (and tracking) process is enabled.

A value of -1 specifies that the ARAF browser decides the status of the recognition (and tr

acking)

hrocess.
['he recognition (and tracking) process is inactive while enabled is 0.
While enabled is 1, the following case are differentiated based on the video source.

— local live video camera feed: the frames coming from the local live video camera feed are con|
by the ARAF browser in the recognition (and tracking) process.

— remote live video camera feed: the frames coming from the remote-livé video camera stré
considered by the ARAF browser in the recognition (and trackingJvprocess. Technically t
difference between the first case and the second one is the sourcelof the video frames. In th
a streaming protocol should be used to fetch the remote video.camera stream.

— local prerecorded video file: as long as enabled is 1, the ARAF browser plays the video file
corresponding video frames are used in the recognitiénj(and tracking) process. Whenever
is 0 the video play back is paused. On 1, the video.starts playing from the point where it
paused. The video play back starts from the beginning when the end of the video stream is
and enabled is 1.

— remote prerecorded video file: idem as in the previous case except that the remote file hg
downloaded first. If a streaming protocatis being used, the ARAF browser may request (if p
video frames whenever enabled is 1, as\it would play back the video remotely.

ndirectly, the processing power~consumed by the recognition (and tracking) process. MAR
control this by setting a maximum acceptable delay. As described in Figure 6, a response timg
rhan the maximum delay indicates an unacceptable quality of the MAR experience therefore a
browser should not preserntit. Any response time with a delay lower than the specified maximu
produces a MAR experiéence that is at least acceptable from the point of view of the MAREC, th
hn ARAF browser should present the MAR experience. The MAREC can also specify an optim
Constraint informing an ARAF browser that there is no need in trying to provide recogniti
'racking) response with a higher frequency (lower delay) becuase the MAR experience has
reached the targeted quality.
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Figure 6 — RemImgProxy: AR quality vsiprocessing delay

Further, the two fields implementing this functionality are’presented.

maximumDelay is a SFInt32 value measured in_milliseconds specifying which is the maximunj
acceptdble delay of the recognition (and tracking)’process in order for the MAR experience to bd
presentled by an ARAF browser. The MAREC expects an answer from the recognition (and tracking]
procesd every, at most, maximumDelay milliseconds.

optimdlDelay is a SFInt32 value measured in milliseconds specifying which is the optimal delay of thg
recognition (and tracking) process. By setting this field, the MAREC suggests that there is no need in
trying fo provide a recognition (and'tracking) response with a higher frequency (lower delay) becaussg
the MAR experience quality is the desired one.

recognjitionRegion a MFVe(Zf field specifying two 2D points that are relative to the center of the vided
frame @n which the recoguition (and tracking) algorithm is performed. The first point indicates thg
lower l¢ft coordinate and)the second one the upper right coordinate of a rectangle. By using this field
the MAREC suggests)that only the inside area given by the rectangle has to be used in the recognitior
(and trpcking) proeess, not the entire video frame. The recognition (and tracking) process can be
improved by using a video frame region rather than the whole video frame but on the other hand the
way hoy the-original video frame is pre-preprocessed (e.g. cropped) may introduce delays. The ARAF
browsef cahnot ensure that by using a recognition region the overall processing speed is improved.

onRecognition is an output event of type MFInt32 specifying the indexes of the target resources that
have been recognized. An index is an integer value representing the position of a target resource in
the targetResources array (0 indexed). The index of the first target resource is 0 and it is incremented
by one for each next target resource. If a target resource is a file containing descriptors for several
images, each target image descriptor within the descriptor file is assigned the next index as they were
separately specified.

The following two fields are used to describe the pose matrix of a recognized resource. A pose matrix
describes the relative position to the camera viewpoint of a recognized target resource. The pose matrix
is described by one rotation and one translation vector, fields which are described below. These two
fields are optional, meaning that the functionality of the prototype can be limited to only recognizing
target resources, without computing their associated pose matrixes. If onTranslation is not used,
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then implicitly onRotation is not used and vice-versa. If a translation is computed, then implicitly the
corresponding rotation should be computed by the processing server. In other words, if the processing
server is capable of computing the pose matrix, the MAREC expects that both of the fields (onTranslation
and onRotation) are set.

onTranslation is an exposed MFVec3f field where the translations of the recognized target resources
are stored. A SFVec3f vector specifies where the corresponding recognized target resource is relative
to the camera position within the video frame where the recognition process has been performed
on. The default value of a translation vector is <0,0,0>. MAREC expects a SFVec3f translation for each
3 Jd & 4 Jd oL 4 ] £ 1 . | P 14 £ 1o . ,-l. Tl V/IAREC
CLUslllLCu Lal SCL ITOUUILT Ul 4 UTliqdull vdadlutc II LUIIT I dlisidiivull COUIU 11Ul UT LUIIIPULCU I'11IC
considers that the nth value of onTranslation corresponds to the target resource given by the value
found on the nth index of onRecognition. The field is optional.

pbnRotation is a exposed MFRotation field where the rotations of the recognized target resoufces are
stored. A SFRotation vector specifies how the corresponding recognized target resource is rotated with
respect to the camera plane within the video frame. The default value of a rotation vector is <(,0,0,0>.
he MAREC expects a SFRotation vector for each recognized target resourcé’or a default valye if the
rotation could not be computed. The nth value of onRotation corresponds-to the target resourge given
by the value found on the nth index of onRecognition. The field is optional,

bnRotation, onTranslation and onRecognition shall have the same lengths.
pnError is an output event of type SFInt32.

Ilable 14 specifies onError possible values and their meaning;

Table 14 — RemImgProxy: error codes

onError Description
-1 The video source URL is invalid of\not supported.
-2 At least one target resource is‘iitvalid or not supported. This error can be triggered in the

cases when the ARAF browser is not able to read/access any of the target resources or the
processing server does notSupport the format of at least one target resource.

-3 None of the available.wideo frame formats are supported by the processing server. In ofher
words the ARAF Browser is not capable of sending the video frame to the processing sefrver in
one of the expected formats.

-4 Unavailabletecognition (and tracking) library for at least one target resource that hps been
specified’by-the MAREC.
-5 UnknOwn error

b.1.4.12.4.7 RemimgServer (remote image recognition registration server)

MAREC provides a video source URL and one or multiple processing server URLs wher¢ image
recognition (and tracking) libraries are available. A set of target resources (images or descfiptors)
hind thetassociated augmentation resources are stored in remote databases, on the processing server
DL anywhere else on the Web The ARAF browser sends Vldeo frames or video frame descriptors to
ing server
capabllltles The server performs ‘the recognition (and tracking) process on the received video data,
searching in the set of the target resources that are stored in the database(s). Depending on the format
of the video frame, the server may need to extract the descriptors before performing the recognition
(and tracking) process. One of the server’s responses is composed by one or multiple augmentation
resource URLs that are associated with the recognized target resource and (optionally) the pose matrix
of the recognized object within the video frame. The augmentation resource can be an URL to a media
file (see Table 18) or a proprietary string. The proprietary string is not interpreted by the default
prototype implementation therefore the MAREC has to update the default prototype implementation.
The MAREC has the option to let the ARAF browser do the tracking of the recognized target resource
locally. In this case the processing server shall be able to send the recognized target resource to the
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ARAF browser which in turn shall be able to perform the tracking. Detailes are presented below in the
Functionality and Semantics.

NOTE The main difference between Remote Image Recognition Registration Proxy and Remote Image
Recognition Registration Server is that in the second case the Target Resources are not knwon by the MAREC
but they are already stored in remote databases; therefore, the MAREC does not have to provide URIs/URLs to
Target Resources.

End-user Device /" Processing
Servers

ARAF Browser H

Target
Tracking Resources DB (I |If

Library (3")

MAR Video Source
Experience Processing Server URLs

Augmentation Resource (3)

URL (+PM/image descriptors),
MAR or proprietary string

(0)Get/set server
parameters

(e
]
1Still Image (raw or | Extraction

i (Z)Icompressed)lfm
N |I Extraction
VideoFrame
s\ or Descriptors

(1)1
1¢ °

Creator + Image/Descriptor mode Scene
Content ) N
Optional

(Creator + recognition region
+ delay constraints

Augmentation

Live video camera (stream) Prerecorded video Resources
Local or remaote live Local ofremote pre-
video camera feed recorded video file

Figure 7 — Remote image recognition registration server

5.1.4.12.4.8 BIFS textual description

EXTERNFROTO RemImgServer [
expposedField SFString videoSourse mn

expposedField SFInt32 frameEnecodingType 0

expposedField SFInt32 proaessingType 0

expposedField MFString processingServerURL []

exgosedField SFBool enabled FALSE
exposedField SFInt32 maximumDelay 200 #milliseconds
exgosedField SFInt32 optimalDelay 50 #milliseconds
exgposedField MFVec2éE recognitionRegion []

evgntout MFSt{zidng augmentationMediaURL

evgntout MRPINtE32 augmentationMediaType

evegntOut MFSstring augmentationMediaString

evgntout MEVec3f onTranslation

evgntout MFRotation onRotation

evgntOut SFInt32 onError

]"org:fpeg: ¥emote image recognition registration server”

5.1.4.12.49 Functionality and semantics

MAREC provides one or multiple processing server URLs where recognition (and tracking) libraries are
available, along with a video source where the recognition process shall be performed and optionally
the encoding code of the video frames that are sent to processing server. The ARAF browser shall use
the provided processing server URLs as an external resource that is able to perform the recognition
(and tracking) of the target resources that are stored in the external repositories. The recognition (and
tracking) result of the processing server is an URL to an augmentation resource and the type of the
media file that can be found at the given URL and optionally the pose matrix of the recognized object
in the video frame. Another valid server's response is a proprietary string that is associated to the
recognized object in the video frame. Considering that the processing server knows which was the last
recognized target resource for a given client, a tracking algorithm can be performed remotely. In the
case that the processing server is able to only perform image recognition, the ARAF browser can choose
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to receive the target image descriptors from the processing server in order to perform the tracking
locally. This case would be considered if only the MAREC sets the correct code in the processingType
field (see Table 16) and the ARAF browser is capable of performing tracking of a target resource. The
possible scenarious are described throughout the fields' descriptions below.

An ARAF compliant processing server shall understand the HTTP requests presented in Table 15.

Table 15 — RemImgServer: communication workflow

ARAF ll."ll UWwWotTll chucot DCQLI ;pt;Ull Pl U\,CQD;IIB DCDLI ;lJt;Ull
request type server
response
pServer/alive GET Get the unique key, |unique key 64- |The unique key shall be uSed tqinden-
the server parame- |bit, tify future requests'frem clientl The
ters and capabilities|_. video frame codé specifies the formats
video frame :
code. server of the video frame that are support-
capai)ility code ed by the server. The ARAF br.owser
image descrip-’ decides how the_v1deo data wil] be
tor code encoded before is sent to the sefrver
by coiisidering this response and the
MAREC preferences (see framefncod-
ingType). The server capability fode
informs the ARAF browser abopt the
type of the processing that the ferver
is able to perform. The image dpscrip-
tor code informs the ARAF broyser
about the data format of the tazget
image descriptor that might be|sent to
the ARAF browser (for local trgcking).
pServer POST Inform the process-{True/false The server reponse is True if th¢ data is
k ing server about correctly received and False otHerwise
ey&frame_for- he ch 353
mat(&intrinsic cam- ; ec (;sen g
era params) rame format and
optionally-send the
intrinSic camera
pdrameters
pServer POST Send anew video |recognized, rota-|The server reponse is a URL to pn
key&frame frame to the server |tion, translation |augmentation resource and its pose
matrix (rotation and translatiop) if
applicable.
Communication-werkflow:
)  ARAF browser interrogates the Processing Server (GET /alive) in order to detect its statu§ and to
receivé the server parameters and capabilities. The server returns:
1) 5@ unique key that shall be transmitted by ARAF browser in future requests;
2) thelist of codes describing the supported video frame formats (file types or image desciiptors).
See Table 7 and Iable 8 for the supported codes and their meaning,
3) the list of codes describing the sever capabilities. See Table 16 capability codes for the
supported codes and their meaning;
4) the code of the image descriptor format that might be sent to the ARAF browser based on the

MAREC preferences (see processingType field description). The ARAF browser shall know if
its local tracking library is capable of interpreting the image descriptors data received from
the processing. See Table 8. If applicable, the processing server sends image descriptors to the
ARAF browser (for local tracking) in the specified format.

The server response shall be in the following format:
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key=unique key 64-bit

&frame_code=[video frame format codes];

&server_capability_code=[server capability codes]

&image_descriptor._code=[the codes specifying supported imaget descriptor formats]
Example of a possible server response:

—_ L2204 L0 L = 0.0 ) N o1 1.0 - L L ol il
key—Ze DOZIOJTJEJTUITIC_CUUC=UKSCTVCI_CUpUDIIty_COUC—=IXITIUYC_UucsSCLriptor_couc-=9

b) Onge the key has been received, the ARAF browser knows that the processing server is ready"td
perfform the recognition (and tracking) process. The ARAF browser decides on one video |frame
endoding type, based on the user preference (if specified) and on the server's response then i

informs the processing server about the chosen format. The video frames of this session are senf

onltf in the specified encoding type. In addition to the video frame format the ARAF prowser chooses
ong of the available capabilities to be performed by the processing server. Therefore, a capability
keyword (see Table 16) has to be transmitted to processing server along with the unique key ang
the|chosen video frame format. Optionally the intrinsic camera parameters/if-available) are sent tdg
the|image processing server as described in 5.1.4.12.1. The POST request.is‘in the following format

key=unijque_key

&frame| code=the chosen encoding format code

&servern| capability_code=one of the available server capabilities code

&fl=the|2d vector representing the focal length (comma separated float values, optional)
&cc=thq¢ 2d vector representing the principal point (commia-separated float values, optional)
&alpha|c=the angle representing the skew coefficient{float, optional)

The prdcessing server returns TRUE if the data'is correctly received or FALSE otherwise.

c) Th¢ ARAF browser sends a video franieto the processing server. The video frame is transmitted ir
thelformat that the processing server’has been previously informed.

key=unijque_key
&frame| data=the camera frame
The prdcessing server's Fesponse can be:

— a URL to an adgmentation resource that corresponds to the recognized target image and its
corresponding~pose matrix (if applicable) or the recognized target resource descriptors (if
applicable)or/FALSE if no resource is recognized.

resourcp=url to an augmentation resource

&descriptor=image descriptor in the previously specified format //optional
&translation=x,y,z //optional

&rotation=x,y,z,q //optional

— aproprietary string

If the processing server does not implement tracking capabilities then the response will be composed
only by the augmentation resource URL, unless the MAREC specified that he prefers the ARAF browser
to perform the tracking locally (see the description of the processingType field).
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The case where the processing server returns a proprietary string is not covered by this document. The
MAREC should know how the string has to be interpreted, because he is the one providing the server
URL. In this case, the server response is transmitted to the MAR Scene exactly in the form as it comes.

e) The loop starts over from point 3 whenever the ARAF browser has to send a new video frame data

to the processing server.

videoSource is a SFString specifying the URI/URL of the video where the recognition (and tr
process shall be performed on. The videoSource can be one of the following:

acking)

) Live 2D video camera feed

1) aURIto one of the cameras available on the end user’s device. The possible values are sj
in Table 6;

2) aURL to an external camera providing live camera feed;
b) A URL to a prerecorded video file stored

— locally on the end user’s device;

— remotely on an external repository in the Web.

Based on the MAREC preferences, the video frames are sent to théprocessing server every X milli
[the ARAF browser is in charge of computing the frequency), as’long as the recognition (and ty
brocess is enabled. The video frames are sent as compresSed images or raw data (see Table 7|
bupported image file formats), or as descriptor files (seé/Table 8) depending on the processing
Capabilities. The ARAF browser is in charge of decidingthe encoding type of the video frames tH
be sent to the processing server, considering the MAREC preferences and the capabilities of the

['he accepted video formats are specified in Table'5.
[he accepted communications protocols are'specified in Table 4.

Dne or multiple codes presented in Table16 might be sent by the processing server to the ARAF I
see the first step described in Table*15 between the ARAF browser and the processing serv
purpose is to inform the ARAF (browser about the processing capabilities of the server. On th
nand, the MAREC can use the’ dedicated prototype field (processingType) to express his pref
related to the processing type that he expects from the server by specifying one of the codes de

bn the server capability'and the MAREC preferences. The server returns different responses b
the chosed processing-type (see Table 15 and processingType field description).

Table 16 — RemImgServer: server capability codes

becified

beconds
acking)
for the
| server
at shall
Server.

rowser
br). The
e other
erences
fined in

this table. The ARAF browser finally decides what type of processing the server should perfornp, based

hsed on

Capability Description
code

0 Recognition only.

The processing server is capable of performing only image recognition. This means thatt

e

defined in the description of the fields.

server response contains information about the indexes of the recognized target resources, as

1 Recognition and tracking.

The processing server is capable of performing image recognition and tracking. This means that
the server response contains information about the indexes of the recognized target resources
along with their pose matrixes (the computed ones), as defined in the description of the fields.

2 Recognition and image descriptors.

This way the tracking can be performed by the ARAF browser locally.

The processing server is capable of performing image recognition. The server response contains
in addition to the recognition related information the descriptors of the recognized resource.
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processingServerURL is a MFString used by the MAREC to specify one or multiple web addresses
where ARAF compliant processing servers are available. A valid URL is one that points to a processing
server that handles at least one target resource type and is able to understand ARAF browser requests,
as defined in Table 15. Because a processing server can handle requests from multiple clients in the
same time, a unique key is generated by the server and transmitted to the ARAF browser. The ARAF
browser sends the unique generated key in each request to the processing server. This way, the
processing server knows the source of the request and therefore it can perform the recognition (and
tracking) process on the correct set of the target resources.

perform, based on the MAREC preferences and the server capabilities (Table 15 workflow explains how)

— 0: the MAREC suggests that he expects only thegrecognition related information from thg
prdcessing server.

— 1: the MAREC suggests that he expects the recegnition and tracking related information from the
prdcessing server.

— 2: the MAREC suggests that the processing server should only perform the recognition procesg
whjle the tracking should be performed by the ARAF browser locally. In this case, the ARAF browsej
shquld be provided with a trackinglibrary that is able to understand the descriptor data received
from the server. If the ARAF brewser is not capable of performing the tracking of the target resource
an error code should be triggened (see onError field description).

If the

to decide whether the recognltlon (tracklng) process should e running or not Table 17 spec1f1es the
supported integer values of the enabled field.
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Table 17 — RemImgServer: enabled

enabled Description
-1 ARAF browser decides when the recognition (and tracking) process is enabled/disabled. If
not supported, the recognition process is always disabled unless a value of 0 or 1 is set by
the MAREC.
0 (default) The recognition (and tracking) process is disabled.
1 The recognition (and tracking) process is enabled.

A value of -1 specifies that the ARAF browser decides the status of the recognition (andity
process.

[he recognition (and tracking) process is inactive while enabled is 0.
While enabled is 1, the following cases are differentiated based on the video source

— local live video camera feed: the frames coming from the local live video camera feed are con|
by the ARAF browser in the recognition (and tracking) process.

— remote live video camera feed: the frames coming from the remote‘live video camera stré
considered by the ARAF browser in the recognition (and tracking) process. Technically, t
difference between the first case and the second one is the soutée of the video frames. In t}
a streaming protocol should be used to fetch the remote video camera stream.

— local prerecorded video file: as long as enabled is 1, th€ ARAF browser plays the video file
corresponding video frames are used in the recognition (and tracking) process. Whenever
is 0 the video play back is paused. On 1, the video starts playing from the point where it
paused. The video play back starts from the beginning when the end of the video stream is
and enabled is 1.

— remote prerecorded video file: idem as inthe previous case except that the remote file hd
downloaded first. If a streaming protoecol is being used, the ARAF browser may request (if p
video frames whenever enabled is 1{.as it would play back the video remotely.

ndirectly, the processing powerconsumed by the recognition (and tracking) process. MAR
Control this by setting a maximum acceptable delay. As described in Figure 8, a response timg
rhan the maximum delay indicates an unacceptable quality of the MAR experience therefore a
browser should not present’it. Any response time with a delay lower than the specified maximu
broduces a MAR expétience that is at least acceptable from the point of view of the MAREC, th
hn ARAF browser. Should present the MAR experience. The MAREC can also specify an optim
Constraint inforhring an ARAF browser that there is no need in trying to provide recogniti
'racking) respense with a higher frequency (lower delay) becuase the MAR experience has
reached thetargeted quality.

acking)

sidered

am are
he only
is case,

and the
enabled
vas last
reached

1s to be
pssible)

MAREC should have the possibility:to choose the quality of his MAR experience and in the sanpe time,

EC can
higher
n ARAF
m delay
erefore,
nl delay
bn (and
already
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Figure 8 — RemImgServer: AR quality vs.processing delay

Further, the two fields implementing this functionality are’presented.

maximumDelay is a SFInt32 value measured in_milliseconds specifying which is the maximunj
acceptdble delay of the recognition (and tracking)’process in order for the MAR experience to bg
presentled by an ARAF browser. The MAREC expects an answer from the recognition (and tracking]
procesd every, at most, maximumDelay milliseconds.

optimdlDelay is a SFInt32 value measured in milliseconds specifying which is the optimal delay of the
recognition (and tracking) process. By setting this field, the MAREC suggests that there is no need in
trying fo provide a recognition (and'tracking) response with a higher frequency (lower delay) becaussg
the MAR experience quality is the desired one.

recognjitionRegion is a MEVec2f field specifying two 2D points that are relative to the center of thg
video fframe on which the reécognition (and tracking) algorithm is performed. The first point indicates
the lower left coordinate and the second one the upper right coordinate of a rectangle. By using
this field, the MAREG suggests that only the inside area given by the rectangle has to be used in thg
recognition (and ttacking) process, not the entire video frame. The recognition (and tracking) process
can be [improved by using a video frame region rather than the whole video frame but on the othet
hand, the way-how the original video frame is pre-preprocessed (e.g. cropped) may introduce delays
The AR[AF browser cannot ensure that by using a recognition region, the overall processing speed i
improved

The following two fields are used to describe the pose matrix of a recognized resource. A pose matrix
describes the relative position to the camera viewpoint of a recognized target resource. The pose matrix
is described by one rotation and one translation vector, fields which are described below. These two
fields are optional, meaning that the functionality of the prototype can be limited to only recognizing
target resources, without computing their associated pose matrixes. If onTranslation is not used,
then implicitly onRotation is not used and vice-versa. If a translation is computed, then implicitly the
corresponding rotation should be computed by the processing server. In other words, if the processing
server is capable of computing the pose matrix, the MAREC expects that both of the fields (onTranslation
and onRotation) are set.
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onTranslation is an exposed MFVec3f field where the translations of the recognized target resources
are stored. A SFVec3f vector specifies where the corresponding recognized target resource is relative
to the camera position within the video frame where the recognition process has been performed
on. The default value of a translation vector is <0,0,0>. MAREC expects a SFVec3f translation for each
recognized target resource or a default value if the translation could not be computed. The MAREC
considers that the nth value of onTranslation corresponds to the target resource given by the value
found on the nth index of onRecognition. The field is optional.

onRotation is a exposed MFRotation field where the rotations of the recognized target resources are
£ ,-l- A CLD ot . s L3 1. £l i 3 q 4 . 3 . dWith
LUICTU. A OI'INUL4AlIUIT vCULUI DPCLIIICD ITUVV L1IIT CUI'1L CD}JUIIUIIIS 1 CLUSIIILCU udl BCL ICOoUUICtT I151UL4dy

respect to the camera plane within the video frame. The default value of a rotation vector is <(,0,0,0>.
he MAREC expects a SFRotation vector for each recognized target resource or a default'yalye if the
rotation could not be computed. The nth value of onRotation corresponds to the target resourde given
by the value found on the nth index of onRecognition. The field is optional.

bnRotation, onTranslation and onRecognition shall have the same lengths.

augmentationMediaURL is an output event of type MFString where _augmentation medip URLs
hssociated to the recognized target resource are referenced.

augmentationMediaTypes is an output event of type MFInt32 whére'the code of each augmgntation
media format referenced in the augmentationMediaURL field is specified. See Table 18 for the des¢ription
bf the supported types and their associated codes.

Table 18 — RemImgServer: augmentation media types

Augmentation resource type description Augmentation Code
resource keyword
Image (see 5.1.4.12.3 for supported formats) image 0
Video (see 5.1.4.12.3 for supported formats) video 1
Audio (wav, .mid, .mp3, .raw) audio 2
BIFS scene (see ISO/IEC 14496-11) 2d/3d bifs scene (.mp4) 3

augmentationMediaString is a MFString field where the processing server can add textual infofmation
[e.g. labels, descriptions, etc.) associated to the recognized target resources. Because arbitrary data
Can be transmitted using this.field, the MAREC should know the string format and therefore|how to
nterpret the data. The sefver response is transmitted to the field exactly in the form as it conjes. The
broprietary string is notinterpreted by the default prototype implementation.

pnError is an outpubevent of type SFInt32.

Ifable 19 specifies onError possible values and their meaning.

Table 19 — RemImgServer: error codes

onError Description
-1 The video source URL is invalid or not supported.
-3 None of the available video frame formats are supported by the processing server. In other

words the ARAF browser is not capable of sending the video frame to the processing server
in one of the expected formats.

-5 Unknown error

-6 The ARAF browser is not capable of performing the tracking of the target resource.

5.1.4.12.4.10 RemImgComp (remote image recognition registration composition)

MAREC provides one or multiple ARAF compliant processing servers URLs and a video source URL
where the recognition-tracking-composition process shall be performed. The ARAF browser sends
video frames to processing server, which is detecting and recognizing target resources that are already
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stored in remote database(s). The processing server is in charge of doing the composition between
the video frames and the corresponding augmentation media of the recognized target resources. The
composed video frames are sent back to the ARAF browser as described below in Functionality and
Semantics.

/ End-user Device \
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where the corresponding augmentation media of the recognized target resources is overlaid.

A compliant Processing Server shall understand the HTTP requests presented in Table 20.
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Table 20 — RemImgComp: communication workflow

ARAF browser | Request Description Processing Description
request type server
response
pServer/alive GET Get the unique unique key 64- |The key shall be used to indentify fu-
key and the server |bit, ture requests from ARAF browser. The
parameters N communication protocol code specifies
communication . o
rotocol code the streaming communication proto-

p cols that are supported hy the process-
ing server. The ARAF browser\d¢cides
which protocol is used by considering
the server capabilities and the MAREC
preference (see streanmingType).

pServer POST Inform the process- | True/False The server reponse.is True if thel data is
. ing server about the correctly receivédyand False othprwise
intrinsic camera Lo
Intrinsic camera
params :
parameters (if
available)
pServer POST/ Send the video Composed video |The server reponse is the compdsed
key + video stream |RTSP/ stream to the server|stream video stream where the associatled
4 adgmentation resources are oveflaid on
RTP/ DASH

top of the original video.

)

D)

Communication workflow:

key=unique key 64-bit

Example of a possible-server response:

key=2e45325f4f&comm_protocol_codes=0

ARAF browser interrogates the Processing Server(GET /alive) in order to detect its status
receive the server parameters. The server returis:

1) aunique key that shall be transmitted by ARAF browser in future requests;

[he server response shall be in the following format:

kcomm_protocol_codes=[video frame format codes];

K fl=the 2d vector representing the focal length (comma separated float values, optional)

and to

2) the list of codes describing the supported streaming communication protocols. See Talle 4 for
the supported codes and their meaning.

[Optional)step] Once the key has been received, the ARAF browser knows that the prdcessing
server \is-ready to perform the recognition-tracking-composition process. If the intrinsic
parameters are available, the ARAF browser should transmit these parameters to the
otherwise this step may be skipped. The POST request is in the following format:

camera
server,

&cc=the 2d vector representing the principal point (comma separated float values, optional)

&alpha_c=the angle representing the skew coefficient (float, optional)

c) The ARAF browser decides on one communication protocol for streaming the video data, based on
the user preference (if specified) and on the server's response.
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The ARAF browser sends video frames to the processing server using the chosen streaming protocol.
The server response is a URL pointing to the composed video stream where the associated augmentation
resources are overlaid on top of the original video.

d) The loop starts over from point 3 whenever the ARAF browser has to initiate a new streaming
connection with the processing server.

videoSource is a SFString specifying the URI/URL of the video where the recognition process shall be
performed on. The videoSource can be one of the following:

e) Live 2D video camera feed

1) | a URI to one of the cameras available on the end user’s device. The possible values are speeified
in Table 6;

2) | a URL to an external camera providing live camera feed;
f) A URL to a prerecorded video file stored

— | locally on the end user’s device;

— | remotely on an external repository in the Web.
The acdepted video formats are specified in Table 5.

The acdepted communication protocols are specified in Table 4. processingServerURL is a MFString
used by the MAREC to specify one or multiple web addresses whére’/ARAF compliant processing servers
are avallable. A valid URL is one that points to a processing setver that is able to understand the ARAH
browsef requests and perform the recognition, tracking andicomposition of target resources as defined
in the prototype description and in Table 20.

streanlingType field is an MFInt32 used by the MAREC to specify the desired streaming protocol foj
the vid¢o data that is sent to the processing server-1f multiple codes are specified by the MAREC, thg
ARAF Qrowser chooses the first streaming protecol that matches the server capabilities. The possible
pre-defined codes of the communication protocols and their meaning are listed in Table 4. If thg
MARE( does not specify any code the ARAEDbrowser uses a default one, based on the processing servet
capabiljties. The MAREC should not spécity any code unless he knows that the processing server giveg
better fesults with one or another. The field is optional.

enabled is a SFInt32 value indicating if the recognition-tracking-composition process is enabled
(running). MAREC can contrgl the status of the process or he can let the ARAF browser to decidg
whethef the recognition-tracking-composition process should be running or not. Table 21 specifies the
supporfed integer values.of the enabled field.

Table 21 — RemImgComp: enabled

engbled Description
-1 ARAF browser decides when the recognition (and tracking) process is enabled/disabled. If
not supported, the recognition process is always disabled unless a value of 0 or 1 is set by
the MAREC.
0 (default) The recognition (and tracking) process is disabled.
1 The recognition (and tracking) process is enabled.

A value of -1 specifies that the ARAF browser decides the status of the process.
The recognition-tracking-composition process is inactive while enabled is 0
While enabled is 1, the following cases are differentiated based on the video source.

— local live video camera feed: the frames coming from the local live video camera feed are considered
by the ARAF browser in the recognition-tracking-composition process.
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— remote live video camera feed: the frames coming from the remote live video camera stream are
considered by the ARAF browser in the recognition-tracking-composition process. Technically, the
only difference between the first case and the second one is the source of the video frames. In this
case, a streaming protocol should be used to fetch the remote video camera stream.

— local prerecorded video file: as long as enabled is 1, the ARAF browser plays the video file and the
corresponding video frames are used in the process. Whenever enabled is 0, the video play back is
paused. On 1, the video starts playing from the point where it was last paused. The video play back
starts from the beginning when the end of the video stream is reached and enabled is 1.

remote prerecorded video file: idem as in the previous case except that the remote file‘hals to be
Hownloaded first. If a streaming protocol is being used, the ARAF browser may request(if ppssible)
yideo frames whenever enabled is 1, as it would play back the video remotely.

MAREC has the possibility of choosing the quality of his MAR experience by imposing a desired humber
bf frames received per second. MAREC controls this by setting the fps field. The"ARAF browsler shall
not present the composed video stream received from the processing server as)long as the requijrement
mposed by MAREC is not fullfilled, meaning that the number of frames per,second of the conposed
yideo stream is lower than the value of fps that has been set my the MAREC.

recognitionRegion a MFVec2f field specifying two 2D points that are yelative to the center of the video
‘'rame on which the recognition (and tracking) algorithm is perfofmed. The first point indicqtes the
ower left coordinate and the second one the upper right coordihate of a rectangle. By using tHis field,
he MAREC suggests that only the inside area given by the réctangle has to be used in the recqgnition
[and tracking) process, not the entire video frame. The{recognition (and tracking) process|can be
mproved by using a video frame region rather than the'fwhole video frame but on the other hpnd the
vay how the original video frame is pre-preprocessed;(e.g. cropped) may introduce delays. Thie ARAF
browser cannot ensure that by using a recognition segion the overall processing speed is improrjed.

bnAugmentedStream is an output event of type MFString where the URL of the composefl video
ttream is referenced. The protocol used by the ARAF browser to fetch the augmented stream can be any
bf the ones specified in Table 23. If the address pointing to the augmented stream file is not supported
by the ARAF browser, an error code is triggered (see Table 22).

pnError is an output event of type SFInt32.

Ilable 22 specifies onError passible values and their meaning.

Table 22 — RemImgComp: error codes

onError Description
-1 The video source URL is invalid or not supported.
-5 Unknown error
-6 None of the available communication protocols are supported by the processing servgr.
-7 The augmented stream cannot be fetched. There might be a communication protocolfincom-
patibility or the augmented stream is not available at the given address.

5.1.4.13 Audio recognition in ARAF

5.1.4.13.1 General

The audio recognition algorithms have been significantly improved nowadays, therefore, the second
edition of ARAF should take advantage of the audio data that may exist in an ARAF experience and add
scene augmentation based on the audio samples being recognized by local audio recognition libraries
or by remote audio recognition servers.
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Among many other applications that an audio recognition service can support, some of them are
mentioned.

— Second screen application: an ARAF experience synchronized with a TV programme. The
augmentation media presented in the experience is chosen based on the recognized programme
and the timestamp.

— Vocal commands: an ARAF experience is controlled by the end used using vocal commands

— User context: an ARAF experience changes its state or triggers augmentations when an audio
sequence is recognized.

5.1.4.18.2 Tables referred in the audio recognition prototypes

Table 23 — Audio recognition: communication protocols

Communication protocol name Reference Code
RTP RFC 3550-2003 Real Time Transport Protocol 0
RTSP RFC 2326-2013 version 2.0 1

Real Time Streaming Protocol
HTTP RFC 2616-1999 Hypertext Transfer Ptotecol
DASH ISO/IEC 23009-1:2012

Dynamic Adaptive Streamingewer HTTP

Table 24 — Audio recognition: augmentation media types

Augmentation resource type description Augmentation Code
resource keyword
Image (see table Image Formats for supported formats) image See Image Formats codes
Video (kee table Video Formats for supported formiats) video See Video Formats codes
Audio ((wav, .mid, .mp3, .raw) audio See Audio formats codes
BIFS scene (see ISO/IEC 14496-11) BIFS (mp4) 0

Table 25— Audio recognition: video file formats

Video file format Reference Code
Raw vifleo data ISO/IEC 14496-1:2010 + Amd. 2:2014 1
MPEG4 Visual ISO/IEC 14496-2:2004 2
MPEG4|AvC ISO/IEC 14496-10:2012 3
MPEG-{t HEVC ISO/IEC 23008-2 4

Table 26 — Audio recognition: image file formats

Target image Reference targetResourceType Code
file formats keyword
JPEG ISO/IEC 10918 JPEG 7
JPEG 2000 ISO/IEC 15444 J2K
PNG ISO/IEC 15948 PNG 9
RAW ISO 12234-2 RAW 10
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Table 27 — Audio recognition: audio file formats

Audio format Reference targetResourceType Code
keyword
raw ISO/IEC 14496-1:2010/Amd. 2:2014 RAW 13
mp3 ISO/IEC 11172-3,1SO/IEC 13818-3 MP3 14
mp4 SO/IEC 14496-14 MP4 15
aac ISO/IEC 13818-7, AAC 16
[SO/TEC 14496-3
Audio descriptors ISO/IEC 15938-4:2002 MPEG7 17

Table 28 — Audio recognition: MIC URI

MIC URL Description

hw://mic Refers to the internal micrephone of the device

5.1.4.13.3 Prototypes implementations

5.1.4.13.3.1 LocAud (local audio recognition)

A local audio recognition service is needed in those MAR Experiences where a small amount
Jata is used in the recognition process, for example, vocal €omimands, recognition of audio sequ
h controlled environment.

[he ARAF browser recognizes the presence of microphone audio sequences in target audio reg
[he target audio resource URLs and the MIC URFwhere the audio recognition shall be perfor
bpecified by the MAREC. The ARAF browser decides which recognition library is more appropi
recognizing the audio data captured by thegdevice's microphone. The ARAF browser sends th
[0 the ARAF scene as an array of integers representing the indexes of the recognized targg
resources along with the timestampssfor each detected target resource (if applicable), as de
below in the Functionality and Semiantics.

Fven though in the presented schema (below) the augmentation media is presented as inpy
bther data provided by the MAREC, the augmentation media is not used by the PROTO impleme
meaning that it is not part of any of the PROTO fields. The augmentation resources are of]
required for the scene aigmentation but they do not influence the recognition process.

f audio
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Figure 10 — Local audio reng?utlon
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5.1.4.18.3.2 BIFS Textual description $’\\,Q
EXTERNJROTO LocAud [ R
exgosedField SFString source A mn
exgposedField SEFBool enabled O TRUE
expposedField MFString targetReso es [1]
expposedField MFString targetR cesTypes []
exgosedField SFFloat recogn@ nFreq 5000 #milliseconds
exgosedField SFFloat recognitionSize 5000 # milliseconds
evg¢ntout MFInt32 on énized]—\udio
evgntOut MFFloat mestamp
evgntOut SFInt32 C@rror
]"org:qpeg:locaud” .
5.1.4.138.3.3 Functione%@hnd semantics
The audio recogniti ocess is performed locally, on the device where the MAR Experience is running|

all be able to retrieve audio data from the capturing device (microphone) or from
a broadcast se which is also specified by the MAREC in the ARAF scene, compress/convert the

the MAREC preferences. In the case when the audio data comes from external resources
ommunication protocols presented in Table 23 has to be used for retrieving the audio data.

The ARAF browser is allowed to choose how the audio data is received from the capturing device (if
applicable), therefore, this document does not impose any limitation regarding this aspect, as long as
the final audio data being sent to the audio recognition library is compliant with this document.

The source field is a SFString specifying the URI/URL to a local or remote device that is capable of
providing an audio stream. The audio feed can be live feed or prerecorded audio. The ARAF browser
receives the audio data coming from the capturing device (e.g. microphone, broadcast server) and
sends it to the audio recognition library in one of the accepted formats. The ARAF browser is in charge
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converting/encoding the audio data in a format that is compatible with the recognition library. The
source can be one of the following:

a) aURIto one of the microphones available on the end user’s device. The possible values are specified
in Table 28;

b) aURL to an external device (or broadcast audio server) providing audio feed.

The accepted audio formats are specified in Table 27.

| he accepted communication protocols are specified in lable Z5.

[he enabled is a SFInt32 value indicating if the audio recognition process is enabled (runinihg). MAREC
can control the status of the audio recognition process or he can let the ARAF browser te de¢ide whether

fhe recognition process should be running or not. Table 29 specifies the supported integer valugs of the
bnabled field.

Table 29 — LocAud: enabled

enabled Description

-1 ARAF browser decides when the audio recognition process is‘enabled/disabled. If not support-
ed, the audio recognition process is always disabled unless a value of 0 or 1 is set by the MAREC.

0 (default) The audio recognition process is disabled.

1 The audio recognition process is enabled.

fargetResources is an MFString where the audio target resources to be recognized within the
MAR experience are specified. A URI can point to a.lo€al or remote audio resource file. The afcepted
Communication protocols for the remote resourcessare the ones specified in Table 23. Any of the below
combinations describes a valid targetResources assignment:

— URIs pointing to target audio files;

— URIs pointing to files where target‘audio descriptors are found. A file contains descriptor} of one
single target audio;

— URLs pointing to files where multiple target audio descriptors are found. One file dontains
descriptors of multiple target images;

— any combination of thetases described above can coexist in the same targetResources field.
['he file formats specified in Table 27 are the ones accepted for any of the options described aboyve.

[he targetResourcesTypes field is an MFInt32 containing an array which specifies the type|of each
farget resoufée“defined in the targetResources field. Each target resource shall have associated a type
n order for\the ARAF browser to know how to interpret the data. The possible pre-defined keywords of
the targetResourcesTypes and their meaning are listed in Table 27. If the target resource is a proprietary
escriptor file and in addition to the actual audio descriptors data the proprietary recognition|library
needs some other data (for e.g. an XML file), the related content should be stored in a direct¢ry that

hao'thao camao namao actho racnurca tunao (far o a taraot yocoireo tuno Lovnd /) in ardaor for +h ARAF
oot eSS e e Ao ESouatr ce vy pe o &5t et o Oty p e <y W O i O e o1t

browser to know where the required files can be found. The names of the files within the directory
have to be the same name as the corresponding descriptor file name.

The recognitionFreq field is a SFFloat value specifying the frequency (in milliseconds) of the audio
data being processed by the audio recognition library. In other words, the ARAF browser sends audio
data to the audio recognition library with a frequency given by the field’s value. For example, a value
of 5 000 indicates that every 5 s a new audio data set is transmitted by the ARAF browser to the
recognition library.

recognitionSize is a SFFloat value specifying the size (in milliseconds) of the audio data being
transmitted by the ARAF browser to the audio recognition library. The size of the audio data should
be equal or less than the value of recognitionFreq. If both the recognition size and the recognition
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frequency have the same value K, it means that the whole audio stream is transmitted to the audio
recognition library, every K milliseconds. If the recognition size is less that the recognition frequency
the ARAF browser transmits audio data of “size” milliseconds every “freq” milliseconds.

onRecognizedAudio is an output event of type MFInt32 specifying the indexes of the target resources
that have been recognized. An index is an integer value representing the position of a target resource
in the targetResources array (0 indexed). The index of the first target resource is 0 and it is incremented
by one for each next target resource. If a target resource is a file containing descriptors for several
images, each target image descriptor within the descriptor file is assigned the next index as they were
separa }_y opcuificd.

onTimestamp is an output event of type MFFloat specifying where the external audio data hasbeer
recognized within the target audio resource. It is possible that the recognition library detects the audid
but is npt able to compute the timestamp. In this case, the corresponding index of the field is)set to -1.

onErrdr is an output event of type SFInt32.

Table 30 specifies onError possible values and their meaning.

Table 30 — LocAud: error codes

onExror Description
-1 The audio source URL is invalid or not supported.
-2 At least one target audio resource is invalid or not supportéd. This error can be triggered in

the cases when the ARAF browser is not able to read/access any of the target resources or the
processing library does not support the format of atleast one target resource.

-3 Unavailable audio recognition library for at least 6ne target resource that has been specified by
the MAREC.
-4 Unknown error.

5.1.4.13.3.4 RemAud (remote audio recognition)

Remotd audio recognition functionality, is¥necessary in those scenarios where the audio data is
totally hinknown or the audio sequences-to-be recognized are part of very big databases. A local audid
recognition process is out of the question because the mobile devices nowadays don’t have enough
storagelmemory or enough processing power for these specific use-cases.

The MAREC specifies the source of the audio data, the processing server URL and optionally the audiq
sequenge size (in milliseconds) which is transmitted to the audio recognition server and the frequency of
the progess thatis being pefformed on the server. The ARAF browser interrogates the audio recognitior
server that is specified-by? the MAREC and retrieves the supported audio format (see Table 27). As long
as the recognition proeess is active, the ARAF browser sends audio data to the processing server ir
one of the compldint formats that are accepted by the server. The MAREC preferences (processing
frequerfcy and sequence size if specified) should be considered by the ARAF browser.

A general/schema of the connection between the MAREC, ARAF browser and MAR Scene and the
Procesding)Server is presented in Figure 11.

86 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

End-user Device [ Processing |

/ ARAF Browser \ Server
Audio Descriptors

Database
/

(0) Get server capabilities 7

Audio
(2) Audio track metadata, tifnestamp, Recognition
links to augmentation medig + types

(1) [PCM data or encoded aydio

Processing Server URLs

MAR Experience
Creator +

CAantant Crantar
TV Wl UL

Source

Optional: recognition

] Descri
frequency, audio M Eii::gs: H
sequence size { ‘ ' n f
Optional { U 4 !
4
MIC Param CM/encoded .
udio data /au : )
. 3scriptorb Media Reposifory
Local MIC II[I MIC (b
Capture

Pre-recor@

Remote
Audio Data

Figure 11 — Remote audio Kecognition

O

5.1.4.13.3.5 BIFS Textual description ;\Q\\
EXTERNPROTO RemAud [ \(\Q
exposedField SFString source S mn
exposedField MFString processingS@&erURL []
exposedField SFBool enabled \\ TRUE
exposedField SFFloat recogni '&Freq 5000 #milliseconds
exposedField SFFloat recogn@onsize 5000 #milliseconds
eventOut MFString onR nizedAudio
eventOut SFInt32 on estamp
eventOut MFString nAugmentationMediaURL
eventOut MFInt32 " onAugmentationMediaType
eventOut SFInt32 onError
"org:mpeg:remaud” O

5.1.4.13.3.6 Functi(wg’{y and semantics

[he audio recognition process is performed remotely, on one of the processing servers that are
specified by the)MAREC. In order for the processing machine to be ARAF compliant, it has to $upport
the comm Qa'tion workflow that is presented in Table 33.

[he A rowser shall be able to retrieve audio data from the capturing device (microphone) jor from
5{3 ast server which is also specified by the MAREC in the ARAF scene, compress/convert the audio
nd/or extract the audio features if necessary and send it to the recognition server congidering

AAREC nreoforonces In the caco whon tho audia data camoc fram oviornal racanurcoc an of the
oo prerer e ce o e--tato W et et a0ttt CoHHH e O et Ha eSS 0utr eSOt

h b
il

h
communication protocols presented in Table 23 has to be used for retrieving the audio data.

The ARAF browser is allowed to choose how the audio data is received from the capturing device (if
applicable), therefore, this document does not impose any limitation regarding this aspect, as long as
the final audio data being sent to the processing server is compliant and understood by the server.

The source field is a SFString specifying the URI/URL to a local or remote device that is capable of
providing an audio stream. The audio feed can be live feed or prerecorded audio. The ARAF browser
receives the audio data coming from the capturing device (e.g. microphone, broadcast server) and sends
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it to the recognition server in the expected format. The expected format is given by the recognition
server as detailed in Table 33. The source can be one of the following:

— aURI to one of the microphones available on the end user’s device. The possible values are specified
in Table 28;

— aURL to an external device (or broadcast audio server) providing audio feed.

The accepted audio formats are specified in Table 27.

The acdepted communication protocols are specified in Table 23.

The processingServerURL is a MFString used by the MAREC to specify one or multiple web addféesses
where ARAF compliant processing servers are available. A valid URL is one that points to a psocessing
server that handles at least one audio resource type and is able to understand ARAF browser.requests
as defined in Table 33. Because a processing server can handle requests from multiple clients in the

ing server knows the source of the request and therefore it can improve the Speed of the audid
ion process.

bled is a SFInt32 value indicating if the audio recognition processqs:enabled (running). MARE(

can conltrol the status of the audio recognition process or he can let the ARAF browser to decide whethet
the recggnition process should be running or not. Table 31 specifies the’supported integer values of thg
enabled field.
Table 31 — RemAud: enabled
enabled Description
-1 ARAF browser decides when the audio recoghition process is enabled /disabled. If not support-
ed, the audio recognition process is always disabled unless a value of 0 or 1 is set by the MAREC.

0 (defaylt) The audio recognition process is disabled.

1 The audio recognition process is enabled.

The reqognitionFreq field is a SFFloat value specifying the frequency (in milliseconds) of the audio dat3
being pfrocessed by the remote server:In other words, the ARAF browser sends audio data to the audid
recognition server with a frequeney:given by the field’s value. For example, a value of 5 000 indicates
that evgry 5 s a new audio dataseétis transmitted by the ARAF browser to the recognition server.

recognjitionSize is a SFFléat value specifying the size (in milliseconds) of the audio data being
transmjtted by the ARAE browser to the audio recognition server. The size of the audio data should
be equdl or less than~the value of recognitionFreq. If both the recognition size and the recognitior
frequerfcy have the samfe value K, it means that the whole audio stream is transmitted to the processing
server, fevery K milliseconds. If the recognition size is less that the recognition frequency the ARAR
browsef transmits audio data of “size” milliseconds every “freq” milliseconds.

onRecqgnizedAudio is an output event of type MFString that is triggered whenever the processing
server [ecdgnizes an audio sequence. The processing server may send as an answer an array of stringg
that is related to the recognized audio sequence such as the metadata of a song. The meaning of the
server’s answer is not defined by this document; it’s up to the MAREC to inform himself how the array
string should be interpreted.

The following example shows what a server response might look like:
— the name of the recognized track;

— the author/band;

— the album;

— release date;
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— any number of links separated by comas.

017(E)

EXAMPLE [“Nothing else matters” “Metallica” “Metallica” “NULL” “http://en.wikipedia.org/wiki/Nothing

Else_Matters, http://youtu.be/W00b54UY7uE"].

As the MAREC is the one providing the server URL, it’s his job to know what is the meaning
keyword of the array.

of each

onTimestamp is an output event of type SFInt32 which is set when a recognized audio sequence has
been found within the full audio track that is part of. The matching algorithm and how the descriptors

browser to the audio recognition server.

f the timestamp has been computed, implicitly the audio track has been mecognized, theref
metadata related to the audio track should be also part of the server’s ansgwer.

ndexes.

bnAugmentationMediaTypes is an output event of type MFInt32 where the code of each augms
media format referenced in the ondugmentationMediaURL field is specified. See Table 24
escription of the supported types and their associated codes.

pnError is an output event of type SFInt32.

Ilable 32 specifies onError possible values-and their meaning.

Table 32 — RemAud: error codes

bf the audio sequence are stored in the database it's not the scope of this document. Thed server
thould always provide the metadata of the recognized audio track (onRecognizedAudio) whengver the
[imestamp has been computed. The returned value specifies the milliseconds in the original-audjio track
Wwhere the audio chunk (raw PCM data, audio descriptors) has been recognized. The precessing server
returns the millisecond matching the beginning of the audio sequence that has been sent by thie ARAF

bre, the

bnAugmentationMediaURL is an output event of type MFString where augmentation medja URLs
hssociated to the recognized target resource are referenced. Several’URLs can be provided when an
hudio sequence is recognized. The type of the media found at the'specified URL is found in thg output
bvent onAugmentationMediaTypes; the correlation between themedia and its type is given by the array

ntation
for the

onError Description

-1 The audio sourée-URL is invalid or not supported.

-2 The processingserver URL is not valid or the server is not compliant.

-3 The ARAF browser is not able to provide accepted audio format to the audio recognition s

Erver.

-4 Unknown error

5.1.4.13.3.7 “ARAF Browser — Processing server communication workflow

n ordersto be a compliant ARAF audio processing server, the remote machine where th
recognition is performed has to support the HTTP communication workflow described below.

b audio

he nr‘r‘npfnd communication prnfnrn]c are cpnrifipd in Tabhle 23 (cnp 51413 7)
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Table 33 — RemAud: communication workflow

ARAF browser | Request Description Processing Description
request type server response
pServer? GET Get the unique unique key 64-bit, one The unique key shall be used to
. key, the server or several codes of the indentify future requests from
alive : . . L
parameters and |audio formats specified |client. An array containing the cor-
capabilities in table Audio Formats. |responding codes of the supported
audio formats, separated by comma
pServe POST trrformrthepro- Frue/fatse Theserverreporse s Trueif the
cessing server data is correctly received and False
key&data_format about the chosen otherwise
audio data format
pServey? POST Send the audio onRecognizedAudio, The server response includes the
audio dbta data in the chose |onTimestamp, onAug- metadata of the recognized audio
format, every mentationMediaURL, sequence, the timestamp where the
X milliseconds onAugmentationMedi- |audio sequence-hasbeen detected
(considering the |aType in the original audio track, one or
MAREC prefer- several URLs.to pointing to aug-
ences) mentation ' media and their types.

Communication workflow:

a)

ARAF browser interrogates the Processing Server (GET /alive)/in‘erder to detect its status and td

recgive the server parameters and capabilities. The server returns:

1y
2)

The serjver response shall be in the following format:

key=un

que key 64-bit

&audio| code=[audio format codes];

Example of a possible server response:

a unique key that shall be transmitted by ARAF browser in future requests;

the list of codes describing the supported audio formats (file types or audio descriptors). Seg
Table 27 for the supported codes and their meaning.

key=2e45325f4f&audio_code=0,2

b) Onge the key has been-received, the ARAF browser knows that the processing server is ready tq
perfform the audio récegnition process. The ARAF browser decides on one audio encoding type
baged on the available audio data format and on the server's response then it informs the processing
serer about théhosen format. The audio data of this session is sent only in the specified encoding
type. The POST request is in the following format:

key=unjque_key

&audiol| code=the chosen audio encoding format code

The processing server returns TRUE if the data is correctly received or FALSE otherwise.

c) The ARAF browser sends audio data to the processing server in the format that the audio
processing server has been previously informed. The audio data length (size) is computed based on

the

recognitionSize value.

key=unique_key

&audio_data=the audio data

90
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The processing server's response can be:

— onRecognizedAudio (proprietary string): an array of strings that is related to the recognized
audio sequence such as the metadata of a song;

— onTimestamp: the second matching the beginning of the recognized audio sequence that has
been sent by the ARAF browser to the audio recognition server (the Browser should “compensate”
the delay);

— onAugmentationMediaURL: one or several augmentation media URLs associated to the recognized
audio sequence;

— onAugmentationMediaType: the type of each augmentation media rneferenged in
onAugmentationMediaURL. Therefore, the lengths of the two arrays have to be the:same.

An example of how the server's response may look like as presented below:
hudio_metadata="proprietary string"

ktimestamp=integer_value

Kmedia_url=urll;url2

Kkmedia_type=0;2

[he case where the processing server returns a proprietary-string is not covered by this documgnt. The
MAREC should know how the string has to be interpretéd, because he is the one providing the server
JRL. In this case the server response is transmitted taxthe MAR Scene exactly in the form as it qomes.

1) The loop starts over from point 3 whenever the ARAF browser has to send new audio dath to the
processing server. The frequency of audio data being transmitted to the audio processing sgerver is
given by the field recongitionFreq.

b.1.4.14 Switch

5.1.4.14.1 XSD description

<complexType name="SwitchType">
<all>
<element ref=txmta:IS" minOccurs="0"/>
<element name="choice” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbounded"/
<JcomplexType>
</&lement>
</a¥I>
<aftribute name="whichChoice"” type="xmta:SFInt32" use="optional” default="-1"/>
KattributeGroup ref="xmta:DefUseGroup"/>
</AcomplexType>
<eélement name="Switch" type="xmta:SwitchType"/>

- 14.14.2 . i 1 .
As specified in ISO/IEC 14772-1:1997, 6.46.

The Switch grouping node traverses zero or one of the nodes specified in the choice field.
ISO/IEC 14772-1:1997, 4.6.5 describes details on the types of nodes that are legal values for choice.

The whichChoice field specifies the index of the child to traverse, with the first child having index 0. If
whichChoice is less than zero or greater than the number of nodes in the choice field, nothing is chosen.
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All nodes under a Switch continue to receive and send events regardless of the value of whichChoice.
For example, if an active TimeSensor is contained within an inactive choice of a Switch, the TimeSensor
sends events regardless of the Switch's state.

With the following restriction specified in ISO/IEC 14496-11:2015, 7.2.2.122.2.

If some of the child sub-graphs contain audio content (i.e. the subgraphs contain Sound nodes), the
child sounds are switched on and off according to the value of the whichChoice field. That is, only the
sound that corresponds to Sound nodes in the whichChoice’th subgraph of this node is played. The
others are muted

5.1.4.15 Transform

5.1.4.15.1 XSD description

complexType name="TransformType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccuns="unbounded" />
</complexType>
</element>
</all>
<attribute name="center" type="xmta:SFVec3f" use="optfional” default="0 0 0"/>
<attribute name="rotation” type="xmta:SFRotation” ¥dse="optional” default="0 0 1
O"/>
<attribute name="scale" type="xmta:SFVec3f" usesloptional” default="1 1 1"/>
<attribute name="scaleOrientation” type="xmta&SFRotation” use="optional” default="0(
01 0"f>
<attribute name="translation"” type="xmta:SEWec3f" use="optional” default="0 0 0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="Transform” type="xmta:TransformType"/>

5.1.4.15.2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6,52

The Trgnsform node is a grouping nede that defines a coordinate system for its children that is relative
to the doordinate systems of its ancestors. See ISO/IEC 14772-1:1997, 4.4.4 and ISO/IEC 14772-1:1997
4.4.5 fof a description of coordinate systems and transformations.

ISO/IE( 14772-1:1997, 4.6.5provides a description of the children, addChildren, and removeChildren
fields and eventlIns.

The bbgxCenter and‘bboxSize fields specify a bounding box that encloses the children of the Transform]
node. This is a hint that may be used for optimization purposes. The results are undefined if the specified
boundipg box<is.smaller than the actual bounding box of the children at any time. A default bboxSizé
value, (11, ~17=1), implies that the bounding box is not specified and, if needed, shall be calculated by
the brofwser: The bounding box shall be large enough at all times to enclose the union of the group's
Childre l'b qulldills }JUACD, lt aha}} llUt iul,}udc Cllly tl auafux llldtiUllD lJCl fUl lllCd lIJ_y t}lC sl uup ltDC}f (i.c.
the bounding box is defined in the local coordinate system of the children). The results are undefined
if the specified bounding box is smaller than the true bounding box of the group. A description of the
bboxCenter and bboxSize fields is provided in ISO/IEC 14772-1:1997, 4.6.4.

The translation, rotation, scale, scaleOrientation and center fields define a geometric 3D transformation
consisting of (in order):

— a (possibly) non-uniform scale about an arbitrary point;
— arotation about an arbitrary point and axis;

— atranslation.
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The center field specifies a translation offset from the origin of the local coordinate system (0,0,0).
The rotation field specifies a rotation of the coordinate system. The scale field specifies a non-uniform
scale of the coordinate system. scale values shall be greater than zero. The scaleOrientation specifies
a rotation of the coordinate system before the scale (to specify scales in arbitrary orientations). The
scaleOrientation applies only to the scale operation. The translation field specifies a translation to the
coordinate system.

As specified in ISO/IEC 14496-11:2015, 7.2.2.131.2.

Fcnnﬂnnffhprhihithgrnphcrnnfqh1nndinrnnfpnf(ip fhpcnhgrqphcrnnfnh1anruinndpq,f e child

sounds are transformed and mixed as follows. If each of the child sounds is a spatially presented sound,
he Transform node applies to the local coordinate system of the Sound nodes to alter the apparent
bpatial location and direction. If the children are not spatially presented but have equal numbers of
hannels, the Transform node has no effect on the childrens’ sounds. If the children are not spatially
presented but have equal numbers of channels, the Transform node has no effect on the chjldrens’
sounds. The child sounds are summed equally to produce the audio output at thistnode. If some dhildren
hre spatially presented and some not, or all children do not have equal pfumbers of channels, the
semantics are not defined.

5.1.4.16 Transform2D

5.1.4.16.1 XSD description

<complexType name="Transform2DType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
<element name="children" form="qualidiegd” minOccurs="0">
<complexType>
<group ref="xmta:SF2DNodeType” minOccurs="0" maxOccurs="unbounded"/
</complexType>
</element>
</all>
<attribute name="center" type="xmta:SFVec2f" use="optional” default="0 0"/>
<attribute name="rotationAhgle" type="xmta:SFFloat”" use="optional” default='|0"/>
<attribute name="scale" ‘mype="xmta:SFVec2f" use="optional” default="1 1"/>
<attribute name="scaleOtifentation” type="xmta:SFFloat” use="optional”
efault="0"/>
<attribute name="translation” type="xmta:SFVec2f"” use="optional” default="0 |0"/>
<attributeGroup wef="xmta:DefUseGroup"/>
</complexType>
<element name="Transform2D" type="xmta:Transform2DType" />

5.1.4.16.2 Functionality and semantics
As specified indSO/IEC 14496-11:2015, 7.2.2.132.2.

[he Transferm2D node allows the translation, rotation and scaling of its 2D children obje¢ts. The
Fotation field specifies a rotation of the child objects, in radians, which occurs about the point specified
by center. The scale field specifies a 2D scaling of the child objects. The scaling operation takés place
following a rotation of the 2D coordinate system that is specified, in radians, by the scaleOrientation
field. The rotation of the co-ordinate system is notional and purely for the purpose of applying the
scaling and is undone before any further actions are performed. No permanent rotation of the co-
ordinate system is implied.

The translation field specifies a 2D vector which translates the child objects. The scaling, rotation and
translation are applied in the following order: scale, rotate, translate. The children field contains a list
of zero or more children nodes which are grouped by the Transform2D node. The addChildren and
removeChildren eventins are used to add or remove child nodes from the children field of the node.
Children are added to the end of the list of children and special note should be taken of the implications
of this for implicit drawing orders.

If some of the child subgraphs contain audio content (i.e. the subgraphs contain Sound nodes), the
child sounds are transformed and mixed as follows. If each of the child sounds is a spatially presented
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sound, the Transform2D node applies to the local coordinate system of the Sound2D nodes to alter
the apparent spatial location and direction. If the children are not spatially presented but have equal
numbers of channels, the Transform2D node has no effect on the childrens’ sounds. After any such
transformation, the combination of sounds is performed as described in ISO/IEC 14496-11:2015,
7.2.2.117.2.

If the children are not spatially presented but have equal numbers of channels, the Transform node has
no effect on the children’s sounds. The child sounds are summed equally to produce the audio output
at this node. If some children are spatially presented and some not, or all children do not have equal

£ le il L PR DL
numbersof cnanners;, the- Ssenranticsare notaertrea:

5.1.4.1Y Viewpoint

5.1.4.17.1 XSD description

complexType name="ViewpointType">
<all>

<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="fieldOfView"” type="xmta:SFFloat” use="optional¥
defaul#="0.785398"/>
<attribute name="jump"” type="xmta:SFBool"” use="optional” default="true"/>
<attribute name="orientation” type="xmta:SFRotation” usé=™optional” default="0 0 1
O"/>
<attribute name="position" type="xmta:SFVec3f" use="@ptional” default="0 0 10"/>
<attribute name="description” type="xmta:SFStringlN\use="optional”
default="&quot; &quot;" />
<attributeGroup ref="xmta:DefUseGroup"/>
</¢omplexType>
<element name="Viewpoint"” type="xmta:ViewpointIype"/>

5.1.4.17.2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6.53.

The Vigwpoint node defines a specific location in the local coordinate system from which the usej
may vigw the scene. Viewpoint nodes arebindable children nodes (see ISO/IEC 14772-1:1997, 4.6.10]
and thys there exists a Viewpoint node_stack in the browser in which the top-most Viewpoint nodsg
on the stack is the currently activeiewpoint node. If a TRUE value is sent to the set_bind eventIn of
a Viewpoint node, it is moved to thetop of the Viewpoint node stack and activated. When a Viewpoint
node is|at the top of the stack,(the’user's view is conceptually re-parented as a child of the Viewpoin{
node. Alll subsequent changesyto the Viewpoint node's coordinate system change the user's view (e.g
changes to any ancestor transformation nodes or to the Viewpoint node's position or orientation fields)
Sending a set_bind FALISE*event removes the Viewpoint node from the stack and produces isBoung
FALSE And bindTime,eyents. If the popped Viewpoint node is at the top of the viewpoint stack, the
user's vliew is re-parented to the next entry in the stack. More details on binding stacks can be found ix
ISO/IE( 14772-3:1997, 4.6.10. When a Viewpoint node is moved to the top of the stack, the existing toy
of stacK Viewpaoint node sends an isBound FALSE event and is pushed down the stack.

An authorgan automatically move the user's view through the world by binding the user to a Viewpoin{
node and then animating either the Viewpoint node or the transformations above it. Browsers shal
allow the user view to be navigated relative to the coordinate system defined by the Viewpoint node
(and the transformations above it) even if the Viewpoint node or its ancestors' transformations are
being animated.

The bindTime eventOut sends the time at which the Viewpoint node is bound or unbound. This can happen:
a) during loading;
b) when a set_bind event is sent to the Viewpoint node;

c¢) when the browser binds to the Viewpoint node through its user interface described below.
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The position and orientation fields of the Viewpoint node specify relative locations in the local coordinate
system. Position is relative to the coordinate system's origin (0,0,0), while orientation specifies a
rotation relative to the default orientation. In the default position and orientation, the viewer is on the
Z-axis looking down the -Z-axis toward the origin with +X to the right and +Y straight up. Viewpoint

nodes are affected by the transformation hierarchy.

Navigation types (see ISO/IEC 14772-1:1997, 6.29) that require a definition of a down vector (e.g

.terrain

following) shall use the negative Y-axis of the coordinate system of the currently bound Viewpoint node.
L1kew1se nav1gat10n types that requlre a def1n1t10n of an up vector shall use the posmve Y- ax1s of the

ioes not affect the def1n1t10n of the down or up vectors ThlS allows the author to separate the V
irection from the gravity direction.

[he jump field specifies whether the user's view "jumps" to the position and orientation of g
Viewpoint node or remains unchanged. This jump is instantaneous and discontinuous in

collisions are performed and no ProximitySensor nodes are checked in between the start
ending jump points. If the user's position before the jump is inside a ProximitySensor the exit
hat sensor shall send the same timestamp as the bind eventIn. Similarly, if the user's position

ump is inside a ProximitySensor the enterTime of that sensor shall senid-the same timestam
bind eventIn. Regardless of the value of jump at bind time, the relative-viewing transformation b
he user's view and the current Viewpoint node shall be stored with/the current Viewpoint 1
ater use when un-jumping (i.e. popping the Viewpoint node bindihg stack from a Viewpoint no
Jump TRUE). The following summarizes the bind stack rules (see ISO/IEC 14772-1:1997, 4.6.1
hdditional rules regarding Viewpoint nodes (displayed in beldface type).

)  Duringread, the first encountered Viewpoint node.is bound by pushing it to the top of the Vig
node stack. Ifa Viewpoint node name is specifieddnthe URL that is being read, this named Vie
node is considered to be the first encountered Viewpoint node. Nodes contained withii

passed to the Browser.createVrmlFromURL() method (see ISO/IEC 14772-1:1997, 4.12.10)
candidates for the first encountered Viewpoint node. The first node within a prototype ins

sends an isBound TRUE event.
b) When a set_bind TRUE eventisvyeceived by a Viewpoint node:

— If it is not on the teprof the stack: The relative transformation from the current top
Viewpoint node to the user's view is stored with the current top of stack Viewpoint ng
current top of sta¢k node sends an isBound FALSE event. The new node is moved to the td
stack and becomes the currently bound Viewpoint node. The new Viewpoint node (top d
sends an.isBound TRUE event. If jump is TRUE for the new Viewpoint node, the user's
instantaneously "jumped" to match the values in the position and orientation fields of 1
Viewpoint node.

— I the node is already at the top of the stack, this event has no affect.

) AWhen a set_bind FALSE event is received by a Viewpoint node in the stack, it is removed f

t node
Fiewing

bound
that no
ng and
Time of
fter the

as the
etween
ode for
de with
0) with

wpoint
wpoint
1 Inline

nodes, within the strings passed to the Broewser.createVrmlFromString() method, or within files

are not
tance is

a valid candidate for the first encountered Viewpoint node. The first encountered Viewpoint node

bf stack
de. The
p of the
f stack)
view is
he new

rfom the

stack. If it was on the top of the stack,

— it sends an isBound FALSE event,

— the next node in the stack becomes the currently bound Viewpoint node (i.e. pop) and is
isBound TRUE event,

— if its jump field value is TRUE, the user's view is instantaneously "jumped" to the posit

sues an

ion and

orientation of the next Viewpoint node in the stack with the stored relative transformation of

this next Viewpoint node applied.

d) If a set_bind FALSE event is received by a node not in the stack, the event is ignored and i
events are not sent.
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e) When a node replaces another node at the top of the stack, the isBound TRUE and FALSE events
from the two nodes are sent simultaneously (i.e. with identical timestamps).

f) Ifabound node is deleted, it behaves as if it received a set_bind FALSE event (see c).

The jump field may change after a Viewpoint node is bound. The rules described above still apply. If
jump was TRUE when the Viewpoint node is bound, but changed to FALSE before the set_bind FALSE is
sent, the Viewpoint node does not un-jump during unbind. If jump was FALSE when the Viewpoint node

is bound, but changed to TRUE before the set_bind FALSE is sent, the Viewpoint node does perform the
un-jumpduring unbhind

Note thpt there are two other mechanisms that result in the binding of a new Viewpoint:
— an Anchor node's url field specifies a "#ViewpointName";
— asgriptinvokes the loadURL() method and the URL argument specifies a "#ViewpointName".

Both df these mechanisms override the jump field value of the specifiedViewpoint nodsg
(#ViewpointName) and assume that jump is TRUE when binding to the new Viewpoint. The behavioui
of the vjiewer transition to the newly bound Viewpoint depends on the currentl{z bound NavigationInfa
node's fype field value (see ISO/IEC 14772-1:1997, 6.29).

The fieldOfView field specifies a preferred minimum viewing angle from this viewpoint in radians. A
small field of view roughly corresponds to a telephoto lens; a large fieldof'view roughly corresponds to 3
wide-angle lens. The field of view shall be greater than zero and smaller than m. The value of fieldOfView
represdnts the minimum viewing angle in any direction axis perpendicular to the view. For example, 3
browsef with a rectangular viewing projection shall have the.following relationship:

isplay width tan (FOVhorizontal/2)

isplay height  tan(FOVyertica1/2)

where the smaller of display width or display height determines which angle equals the fieldOfView (the
larger gngle is computed using the relationship described above). The larger angle shall not exceed T
and may force the smaller angle to be less than fieldOfView in order to sustain the aspect ratio.

The desgription field specifies a textual description of the Viewpoint node. This may be used by browser
specifid user interfaces. If a Viewpeint's description field is empty it is recommended that the browset
not pregent this Viewpoint in its-browser-specific user interface.

The URL syntax".../scene.wrl#ViewpointName" specifies the user's initial view when loading "scene.wrl’
to be tHe first Viewpoint'nede in the VRML file that appears as DEF ViewpointName Viewpoint {...}
This oyerrides the firstViewpoint node in the VRML file as the initial user view, and a set_bing
TRUE message is sentto the Viewpoint node named "ViewpointName". If the Viewpoint node named
"ViewppintName" 1$not found, the browser shall use the first Viewpoint node in the VRML file (i.e. thg
normal|default'behaviour). The URL syntax "#ViewpointName" (i.e. no file name) specifies a viewpoin{
within the existing VRML file. If this URL is loaded (e.g. Anchor node's url field or loadURL() method
is invoed by a Script node), the Viewpoint node named "ViewpointName" is bound (a set_bind TRUH

idsahttao thic Viewnaint nade)
event igsenttothis Viewpointnod

Sy

The results are undefined if a Viewpoint node is bound and is the child of an LOD, Switch, or any node or
prototype that disables its children. If a Viewpoint node is bound that results in collision with geometry,
the browser shall perform its self-defined navigation adjustments as if the user navigated to this point
(see ISO/IEC 14772-1:1997, 6.8).
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5.1.4.18 Viewport

5.1.4.18.1 XSD description

<complexType name="ViewportType">
<all>

<element ref="xmta:IS" minOccurs="0"/>
</all>

<attribute name="position” type="xmta:SFVec2f" use="optional” default="0 0"/>

<attribute name="size" type="xmta:SFVec2f"” use="optional” default="-1 -1"/>

FTLL1DUCE Name="oOrlentacion” Lype—"Xmta:.sSFrloat” use=-ropctional’ deraulc="0
<attribute name="alignment” type="xmta:MFInt32" use="optional” default="Q" Q'
<attribute name="fit" type="xmta:SFInt32" use="optional” default="0"/>
<attribute name="description” type="xmta:SFString" use="optional”

efault="&quot; &quot;"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Viewport”" type="xmta:ViewportType"/>

5.1.4.18.2 Functionality and semantics
As specified in ISO/IEC 14496-11:2015, 7.2.2.137.2.

A Viewport node can be placed in the viewport field of a Layer2Dor-€CompositeTexture2D no
he scene tree as a 2D node. It defines a new viewport and implicitly establishes a new local coo
system. The bounds of the new viewport are defined by the Size and position field. The ng
coordinate system’s origin is at the center of the parent nodein the parent’s local coordinate syj

[he orientation field specifies the rotation which is applied to the viewport in the parent nod
coordinate system with respect to the X-axis. Viewport nodes are bindable nodes (see ISO/IEC

bindable nodes (e.g. Background2D).

he description field specifies a textual [description of the Viewport node. The alignment

CompositeTexture2D, or the 2D top-node).

f the fit field is set to 0, the viewing area is scaled to fit the rendering area without presery
hspect ratio. If the fit field is set to71, the viewing area is scaled preserving the aspect ratio to fit
nside the rendering area. The scaling operation is performed possibly after rotation as spec
the orientation field. If the)fit field is set the 2, the viewing area is scaled preserving the aspe
o cover entirely the rendering area. The scaling operation is performed possibly after rots
specified by the orientation field.

[he alignement field is an MFInt32 field that contains two values. The first value specifies ali
hlong the X-agis-and the second value specifies alignment along the Y-axis. The first value belong
following set-of SFInt32: -1, 0, 1. The second value belongs to the following set of SFInt32: -1,
empty alighement field is equivalent to the default value. When the fit field is set to 0, the alig
field is,ignored.

/>
/>
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11, 7.1.1.2.14) and thus there exists a Viewport node stack which follows the same rules than other

and fit
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5.1.4.19.1 XSD description

<complexType name="FormType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF2DNodeType"” minOccurs="0" maxOccurs="unbounded” />
</complexType>
</element>
</all>
<attribute name="size”" type="xmta:SFVec2f" use="optional” default="-1 -1"
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/>

<attribute name="groups” type="xmta:MFInt32" use="optional"/>
<attribute name="constraints” type="xmta:MFString” use="optional”/>
<attribute name="groupsIndex” type="xmta:MFInt32" use="optional"/>
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>
<element name="Form" type="xmta:FormType"/>

5.1.4.19.2 Functionality and semantics

As specified in ISO/IEC 14496-11:2015, 7.2.2.62.2.

The Foiim node specifies the placement of its children according to relative alignment and distributiar
constralints. Distribution spreads objects regularly, with an equal spacing between them.

The chil]dren field shall specify a list of nodes that are to be arranged. The children’s position.iSimplici
and order is important.

The siz

The grups field specifies the list of groups of objects on which the constraints can be applied. Thg

childre

A group is a list of child indices, terminated by a -1.

The conjstraints and the groupsindex fields specify the list of constraints. One constraint is constituted

by a co

-1 conffained in the groupsindex field. There shall be as many strings in constraints as there arg
-1-tern]inated sets in groupsindex. The nth constraint string<shall be applied to the nth set in thg
groupsindex field. A value of 0 in the groupsindex field references the form node itself, otherwise 4
groupsindex field value is a 1-based index into the group field:

Constrgints belong to two categories: alignment and diStribution constraints.

Groups

constraint type. When rank is mentioned, it refers to the rank in that list.

The semantics of the <s>, when present in.théhame of a constraint, is the following. It shall be a number

integer

the semantics of the constraint.

In case
used as

specifigd by the constraint.

5.1.5

5.1.5.1
The fol

Coordinatelnterpolator, Colorinterpolator, PositionInterpolator, Valuator.

5.1.5.2

e field specifies the width and height of the layout frame.

1 of the Form node are numbered from 1 to n, 0 being reserved for a refefence to the form itself]

pstraint type from the constraints field, coupled with a set of’group indices terminated by 4

referred to in the tables below are groups whose indices appear in the list following the

when the scene uses pixel metrics,and float otherwise, which specifies the space mentioned in

the form itself is specified in alignment constraint (group index 0), the form rectangle shall bg
the base of the alignment/computation and other groups in the constraint list shall be aligned as

Dynamic and/animated scene

General

owing animation related nodes are used in ARAF: OrientationInterpolator, Scalarinterpolator

OrientationInterpolator

5.1.5.2.1 XSD description

<complexType name="OrientationInterpolatorType'>

98

<all>

<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="key" type="xmta:MFFloat” use="optional”/>
<attribute name="keyValue" type="xmta:MFRotation” use="optional”/>
<attributeGroup ref="xmta:DefUseGroup"/>
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</complexType>
<element name="OrientationInterpolator” type="xmta:OrientationInterpolatorType”/>

5.1.5.2.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.32.

The OrientationInterpolator node interpolates among a list of rotation values specified in the keyValue
field. These rotations are absolute in object space and therefore are not cumulative. The keyValue field
shall contain exactly as many rotations as there are keyframes in the key field.

An orientation represents the final position of an object after a rotation has been appl|ied. An
DrientationInterpolator interpolates between two orientations by computing the shortest.path on the
init sphere between the two orientations. The interpolation is linear in arc length along this path. The
results are undefined if the two orientations are diagonally opposite.

f two consecutive keyValue values exist such that the arc length between thenvis greater [than m,
he interpolation will take place on the arc complement. For example, the interpolation betwgen the
brientations (0, 1, 0, 0) and (0, 1, 0, 5.0) is equivalent to the rotation betweén the orientations|(0, 1, 0,
Pt) and (0, 1, 0, 5.0).

5.1.5.3  ScalarInterpolator

5.1.5.3.1 XSD description

<complexType name="ScalarInterpolatorType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="key" type="xmta:MEE¥dat" use="optional”/>
<attribute name="keyValue”" type="xmba:MFFloat” use="optional”/>
<attributeGroup ref="xmta:DefUseGroup" />
</complexType>
<element name="ScalarInterpolator™ type="xmta:ScalarInterpolatorType"/>

5.1.5.3.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.39.

[his node linearly interpolates among a list of SFFloat values. This interpolator is appropriate|for any
parameter defined using(a single floating point value. Examples include width, radius, and intensity
fields. The keyValue field-shall contain exactly as many numbers as there are keyframes in the kgy field.

5.1.5.4 Coordinatelnterpolator

b.1.5.4.1 <XSD description

<complexType name="CoordinateInterpolatorType”">
<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"/>
</complexType>
<element name="CoordinateInterpolator"” type="xmta:CoordinatelnterpolatorType"/>

5.1.5.4.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.13.

This node linearly interpolates among a list of MFVec3f values. The number of coordinates in the
keyValue field shall be an integer multiple of the number of keyframes in the key field. That integer
multiple defines how many coordinates will be contained in the value_changed events.
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5.1.5.5 ColorInterpolator

5.1.5.5.1 XSD description

<complexType name="ColorInterpolatorType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="key" type="xmta:MFFloat” use="optional”/>
<attribute name="keyValue" type="xmta:MFColor" use="optional”/>
GTCL1DUCEGIOUpD Ter="xmta:DerUseGroup
</¢omplexType>
<element name="ColorInterpolator” type="xmta:ColorInterpolatorType"/>

5.1.5.5]2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1997, 6.10.

This node interpolates among a list of MFColor key values to produce an SFColor (RGB) value_changed
event. The number of colours in the keyValue field shall be equal to the number of-keyframes in the key
field. The keyValue field and value_changed events are defined in RGB colour spagé.‘A'linear interpolatior]
using the value of set_fraction as input is performed in HSV space. The results are undefined wher
interpojating between two consecutive keys with complementary hues.

5.1.5.6| PositionInterpolator

5.1.5.6]1 XSD description

complexType name="PositionInterpolatorType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="key" type="xmta:MFFl@at” use="optional”/>
<attribute name="keyValue" type="xmta:MFVec3f" use="optional”/>
<attributeGroup ref="xmta:DefUseGkoup"/>
</¢omplexType>
<element name="PositionInterpolatdp” type="xmta:PositionInterpolatorType”/>

5.1.5.6J2 Functionality and semantics
As spedified in ISO/IEC 14772-1:1996, 6.37.

The PogitionInterpolator node [inearly interpolates among a list of 3D vectors. The keyValue field shal
containfexactly as many valdes as in the key field.

SeeISOfIEC 14772-1:1997,4.6.8, Interpolator nodes, contains a more detailed discussion of interpolators
5.1.5.7| Valuator

5.1.5.7]1 7 XSD description

<complexType name="ValuatorType">

<all>

<element ref="xmta:IS" minOccurs="0"/>

</all>

<attribute name="Factorl” type="xmta:SFFloat” use="optional” default="1"
/>

<attribute name="Factor2" type="xmta:SFFloat” use="optional” default="1"
/>

<attribute name="Factor3"” type="xmta:SFFloat” use="optional” default="1"
/>

<attribute name="Factor4" type="xmta:SFFloat” use="optional” default="1"
/>

<attribute name="Offsetl” type="xmta:SFFloat” use="optional” default="0"
/>
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<attribute name="Offset2"” type="xmta:SFFloat” use="optional” default="0"

/>

<attribute name="Offset3” type="xmta:SFFloat” use="optional” default="0"
/>

<attribute name="Offset4"” type="xmta:SFFloat” use="optional” default="0"
/>

<attribute name="Sum” type="xmta:SFBool" use="optional” default="false”
/>

<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Valuator" type="xmta:ValuatorType”/>

b.1.5.7.2 Functionality and semantics

As specified in ISO 14496-11:2015, 7.2.2.135.1.

the eventOut values can be single field (SF) or multiple field (MF) types. In addjtion, the possible
ind eventOut types include both scalar types, like SFBool, and vector types, {ike SFVec2f.

romponent of the (possibly vector) eventln value with the following relationship:
putput.i = factor.i * input.i + offset.i

All values specified in the above equation are floating point values.

pf one of the eventOut types specified in the node inteface. input.i shall be extended by zero

hppropriate type conversion.

Depending on the number of dimensions of the data type, there may be one up to four input val
bxample, an eventln of type SFRetation will require four input paths but SFInt32 will only req
first input path. Each input path operates identically.

Fach input value is conyverted to a floating-point value using a simple typecasting rule as illy
n Table 34. After conversion, the values are multiplied by the corresponding factor.i value an
o the correspondingoffset.i value as specified above. Depending on whether the summer is ¢
pither the sumnied*value or the individual values are presented at the output. The summer §
four computediinput paths independent of the number of dimensions of the eventIn type.

Table 34 — Simple typecasting conversion from other data types to float

[he Valuator node serves as a simple type casting method. It can receive events of multiple tyjpes. On
reception of such an event, eventOuts of many different types can be generatedcBoth the eventin and

eventln

Fach component of the (possibly vector) eventOut value is calculated from the corresponding

nput.iis the value of the ith component of the eventln typé and output.i is the value of the ith comiponent

5 for all

components i that do not existin the input type (e.g-Anput.z=0.0 in case an SFVec2fis cast to an SfVec3f).

factor.i and offset.i are the exposedField values ‘for the ith component of the vectorial calculdtion. In
'he special case of a scalar input type (e.g.SFBool, SFInt32) that is cast to a vectorial output type (e.g.
bFVec2f), for all components i of outputiyinput.i shall take the value of the scalar input type, after

hes. For
lire the

strated
1 added
nabled,
ums all

Frem Conversion to float

Integer Direct conversion (1 to 1.0)

Boolean True - 1.0
False - 0.0

Double Truncate to 32-bit precision

String Convert if the content of the string represensts an int, float or a double value. “Boolean” string val-
ues “true” and “false” are converted to 1.0 and 0.0 respectively. Any other string is converted to 0.0.
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Table 35 — Simple typecasting conversion from float to other data types

To Conversion from float

Integer Truncate floating point.eg (1.11 to 1)

Boolean 0.0 to false. Any other values to true.

Double Direct conversion

String Convert to a string representing the float

For conversion of data fypnc toand from cfrihgc the values of mn]h'p]n valued data fypnc, such 2
SFColoi, are separated by spaces.

Depending on the dimension of the eventOut type, the corresponding number of output values’ are
computed and converted to the output types according to Table 34 and as detailed below.

If the eyentln is of an SF type then an eventOut for an MF type shall consist of just one element, i.e. the
MF type collapses to a SF type.

If the eyentln is of an MF type then an eventOut for an SF type shall be created by tsing the first elemenf
of the MF input only.

If the eyentIn is of an MF type then an eventOut for an MF type shall be created by using each element of
the MF nput to generate one element of the MF output type, respectingithe order of the elements in thg
eventIn MF type.

If the eyentln is of SFTime type then the conversion to string format shall be in the format “hh:mm:ss’
where 1hh”, “mm”, “ss” are respectively hours, minutes and seconds of the input SFTime value.
EXAMPILE The Valuator node can be seen as an event type-adapter. One use of this node is the modificatior
of the SFInt32 whichChoice field of a Switch node by an evént. There is no interpolator or sensor node with &
SFInt32 eventOut. Thus, if a two-state button is described,with a Switch containing the description of each statg
in choices 0 and 1. The triggering event of any type cam,be routed to a Valuator node whose SFInt32 field i
routed tp the whichChoice field of the Switch.

SFVec4f fields cannot be routed to Valuatoraode.

5.1.6 |Communication and compression

5.1.6.1] General

The following communication and compression related nodes are used in ARAF: BitWrapper
MediaCpntrol.

5.1.6.2| BitWrapper

5.1.6.2]1 XSD-description

qomplexType name="BitWrapperType'>
511

<element ref="xmta:IS" minOccurs="0"/>
<element name="node" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFWorldNodeType”" minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="type" type="xmta:SFInt32" use="optional” default="0"/>
<attribute name="url"” type="xmta:MFUrl"” use="optional”/>
<attribute name="buffer" type="xmta:SFString” use="optional”

default="&quot; &quot;" />

<attributeGroup ref="xmta:DefUseGroup”"/>

</complexType>
<element name="BitWrapper" type="xmta:BitWrapperType"/>

102

© ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

5.1.6.2.2 Functionality and semantics
As specified in ISO/IEC 14496-11:2015, 7.2.2.23.2.

A node may have a dedicated node compression scheme. This compressed representation may be
carried in the BIFS stream or in a separate stream.

The node field contains the node that has a compressed representation. The BitWrapper node can be
used in lieu and place of the node it wraps. The type field indicates which node compression scheme
shall be used, 0 being the default. It is envisioned that future node compression schemes may be
leveloped for the same node. For this specification, AFX object code table of ISO/IEC 1449641 [defines
'he default schemes.

[he compressed representation is carried either in a separate stream or within the sc¢ene stream. The
irl field indicates the stream that contains the compressed representation and the buffer field dontains
he compressed representation when carried within the scene. When the compressed representation is
rarried in separate streams by using url field, node decoders shall be configured.

n the object descriptor stream, a node decoder is indicated in th€ ,DecoderConfig descriptor
for streamType 0x03, objectTypelndication 0x05, and code defineddn AFX object code table of
SO/IEC 14496-1. The decoder is configured with a AFXConfig descriptor.

Note that buffer is an array of 8-bit values. It shall not be intefpreted as a UTF-8 string.|For in-
pand scenario, compressed media stream is transmitted within a scene description stream through
buffer field.

For out-band scenario, compressed media stream isctransmitted outside scene description |stream
hrough url field. It is used when the specific node requires upstream to send a specific informption to
h server.

5.1.6.3 MediaControl

5.1.6.3.1 XSD description

<complexType name="MediaCountrolType">

<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute namex"url" type="xmta:MFUrl"” use="optional"/>
<attribute name="mediaStartTime” type="xmta:SFTime" use="optional” default="41"/>

<attribute rame="mediaStopTime" type="xmta:SFTime" use="optional” default="1]797693

[ 348623157E308" /4
<attributevname="mediaSpeed”" type="xmta:SFFloat” use="optional” default="1"/
<attribute name="loop" type="xmta:SFBool"” use="optional” default="false"/>
<attfiblte name="preRoll" type="xmta:SFBool" use="optional” default="true"/>
<atipribute name="mute"” type="xmta:SFBool"” use="optional” default="false"/>
Lattribute name="enabled” type="xmta:SFBool” use="optional” default="true"/>
<attributeGroup ref="xmta:DefUseGroup"/>

<Y ComplexType>

“element name="MediaControl” type="xmta:MediaControlType"/>

5.1.6.3.2 Functionality and semantics
As specified in ISO/IEC 14496-11:2015, 7.2.2.84.2.

The MediaControl node controls the play back and, hence, delivery of a media stream referenced by
a media node. The MediaControl node allows selection of a time interval within one or more stream
objects for play back, modification of the playback direction and speed, as well as pre-rolling and muting
of the stream.

A media node may be used with or without an associated MediaControl node. A media node for which
no MediaControl node is present shall behave as if a MediaControl node for that media stream were
present in the scene, with default values set.
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The url field contains a reference to one or more stream objects (“OD:n#segment” or “OD:n”), called
the controlled stream objects, all of which shall belong to the same media stream. This media stream is
called the controlled stream. When any media node referring to a media stream in its url field is active,
the associated media stream is said to be active.

This means that the controlled stream becomes active exactly when some media node pointing to it
becomes active. The controlled stream becomes inactive, when all media nodes referring to it become
inactive. When a controlled media stream becomes active, the associated controlled stream objects in
the url field of the MediaControl node shall be played sequentially.

The me¢diaStartTime and mediaStopTime fields define the time interval, in media time, of each
controlled stream object to be played back. If media time of the media stream is undefined, selectior
of a tirpe interval of the controlled stream object for play back is not supported. In that case, the
media§tartTime and mediaStopTime fields shall be ignored. The following values have’ specia
meaning for mediaStartTime and mediaStopTime:

— 0 injdicates the beginning of the controlled stream object;

— -1 [indicates the media time of the controlled stream object when the associated media node
bedomes active;

— +l

br any value greater than the duration of the controlled stream objectindicates its end.

Semantjics of mediaStartTime and mediaStopTime depend on the(delivery scenario. Semantics ir
case of|delivery scenarios that permit seeking: Play back of the-eontrolled stream object shall star
at medjaStartTime of the first controlled media object when<the’controlled stream becomes active
When the controlled stream becomes inactive and then activelagain, then if mediaStartTime is -1 the
stream|starts playing from the point where it was last stopped. Otherwise, the first controlled strean
objectip the url field restarts playing from mediaStartTime. If the loop field is TRUE, all the controlled
stream|objects are played in a loop, each in the range mediaStartTime to mediaStopTime while the
controlled stream is active. If mediaStartTime is -1;-each stream object will start from the beginning.

In all delivery scenarios, play back of the controlled stream object shall occur only in the rangsg
defined| by mediaStartTime and mediaStopTime. Outside this range the play back shall be muted
The logp field shall be ignored in deliveryscenarios that do not permit seeking. The mediaSpeed is 3
reques:lled multiplication factor to the normal speed of each controlled stream object. Negative valueg
for medliaSpeed request that the centrolled stream object plays backward from mediaStartTime tg
media§topTime. When this fieldiszero, the controlled stream shall be paused.

NOTE 1| All streams, independent of speed, are only played in the range defined by mediaStartTime ang
mediaStopTime. When mediaSpeed < 0, the stream object can only be played if the server reassigns timg
stamps fo be increasing froem mediaStopTime to mediaStartTime.

If medifaSpeed > 0 {forward play back) and mediaStopTime < mediaStartTime, then the controlled
stream|object will'play until the end.

If medipSpeed < 0 (backward play back) and mediaStopTime > mediaStartTime, then the controlled
stream|object will play to the beginning.

In these equations, the special value —1 is substituted by the actual value of media time that it TEpTeSents.
There is no requirement that a delivery service supports specific ranges of mediaSpeed other than
mediaSpeed = 1. Media content shall comply with maximum and average bit rates specified for the
stream, irrespective of the value of the mediaSpeed field.

If the preRoll field is set to TRUE the controlled stream should be pre-rolled in order to be ready to
start instantly when the controlled stream becomes active. All streams that are associated to the same
object time base as the stream that is pre-rolled should also be pre-rolled. If the delivery scenario does
not permit seeking, preRoll = TRUE means that the controlled stream object should be delivered and
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recently received access units should be stored in the decoding buffer in order to enable instantaneous
play back when the media node becomes active.

NOTE 2  Play back of stream objects in media nodes that are not controlled by MediaControl or where preRoll
is FALSE may suffer an unspecified startup delay if play back is requested by an unpredictable action (e.g. user
interaction, script).

The isPreRolled event sends a TRUE value when the controlled stream object has completed pre-
rolling. If the mute field is set to TRUE, the stream objects in the url field are not rendered when they
are played. However, their media clock is not stopped. For visual streams, whether natural video or
synthetic such as animation streams or Inline nodes, mute means that the visual texture femains
inchanged; for audio streams, the audio is not played.

f the enabled field is set to TRUE, the MediaControl node controls the stream objectdtrefers tio. More
rhan one MediaControl node may be used to control a stream object within the same stream. At most
bne of these MediaControl nodes shall be enabled at any time. If one of thesecMediaContrdl nodes
becomes enabled, the enabled field of all other MediaControl nodes that refertothe same stredm shall
hutomatically be set to FALSE.

f the enabled field is set to FALSE, the MediaControl node shall cease to control the play back and
muting of the controlled stream object, however, preRoll shall still\be evaluated. If the coptrolled
stream object is playing when enabled is set to FALSE and no othéryMediaControl node takes|control
pf the stream, the stream object shall continue playing as if itk were still controlled by the disabled
MediaControl node. Only one MediaControl node shall refer t0 any of the set of media streans that
hre associated to a single object time base.

NOTE3  MediaControl affects the OTB of the controlled stream and therefore affects all the |streams
hat are associated to the same OTB. Therefore, changifig-play position, speed or direction of one str¢gam will
correspondingly affect all the active streams that are a§sociated to the same OTB.

5.1.6.4 Support for Maps

5.1.6.4.1 General

MAPS are supported in ARAF by-‘three PROTOs: Map, MapOverlay, MapMarker and MapPlayer. As for
bther elements in the scene, the-node interface and the functionality and semantics are normative.
Annex A presents an informative implementation of these PROTOs.

5.1.6.4.2 Map

5.1.6.4.2.1 XSD.description

ProtoDeclage~name="Map"” locations="org:mpeg:Map">
<field name="name"” type="String” vrml97Hint="exposedField"” stringValue=""/>
<field\nadme="addOverlays" type="Nodes” vrml97Hint="eventIn"/>
<field hame="removeOverlays"” type="Nodes” vrml97Hint="eventIn”/>
<fleTd name="translate” type="Vector2” vrml97Hint="eventIn”/>
<fie1ld name="mapGPSCenter"” type="Vector2” vrml97Hint="exposedField" vector2Value="Q 0"/>
field nome=" " " " ra 071‘74“"_""“"3-'51-8"
<field name="zoomOut" type="Boolean” vrml97Hint="eventIn”/>
<field name="overlays"” type="Nodes” vrml97Hint="exposedField">
<nodes></nodes>
</field>
<fileld name="mode" type="Strings” vrml97Hint="exposedField" stringArrayValue="ROADMAP"/>
<field name="provider” type="Strings” vrml97Hint="exposedField"” stringArrayValue="ANY"/>
<field name="mapSize" type="Vector2” vrml97Hint="exposedField" vector2Value="768 768" />
<field name="mapTranslation” type="Vector2” vrml97Hint="exposedField" vector2Value="0
On/>
<fleld name="mapWidth” type="Float"” vrml97Hint="exposedField" floatValue="0"/>
<field name="zoomLevel” type="Integer” vrml97Hint="exposedField” integerValue="0"/>
</ProtoDeclare>
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5.1.6.4.2.2 BIFS textual description

EXTERNPROTO Map [
exposedField SFString name "

exposedField SFVec2f mapTranslation 0.0 0.0
exposedField SEVec2f mapGPSCenter 0.0 0.0
exposedField MFNode overlays []
exposedField MFString mode ["ROADMAP" ]
exposedField MFString provider ["ANY"]
exposedField SEVec2f mapSize 768 768
exposedField SFFloat mapWidth 0
exposg¢dField SFInt32 zoomLevel 0
eventlin MENode addOverlays

eventlin MFNode removeOverlays

eventln SEVec2f translate

eventlin SFBool zoomIn

eventln SEFBool zoomOut

]"org:ripeg:Map”

5.1.6.4)2.3 Functionality and semantics

The Mdp node provides map display capabilites to a scene. The node detects pdinter device dragging
and enpbles the dragging of the map image. The dragging operation changes the mapGPSCente;

corresgonding to the drag operation and translates all the associated Map (items along with the imagg
as a single unit.

The najne field of the map specifies a unique name of the Map instance: As multiple Map instances car
coexist|in the same scene, this field allows the identification of a spécific MAP node by name.

mapTranslation specifies a (x, y) translation in the local coordinate system of the Map image instance

NOTE mapTranslation does not modify the GPS center of tHé/Map (mapGPSCenter) position or any other GP§
related yalue.

addOv¢rlays specifies one or more MapOverlay nodes that shall be added to the Map overlays field
The MapOverlay instances are inserted after the already existing ones.

remove¢Overlays specifies one or more MapOverlay nodes that shall be removed from the Map
overlays field. If a MapOverlay instanceis.not found, its removal fails silently. Removing a MapOverlay
implies|the deletion of all the MapMarkers already attached to the indicated MapOverlay instance.

transldte specifies a translation(that is to be applied to the Map image. The values are represented if
the locql coordinate system of the Map node. The event also modifies the mapGPSCenter field.

mapGPSCenter specifies the GPS position (latitude, longitude) of the Map center.

zoomlIn increases theizoomLevel of the Map by one.
zoomOput decreasesthe zoomLevel of the Map by one.

mapSize is,a2b vector which specifies the width and the height of the map image.

zoomLevel represents the resolution of the current view. The minimal value of zoom level is 0, while thed
maximal value is defined by the map provider depending on its capabilities. Zoom level 0 encompasses
the entire earth. Each succeeding zoom level doubles the precision in both horizontal and vertical
dimensions.

mapWidth represents the length in meters on the longitude axis of the desired visible map. The client
calculates the maximum zoom level that contains the desired map and sets that value in the zoomLevel
field. If mapWidth is set to 0, then the zoomLevel field values is used.

provider specifies the desired map provider to be used. The provider field is a multi-value field enabling
designers to specify fallback map providers in the case the desired one is not supported by the client.
The “ANY” choice allows the client to select its provider.

106 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d90de3cc459f76ce0083b21443595926

ISO/IEC 23000-13:2017(E)

mode specifies the type of map that is to be displayed. The possible values are: “SATELLITE”, “PLANE”,
“ROADMAP” and “TERRAIN”". Satellite mode should display map images that are practically shot from
a vertical viewpoint, usually by a satellite. Plane mode should display map images that are taken by an
angle close to 45° usually shoot by an airplane. Map should display images that are vector drawings
of streets, buildings and other similar features. Terrain mode should display images that represent
physical relief map image, showing terrain and vegetation.

If multiple values are specified in the map field, then the resulting image should be a combination of
all desired modes as long as they are supported by the map provider. If a certain combination is not
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[he map image is made up by a 3 x 3 matrix of tile images. The GPS position and size of each tilg should
be automatically computed once the mapSize and the mapGPSCenter are set.

5.1.6.4.3 MapOverlay

5.1.6.4.3.1 XSD description

ProtoDeclare name="MapOverlay”" locations="org:mpeg:MapOverlay!®

<fileld name="name" type="String” vrml97Hint="exposedField’. 'stringValue = ""/>
<field name="visible"” type="Boolean” vrml97Hint="exposedFigld"” booleanValue = "TRUE"/>
<field name="enabled" type="Boolean”" vrml97Hint="exposaedkield" booleanValue = "TRUE"/>

<field name="clickable" type="Boolean” vrml97Hint="exposedField"” booleanValue =
"TRUE" />

<field name="children”" type="Nodes” vrml97Hint="exposedField">

<nodes></nodes>

</field>

<field name="keywords" type="Strings” vrmlLOMNMnt="exposedField stringArrayValues""/>

<field name="addOverlaylItems"” type="Nodes”" vwrml97Hint="eventIn"/>

<field name="removeOverlayItems" type="Nodes” vrml97Hint="eventIn"/>
/ProtoDeclare>

5.1.6.4.3.2 BIFS rextual description

FXTERNPROTO MapOverlay [
exposedField SFString name mn

exposedField SFBool visible TRUE
exposedField SFBool enabled TRUE
exposedField SFBool Clickable TRUE
exposedField MFNode children []
exposedField MFStrinyg keywords [1]
eventIn MFNode addOverlayItems
eventIn MENgde removeOverlayItems

"org:mpeqg:MapOver hay"
5.1.6.4.3.3 Semantics
A MapOverlay instance acts like a container for any number of items of the same type (MapMarkers)

rhat should be added to the Map. It also provides an easy way of executing a specified action of all the
tems it.contains at a time, as indicated below.

[he, hame field specifies a unique name of the MapOverlay instance that may be used to idgntify a

L 1 ip £ £ 4] i
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The visible field is a Boolean value which specifies if the MapOverlay instance is visible on the Map.
This field is used to display/hide all the items (MapMarker instances) of the current MapOverlay
instance at a time.

The enabled field is a Boolean value which specifies if all the MapMarkers of the current overlay are
enabled or not. An enabled MapMarker will output an event each time the MapPlayer enters/exits its
active region (the area “covered” by it). This value can be set using the radius field of the MapMarker.
Review the semantics of the MapMarker PROTO (see 5.1.6.4.4.3 for details).

The clickable field specifies if all the MapMarkers of a given MapOverlay are clickable or not. A
clickable MapMarker can be tapped by the user. When tapped, “onClick” output event is triggered
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by the corresponding MapMarker instance. Review the semantics of the MapMarker PROTO (see
5.1.6.4.4.3 for details).

children is a list of MapMarker instances. The list contains all the items that have been already added
to the current MapOverlay instance.

The keywords field specifies a semantic description of the specific MapOverlay node (e.g. "restaurant”,
"museum”, etc.).

addOverlayltems is an input event which can recieve one or multiple MapMarker instances to be
added to the MapOverlay children field. If the children field is not empty the specified MapMarket
instancps are inserted after the ones that already exist.

remov¢Overlayltems is an input event that removes the specified MapMarker instances»rom its
children field. If a MapMarker instance is not found among the children of the MapOverlay, the
removal of the unknown MapMarker instance fails silently.

Visible| clickable and enabled fields may give wrong information about the corresponding MapMarket
fields. If, for example, the visible field of the MapOverlay has been used to set all the MapMarkers visiblg
but in the meantime one or more MapMarkers have been individually set invisible (using their owr
visible|field) then the MapOverlay visible field (which is still TRUE) will give false information that al
the MapMarkers are still visible. The same rule applies to clickable and €nabled fields. Writing a new
value td any of these fields will set the new value to all the MapMarker instances no matter their previous
value of the specified field. Therefore, the user should be careful when reading any of these fields.

addOvérlayltems and removeOverlayltems are input events aftype MFNode but adding or removing
one single MapMarker instance at a time shall be also valid.

5.1.6.444 MapMarker

5.1.6.44.1 XSD description

<Protoljeclare name="MapMarker"” locationsk"org:mpeg:MapMarker">

<figld name="name" type="String” vrml97/Hint="exposedField"” stringValue = ""/>
<figld name="visible" type="Boolean?” vrml97Hint="exposedField"” booleanValue = "TRUE"/>
<fi¢ld name="enabled" type="Boolean” vrml97Hint="exposedField” booleanValue = "TRUE"/>

<figld name="clickable” type="Boolean” vrml97Hint="exposedField"” booleanValue =
"TRUE" [>
<figld name="position"” types"Vector2”" vrml97Hint="exposedField" vector3Value = "0 0
0n/>
<field fjame="radius” types"Float” vrml97Hint="exposedField" floatValue="0"/>
<figld name="rotation”~type="Rotation” vrml97Hint="exposedField"” rotationValue="0 0 1
on />
<figld name="markerShape”" type="Nodes” vrml97Hint="exposedField”
<nodes}</nodes>
<field>
<figld name&™keywords” type="Strings” vrml97Hint="exposedField stringArrayValue=""/>
<figld names"doClick" type="Boolean" vrml97Hint="eventIn"/>
<fi¢1ld neame="setPlayerGPS" type="Vector2"” vrml97Hint="eventIn"/>
<field namex'"setMapGPSCenter" type="Vector2” vrml97Hint="eventIn”"/>
<field 1nafue="setMapZoomLevel” type="Integer” vrml97Hint="eventIn"/>
<field name="onClick"” type="Boolean" vrml97Hint="eventOut"/>
<field name="onPlayerAround” type="Boolean” vrml97Hint="eventOut”/>
<field name="onPlayerLeft” type="Boolean” vrml97Hint="eventOut”/>
</ProtoDeclare>

5.1.6.4.4.2 BIFS textual description

EXTERNPROTO MapMarker [

exposedField SFString name "
exposedField SFVec2f position 0.0 0.0
exposedField SFFloat radius 5.0
exposedField SFRotation rotation 0010
exposedField SFBool clickable TRUE
exposedField SFBool visible TRUE
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exposedField SFBool enabled TRUE
exposedField MFNode markerShape []
exposedField MFString keywords []
eventIn SFBool doClick

eventIn SEVec2f setPlayerGPS
eventIn SFVec2f setMapGPSCenter
eventIn SFInt32 setMapZoomLevel
eventOut SFBool onClick

eventOut SFBool onPlayerAround
eventOut SFBool onPlayerLeft

]"org:mpeg:MapMarker”

5.1.6.4.4.3 Functionality and semantics

[he MapMarker proto allows creating marker instances that may be used to represent adflitional
nformation placed on the Map at a specified GPS position. In order for a MapMarker %o, be overlaid on
'he map a MapOverlay instance is needed. The visual representation of a MapMarker'can be any 2D or
BD object (e.g. an image, a video, a sphere, a complex 3D graphical object, etc.).

hame specifies a unique name of the MapMarker instance. It helps identifying a specific MapMarker
nstance for further actions.

['he visible field stores a Boolean value which specifies if the MapMarker node is visible on thelmap or
not. A MapMarker is considered to be visible when its correspondirngappearance node is displayed over
he Map image instance.

[he clickable field stores a Boolean value which specifies if the MapMarker node is clickable. A
clickable MapMarker instance generates a TRUE Booleamoutput event, “onClick”, when tapped

bnabled specifies if the MapMarker is enabled. An enabled MapMarker generates two Boolear] output
bvents always TRUE (onPlayerAround, onPlayerLeft) each time the player enters/exits the area fovered
by the MapMarker. This area is a circle centered+in the MapMarker GPS position with a specified radius.

position is a 2D vector that specifies the GRS location of the MapMarker. The first value of th¢ vector
specifies the latitude and the second one specifies the longitude.

radius is a float value that defines a circle centered in MapMarker’s position with a radius of X|meters,
where X is the value given to the radius field. The area of the circle defines the active zone (active|region)
bf the MapMarker. A value of 0 specifies that the MapMarker does not have an active region.

rotation specifies an arbitrary rotation of the marker. The first three values specify a normalized
rotation axis vector aboutWhich the rotation takes place whilst the forth value specifies the amount of
[ight-handed rotation about that axis in radians.

['he keywords field specifies a semantic description of the specific MapOverlay node (e.g. "restaurant”,
‘museum”, etcy).

markerShape is a list of nodes representing the visual appearance of the current MapMarker ipstance
that sheuld be overlaid on the Map image if its visible field is TRUE.

HoClick input event simulates a click action on the MapMarker visual representation.

setPlayerGPS is a 2D vector eventln representing the current GPS location of the player, the latitude
respectively the longitude. The player GPS position should be used to compute the distance between
the MapMarker and the player. Based on the computed distance onPlayerAround and onPlayerLeft
output events are triggered whenever the distance conditions are fulfilled.

setMapZoomLevel represents the current zoom level of the Map. The zoom level of the Map is needed
to compute the (x, y) coordinates of the MapMarker in the local coordinate system of the Map instance.

setMapGPSCenter is a 2D vector input event specifying the GPS position of the Map center. Beside
the zoomLevel (described above), the GPS center of the Map is also required in order to compute the
location of the MapMarker in the current coordinate system of the Map instance.
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Each MapMarker shall be attached to a MapOverlay. There has to be at least one MapOverlay attached
to the Map instance in order to be able to add and eventually display MapMarkers on the Map. Review
Map PROTO (see 5.1.6.4.2) and MapOverlay PROTO (see 5.1.6.4.2) for details.

5.1.6.4.5 MapPlayer

5.1.6.4.5.1 XSD description

<ProtoDeclare name="MapPlayer"” locations="org:mpeg:MapPlayer">

<fi¢ld name="name"” type="String” vrml9/Hint="exposedField"” stringValue = ""/>
<fi¢ld name="visible" type="Boolean” vrml97Hint="exposedField” booleanValue = "TRUE'\/>
<figld name="position” type="Vector2" vrml97Hint="exposedField" vector2Value = "0_0%/>
<figld name="playerShape” type="Nodes”" vrml97Hint="exposedField">

<nodes></nodes>
<figld>

<fi¢ld name="setMapGPSCenter" type="Vector2” vrml97Hint="eventIn”/>
<figld name="setMapZoomLevel” type="Integer” vrml97Hint="eventIn"/>
</Protg¢Declare>

5.1.6.4)5.2 BIFS textual description

EXTERNFROTO MapPlayer [

exgosedField SFString name m

expposedField SFEVec2f position 00
expposedField SFBool visible TRUE
expposedField MFNode playerShape []
evgntIn SFInt32 setMapZoomLevel
evgntIn SEFVec2f setMapGPSCenter

1" orgjmpeg:MapPlayer”

5.1.6.4)5.3 Functionality and semantics

The MgpPlayer proto allows creating a visual representation of the player on the Map. The playet
location) on the Map is represented by the real GPS:position of the device. Each location change (GPS
position) of the device should also affect the player*location on the Map. The visual representation of g
MapPlgyer can be any 2D/3D object (e.g. an imdge, a video, a sphere, a complex 3D graphical object, etc.)

name qpecifies a unique name of the MapPlayer instance. It helps identifying a specific MapPlayet
instance for further actions. The name) may be useful in a multiplayer application. A standalong
application should not have more than ene MapPlayer instance.

positiopn is a 2D vector that specifies the GPS location of the MapPlayer.

The visjible field stores a Boolean value which specifies if the MapPlayer node is visible on the map o}
not. A MapPlayer is considered to be visible when its corresponding appearance node is displayed ovef
the Map image instance,

player§hape is alistof nodes representing the visual appearance of the MapPlayer instance that should
be overlaid on thie’Map. The playerShape should be displayed on the Map only when “visible” is TRUE.

setMapZoomLevel represents the current zoom level of the Map. The zoom level of the Map is needed
to compute the (x, y) coordinates of the MapPlayer in the local coordinate system of the Map instance.

setMapGPSCenter is a 2D vector input event specifying the GPS position of the Map center. Beside
the zoomLevel (described above), the GPS center of the Map is also required in order to compute the
location of the MapPlayer in the current coordinate system of the Map instance.

The implementation of MapPlayer automatically computes the player translation in the local coordinate
system of the Map instance whenever the GPS location of the device changes. The recommended way
of adding a MapPlayer instance to a Map is using a dedicated MapOverlay. The MapPlayer is nothing
else but a special marker that has a slightly different behavior compared to an ordinary MapMarker
(see 5.1.6.4.4).
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Map |
name "CatMap”
mapSize 768 768
mapGPSCenter 48.625252 2.442515
zoomLevel 19
overlays [

DEF AngryCatOverlay MapOverlay {
name "AngryCatOverlay"”
children [

DEF AngryCatl MARKER [

DEF

DEF

DEF

BER

name "AngryCatl”
markerShape [USE AC MARKER]
position 48.625240 2.442301
radius 5.0

clickable FALSE

enabled TRUE

visible TRUE

AngryCat2 MARKER {

name "AngryCat2”
markerShape [USE AC MARKER]
position 48.625006 2.442843
radius 5.0

clickable FALSE

enabled TRUE

visible TRUE

AngryCat3 MARKER {

name "AngryCat3"

markerShape [USE AC MARKER]
position 48.624974, 2.442407
radius 5.0

clickable FALSE

enabled TRUE

visible TRUE

AngryCat4 MARKER {

name "AngryCatil

markerShape JWJSE AC MARKER]
position 48.624974, 2.443407
radius 5.0

clickable~FALSE

enabled TRUE

visible TRUE

}

SleepyCatOverlay MapOverlay {
name "SleepyCatOverlay”
children [
DEF SleepyCatl MARKER ({
name "SleepyCatl”

markerShape [USE SC MARKER]
position 48.625540 2.442501

ol oo 5 0

E=a=as =

clickable FALSE
enabled TRUE
visible TRUE

}

DEF SleepyCat2 MARKER ({
name "SleepyCat2”

markerShape [USE SC MARKER]
position 48.625306 2.442243

radius 5.0
clickable FALSE
enabled TRUE
visible TRUE
}
DEF SleepyCat3 MARKER {
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name "SleepyCat3”
markerShape [USE SC MARKER]
position 48.624774, 2.442707
radius 5.0

clickable FALSE

enabled TRUE

visible TRUE

]

}

DEF CheeseOverlay MapOverlay {
TTame “theesetvertay™
children [

DEF CheesePiecel MARKER {
name "CheesePiecel”
markerShape [USE CHEESE MARKER]
position 48.625352 2.442455
radius 5.0
clickable FALSE
enabled TRUE
visible TRUE

}

DEF CheesePiece2 MARKER ({
name "CheesePiece2”
markerShape [USE CHEESE MARKER]
position 48.625822 2.442365
radius 5.0
clickable FALSE
enabled TRUE
visible TRUE

}

DEF CheesePiece3 MARKER {
name "CheesePiece3d”
markerShape [USE CHEESE MARKERY
position 48.625552 2.442015
radius 5.0
clickable FALSE
enabled TRUE
visible TRUE

}
5.1.7 |Terminal

5.1.7.1| General

The following terminal.related node is used in ARAF: TermCap.

5.1.7.2| TermCap

5.1.7.2]1C- XSD description

<complexType name="TermCapType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="capability” type="xmta:SFInt32" use="optional” default="0"
/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="TermCap” type="xmta:TermCapType"/>

5.1.7.2.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.125.
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The TermCap node is used to query the resources of the terminal. By ROUTEing the result to a Switch

node, simple adaptive content may be authored using BIFS.

When this node is instantiated, the value of the capability field shall be examined by the system

and the

value eventOut generated to indicate the associated system capability. The value eventOut is updated

and generated whenever an evaluate eventln is received.

The capability field specifies a terminal resource to query. The semantics of the value fie

Id vary

depending on the value of this field. The capabilities which may be queried are specified in Table 36.

Table36 — TermCap capabilities

0 Frame rate

1 Color depth

2 Screen size

3 Graphics hardware

32 Audio output format

33 Maximum audio sampling rate

34 Spatial audio capability
64 CPU load
65 Memory load

b ARAF for sensors and actuators

b.1 General
[he data captured from sensors or used to command actuators in ARAF are based on ISO/IEC 2

MPEG-V provides an architecture and_specifies associated information representations to eng
representation of the context and to ensure interoperability between virtual worlds. Concernin
MPEG-V specifies the interaction between the virtual world and the real world by implementing
for accessing different input/output devices, e.g. sensors, actuators, vision and rendering, robot

ARAF supports two mannersito connect the scene to the sensor/actuators. A first manner is
the InputSensor and OutputActuator nodes. The second manner is based on dedicate nodes in th
braph that maps directly-the sensor/actuator (e.g. the CameraSensor PROTO).

b.1.1 Usage of hiputSensor and script nodes

6.1.1.1 Oyverview

[he InputSensor node is used to receive the MPEG-V sensor data in a scene or to transmit
MPEGV actuators from the scene. It should be noted that the data is pushed in the scene and it is
miediately when received. Figure 12 represents the architecture for accessing MPEG-V sensor
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ARAF Browser

ARAF Scene

MPEG-V Input
Sensor 1 | Sensor 1

VidIcAvA || T Compositor
Sensor 2 ‘ Sensor 2

MPEG-V Input

Sensor 3 Sensor 3

Figure 12 — Diagram of the architecture for accessing MPE@\\sensor data

N
As spedified in ISO/IEC 14496-1, in order to add new devices for the IfiputSensor node, it is necessary
to defirje: é

— the| content of the Device Data Frame (DDF) definition: % sets the order and type of the data
corhing from the device and then mandates the content e InputSensor buffer;

— deyiceName string which will designate the new d@%’e;

— opfiional devSpeclInfo of UIConfig. . Q)\$
4\

6.1.1.2| Orientation sensor \,O

o5
The deffinition of MPEG-V Orientation S@s}ocr’ DDF is the following:

MPEGVOfientationSensorType [ .
SFVgc3F angles O®

]
The angles are specified as E g};)cmgles as defined in ISO/IEC 23005-5. The deviceName is “MPEG-V:siv
OrientationSensorType”. IConfig.devSpecinfo contains one 32-bit integer specifying the desired
refresh|frame-rate for t nsor.

6.1.1.3 Positio-v@ﬂsor

The definitior@PEG-V Position Sensor DDF is the following:

MPEGVP s%&onSensorType [
SFVgc position

]
The position is specified in meters. The deviceName is “MPEG-V:siv: PositionSensorType”. The UlConfig.
devSpecinfo contains one 32-bit integer specifying the desired refresh frame-rate for the sensor.

6.1.1.4 Acceleration sensor

The definition of MPEG-V Acceleration Sensor DDF is the following:
MPEGVAccelerationSensorType [

SFVec3F acceleration

]
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The deviceName is “MPEG-V:siv: AccelerationSensorType”. The UlConfig.devSpecInfo contains
bit integer specifying the desired refresh frame-rate for the sensor.

6.1.1.5 Angular velocity

The definition of MPEG-V Angular Velocity Sensor DDF is the following:

MPEGVAngularVelocitySensorType [
SFVec3F AngularVelocity
]

one 32-

[he deviceName is “MPEG-V:siv: AngularVelocitySensorType”. The UlConfig.devSpecInfo contd
B2-bit integer specifying the desired refresh frame-rate for the sensor.

b.1.1.6 Global position system sensor

['he definition of MPEG-V Global Position System Sensor DDF is the following:

MPEGVGPSSensorType [
SEVec2F location

[he deviceName is “MPEG-V:siv:GPSSensorType”. The UlConfig.devSpechifo contains one 32-bit
specifying the desired refresh frame-rate for the sensor.

b.1.1.7 Altitude sensor

[he definition of MPEG-V Altitude Sensor DDF is the follawirg:

VPEGVAltitudeSensorType [
SFFloat altitude

[he deviceName is “MPEG-V:siv:AltitudeSenserType”. The UlConfig.devSpecInfo contains on
nteger specifying the desired refresh framesrate for the sensor.

.1.1.8 Geomagnetic sensor

[he definition of MPEG-V Geomaghetic Sensor DDF is the following:

PEGVGeomagneticSensorTypé, [
SFVec3F geomagnetic

[he deviceName is “MPEG-V:siv: GeomagneticSensorType”. The UlConfig.devSpecinfo contains
hit integer specifying-the desired refresh frame-rate for the sensor.

b.1.1.9 Example of integrating sensors in the ARAF scene

FENSOrs:

DEF SCRIPT Script {

ins one

integer

b 32-bit

one 32-

n the following example, it is shown how the InputSensor and Script node can be used to access MPEG-V

eventIn SFVec3f updateOrientation

url ["Jjavascript:

function updateOrientation (rot)
{
if ( objrot.children.length == )
return;
Azimuth = rot.x;
Pitch = rot.y;
Roll = rot.z;
conv = 3.14/180/2;

cl = Math.cos (Azimuth * conv);
sl = Math.sin(Azimuth * conv);
c2 = Math.cos (Pitch * conv);
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s2 = Math.sin (Pitch * conv);
c3 = Math.cos(Roll * conv);
s3 = Math.sin(Roll * conv);

Q

ey

Q

N
|

= cl*c2;
sls2 = sl*s2;

w = clc2*c3 - sls2*s3;

x = clc2*s3 + sls2*c3;

y = sl*c2*c3 + cl*s2*s3;

z = cl*s2*c3 - sl*c2*s3;

angle = 2 * Math.acos (w); /\

norm = x*x + y*y + z*z; Q'\

if ( norm < 0.001 ) { (l/
e N

y =2z =0; QQ’

norm = Math.sqgrt (norm) ;
x /= norm;

O
/= ;
v e N\
) O

objrot.rotation = new SFRotation( x, z, vy, ang]é\);

}
DEF |ORIENT SENS InputSensor { \\§\
url [50]

buffer { §®
REPLACE SCRIPT.updateOrientation$ 000
} ‘\@

where ir1 [50] is the object descriptor for 2{60 ientation sensor defined as follows:

bjectDescriptor { N c\}*
objectDescriptorID 50 \\
esDescr [ C)

ES Descriptor ({ o
ES_ID 50

decConfigDescr D rConfigDescriptor {
streamType 10

decSpeciﬁc@o UIConfig {
device@e "MPEG-V:siv:OrientationSensorType”

S
) Qv

ccg-< local camera sensor

ARAF Browser

Camera Input R
P Compositor Screen
Stream

hw://camera/back

Figure 13 — Diagram of the architecture for accessing the camera frames
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The following are defined:

a) An URN for the camera in order to initialize the input stream:
— for the back camera of the device: hw://camera/back;
— for the front camera of the device: hw://camera/front.
b) A type of video stream that doesn’t need to be decoded (RAW decoder). As specified in

ISO/IEC 14496-1, the following decoder specific info for the RAW decoder is defined:

class RAWVideoConfig extends DecoderSpecificInfo
tag=DecSpecificInfoTag {

: bit(8)

unsigned int(16) width; .(19
unsigned int (16) height; rb’
unsigned int (8) bit depth; '\
unsigned int(32) stride; Q’
unsigned int(32) coding4CC; QQ
unsigned int (8) fps; "b

unsigned int (1) use frame packing; (1/

unsigned int(7) frame packing;

} \\Q,C)

.3 Usage of outputactuator and script nodes

b.3.1 General

L

[he OutputActuator proto is used to transmit data to @-V actuators from the scene. It shppuld be
hoted that the data produced by the scene is appliedsimmediately when received by the acfuators.
Figure 14 represents the architecture for commandiﬁ@MPEG-V actuators from the ARAF scene$.

ARAF Scene

MPEG-V
Actuator1l

Output »
Actuatorl

Compositor

Output

Actuator 2

Output
Actuator 3

B Actuator2

MPEG-V
Actuator 3

Figure 144 — Diagram of the architecture for commanding MPEG-V actuators
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