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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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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
provide an augmented reality presentation.

© ISO/IEC 2017 - All rights reserved v
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Information technology - Multimedia application format

M
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Part 13:

Au

gmented reality application format

This

2

The
cons
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ISO/
Part

[SO/]
Part

1S0/

1SO/
desc

1S0/

hcope

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, video;-graphics);

mechanisms to connect to remote resources such as maps,ahd compressed media.
Normative references
titutes requirements of this document. For _dated references, only the edition cited

[EC 10646-1:2012, Information technology — Universal multiple-octet coded character
1: Architecture and basic multilingualplane

[EC 14496-1:2010 + Amd. 2:2014, Information technology — Coding of audio-visua
1: Systems

[EC 14496-3:2009, Inforimation technology — Coding of audio-visual objects — Part 3: Au

[EC 14496-11:2015;.\Information technology — Coding of audio-visual objects — Pa
ription and application engine

[EC 14496-16:2011, Information technology — Coding of audio-visual objects — Part 16

Framework eXténsion (AFX)

ISO/
Real

[EC 14772-1:1997, Information technology — Computer graphics and image processing —
tylModeling Language — Part 1: Functional specification and UTF-8 encoding

following documents are referred to in the tekt in such a way that some or all of their content

applies. For

ted references, the latest edition of the referenced document (including any amendmeints) applies.

set (UCS) —

| objects —

dio

rt 11: Scene

: Animation

The Virtual

ISO/IEC 23005-5, Information technology — Media context and control — Part 5: Data formats for
interaction devices

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
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3.11

[EC Electropedia: available at http://www.electropedia.org/

ARAF browser

augmented

3.1.2
MAR scene

reality application format compliant browser

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

Note 1 to ent

ry: The result is a MAR experience.

3.1.3
MAR expe
act of playiry

Note 1 to ent]

3.1.4
content cre

rlience

g the ARAF scene using an ARAF browser (3.1.1)

ry: The ARAF browser interprets the ARAF scene and presents the result on the end*user’s deyj

ator

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

Note 1 to ent]

3.1.5
end-user d
smartphong

Note 1 to ent]

3.1.6

processing
server that
capable of ¢

3.1.7

ry: The media files can be 2D and/or 3D graphics, images, videos and/or sounds.
bvice
or mobile device used by an end-user to play a MAR&cene (3.1.2)

ry: The device shall have an ARAF browser installed:

server
offers at least one required processing functionality for a MAR experience (3.1.3) and
pbmmunicating with an ARAF browser; (3.1.1)

target resource

target imag|

Note 1 to en
library. The t
target resout

3.1.8
prerecordg

e or target image descriptor
ry: The target image xepresents the image that shall be detected and recognized by a recogr]

arget image descriptor is represented by the visual descriptors extracted from a target image
ces may be specified by the MAREC or they can be already stored in databases on remote serv

d video

prerecordedl 2D video whose location is specified by MAREC

Note 1 to en

try< The video file can be stored locally (on the device where the MAR experience is playe

ice.

it is

ition
. The
bT'S.

d) or

remotely (a

1o 1 +la Tl 13 Lballls £, | o £ Lfatill s
)’ WIITIT TIoT Ul LT wWTUj. 11T leUslllLlUll PLIULTOS Slidll DT prtlIULIITU UL LHT 1T dIITS (SUIT TIHE

composing the video.

3.19

live video camera (stream)

live 2D vide

o camera feed

ges)

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.
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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
library that is able to recognize and track target resources (3.1.7) in a video

Note 1 to entrv: The library can run locally [implpmpnfpd in the ARAE hYnWQPT‘) or remotely (nn a processing
servegr). The result of a recognition and tracking library is an array of indexes of the recognized target resources
and their pose matrixes. Each recognized target resource shall have a pose matrix associated pr a d¢fault value if
the cprresponding pose matrix could not be computed.

3.1.12
augmentation resource
medja objects that are used in the augmentation of the MAR experience (3.143)

Note[l to entry: A valid augmentation resource can be a 2D/3D grapic element; an'image, a video, a sound or a BIFS
sceng¢. The augmentation resources can be stored locally in the MAR Scen€.orremotely anywhere oh the Web, as

long ps the ARAF browser is capable of accesing their locations. In this-cas€, a URL pointing to the augmentation
resolirce is stored in the MAR scene.

3.2 | Abbreviated terms

AR Augmented Reality

ARAF Augmented Reality Application Format

URI Uniform Resource Identifier
URL Uniform Resource Locator
URN Uniform Resource Name

MAR Mixed and Augménted Reality

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

PROTO  APRROTOtype is a mechanism used to group together scene graph elements in order to im-
plement one or several specific functionalities.

RTR Recognized Target Resource

4 ARAF principle and context

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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Figure 1 — Simplified illustration of the AR gﬁciple

N\
The Augmented Reality Application Format (ARAF) is an exte iéof a subset of the MPEG-4 part 11
Scene Description and Application Engine standard, combi with other relevant MPEG standards
(MPEG-4, MPEG-V), designed to enable the consumption /3D multimedia content as depict¢d in

Figure 2. \§\
An ARAF, ayailable as a file or stream, is interpreted by a device, called ARAF device. The nodes df the

ARAF scenq point to different sources of multimedia‘content such as 2D/3D image, 2D/3D audio, 2D/3D
video, 2D/3D graphics and sensor/sensory information sources/sinks that are either remote or/and local.

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 t—ARAFodesand prototypes |
Category | uvogory name o MPEC-4 BIFS/XMT il
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
Nermat Nede
IndexedFaceSet Node
IndexedLineSet Node
P_rogramrr}ing Script Node
information

© 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
TouchSensor Node
MediaSensor Node

PlaneSensor Node ,\/\

Background Node QQ K
Scene relaged) Background2D N({d’éj A

informatjon CameraCalibration ‘EROTO
(spatial gqnd Group A(\\Xfode
temporgl Inline q‘/:) Node
relationships Layer2D /,C) ' Node
Layer3D ,.\\\V Node
Layout \%\') Node
NavigationInfo A Node
OrderedGroup A{( - Node
LocImg O\) PROTO
RemImgPI;q)&\\ PROTO
Remlmg%}%r PROTO
RemInigComp PROTO
_ shocAud PROTO
-\ RemAud PROTO
L, Y Switch Node
\\C}: Transform Node
. O Transform2D Node
& : Viewpoint Node
C)O Viewport Node
<\ Form Node
> OrientationInterpolator Node
,AO ScalarInterpolator Node
Dynamic 1&()\ 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 semantics and
functionality.

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.

In general, nodes expose a set of parameters, through which aspects of their appearance and behavior
can be controlled By settlng these values scene de51gners have a tool to force a scene- reconstructlon
at clje ated scenario,
the jtructure of BIFS nodes is not necessarlly statlc nodes can be added or removed fro mn the scene

Certhin types of nodes called sensors, such as TimeSensor, TouchSensor, can interact with users and
genegrate appropriate triggers, which are transmitted to others nodes by routiiig mechanism, causing
charlges in state of these receiving nodes. They are bases for the dynamie\behavior of a|multimedia
contpnt supported by MPEG-4.

The maximum flexibility in the programmable feature of MPEG-4 scene is carried out with the Script
nodq. By routing mechanism to Event In valueln attribute of Script node, the associatpd function
(defined in its URL attribute) with the same name Event In valuéln' () will be triggered. The|behavior of
this function is user-defined, i.e. scene-designer can freely process some computations, and then sets
the values for every Event Out valueOut attribute, which consecutively affect the states of pther nodes
linked to them.

Direft manipulation of nodes’ states is also possiblé in MPEG-4 Part 11: the Field field aftribute can
refer to any node in the scene; through this link, all attributes of the contacted node will|be exposed
to direct setting and modifying operators within the Script node. The syntax of the language used to

ARAF supports the definition and reusability of complex objects by using the MPEG-4 PROTO
mechanism. The PROTO statement creates its own nodes by defining a configurable object prototype; it

ARAF makes extensive use of EXTERNPROTO mechanism which are nodes whose syntax |s identified
by URNs as given in ISO/IEC-14496-11:2915, Annex E, while their names are only informaftive and for
convienience can be changed by the content creator in the declaration step.

Tablg 1 indicates the MPEG-4 Part 11 nodes that are included in ARAF. For each node, it is[specified in
the yersion of thiS\document when it was published. Further, the XML syntax as well as the semantics
and functionaliy of these elements are described.

5.1.1 Elementary media

5.1.1.T Audio

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 7
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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>

<element name="AudioSource" type="xmta:AudioSourceType'/>

5.1.1.1.1.2

F‘nnrﬁnnnlify and semantics

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

This node i
audio tools

The addCh
removeChil

The childre

hvailable for coding sound.

ldren eventln specifies a list of nodes that shall be added to the ¢hildren field.
ren eventln specifies a list of nodes that shall be removed from therchildren field.

n field allows buffered AudioBuffer or AdvancedAudioBuffer data to be used as s

samples within a structured audio decoding process. Only AudioBuffer~and AdvancedAudioB

nodes shall

audio bitstr

speech (HVXC) and the parametric audio (HILN) decoder. It is,specified as a ratio, where 1 indi

the original

is available

3:20009, Clay

bitstream pitch, values other than 1 indicate piteh-shifting by the given ratio. This
through the getttune() core opcode in the stryctured audio decoder (see ISO/IEC 14
se 5). To adjust the pitch of other decoder types, use the AudioFX node with an approp

effects orchlestra.

The speed
3:2009, Cla

specified as

time-scalin

available to

field controls the playback speed for the structured audio decoder (see ISO/IEC 14
1se 5), the parametric speech (HVXC) and the parametric audio (HILN) decoder.
a ratio, where 1 indicates the original speed; values other than 1 indicate multiplic

the structured audio decoder indicated by the url field. ISO/IEC 14496-3:2009, 5.7.3

list item 8 describes the use of this field'to control the structured audio decoder. To adjust the spe

other decod

3:2009, 5.9.

The startTi

ISO/IEC 144

decoded bit

5.1.1.1.2

5.1.1.1.2.1

er types, use the AudioFX node with an appropriate effects orchestra (see ISO/IEC 14
14.4).

me and stopTime‘exposedFields and their effects on the AudioSource node are describ

96-11:2015, Z1,1.1.6.2. The numChan field describes how many channels of audio are i
Stream.

Sound

5 used to add sound to a BIFS scene. See ISO/IEC 14496-3 for information onythe vai

ious

The

bund
Wffer

be children to an AudioSource node, and only in the caseswhere url indicates a structpured
eam. The pitch field controls the playback pitch for the structured audio, the paramgtric

rates
field
196-
riate

196-
It is
htive

b by the given ratio (i.e. 0,5 specifies twice as fast). The value of this field shall be thade

.3.6,
d of
1.96-

bd in
n the

N Ol - o
A UCSLTIPUUII

<complexType name="SoundType">

<a

11>
<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="
<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.

3:2017(E)

"/>
n/>
true" />

The Sound node is used to attach sound to a scene, thereby giving it spatial qualities and relating it to

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

of an audio-

visual scene. By using this node, sound may be attached to a group, and spatialized or md
as appropriate for the spatial transforms above the node. By using the functionality of‘the
nodsgs, sounds in an audio scene described using ISO/IEC 14496-11 may be filtered and n
being spatially composited into the scene. The semantics of this node are as defirfed-in ISO
1:1997, 6.42, with the following exceptions and additions.

The

field
spat
com
exac
prov
charn

determines whether the Sound shall be spatialized. If this flag is set} the sound shall b
ally according to the local coordinate system and current listéningPoint, so that if
es from a source located at the location point, facing in the\direction given by dir
t manner of spatialization is implementation-dependant, but\implementators are en
ide the maximum sophistication possible depending on.tepminal resources. If there 3
nels of sound output from the child sound, they may 0r may not be spatialized, acco
phadeGroup properties of the child, as follows. Any individual channels, that is, channels
relatled to other channels, are summed linearly and then'spatialized. Any phase-grouped g
not §patialized, but passed through this node unchafiged. The sound presented in the sce
single spatialized sound, represented by the sum-of the individual channels, plus an “amh

ved around
audio BIFS
ixed before
IEC 14472-

source field allows the connection of an audio sub-graph containing'the sound. Thie spatialize

e presented
apparently
ection. The
fouraged to
ire multiple
rding to the
not phase-
hannels are
ne is thus a
ient” sound
escribed in

represented by mapping all the remaining channels into the presentation system as d

are
soun
as d¢

assed through unchanged, and the sgund presented in the scene due to this node is a
d represented by mapping all the-audio channels output by the child into the present
scribed in ISO/IEC 14496-11:2015; 7.1.1.2.13.2.2.

Asw
of thle grouping or transform-hodes. For each of these nodes, the sound semantics are as fol
trangformations presented inn the grouping and transform nodes affect the apparant sy
posifion of spatialized.sound. They have no effect on “ambient” sounds. If a particular
tranpgform node has multiple Sound nodes as descendants, then they are combined for pre
follows. Each of the'Sound nodes may be producing a spatialized sound, a multichannel am
or bgth. For all of-the spatialized sounds in descendant nodes, the sounds are linearly combi
simpjle summation from presentation. For multichannel ambient sounds, the sounds
combined channel-by-channel for presentation.

5.1.1.1433° Sound2D

“ambient”
ion system

ISO/JEC 14496-11:2015, 7.1.1.2.13.2.2. If the:spatialize field is not set, the audio channels f:Em the child

ith the visual objects in the'seene, the Sound node may be included as a child or descepdant of any

lows. Affine
atialization
brouping or
sentation as
bient sound,
hed through
hre linearly

5.1.1.1.3.1 XSD description

<complexType name="Sound2DType">
<all>
<element ref="xmta:IS" minOccurs="0"/>

—_n

<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:SEFVec2f" use="optional” default="
<attribute name="spatialize"” type="xmta:SFBool" use="
<attributeGroup ref="xmta:DefUseGroup"/>

© ISO/IEC 2017 - All rights reserved
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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 being spatially composed into the scene.

ey £301d A oro dlbho 1o denoe of el o oo a | =

and tlhic o
I UI11o '

alue

The intensi
specifies a f
of the soun
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the sound s
assuming a
and maxim
-37° and +3
the Sound

whether the

the terminall should not be performed.

As with the
as a child o1
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Ey—fie +-0-=&
actor that is used during the playback of the sound. The location field specifies the,loc:
d in the 2D scene. The source field connects the audio source to the Sound2D. Mede,
eld specifies whether the sound shall be spatialized on the 2D screen. If this flag if
hall be spatialized with the maximum sophistication possible. The 2D sound. is spatia
distance of 1 m between the user and a 2D scene of size 2 m x 1,5 m, giving the minil
hm azimuth angles of -45° and +45°, and the minimum and maximunrelevation angl
7°. The same rules for multichannel audio spatialization apply to the>Sound2D node

3D) node. Using the phaseGroup flag in the AudioSource node, it is*possible to deter
channels of the source sound contain important phase relatiofis, and that spatializati

visual objects in the scene (and for the Sound node), the*Sound2D node may be incl
descendant of any of the grouping or transform nodes) For each of these nodes, the s

ition
The
set,
ized
num
es of
hs to
mine
bn at

ded
bund

semantics afre as follows. Affine transformations presented inthe grouping and transform nodes affect

the apparern

If a transf
presentatio
according t

5.1.1.2 In

The followi
5.1.1.2.1

5.1.1.2.1.1

t spatialization position of spatialized sound.

rm node has multiple Sound2D nodes as)descendants, then they are combinec
h. If Sound and Sound2D nodes are both used in a scene, all shall be treated the same
these semantics.

hage and video

1g image and video related nodes are used in ARAF: ImageTexture, MovieTexture.
ImageTexture

XSD description

<copplexType name="ImageTextureType'>
<all>
elemenf Yef="xmta:IS" minOccurs="0"/>
</fll>
<attribute name="url" type="xmta:MFUrl"” use="optional"/>
<aft@¥ipute name="repeatS" type="xmta:SFBool"” use="optional” default="true"/>
<atfribute name="repeatT" type="xmta:SFRool"” nse="optrional’” defanli="+trne!

for
way

<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="ImageTexture” type="xmta:ImageTextureType"/>

5.1.1.2.1.2
As defined i

Functionality and semantics

n 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 clam

ped 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'default="false"|/>
<attribute name="speed" type="xmta:SFFloat" use="optignal” default="1"/
<attribute name="startTime" type="xmta:SFTime"” use="'optional” default="0"/>
<attribute name="stopTime" type="xmta:SFTime" use=sYoptional” default="0"|/>
<attribute name="url" type="xmta:MFUrl"” use="optgonal"/>
<attribute name="repeatS" type="xmta:SFBool” ugé=Yoptional” default="true"/>
<attribute name="repeatT” type="xmta:SFBool" us&="optional” default="trye"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>

<element name="MovieTexture” type="xmta:M¢vieTextureType"/>

5.1.1.2.2.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.86

The

Mov
cont
nodd

loop, startTime, and stopTime exposedFields and the isActive eventOut, and their ef]
eTexture node, are described in @SO/IEC 14496-11:2015, 7.1.1.1.6.2. The speed e
Fols playback speed. It does not-affect the delivery of the stream attached to the M
. For streaming media, value of:speed other than 1 shall be ignored.

A MqvieTexture shall displayframe or VOP 0 if speed is 0. For positive values of speed, the f1
thatjan active MovieTexture-will display at time now corresponds to the frame or VOP at
(i.e. In the movie’s local time base with frame or VOP 0 at time 0, at speed = 1): fmod (now
duration/speed). If speed is negative, then the frame or VOP to display is the frame or VOP at
duration + fmod(now* startTime, duration/speed). A MovieTexture node is inactive before

reached. If speed.is-hon-negative, then the first VOP shall be used as texture, if it is already

spee(d is negative; then the last VOP shall be used as texture, if it is already available.

edA ol c1ndicates 8 Movie Plays ceastast Note fhat the durafion chango
is not affected by the speed exposedField. set_speed events shall be ignored while the movi

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"/>

© ISO/IEC 2017 - All rights reserved

fects on the
xposedField
pvieTexture

ame or VOP
movie time
- startTime,
movie time:
startTime is
available. If

povieTexture
movie shall
ed eventOut
e is playing.
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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"

_n

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"/>
<attribute name="style" type="xmta:SFString"” use="optional”
default="&quot; PLAIN&quot;" />

<a
<a
</co
<ele

5.1.1.3.1.2

As defined in ISO/IEC 14772-1:1997, 6.20.

The FontSty
text strings

The size fie

rendered and determines the spacing of adjacent lines of text. Values-of the size field shall be grg

than zero.

The spacing
baseline of
described b

Font attribu
attributes t

The family {
in preferenc
a supported
family "SER
such as Timn

pitch font syich as Courier. An empty family value is identical to ["SERIF"].

The style fi
plain type;
An empty st

. I . =T EWTs I — EWT] L= E T I
LYPT= IMtad . oL DUUL usc= UpLLUlIadl uTlaullit— LTLUCT

FtributeGroup ref="xmta:DefUseGroup" />
plexType>
hent name="FontStyle” type="xmta:FontStyleType"/>

. ) . T =N~ I
L L LOULT TIAdlliT=""LUPLUDULLUI

Functionality and semantics

le node defines the size, family, and style used for Text nodes, as well as the direction g
and any language-specific rendering techniques used for non-English text.

|d specifies the nominal height, in the local coordinate system of the Text node, of gl

field determines the line spacing between adjacentilines of text. The distance betwee}
bach line of text is (spacing x size) in the appropriate direction (depending on other f
elow). Values of the spacing field shall be non-negative.

tes are defined with the family and styléfields. The browser shall map the specified
b an appropriate available font as described below.

ield contains a case-sensitive MFStrihg value that specifies a sequence of font family nz
e order. The browser shall seareh the MFString value for the first font family name matd
font family. If none of the string values matches a supported font family, the default
[F" shall be used. All browssers shall support at least "SERIF" (the default) for a serif]
es Roman; "SANS" for 4 sans-serif font such as Helvetica; and "TYPEWRITER" for a f

bld specifies a case-sensitive SFString value that may be "PLAIN" (the default) for de
BOLD" for beldface type; "ITALIC" for italic type; or "BOLDITALIC" for bold and italic {
yle value (X")is identical to "PLAIN".

The horizo
field indica
default) or

fields indica

es,whether the text advances horizontally in its major direction (horizontal = TRUHE,
ertlcally in its major dlrectlon (horlzontal = FALSE) The leftTonght and topToBo

f the

yphs
rater

h the
ields

font

imes
hing
font
font
xed-

fault
ype.

tal, leftFoRight, and topToBottom fields indicate the direction of the text. The horiz¢ntal

the
rtom

ninor

(successive strings) axes oflayout Wthh field is used for the major dlrectlon and which is used for the
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.

The major alignment is along the X-axis when horizontal is TRUE and along the Y-axis when horizontal

[2alat R a nl

hori
"MII
majg
posi

rontal is FALSE. The possible values for each enumerant of the justify field are "FIRS
DLE", and "END". For major alignment, each line of text is positioned individually.acco
r alignment enumerant. For minor alignment, the block of text representing,alllines
ioned according to the minor alignment enumerant.

The
nat

the tlext string. The format is based on RFC 1766: language|_territory]:

The palue for the language tag is based on ISO 639 (e.g. “zh” for Chinese, “jp” for Japanese,

Swe
fort

The
exce
follo

The
the

corr
The
Ifas
the s

The
spac

“OD:

5.1.1

e of the ISO/IEC 10646-1, the language field is needed to provide & proper language

ish.) The territory tag is based on ISO 3166 country codes-{e.g. “TW” for Taiwan and “C
he “zh” Chinese language tag). If the language field is empty(""), local language binding

semantics of the FontStyle node are the ones specifi€d above (ISO/IEC 14772-1:1997, 6.2
ption that the field types are exposedField and the)semantics of the size and spacing
VS,

size field defines the size of the EM box of a font (The EM is a relative measure of t
plyphs in a font defined in a device- and resolution-independent font design units)
bsponds to the distance between two.adjacent baselines of unadjusted text, set in a par
ralue of the size field is conveyed using the same metric units that are used for a scene
Cene uses pixel-based metrics, the-value of the size field is specified in pixels, otherwise
ize in meters.

spacing field defines the\distance between two adjacent lines of text as the product
ing. Special fonts provided in a font data stream can be accessed using the following sy

<odid>;FSID:<fsid>"% where:
<odid> is themumeric value of the objectDescriptorID of the associated font data strear

<fsid> is~the numeric value of the requested font subset as conveyed by fontSubsetIT
hssociated font data stream.

1.3.2  Text

{-axis when
Iwn, "BEGIN",

rding to the

together is

language field specifies the context of the language for the text string.’Due to the multilingual

attribute of

and “sc” for
N” for China
s are used.

0), with the
ields are as

he height of
This value
ticular font.
description.
, it specifies

of size and
ntax:

n,

within the

5.1.1.3.2.1 XSD description

<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"

© ISO/IEC 2017 - All rights reserved
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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
coordinate system based on values defined in the fontStyle field (see ISO/IEC 14772-1:1997, 6.20,
FontStyle). Text nodes may contain multiple text strings specified using the UTF-8 encoding as
specified by ISO 10646-1 (see 2.[UTF8]). The text strings are stored in the order in which the text mode

h . P 1 1 I DL I A, | L IS TN oS o U, | 1
characters gretoope proaucetas acrmea oy tire patrameter s Hr e rontstyreiroac:

The text stijings are contained in the string field. The fontStyle field contains one FontStylemode

specifies t
rendering t¢

The maxEx{
longer than
maximum |

!

font size, font family and style, direction of the text strings, and any specifi¢-lang
pchniques used for the text.

the maximum extent, as measured in the local coordinate system. If the-text string wit
ength is shorter than the maxExtent, then there is no compressing. The maximum exte

measured hprizontally for horizontal text (FontStyle node: horizontal=TRUE).and vertically for ver

text (FontSt

The length
coordinate
space betw
by subtract
strings but

yle node: horizontal=FALSE). The maxExtent field shall be greater than or equal to zer

field contains an MFFloat value that specifies the lengthCof each text string in the

system. If the string is too short, it is stretched (eithér by scaling the text or by ad
ben the characters). If the string is too long, it is campressed (either by scaling the te
ng space between the characters). If a length value is missing (for example, if there are
bnly three length values), the missing values are€onsidered to be 0. The length field shz

greater than or equal to zero.

Specifying a

Characters
units, as fol

value of 0 for both the maxExtent and length fields indicates that the string may be any lel

ISO 10646-1 Character encodings

n ISO 10646 (see 2.[UTF8]) are-encoded in multiple octets. Code space is divided into
ows:

that
uage

ent field limits and compresses all of the text strings if the length of theaximum string is

n the
ntis
tical
D,

local
ding
Kt or

four
1l be

ngth.

four

fmmm - Fmm e B e Fomm e +

| Group-ocfet | Plane-octet | ,Row-octet | Cell-octet |
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ISO 10646-1 allows two basicforms for characters:

a) UCS-2 ([Universal Coded Character Set-2). This form is also known as the Basic Multilingual Rlane
(BMP). Charactersiare encoded in the lower two octets (row and cell).

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

In addition,|thfee transformation formats (UCS Transformation Format or UTF) are accepted: U[TF-7,

UTF-8, and UTF-16. Each represents the nature of the transtormation: /7-bit, 8-bit, or 16-bit. UTF-7 and

UTF-16 are referenced in 2.[UTF8].

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
110XXXXX two bytes

0..0x7F (ASCII)
Maximum character value is Ox7FF
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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.

— Appearance

Textpres—areapptied—totextas foltows—Thetexture origim s —atthe origimof the—first string, as
detefmined 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.

ISO/JEC 14772-1:1997, 4.14 has details on VRML lighting equations and how Appeatrance, Nlaterial and
textyires interact with lighting.

The [lext node does not participate in collision detection.

5.1.1.4 Graphics

The [ following graphics related nodes are used in ARAF:_Appearance, Color, Lin¢Properties,
LineprGradient, Material, Material2D, Rectangle, Shape,. SBVCAnimationV2, SBBone, [SBSegment,
SBSite, SBSkinnedModel, MorphShape, Coordinate, TextureCoordinate, Normal, IndexedFaceSet,
IndekedLineSet.

5.1.1.4.1 Appearance

5.1.1.4.1.1 XSD Description

<complexType name="Appearancefype'>
<all>
<element ref="xmta:IS’minOccurs="0"/>
<element name="matera@l" form="qualified” minOccurs="0">
<complexType>
<group ref=“xXmta:SFMaterialNodeType” minOccurs="0"/>
</complexType>
</element>
<element name="texture” form="qualified” minOccurs="0">
<comp lexType>
<group ref="xmta:SFTextureNodeType” minOccurs="0"/>
</eomplexType>
</&llement>
<element name="textureTransform” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFTextureTransformNodeType" minOccurs="0"/>
</complexType>
laomant
</all>
<attributeGroup ref="xmta:DefUseGroup"/>
</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.

© ISO/IEC 2017 - All rights reserved 15


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

ISO/IEC 23000-13:2017(E)

The texture 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 referen

ces 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 type of geometry node used in the geometry field of the Shape node that contains the Appearance

node. The 1

re a

Material2D
Materig

Materig
PointSe

Materig

Inside a Sh
default valu
is specified

5.1.1.4.2

5.1.1.4.2.1

<com
<al

<

</a
<at
<at
</com
<elem

5.1.1.4.2.2
As specified
This node d

Color nodes
for the face
parameters
the colours

ict holaw shaowe the goametrv nadec that raauire 9 Matarial naode those that reaqu
St IO VYo oW o— e e 5ot Yy HoaES—thatt—Tequit o e O e SR oo E e e

node and those where either may apply:
12D only: Circle, Curve2D, IndexedFaceSet2D, IndexedLineSet2D, PointSet2D, Ré¢dtangl

1 only: Box, Cone, Cylinder, ElevationGrid, Extrusion, IndexedFaceSet, IndexedLin
t, Sphere;

12D or Material: Bitmap, Text.

hpe node in a 2D context, if no Appearance and therefore ne_Material2D is defined
es and behavior of the Material2D node shall be used. In a 3B\context, the default beh:
in ISO/IEC 14772-1 (the object is unlit and has color 1 1 1)

Color

XSD description

plexType name="ColorType">

| >

blement ref="xmta:IS"” minOccurs="Q">

| 1>

fribute name="color" type="xmtasMFColor" use="optional”/>
FributeGroup ref="xmta:DefUseGroup"/>

blexType>

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

Functionality and semantics
in ISO/IEC 14772-1:1997, 6.9.
pfines a set of RGB colours to be used in the fields of another node.

are onlydused to specify multiple colours for a single geometric shape, such as col
5 or vertices of an IndexedFaceSet. A Material node is used to specify the overall mat

Khallreplace the diffuse component of the material.

D
-

eSet,

the
\vior

ours
lerial

of litgeometry. If both a Material node and a Color node are specified for a geometric shape,

RGB or RGBA textures take precedence over colours; specifying both an RGB or RGBA texture and a
Color node for geometric shape will result in the Color node being ignored.

5.1.1.4.3

5.1.1.4.3.1

LineProperties

XSD description

<complexType name="LinePropertiesType”>
<all>

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

</all>

<attribute name="lineColor" type="xmta:SFColor"
<attribute name="lineStyle" type="xmta:SFInt32"
<attribute name="width" type="xmta:SFFloat”

16

use="optional” default="0 0 0"
use="optional” default="0"/>

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.

The lineStyle field shall contain the line style type to apply to lines. The allowed values are described in
Tablg 2.

Table 2 — LineProperties: line styles

lineftyle Description
solid

dash

dot

dash-dot
dash-dash-dot
dash-dot-dot

G| |wW|IN RO

The fterminal shall draw each line style in a manner that is distiguishable from each othgr line style.
The width field determines the width, in the local €oordinate system, of rendered lines. The width is
not qubject to the local transformation. The cap and.join style to be used are as follows. The wide lines
should end with a square form flush with the end ef the lines.

5.1.1.4.4 LinearGradient

5.1.1.4.4.1 XSD description

<complexType name="LinearGradientType">
<all>
<element ref="xmfa:IS"” minOccurs="0"/>
<element name="transform” form="qualified” minOccurs="0">
<complexType>
<grgdup ref="xmta:SF3DNodeType" minOccurs="0"/>
</complexType>
</element>
</alXy
<atgtnibute name="endPoint” type="xmta:SFVec2f"” use="optional” default="1 0"/>
<attribute 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=" preadMethod! tfypo=" mba :SEInt 32" 11QQ:"mpf1'nn;1'l" defaullt="0"/>

<attribute name="startPoint” type="xmta:SFVec2f" use="optional” default="0 0"/>
<attributeGroup ref="xmta:DefUseGroup"/>

</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,

© ISO/IEC 2017 - All rights reserved 17
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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.

spreadMethod can be pad (0), reflect (1), or repeat (2). It indicates what happens if the gradient starts

i idethe bhounds ofthe oghicct Pad meansthat the lact calaric used reflect cave ta reflect
or ends insidethe bounds of the object- Pad means-that the last colorisused, reflect saystoreflect the

gradient pattern start-to-end, end-to-start, ... repeatedly until the target object is filled, and repéat{says

to repeat the gradient pattern start-to-end, start-to-end, ... until the target object is filled.

Opacity for each color value can be specified. By default, colors are 100 % opaque. One value of opacity

can be spedified, meaning all color values have the same opacity, else an opacity shall be specified for

each color vfalue.

5.1.1.4.5 aterial

5.1.1.4.5.1 | XSD description

<cpmplexType name="MaterialType">

<all>

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

<fall>

<pttribute name="ambientIntensity” type="xmta:SFFloat” use="optional”
default="0}2"/>

<pttribute name="diffuseColor" type="xmEBaJSFColor" use="optional” default="0.B
0.8 0.8"/>

<pttribute name="emissiveColor" type="xmta:SFColor" use="optional” default="0|0
O " />

<pttribute name="shininess" typegfxmta:SFFloat"” use="optional” default="0.2"/

<pttribute name="specularColor’\type="xmta:SFColor" use="optional” default="0|0

O " / >

<pttribute name="transparency” type="xmta:SFFloat"” use="optional” default="0"}>
<pttributeGroup ref="xmtarDefUseGroup"/>

</cpmplexType>

<elgment name="Material'"“type="xmta:MaterialType"/>

5.1.1.4.5.2 | Functionality and'Semantics

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

The Materigl node specifies surface material properties for associated geometry nodes and is usdd by

the VRML lighting equations during rendering. All of the fields in the Material node range from 0.0 t¢ 1.0.

The fields i the Material node determine how light reflects off an object to create colour.

a) The ambientintensity field specifies how much ambient light from light sources this surface shall
reflect. Ambient light is omnidirectional and depends only on the number of light sources, not their
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 t
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="0!"/>
</complexType>
</element>
</all>
<attribute name="emissiveColor"” type="xmta:SFColor" usem®'Optional” defay
0.8 [0.8"/>
<attribute name="filled"” type="xmta:SFBool" use="optiondl"” default="falssg
<attribute name="transparency” type="xmta:SFFloat"\isé="optional” defaul
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<element name="Material2D" type="xmta:Material2DRype" />

5.1.1.4.6.2 Functionality and semantics

As dgfined in ISO/IEC 14496-11:2015, 7.2.2.80.2.

The Material2D node specifies the characteristies of a rendered 2D Shape. Material2D s
as the material field of an Appearance node'dn certain circumstances (see ISO/IEC 14
7.2.2.6.2). The emissiveColor field specifies'the color of the 2D Shape. If the shape is nc
interfior is not drawn. The filled field specifies whether rendered nodes are filled or drawn|

ransparent,

1t="0.8

n/>
t="0"/>

all be used
96-11:2015,
t filled, the
using lines.

This|field affects IndexedFaceSet2D,.Circle and Rectangle nodes. If the rendered node is npt filled, the

line shall be drawn centered on the@endered node outline. That means that half the line wi
the flendered node and the othershalf outside.

The JlineProps field contains information about line rendering in the form of a LineProp¢

See ISO/IEC 14496-11:2015, 7.2.2.75 for more information on LineProperties.

The [transparency field specifies the transparency of the 2D Shape and applies both t
intetfior as’well as to the outline when drawn. The part of the line which lies outside of th

11 fall inside

prties node.

filled is true, if lineProps is null, no outline is drawn; if lineProps is non-null, an outline is

e is drawn
al2D. When
Props node.

o the filled
e geometry
butline is to

shall] not’be sensitive to pointer activity. When mapping texture onto a geometry and an

be drawn, the texture shall first mapped onto the geometry, where the geometry dimensions are those

without an outline. Then after the geometry is textured 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
As defined i

Functionality and semantics

n ISO/IEC 14496-11:2015, 7.2.2.110.2.

This node 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.

5.1.1.4.8

Shape

5.1.1.4.8.1

<co
<al
<
<

A

<

</

<a
</comp
<eleme

5.1.1.4.8.2

As specified

XSD description

plexType name='"ShapeType">
| >

blement ref="xmta:IS” minOccurs="0"/>
P lement name="appearance”" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFAppearanceNodeType" minOccurs="0"/>
</complexType>
element>
blement name="geometry” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFGeometryNodeType"” minOccurs=20"/>
</complexType>
element>
h11>
FtributeGroup ref="xmta:DefUseGroup"/>
| exType>

ht name="Shape" type="xmta:ShapeType" />

Functionality and semantics

in ISO/IEC 14772-1:1997, 6.41.

The Shape ode has two fields, appearance and‘geometry, which are used to create rendered objec

the world.
material an
specified ge

ISO/IEC 147
Appearancse

If the geome
5.1.1.4.9

5.1.1.4.9.1

'he appearance field contains an Appearance node that specifies the visual attributes
d texture) to be applied to the geometry. The geometry field contains a geometry node
ometry node is rendered.with the specified appearance nodes applied.

72-1:1997, 4.14 contains details of the VRML lighting model and the interaction bety
nodes and geometry nodes.

try field is NULL) the object is not drawn.
SBVCAnimationV2

XSD’description

ts in

(e.g.
The

veen

<complexType name="SBVCAnimationV2Type">
<all>

<element ref="xmta:IS" minOccurs="0"/>
<element name="virtualCharacters” form="qualified” minOccurs="0">

20

<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,
and can be used in connection with the MediaControl node.

The

W&M@mﬂhﬂm@ﬂﬂw&w canbe 1 or
greafer.

The
SBSHK
anin
not 3

hted to the
reams. The
e when it is

url field refers to the BBA stream which contains encoded animation data-rel
innedModel nodes from the virtualCharacters list and is used for outbahd bitst
jation will be extracted from the first element of the animation URL list and if the cag
vailable the following element will be used.

The
SBV
for A

loop, startTime, and stopTime exposedFields and the isActive eventOut, and their efffects on the
[AnimationV2 node, are similar with the ones described by VRML specifications (ISO/IEC 14772-1)
udioClip, MovieTexture, and TimeSensor nodes and are described as follows.

The yalues of the exposedFields are used to determine when the)iiode becomes active or ingctive.

data within
Conversely,
to the next
g forever if

SBVCAnimationV2 node can execute for 0 or more cycles. A cycle is defined by field
hode. If, at the end of a cycle, the value of loop-is{FALSE, execution is terminated.
p is TRUE at the end of a cycle, a time-dependent node continues execution in
. A time-dependent node with loop TRUE at.the end of every cycle continues cycliy
starfTime >= stopTime, or until stopTime if startTime < stopTime.

The SBVCAnimationV2 node generates an isActive TRUE event when it becomes active and generates

an igActive FALSE event when it becomesiinactive. These are the only times at which an is/
is geperated. In particular, isActive eveiits are not sent at each tick of a simulation.

The PBVCAnimationV2 node is inactive until its startTime is reached. When time now beco
than| or equal to startTime, .an,isActive TRUE event is generated and the SBVCAnimat
becgmes active (now refers(tg~the time at which the player is simulating and displaying
world). When a SBVCAnimationV2 node is read from a mp4 file and the ROUTEs specified
mp4|file have been established, the node should determine if it is active and, if so, generate
TRUE event and begin generating any other necessary events. However, if a SBVCAnimat
would have become-ihactive at any time before the reading of the mp4 file, no events ar|

\ctive event

mes greater
ionV2 node
the virtual
| within the
an isActive
ionV2 node
e generated

upor) the completion of the read.

reached if
0, an active

An |active \SBVCAnimationV2Z node will become inactive when stopTime is
inmie > startTime. The value of stopTime is ignored if stopTime <= startTime. Als
SBV(@AnimationV2 node will become inactive at the end of the current cycle if loop is FALSE. If an
active SBVCAnimationvZ node receives a set_loop FALSE event, execution continues until the end of the
current cycle or until stopTime (if stopTime > startTime), whichever occurs first. The termination 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):

fmo

d (now - startTime, duration/speed)

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

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

When a S%’CAnimationVZ becomes inactive, the frame corresponding to the time at which
SBVCAnimationV2 became inactive shall persist. The speed exposedField indicates how-fas{

movie shall
changed ev
the animati

An event sh

or stopTin:f
the duratiof does not actually change.

activeUrlln
When this
into a com

available, tHe second one will be used, and so on. In the combined mode, the following cases can oc

be played. A speed of 2 indicates the animation plays twice as fast. Note that the durat
entOut is not affected by the speed exposedField. set_speed events shall be‘ignored v
bn is playing.

1l be generated via the duration_changed field whenever a change ismade to the start]
fields. An event shall also be triggered if these fields are changed simultaneously, ey

dex allows to select or to combine specific animation reseutrce referred in the url([]
ield is instantiated, the behavior of the url[] field changes from the alternative sele
ined selection. In the case of alternative mode, if the first resource in the url[] field i

the
the
ion_
vhile

'ime
en if

Field.
ction
5 not
cur.

a) activeUrlIindex has one field: the resource from urlf] that has this index is used for animation.
When the activeUrlIindex is updated a transition‘between to the old animation (frame) and the
new ong is performed. The transition use linear ifiterpolation for translation, center and scal¢ and
SLERP for spherical data as rotation and scaleOrientation. The time of transition is specifidd by
using the transitionTime field.

b) activeUrlindex has several fields: a composition between the two resources is performed by the
termingl: for the bones that are common in two or more resources a mean procedure has fo be
applied] The mean is computed by using linear interpolation for translation, center and scalq and
SLERP for spherical data as rotatjon and scaleOrientation.

In all the cages, when a transitien‘between two animation resources is needed, when the transitionTime

is not zero| a interpolation\ shall be performed by the player. The transitionTime is specifidd in

millisecondk.

5.1.1.4.10 SBBone

5.1.1.4.10.1 XSD'Description

<complexType name="SBBoneType">
<all>

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

22

<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"/>

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

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

G.LLJ_J.}JULC J.lcllllC*" }\J‘.llCUUJ_b‘lIlldC - L_YLJC*" lLLLd.IKFILIL:‘) - ub\—;f"uyLiuual"
<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

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

SBBopne node specifies data related to one bone from the skeleton,
The bonelD field is a unique identifier which allows that the bone to be addressed at animatipn run-time.
The fenter field specifies a translation offset from the origin‘of the local coordinate system.
The franslation field specifies a translation to the bofie)coordinate system.
The frotation field specifies a rotation of the bone coordinate system.

The [scale field specifies a non-uniform scalé“of the bone coordinate system. scale valyes shall be
greafer than zero.

The caleOrientation specifies a rotation of the bone coordinate system before the scalg (to specify
scalgs in arbitrary orientations). ThescaleOrientation applies only to the scale operation.

The possible geometric 3D tranSformation consists of (in order): 1) (possibly) non-uniform|scale about
an afbitrary point, 2) a rotation about an arbitrary point and axis and 3) a translation.

The rotationOrder field specifies the rotation order when deals with the decomposition of the rotation
in refspect with system coordinate axes.

Twolways of speeifying the influence region of the bone are allowed:

The skinCoordIndex field contains a list of indices of all skin vertices affected by the cyrrent bone.
Mostly, the\skin influence region of bone will contain vertices from the 3D neighborhood pf the bone,
but gpé€eial cases of influence are also accepted.

The skinCoordWeight field contains a list of weights (one per vertex listed in skinCoordIndex) that
measures the contribution of the current bone to the vertex in question. The length skinCoordIndex
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.

© ISO/IEC 2017 - All rights reserved 23


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

ISO/IEC 23000-13:2017(E)

The falloff field specifies the function between the amplitude affectedness and distance: -1 for x3, 0 for

x2,1forx, 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 position of the bone (X, Y and Z world
coordinates). If ikChainPosition=3 the bone belongs to the IK chain but is not the first or the last one in

the chain. IyrthisTase, positiomand orientation of thre bome are computed by the K procedure-Finpally,

if the bone
local transf
about a bon
contains mg
producer w

The ikYawlimit field consists in a pair of min/max values which limit the bone rotation with res
to the X axig.

The ikPitch

to the Y axi$.

The ikRollll
to the Z axis.

The ikTxLi
direction.

The ikTyLi
direction.

The ikTzLi
direction.

The SBBon
attaching o
absolute ge

loes not belong to any IK chain (ikChainPosition=0), it is necessary to transmit the
brmation in order to animate the bone. If an animation stream contains motion jnform
e which has ikChainPosition 1, this information will be ignored. If an animgation sti
tion information about a bone which has ikChainPosition 3, this means thatthe anim
hnts to ensure the orientation of the bone and the IK solver will use this value as a const
|Limit field consists in a pair of min/max values which limit the'‘bone rotation with req
imit field consists in a pair of min/max values which imit the bone rotation with res
mit field consists in a pair of min/max values\which limit the bone translation in t
mit field consists in a pair of min/max~¥dlues which limit the bone translation in t

mit field consists in a pair of min/max values which limit the bone translation in t

e node is used as a buildifig block to describe the hierarchy of the articulated mod
he or more child objects,The children field has the same semantic as used in BIFS

bone
ition
eam
ition
rain.
pect
pect
pect
he X
he Y

he Z

e by
the

bmetric transformation of any child of a bone is obtained through a composition with the

bone-parent transformation,
5.1.1.4.11 SBSegment
5.1.1.4.11.1 XSD description
<tommplexType name="SBSegmentType">
aLy>
<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
000O0O0O0GO0O0"/>
<attribute name="name" type="xmta:SFString” use="optional”
default="&quot; &quot;" />
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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.

3:2017(E)

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 distinguishing prefix
in front of it.

The mass field is the total mass of the segment.

The penterOfMass field is the location within the segment of its center of mass. Note that  zero value

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

The momentsOflInertia field contains the moment of inertia matrix. The first three elements are the

firstfrow of the 3x3 matrix, the next three elements are the second row, and the.final three glements are

the third row.

The children field can be any object attached at this level of the skeleton(including a SBSkinnedModel.

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

a) The first one is to the requirement to separate different-parts from the skinned|model into
leformation-independent parts. Between two deformation-independent parts the geometrical
ransformation of one of them do not imply skin deformiations on the other. This is essential for run-
ime animation optimization. The SBSegment nodemay contain as a child an SBSkipnedModel
node (see the SBSkinnedModel node descriptian below). Portions of the model which pre not part
bf 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 differgnt parts of
he skeleton hierarchy. For example, a<ring can be attached to a finger; the ring gepmetry and
httributes are defined outside of skinned model but the ring will have the same local peometrical
ransformation as the attached boné:

5.1.1.4.12 SBSite

5.1.1.4.12.1 XSD description

<complexType\hame="SBSiteType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
<erement name="children” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
</all>
<attribute name="center” type="xmta:okvec3L” use="optional default="0 0 0"/>
<attribute name="name" type="xmta:SFString” use="optional”

default="&quot; &quot;" />

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

O " />

<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"/>

© ISO/IEC 2017 - All rights reserved
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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 scaleOrientation specifies a rotation of the coordinate system of the SBSite node before the
scale, thus allowing a scale at an arbitrary orientation. The scaleOrientation applies only to the scale

operation.

The transla
The childre
The SBSite

which can Be used by an inverse kinematics system. The second is to define an‘attachment poin

accessories

of a SBSegment node.

SBSite nod
specialized
to the coor
grouping ng
5.1.1.4.13
5.1.1.4.13.1

<

maxOccurs=

tion field specifies a translation of the coordinate system of the SBSite node.
n field is used to store any object that can be attached to the SBSegment node:

node can be used for three purposes. The first is to define an "end effector”, i.e. a loc:

such as clothing. The third is to define a location for a virtual camera‘in the reference fi

ps are stored within the children field of an SBSegment'node. The SBSite node
prouping node that defines a coordinate system for nodes irits children field that is rel
linate systems of its parent node. The reason a SBSite node is considered a specia
de is that it can only be defined as a child of a SBSegment node.

SBSkinnedModel

XSD description

tomplexType name="SBSkinnedModeiIype'>
all>
<element ref="xmta:IS" minp®ccurs="0"/>
<element name="bones"” form="qualified” minOccurs="0">
<complexType>
<group ref="xmeaSFSBBoneNodeType” minOccurs="0" maxOccurs="unbounded
</complexType>
</element>
<element namez="muscles” form="qualified” minOccurs="0">
<complexType>
<group “ref="xmta:SFSBMuscleNodeType"” minOccurs="0"
'unbounded&/>
</conplexType>
</element>
<element name="segments” form="qualified” minOccurs="0">
<domplexType>
<group ref="xmta:SF3SBSegmentNodeType" minOccurs="0"

I

ition
t for
ame

is a
htive
ized

maxOccurs=

26

L uubu uudcd
</complexType>
</element>
<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>
<element name="weighsComputationSkinCoord"” form="qualified” minOccurs
<complexType>

3:2017(E)

=rQor>

defa

O"/>

defa

0"/>

5.1.1
As s]
The

definition parameters for the entire seamless model or of a seamless part of the model.

The
run-

The
The
The

The
than

The
arbit

gLroup J_Cf*" lLLLd.SFJDIGUdCT L)C" lLLJl.llUk,L,u.J.D*"U'
</complexType>
</element>
</all>
<attribute name="center"” type="xmta:SFVec3f" use="optional” default="0
<attribute name="name" type="xmta:SFString” use="optional”
ult="s&quot; &quot;"/>
<attribute name="rotation”" type="xmta:SFRotation” use="optlonal” defau

<attribute name="scale”" type="xmta:SFVec3f" use="optibondl"” default="1
<attribute name="scaleOrientation” type="xmta:SFRotlation” use="optiond
ult="0 0 1 0"/>

<attribute name="translation” type="xmta:SFVec3£fY“use="optional” defay
<attributeGroup ref="xmta:DefUseGroup"/>

/complexType>
element name="SBSkinnedModel” type="xmta:SBSkinwedModelType" />

.4.13.2 Functionality and semantics
pecified in ISO/IEC 14496-16:2011, 4.5.2.1.2.

SBSkinnedModel node is the top of theliterarchy of Skin&Bones related nodes and ¢

name field specify the name of the skinned model allowing easily identification at th
fime.

franslation field specifies a translation of the coordinate system.
rotation field spécifies a rotation of the coordinate system

scale field specifies a non-uniform scale of the coordinate system. scale values shal
Zero.

scaleOrientation specifies a rotation of the coordinate system before the scale (to sped
rapy orientations). The scaleOrientation applies only to the scale operation.

center field specifies a translation offset from the origin of the local coordinate system.

0 0"/>

1t="0 0 1

1 1"/>
1

1t="0 0

ontains the

b animation

be greater

ify scales in

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

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

cons

ist 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
transformations are related to the posture defined by skinCoord field.

5.1.1.4.14 MorphShape

5.1.1.4.14.1 XSD description

<c

<

<
<
<
<

</comp
<eleme

5.1.1.4.14.2
As specified

morphlD: §
animation 1

baseShape

geometry sfipported by ISOIEC 14496\(e.g. IndexedFaceSet, IndexedLineSet, SolidRep).

targetShap
for definig
defining the
IndexedFac

weights: a
accordi

bmplexType name="MorphShapeType">
h11>

<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" max@gclurs="unbounded"”/>
</complexType>
</element>
all>
bttribute name="morphID"” type="xmta:SFInt32" use=¥optional” default="0"/>
httribute name="weights" type="xmta:MFFloat" wse="optional”/>
httributeGroup ref="xmta:DefUseGroup" />
| exType>
ht name="MorphShape" type="xmta:MorphShapeType" />

Functionality and semantics
in ISO/IEC 14496-16:2011, 4.3.6.

i unique identifier between 0 and\1023 which allows that the morph to be address:¢
un-time.

a Shape node that representthe base mesh. The geometry field of the baseShape can bg

es: a vector of Shapes nodes representing the shape of the target meshes. The tool
hn appearance and ‘a geometry of a target shape shall be the same as the tool use
appearance and the geometry of the base shape (e.g. if the baseShape is defined by
pSet, all the target shapes shall be defined by using IndexedFaceSet).

vectorof_integers of the same size as the targetShapes. The morphed shape is obta

hg toFermula (1):

bd at

P any

used
1 for
sing

ined

n

M=B+

where

M
B
T;

Wi
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(T; —B)*w;
i=1

is the morphed shape;
is the base shape;
is the target shape i;

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="optionaly"/>
<attributeGroup ref="xmta:DefUseGroup”"/>
/complexType>
element name="Coordinate"” type="xmta:CoordinateType" />

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

This|node defines a set of 3D coordinates to be used ifi the coord field of vertex-based geornetry nodes
inclyding IndexedFaceSet, IndexedLineSet, and PointSet.

5.1.1.4.16 TextureCoordinate

5.1.1.4.16.1 XSD description

<complexType name="TextureCoordinateType">
<all>
<element ref="xmta<IS" minOccurs="0"/>
</all>
<attribute name="point" type="xmta:MFVec2f" use="optional”"/>
<attributeGroup ref="xmta:DefUseGroup"/>
/complexType>
element namez=!"TgxtureCoordinate” type="xmta:TextureCoordinateType"/>

5.1.1.4.16.2 Funttionality and semantics
As specified imISO/IEC 14772-1:1997, 6.48.

The [TextureCoordinate node specifies a set of 2D texture coordinates used by vertex-basgd geometry
nodgs\(&g. IndexedFaceSet and ElevationGrid) to map textures to vertices. Textures are two limensional
colour functions that, given an (s, t) coordinate, return a colour value colour(s, t) Texture map 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:IS" minOccurs="0"/>
</all>

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

<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<elemefpt name="Normal” type="xmta:NormalType"/>

5.1.1.4.17.2 Functionality and semantics

As specified in ISO/IEC 14772-1:1997, 6.30.

This node d
nodes (e.g.

contains th¢ normal vectors. Normals shall be of unit length.

5.1.1.4.18 [ndexedFaceSet

5.1.1.4.18.1 XSD description

<cpmplexType name="IndexedFaceSetType">

<@ll>

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

<element name="color" form="qualifiedd” minOccurs="0">

efines a set of 3D surface normal vectors to be used in the vectordield of some geon
IndexedFaceSet and ElevationGrid). This node contains one multiple-valued field

<complexType>
<group ref="xmta:SFColorNodeType”" minOccurs="0"/>
</complexType>
</element>
<element name="coord"” foxm="qualified” minOccurs="0">
<complexType>
<group ref="xmtaysJECoordinateNodeType” minOccurs="0"/>
</complexType>
</element>
<element name="normal” form="qualified” minOccurs="0">
<complexTypg>
<group ref="xmta:SFNormalNodeType" minOccurs="0"/>
</complexType>
</elements
<elemen¥, name="texCoord” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFTextureCoordinateNodeType"” minOccurs="0"/>
</complexType>
<Yelement>
</all>
<attribute 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
<attribute
<attribute

default="true"/>

30

<attribute
<attribute

name="creaseAngle"” type="xmta:SFFloat" use="optional” default="0"/>
name="normalIndex" type="xmta:MFInt32" use="optional”/>
name="normalPerVertex" type="xmta:SFBool"” use="optional”

name="so0lid" type="xmta:SFBool" use="optional” default="true"/>
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 by a "-1" index. If the greatest index in the coordindex field is N, the Coordinate node shall
contain N+1 coordinates (indexed as 0 to N). Each face of the IndexedFaceSet shall have:

a) ftleastthree non-coincident vertices;

b) vyertices that define a planar polygon;

c) YVertices that define a non-self-intersecting polygon.
Othgrwise, the results are undefined.

The [ IndexedFaceSet node is specified in the local coordinate systéem and is affected by the
trangformations of its ancestors.

Desdriptions of the coord, normal, and texCoord fields are provided in the Coordinate, Normal, and
TextpreCoordinate nodes, respectively.

Detdils on lighting equations and the interaction between color field, normal field, texture§, materials,
and geometries are provided in ISO/IEC 14772-1:1997°4./14.

If the color field is not NULL, it shall contain a Color node whose colours are applied to the vertices or
faceg 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 IndexedFaceSet.
There shall be at least asomany indices in the colorindex field as there are faces in the
IndexedFaceSet. If the greatest 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 pach face of
the IndexedFaceSet in order. There shall be at least as many colours in the Color n¢de as there
are faces.

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

— Ifthe-colorindex field is not empty, then colours are applied to each vertex of the Ind¢xedFaceSet
injexactly 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 indices as
the coordindex field, and shall contain end-of-face markers (—1) i exactly the same places 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.

If the 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
coordinates for each vertex from the Coordinate node. The texCoordIndex field shall contain at least
as many indices as the coordindex field, and shall contain end-of-face markers (-1) in exactly the

same p
shall be

If the tq

aces as the coordimdex fietdif the greatest imdex i the texCoordindex fietd s 1IN, themr t
N+1 texture coordinates in the TextureCoordinate node.

xCoordIndex field is empty, then the coordIndex array is used to choose texture-.coordir

from thfe TextureCoordinate node. If the greatest index in the coordIndex field is N, then there

be N+1

If the tex(Cq
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the S coor

the boundi
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ord field is NULL, a default texture coordinate mapping is calculated using the
system bounding box of the shape. The longest dimension of the lbounding box de
inates, and the next longest defines the T coordinates. If two’or/all three dimensio
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e. The value of the S coordinate ranges from 0 to 1, from: ene end of the bounding b
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px to the greatest dimension.

ctions specified in ISO/IEC 14496-11:2015, 7.2.2,66,2.

dFaceSet node represents a 3D polygon mesh formed by constructing faces (polyg
specified in the coord field. If the coordIndex field is not NULL, IndexedFaceSet use

An index of -1 shall indicate that the\current face has ended and the next one begins

last face maly be followed by a -1. IndexedFaceSet shall be specified in the local coordinate systen
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laid out in t
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Material nd

cted by parent transformations. The coord field specifies the vertices of the face set a
Coordinate node. If the coordlndex field is not NULL, the indices of the coordIndex
d to specify the faces by cemnecting together points from the coord field. An index
e that the current face has'ended and the next one begins.

e may be followed hyta ~1. If the coordIndex field is NULL, the vertices of the coord fiel
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se 3D Mesh Coding (3DMC) with the IndexedFaceSet node, the use3DMeshCoding f1
g should be set to TRUE, as described in ISO/IEC 14496-11:2015, 8.5.3.2. This will reqd
dFaceSet node in that elementary stream to be coded w1th 3DMC. Note that 3DMC doe

d for the Appearance affecting this IndexedFaceSet, then the emissiveColor of
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field
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eSet

should not be 1ncluded in a stream where use3DmeshCod1ng flag is set to TRUE A scene w1th both
3DMC coded and BIFS coded IndexedFaceSet nodes can be created by sending the compressed and
uncompressed nodes in separate streams.This can be done with an Inline node or by sending 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>
<attribute name="colorIndex" type="xmta:MFInt32" use="optional/>
<attribute name="colorPerVertex" type="xmta:SFBool"” use="optional” defa

3:2017(E)

ult="true"”

/>

5.1.1
As s]

The
spec
poly
has ¢
Inde
ance

The

Line
lines

If th
follo

a)

b)

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

/complexType>

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

.4.19.2 Functionality and semantics
pecified in ISO/IEC 14772-1:1997, 6.24.

ndexedLineSet node represents a 3D geometry formed by constrfugting polylines from|
ified in the coord field. IndexedLineSet uses the indices in\its coordindex field to
ines by connecting vertices from the coord field. An index of"351" indicates that the cury
nded and the next one begins. The last polyline may be (bu®does not have to be) follow
kedLineSet is specified in the local coordinate system ahd is affected by the transform
stors.

roord field specifies the 3D vertices of the line sét'ahd contains a Coordinate node.

5 are not lit, are not texture-mapped, and do’not participate in collision detection. T
is implementation dependent and each line segment is solid (i.e. not dashed).

WS:
f colorPerVertex is FALSE.

[) If the colorindex fieldis not empty, one colour is used for each polyline of the Inde
There shall be at.least as many indices in the colorindex field as there are polyj
IndexedLineSet.\If the greatest index in the colorindex field is N, there shall be N+
the Color node. The colorindex field shall not contain any negative entries.

the IndexedLineSet in order. There shall be at least as many colours in the Color n
are.polylines.

f colorPerVertex is TRUE.

3D vertices
specify the
ent polyline
ed by a"-1".
ations of its

he width of

e color field is not NULL, it shall contain a Color node. The colours are applied to the line(s) as

xedLineSet.
lines in the
1 colours in

P) If the colorindex field is empty, the colours from the Color node are applied to each polyline of

de as there

exactly the same manner that the coordindex field is used to supply coordinates for

If the colorindex field is not empty, colours are applied to each vertex of the IndexedLineSet in

each vertex

from the Coordinate node. The colorindex field shall contain at least as many indices 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.

If the 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 as they
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">

<sequence>
<element ref="xmta:field” minOccurs="0" maxOccurs="unbounded"”" />
clelllelll T'el—= [Mta .« Lo Hlill\)(_,(,ul_ = U [MaxXUCCULS="UIlIIDOUIldEd

</s¢quence>
<attribute name="url" type="xmta:MFScript” use="optional”/>
<atfribute name="directOutput” type="xmta:SFBool" use="optional” default="ffalse[ />
<atfribute name="mustEvaluate” type="xmta:SFBool" use="optional"” defaul®="falsel| />
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<elemefpt name="Script"” type="xmta:ScriptType"/>

5.1.2.1.2 [unctionality and semantics

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

The Script rjode is used to program behaviour in a scene. Script nodestypically
— signify p change or user action,

— receivelevents from other nodes,

— containla program module that performs some computation, and

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

Each Scriptf node has associated programmingtlanguage code, referenced by the url field, thpt is
executed to| carry out the Script node's function. That code is referred to as the "script” in the rest of
this descripttion. Details on the url field canbe found in ISO/IEC 14772-1:1997, 4.5.

Browsers atfe not required to supportany-specific language. Detailed information on scripting languages
is described in ISO/IEC 14772-1:1997, 4.12 supporting a scripting language for which a language birlding
is specified [shall adhere to that language binding.

Sometime before a script receiyes the first event it shall be initialized (any language-dependent or yiser-
defined initfialize() is perforimed). The script is able to receive and process events that are sent fo it.
Each event that can be-feceived shall be declared in the Script node using the same syntax as is us¢d in
a prototype| definitien

eventIh typesname
The type cap be any of the standard VRML fields (as defined in ISO/IEC 14772-1:1997, Clause 5). Name
shall be an identifier thatis unigque for this Qr‘ripf node

The Script node is able to generate events in response to the incoming events. Each event that may be
generated shall be declared in the Script node using the following syntax:

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
time and the current world URL. This is strictly defined by the API for the specific scripting language
being used.

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

5.1.3 User interactivity

5.1.3.1 General

The | following user interactivity related nodes are used in ARAF: InputSensor, SphereSensor,
Timg¢Sensor, TouchSensor, MediaSensor, PlaneSensor.

5.1.3.2 InputSensor

5.1.3.2.1 XSD description

<complexType name="InputSensorType'>
<all>
<element ref="xmta:IS" minOccuks="0"/>
<element ref="xmta:buffer” minOccurs="0"/>
</all>
<attribute name="enabled"” type="xmta:SFBool"” use="optional” default="trug"/>
<attribute name="url" type="xmta:MFUrl"” use="optional” default="&quot;&quot;"/>
<attributeGroup ref="xmta:DefUseGroup"/>
/complexType>
element name="InputSehsor"” type="xmta:InputSensorType"/>

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

The JnputSensornode is used to add entry points for user inputs into a BIFS scene. It allows|user events
to trjgger updates of the value of a field or the value of an element of a multiple field of an existing node.

Inpult deyices are modelled as devices that generate frames of user input data. A device|data frame
(DDK)<«consists in a list of values of any of the allowed types for node fields. Values from DDFs|are used to

MouseDataFrame [
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 time-stamped; they are executed at the time of the event, assuming
a zero-decoding time. It is not required that all the replace commands be executed when the buffer is
executed. Each replace command in the buffer can be independently triggered depending on the data

present in {
the nth posi

e current DDF. Moreover, the presence in the buffer field of a NodeDeletion command at
Lion indicates that the value of the DDF corresponding to the nth field of the DDF definfition

shall be ignpred.
The eventTime eventOut carrying the current time is generated after a DDF has been ptecessed.
5.1.3.3 OptputActuator
5.1.3.3.1 [XSD description
<ProtoDeclfre name="OutputActuator” locations="org:mpeg:outputdctuator’">
<field pame="enabled" type="Boolean” vrml97Hint="exposedEilehd"” booleanValue="TRUE"/
<field pame="url" type="Strings” vrml97Hint="exposedFieXd™ stringArrayValue= ""/>
<!—Any|number of eventlIn fields!-->
</ProtoDeclare>
5.1.3.3.2 BIFS Textual description
EXTERNPROTO OutputActuator [
eventIf SFBool activate
exposefiField SEFBool enabled TRUE
exposefiField MFString url [J
Any nulber of the following may then, follow:
eventIn eventType DDFEventName
]""org:mpe@:outputActuator”
5.1.3.3.3 Functionality and semantics
The OutputActuator proto is used'to communicate between the scene and the MPEG-V actuator. [How
to map thege commands to the physical device is out of the scope of this document. It should be noted
that the deyice interprets theycommand and produces the effect immediately when the command is
received. The proto definition of OutputActuator is described below.
The OutpufActuator{PROTO can receive variable number of events that in turn generate Device [Data
Frames (DDFs) that are sent to the actuator. Each eventln corresponds to one field in the DDF and has

the same ty

pe. When activate eventln is received, the DDF is assembled and sent to the device.

When declaring an QOutputActuator in a BIFS scene, the eventln fields shall be placed in their d

rder

of appearance in the associated DDF, after all other fields are declared. The activate eventln shall be
declared first in the extern proto declaration.

The url field specifies the device to be controled.

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

The manda

36

tory 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
WimdSFFioat mtensity
Sprayer|SFFloat, SFInt32 intensity, sprayingType
Scent |SFFloat, SFint32 intensity, scent
Fog|SFFloat intensity
Rigid Body Motion | MFVec3f, MFVec3f, MFVec3f, direction,'speed, accelerfation, angle,
MFVec3f, MFVec3f, MFVec3f angleSpeed, angleAcceldration
Kinesthetic| MFVec3f, MFVec3f, MFVec3f, position, orientation, forfce, torque
MFVec3f

In tHe following example, two actuators of different types (Light-and Vibration) are prese
case| the EXTERNPROTO OutputActuator is declared twice as follows:

EXTERNPROTO LightActuator |

evenjtIn SFBool activate

expofsedField SFBool enabled TRUE

expopedField MFString url [hw:/A¥ightDevicel]
evenltIn SFFloat intensity

eventIn SFColor color

]"orfg:mpeg:outputactuator"

EXTERNPROTO VibrationActuator

evenjtIn SFBool activate

expofsedField SFBool enabled TRUE

expopedField MFString url [hw://vibrationDevicel]
even|tIn SFFloat intensity

]"orfg:mpeg:outputactuator"

This|

DEF SI LIGHT ScalarInterpolator (
Key
keyValues

DEF [SI VIBRATION ScalarInterpolator ({
Key
keyValues

could be instantiated’/ in the scene as follows:

[Q/0.5 1]

[0 0.5 1]

[

0.1 0.2 0.3]

[0.1 0.2 0.3]

DEF LIGHT 1 LightActuator {}
DEF LIGHT 2 LightActuator ({
url [hw://lightDevice2]

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 SI VIBRATION.value changed TO VIBRATION 1.intensity
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"/>
<attribute name="offset"” type="xmta:SFRotation"” use="optional” default="0 1 0 0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</compfEXTYpE
<elemepht name="SphereSensor” type="xmta:SphereSensorType"/>

5.1.3.4.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.44.

The Spherefensor node maps pointing device motion into spherical rotation about’the origin of the
local coordjnate system. The SphereSensor node uses the descendent geometry of its parent nodle to
determine whether it is liable to generate events.

The enabled exposed field enables and disables the SphereSensor node, If‘enabled is TRUE, the s¢nsor
reacts apprppriately to user events. If enabled is FALSE, the sensor does not track user input or send
events. If epabled receives a FALSE event and isActive is TRUE, the” sensor becomes disabled| and
deactivated| and outputs an isActive FALSE event. If enabled receivesia TRUE event, the sensor is engbled
and ready for user activation.

The Spherefensor node generates events when the pointinig device is activated while the pointer is
indicating gny 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 actigate the SphereSensor.

Upon activdtion of the pointing device (e.g. mouse\button down) over the sensor's geometry, an isActive
TRUE event is sent. The vector defined by-the initial point of intersection on the SphereSenfor's
geometry apd the local origin determines_the radius of the sphere that is used to map subseduent
pointing deyice motion while dragging. The-virtual sphere defined by this radius and the local origdin at
the time of activation is used to interpretsubsequent 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, a
rotation_chqnged event is sent which corresponds to the sum of the relative rotation from the original
intersectior] point plus the offset.value. trackPoint_changed events reflect the unclamped drag posjfition
on the surface of this sphere, When the pointing device is deactivated and autoOffset is TRUE, dffset
is set to thd last rotation.changed value and an offset_changed event is generated. See ISO/IEC 14772-

device unti] it is released and generates an isActive FALSE event (other pointing device sensors shall
not generat med

a "drag". If A fmary
button associated with the dev1ce (i-e. isActzve is TRUE when the primary button is pressed and FALSE
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"/>
<attribute name="loop" type="xmta:SFBool" use="optional” default="false"/>
<attribute name="startTime"” type="xmta:SFTime" use="optional” default="0"/>
ITTTIPUCE Name="STOopTiMe" TYPe="XMta:or Time" Use=roprionar’ deraurc="0

<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.

Timg
incly

e Sensor nodes generate events as time passes. TimeSensor nodes.can be used for many purposes
ding:

Hriving continuous simulations and animations;
controlling periodic activities (e.g. one per minute);

nitiating single occurrence events such as an alagm€lock.

The [TimeSensor node contains two discrete eventOuts: isActive and cycleTime. The isActipe eventOut

send
cycle
syng

s TRUE when the TimeSensor node begins»running, and FALSE when it stops ry
Time eventOut sends a time event at star¢tfiime and at the beginning of each new cyclg
hronization with other time-based objé&cts). The remaining eventOuts generate contin

inning. The
e (useful for
ous events.

The | fraction of

the d

fraction_changed eventOut, an SFFlodt'in the closed interval [0.1], sends the complete
urrent cycle. The time eventOut sends the absolute time for a given simulation tick.

If th
enab
follo

e enabled exposedField is TRUE, the TimeSensor node is enabled and may be runni
led FALSE event is received while the TimeSensor node is running, the sensor p¢
wing actions:

ng. If a set_
erforms the

bvaluates and sends.all relevant outputs;
bends a FALSE value for isActive;
lisables itself.

1 and their
habled field.

Evern
corr
The

ts on<the exposedFields of the TimeSensor node (e.g. set_startTime) are processe
psponding eventOuts (e.g. startTime_changed) are sent regardless of the state of the e
Femaining discussion assumes enabled is TRUE.

The 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

© ISO/IEC 2017 - All rights reserved 39


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

ISO/IEC 23000-13:2017(E)

time for a given tick of the TimeSensor node (time fields and events represent the number of seconds
since midnight 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 then be

time

computed as:

temp

where fract
the decimal

A TimeSens
stopTime leg

times for eafch tick of the TimeSensor node simulation. The time events.shall start at the first simul{
than or equal to startTime. time events end at stopTime, or-at startTime + x cyclelntervdql for

tick greater]
some positi
TimeSensoy

No guarant
TimeSensor
guaranteed
cyclelnterv:
generated W
value is lesg
stopTime (if]

An active T
node also ig
a set_startT
(the startTi
TimeSensor
startTime, i
on the currg

A TimeSens
the sensor i

(now - startTime) / cycleInterval
fractionalPart (temp)

0.0 && now > startTime)
raction changed = f

fraction changed = 1.0

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

or node can be set up to be active at read time by specifying loop TRUE (not the default]
s than or equal to startTime (satisfied by the default values). Thetime events output abs

ve integer value of N, or loop forever depending on the-values of the other fields. An a
node shall stop at the first simulation tick when now >= stopTime > startTime.

node shall generate events at least at every simulation tick. TimeSensor nodes
to generate final time and fraction_changed-events. If loop is FALSE at the end of the
1] and was TRUE at startTime + M x cyclelnterval for all 0 < M < N, the final time event w
rith a value of (startTime + N x cyclelntérval) or stopTime (if stopTime > startTime), which
. If loop is TRUE at the completion-of’every cycle, the final event is generated as evaluat
stopTime > startTime) or never.

imeSensor node ignores setieyclelnterval and set_startTime events. An active TimeSe
nores set_stopTime eventsfor set_stopTime less than or equal to startTime. For examy
ime event is received while a TimeSensor node is active, that set_startTime event is ign|
me field is not changed, and a startTime_changed eventOut is not generated). If an a
node receives a set_stopTime event that is less than the current time, and greater
behaves as if thé stopTime requested is the current time and sends the final events b
nt time (note\that stopTime is set as specified in the eventlIn).

or read from a VRML file shall generate isActive TRUE, time and fraction_changed evel
5 enabled and all conditions for a TimeSensor to be active are met.

ht of

and
blute
ition

Ctive

bes are made with respect to how often a TimeSensor node generates time events, but a

are
Nth
1l be
ever
pd at

nsor
le, if
ored
ctive
than
ased

nts if

5.1.3.6 T

uchSensor

5.1.3.6.1 XSD description

<complexType name="TouchSensorType">
<all>

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

<attribute name="enabled" type="xmta:SFBool”

—_n

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.

40
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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 eventOut reflects the state of the pointing device with regard to whether it is pointing
towards the TouchSensor node's geometry or not. When the pointing device changes state from a

posi
whid
from
geor

forr such that its bearing does ot intersectamny of threTouchSensor mode' s geomety to one in
h it does intersect geometry, an isOver TRUE event is generated. When the pointing d¢vice moves
a position such that its bearing intersects geometry to one in which it no longer infersects the
netry, or some other geometry is obstructing the TouchSensor node's geometry,an i§Over FALSE

eventt is generated. These events are generated only when the pointing device has moved and changed

«

ove
poin

" state. Events are not generated if the geometry itself is animating and.moving un
ing device.

As the user moves the bearing over the TouchSensor node's geometry;-th€ point of intersec|
between the bearing and the geometry is determined. Each movement of the pointing d
isOver is TRUE, generates hitPoint_changed, hitNormal_changed™>and hitTexCoord_chan
hitPgint_changed events contain the 3D point on the surface gfithe underlying geometry,

rneath the

tion (if any)
bvice, while
ged events.
biven in the

ToughSensor node's coordinate system. hitNormal_changed events contain the surface normpal vector at

the RitPoint. hitTexCoord_changed events contain the texture coordinates of that surface at
The yalues of hitTexCoord_changed and hitNormal_changéd events are computed as approp
assoriated shape.

If isQver is TRUE, the user may activate the poirting device to cause the TouchSensor node
isActive events (e.g. by pressing the primary niouse button). When the TouchSensor node g
isAcfive TRUE event, it grabs all further motion events from the pointing device until it is 1
gengdrates an isActive FALSE event (other-pointing-device sensors will not generate events
time). Motion of the pointing device while isActive is TRUE is termed a "drag." If a 2D pointi
in uge, isActive events reflect the state of the primary button associated with the device (i.
TRUE when the primary button.is pressed and FALSE when it is released). If a 3D pointing
use, fisActive events will typically reflect whether the pointing device is within (or in contd
ToudhSensor node's geometty!

The pventOut field touch¥ime is generated when all three of the following conditions are tru

he pointing device was pointing towards the geometry when it was initially activat
s TRUE).

he pointing device is currently pointing towards the geometry (isOver is TRUE).

hepointing device is deactivated (isActive FALSE event is also generated).

the hitPoint.
riate for the

to generate
enerates an
eleased and
during this
ng device is
b, isActive is
device is in
ct with) the

e.

led (isActive

In a 2D context, there are restrictions on the SFVec3f eventOuts:
— 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>

© ISO/IEC 2017 - All rights reserved
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<attribute name="url" type="xmta:MFUrl"”

_n

use="optional” />

<attributeGroup ref="xmta:DefUseGroup”"/>
</complexType>
<element name="MediaSensor" type="xmta:MediaSensorType"/>

5.1.3.7.2 F

As defined i

unctionality and semantics

n ISO/IEC 14496-11, 7.2.2.71.2.

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

The url field identifies a list of stream objects monitored by the MediaSensor node. All the stream
objects in the url field shall belong to the same media stream. A stream object is considered to be

available

composition at that time. A stream object is considered to be no longer available when itAs"pa
or stopped.|A stream object is considered to “become available” when it “is available” for-the

en any of its composition units is available in the composition buffer and is du

b for

psed

first

time. When| there are several monitored stream objects available at the same time, the’fields in the

MediaSenspr convey information about the stream object that became available last.Af the stream
last became available becomes inactive, the MediaSensor node shall convey information about the
active stredm in its url field. The isActive event sends a TRUE value each time ene of the monit
stream objdcts referred by the url field becomes available, and a FALSE value.when all of them beg
not available. Whenever a new composition unit is due for composition, a mediaCurrentTime evq

sent and ind

The stream
media time
object in se
the stream
same synta

The stream
in the url fi

icates the media time of that composition unit within the stream object.

ObjectStartTime event conveys the start of the stream-0bject within a stream, relati
zero of the whole stream. The mediaDuration event-conveys the duration of the sti

object that is currently monitored. Its first element identifies the stream object usin
k as in the url field.

ObjectStartTime, mediaDuration and infe events are triggered when any stream o
bld becomes available.

that
first
ored
ome
ntis

ve to
eam

conds. It is set to -1 if this duration is unknown. Thé info event conveys information about

v the

bject

5.1.3.8 PlaneSensor
5.1.3.8.1 [XSD description
<complexType name="PlaneSensorType">

<all>

<elg¢ment 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”
/>

<attribute name="maxPosition” type="xmta:SFVec2f" use="optional” default="-1 -1"
/>

<attribuferlame="minPosition” type="xmta:SFVec2f” use="optional” default="0 0"
/>

<attribute name="offset” type="xmta:SFVec3f"” use="optional” default="0 0 0"
/>

<attributeGroup ref="xmta:DefUseGroup"/>

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

5.1.3.8.2 Functionality and semantics

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

The PlaneSensor node maps pointing device motion into two-dimensional translation in a plane parallel
to the Z=0 plane of the local coordinate system. The PlaneSensor node uses the descendent geometry of

its parent no

42

de 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 deactivated, and
outputs an isActive FALSE event. If enabled receives a TRUE event, the sensor is enabled and made ready

foru

ser activation.

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.

Upon activation of the pointing device (e.g. mouse button down) while indicating the sensor's geometry,

[2al et B d =]
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For f
ISO/

hne parallel to the sensor's local Z=0 plane and coincident with the initial point of inters
subsequent movement of the bearing, a translation_changed event is output whi¢hycor
um of the relative translation from the original intersection point to the intersection
bearing in the plane plus the offset value. The sign of the translation is defined by the 3
ensor's coordinate system. trackPoint_changed events reflect the unclapiped drag pos
ice of this plane. When the pointing device is deactivated and autoOffsétis TRUE, offset
translation_changed value and an offset_changed event is generated) More details are
SO/IEC 14772-1:1997, 4.6.7.4.

n the sensor generates an isActive TRUE event, it grabs all furtlier motion events from f
Ce until it is deactivated and generates an isActive FALSE eyent. Other pointing-device s
renerate events during this time. Motion of the pointing dévice while isActive is TRUH
a "drag." If a 2D pointing device is in use, isActive eyehts typically reflect the state of
bn associated with the device (i.e. isActive is TRUE.when the primary button is pre
E when it is released). If a 3D pointing device (€.g.-wand) is in use, isActive events typi
her the pointer is within or in contact with the.sensor's geometry.

osition and maxPosition may be set to_clamp translation_changed events to a range

sured from the origin of the Z=0 planexlf the X or Y component of minPosition is grea
esponding component of maxPosition;translation_changed events are not clamped in tha
b X or Y component of minPosition~is equal to the corresponding component of maxP
bonent is constrained to the given value. This technique provides a way to implement 2
maps dragging motion into-atranslation in one dimension.

e the pointing device is activated and moved, trackPoint_changed and translation_cha
ent. trackPoint_changed events represent the unclamped intersection points on the sy
xing plane. If the pointing device is dragged off of the tracking plane while activated
ron line), browsers' may interpret this in variety ways (e.g. clamp all values to the ho
bment of the poirnting device, while isActive is TRUE, generates trackPoint_changed and
ged events:

urtherinformation about this behaviour, information can be found in ISO/IEC 14772-1:1
[EC 14772-1:1997, 4.6.7.4, and ISO/IEC 14772-1:1997, 4.6.7.5.

cking plane,
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responds to
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bf values as
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F dimension.
osition, that

line sensor

nged events
rface of the

(e.g. above
rizon). Each
translation_

997,4.6.7.3,

5.1.4 Scene related information (spatial and temporal relationships)

5.1.4.1 General

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”/>
<attribute name="backUrl" type="xmta:MFUrl"” use="optional”/>
<attribute name="bottomUrl” type="xmta:MFUrl"” use="optional”/>
<afTtriburte name="TIontuUrl" CYypPe="XMta:MFUrI " Use="oprionar
<aftribute name="leftUrl" type="xmta:MFUrl" use="optional”/>
<attribute name="rightUrl" type="xmta:MFUrl"” use="optional”/>
<attribute name="topUrl" type="xmta:MFUrl"” use="optional”/>
<aftribute name="skyAngle" type="xmta:MFFloat"” use="optional”/>
<aftribute name="skyColor" type="xmta:MFColor" use="optional” default=¢0 0 0"/
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>

<elemepht name="Background"” type="xmta:BackgroundType"/>

5.1.4.2.2 Functionality and semantics

As specified in ISO/IEC 14772-1:1997, 6.5.

11 as

The Backgr

pund node is used to specify a colour backdrop that simulates ground and sky, as we

a background texture, or panorama, that is placed behind all geomietry in the scene and in front o

ground and
accumulate

Backgroung
Backgroung
To move a B
the Backgr
Backgroung

The backdr
in the local
infinite rad
local Y-axis
transforma
farther awa
the sky whe

The skyColo
skyColor fiel
the viewer)

sky. Background nodes are specified in the local coetdinate system and are affected b
d rotation of their ancestors as described below,

nodes are bindable nodes as described in 1SO/IEC 14772-1:1997, 4.6.10. There exi
stack, in which the top-most Background>on the stack is the currently active Backgrd
ackground to the top of the stack, a TRUE value is sent to the set_bind eventln. Once ad
pund is then bound to the browsersiview. A FALSE value sent to set_bind removes

f the
y the

5ts a
und.
tive,

the

from the stack and unbinds it frem the browser's view. More detail on the bind staik is
described i ISO/IEC 14772-1:1997, 4.6.10.

bp is conceptually a partial'sphere (the ground) enclosed inside of a full sphere (the
coordinate system withthe viewer placed at the centre of the spheres. Both spheres
us and each is painted with concentric circles of interpolated colour perpendicular t
pof the sphere. The Background node is subject to the accumulated rotations of its ances
ions. Scaling and.translation transformations are ignored. The sky sphere is always sli

sky)
have

b the
tors'
rhtly

y from the viewer than the ground partial sphere causing the ground to appear in front of

re they oveflap.

" field specifies the colour of the sky at various angles on the sky sphere. The first value a

fthe
from

d specifies the colour of the sky at 0.0 radians representing the zenith (i.e. straight up

appear. The

The skyAngle field specifies the angles from the zenith in which concentric circles of c;r

radians, and the nadir (i.e. straight down from the viewer) is at

m radians. skyAngle is restricted to

lour

i /2

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
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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
the corresponding face with the same orientation as if the image were displayed normally in 2D (backUrl
to back face, frontUrl to front face, leftUrl to left face, and rightUrl to right face). On the top face of the
cubd, when viewed from the origin looking along the +Y-axis with the +Z-axis as the view Up direction,
the gopUrl image is mapped onto the face with the same orientation as if the image werle displayed
norrhally in 2D. On the bottom face of the box, when viewed from the origin along the’'negative Y-axis

with| the negative Z-axis as the view up direction, the bottomUrl image is mapped onto the face with the
samg orientation as if the image were displayed normally in 2D.
5.1.4.3 Background2D
5.1.4.3.1 XSD description
<complexType name="Background2DType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>

<attribute name="backColor"” type="xmta:SEeSlor" use="optional” default="0 0 0"/>
<attribute name="url" type="xmta:MFUrl"” age~"optional”/>
<attributeGroup ref="xmta:DefUseGroup"/L>

/complexType>

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

4.3.2 Functionality and semantics

pfined in ISO/IEC 14496-11:2015, 7.272.18.2.

e exists a Background2D stack, in which the top-most background is the cur
ground one. The Background2D node allows a background to be displayed behind a 21
Lionality of this node camralso be accomplished using other nodes, but use of this node n

ent in some implementations. If set_bind is set to TRUE, the Background2D is move
e stack. If set_bind.is\set to FALSE, the Background2D is removed from the stack so t

rent active
D scene. The
hay be more
d to the top
he previous

the current
7.1.1.2.7.1).

ight-bottom
the current
d image will
ng.

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|

exposed
exposed
exposed
exposed

exposedField MFString source [
exposedField SFBool enabled FALSE
rield SETime startTime 0
"ield SFTime timeBetweenSnapshots 4
ield SFInt32 snapshotCount 6
'ield SFVec2f boardSize 8 5
E SFInt32 onStatus

eventOu
"org:mpe

]
5.1.4.4.3

The expose
The expose

The expose
running.

The expose

The expose
calibration

The expose
calibration.

The eventO

2: calib

-1: calil

5145 G

5.1.4.5.1

<com
<al

:CameraCalibration"

Functionality and semantics
 field source specifies the URL for the camera for which the calibration is performed.
1 field enabled specifies whether the calibration algorithm is egectted.

d field startTime specifies at which scene time the calibration algorithm should

] field timeBetweenSnapshots specifies the time between each taken snapshot in secq

d field snapshotCount specifies the number. of snapshots that will be taken during
procedure.

d field boardSize specifies the numberefcross points on the chessboard that is use

1t field onStatus outputs the current status of the calibration process as defined below

1: a snajpshot was taken

ration was succesful

pration was unsuccesful
foup

XSD description

blexType name="GroupType'>
| >

I

start

nds.

r the

d for

<

2 - =l 11 - E=¥ 1] : I
cromerrec rer mca. Lo mrroccurs— O

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

<complexType>
<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

46

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

1S0/

IEC 14772-1:1997, 4.6.5.

The bboxCenter and bboxSize fields specify a bounding box that encloses the Group node's children.
This is a hint that may be used for optimization purposes. The results are undefined if the specified

bour d}ng bcv icscmalloer than tho actal hr\nnr‘ing bov of-the children at ')rn]r tima. .A. defa

valu

It bboxSize

o O IIrorIrec T oo crre e coor oo o rror It Zr—oT—trre—Ccrirrorr o rrore ot

e, (-1, -1, -1), implies that the bounding box is not specified and, if needed, is calculated by the

browser. A description of the bboxCenter and bboxSize fields is contained in ISO/IEC 14772-1:1997, 4.6.4.

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="optional”/>
<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.

The

[nline node is a grouping node that reads its children data from a location in the World Wide Web.

Exadtly when its children are read and displayed is not defined (e.g. reading the children may be delayed

unti

the dhildren. An Inline node with anfempty URL does nothing.

the Inline node's bounding box is\visible to the viewer). The url field specifies the URI containing

Each specified URL shall refer:té.a valid VRML file that contains a list of children nodes, prototypes, and

rout

bs at the top level as described in ISO/IEC 14772-1:1997, 4.6.5. The results are undefine

d if the URL

refers to a file that is noty}V RML or if the VRML file contains non-children nodes at the top level.

If myltiple URLs arespecified, the browser may display a URL of a lower preference VRML fille while it is
obtajining, or if it is tmable to obtain, the higher preference VRML file.

The

The
This

Fesults aredundefined if the contents of the URL change after it has been loaded.

isid hint that may be used for optimization purposes. The results are undefined if t
r+ho L actial ot d1.0 L chald A dofo

bboxCenter and bboxSize fields specify a bounding box that encloses the Inline nod¢'s children.

he specified
It bboxSize

boundingbexis-smatter-thanthe-actual-boundingbox-of-the-childrenat-any-time—A-defa
value, (-1, -1, -1), implies that the bounding box is not specified and if needed shall be calculated by the
browser.

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>
</all>

<attribute name

="size" type="xmta:SFVec2f"” use="optional” default="-1 -1"/>

<at

,LibuLCULUuP LCL*'
</complexType>
<elemept name="Layer2D" type="xmta:Layer2DType"/>

5.1.4.7.2

As defined in ISO/IEC 14496-11, 7.2.2.72.2.

The Layer?
drawn. The

composition of multiple 2D and 3D scenes.

EXAMPLE

. = T I
HLa . USLUSTUOLUUPD

Functionality and semantics

D node is a transparent rendering rectangle region on the screemwhere a 2D sce
rectangle always faces the viewer of the scene. Layer2D and Layer3D nodes enable

This allows users to have 2D interfaces to a 2D scene, or 3D intenfaces to a 2D scene, or to v

3D scene froIn
The addChilldren eventln specifies a list of 2D nodes that shall be added to the Layer2D’s children

The remov
children fi
nodes are c
by any reley
the origin o

different viewpoints in the same scene.

bChildren eventln specifies a list of 2D nodes that‘shall be removed from the Layer
bld. The children field may contain any 2D childten nodes that define a 2D scene. L
nsidered to be 2D objects within the scene. Thelayering of the 2D and 3D layers is spec
rant transformations in the scene graph. The'Layer2D node is composed with its cent
f the local coordinate system and shall net®e present in 3D contexts (see ISO/IEC 1449

he is
b the

ew a

Field.
2D's
ayer
ified
er at
b-11,

7.1.1.2.1).

The size parameter shall be a floating point iumber that expresses the width and height of the
in the unitq of the local coordinate systent)In case of a layer at the root of the hierarchy, the sigze is
expressed ih terms of the default 2D ceordinate system (see ISO/IEC 14496-11, 7.1.1.2.2). A size pf -1
in either difection, means that the Layer2D node is not specified in size in that direction, and thaft the
size is adjugted to the size of the parént layer, or the global rendering area dimension if the layer |s on
the top of the hierarchy. In thetcase where a 2D scene or object is shared between several Layer2D
nodes, the Yehaviours are defined exactly as for objects that are multiply referenced using the DEFfUSE
mechanism| A sensor triggérsan event whenever the sensor is triggered in any of the Layer2D in which
it is containfed. The behaviors triggered by the shared sensors as well as other behaviors that apply on

objects shared betweén-several layers apply on all layers containing these objects.

ayer

A Layer2D |store§ithe stack of bindable children nodes that can affect the children scene of the 1
All relevan blndable children nodes have a corresponding exposedFleld in the Layer2D node. Dy

pyer.

that is a child of the Layer2D node. Initially, the bound bindable children node is the corresponding
field value of the Layer2D node if it is defined. If the field is undefined, the first bindable children node
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>
<element ref="xmta:IS" minOccurs="0"/>
<element name="children” form="qualified” minOccurs="0">

COMPpIexX1Iype
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
<element name="background” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFBackground3DNodeType”" minOccurs="0Q"/>
</complexType>
</element>
<element name="fog" form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFFogNodeType" minOccurs="0"/>
</complexType>
</element>
<element name="navigationInfo” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFNavigationInfoNodeType” minOccurs="0"/>
</complexType>
</element>
<element name="viewpoint” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SFViewpointNodeType" minOccurs="0"/>
</complexType>
</element>
</all>
<attribute name="size" typge="xmta:SFVec2f"” use="optional” default="-1 -1"/>
<attributeGroup ref="xmta:DefUseGroup"/>
/complexType>
element name="Layer3D" type="xmta:Layer3DType"/>
5.1.4.8.2 Functionality and semantics
As dgfined in ISO/IEC 14496-11, 7.2.2.73.2.
The [Layer3D node\is a transparent, rectangular rendering region where a 3D scene is drawn. The
Lay¢r3D node may-be composed in the same manner as any other 2D node. It represents a fectangular

region on the §creen facing the viewer. The basic Layer3D semantics are identical to those for Layer2D
(see[[SO/IEE€14496-11, 7.2.2.72) but with 3D (rather than 2D) children. In general, Layer3D| nodes shall
not e present in 3D co-ordinate systems. The permitted exception to this in when a Layer3D node is
the 'ftop”/node that begins a 3D scene or context (see ISO/IEC 14496-11, 7.1.1.2.1).

The 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>
</ajl>
<attribute name="wrap” type="xmta:SFBool" use="optional” default="false"/>
<atfribute name="size" type="xmta:SFVec2f" use="optional” defaulte®-1 -1"/>
<atfribute name="horizontal” type="xmta:SFBool" use="optional” default="true"/>
<atfribute name="justify” type="xmta:MFString” use="optional”
default="s&fiuot; BEGIN&quot;" />
<atfribute name="leftToRight"” type="xmta:SFBool” use="optdofal"” default="true"/
<atfribute name="topToBottom” type="xmta:SFBool" use="optional” default="true"/
<atfribute name="spacing” type="xmta:SFFloat" use="optigmal” default="1"/>
<atfribute name="smoothScroll” type="xmta:SFBool" use="Optional” default="false[/>
<atfribute name="loop" type="xmta:SFBool"” use="optiemal” default="false"/>
<atfribute name="scrollVertical” type="xmta:SFBogl" use="optional” default="trug"/>
<atfribute name="scrollRate" type="xmta:SFFloat"\use="optional” default="0"/>
<atfribute name="scrollMode”" type="xmta:SFInt32"™ use="optional” default="0"/>
<atftributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<elemeht name="Layout" type="xmta:LayoutType'/>
5.1.4.9.2 Functionality and semantics
As defined in ISO/IEC 14496-11, 7.2.2.74.2.
The Layout node specifies the placement (layout) of its children in various alignment modgs as
specified. Fpr text children, this is by their fontStyle fields, and for non-text children by the fiields
horizontalfjustify, leftToRight, topToBottom and spacing present in this node. It also providef the
functionalitly of scrolling its children horizontally or vertically.
The childré¢n field shall specify a list of nodes that are to be arranged. Note that the children’s posjfition
is implicit ajpd that order issimportant. The wrap field specifies whether children are allowed to yrap
to the next fow (or coldmn in vertical alignment cases) after the edge of the layout frame is reached. If
wrap is setfto TRUE;€hildren that would be positioned across or past the frame boundary are wrapped
(vertically aqr horizontally) to the next row or column. If wrap is set to FALSE, children are placed in a
single row ¢r column that is clipped if it is larger than the layout. When wrap is TRUE, if text objects
larger than|théAayout frame need to be placed, these texts shall be broken down into pieces thaf are

smaller than the Tayout. The preferred places for breaking text are spaces, tabs, hyphens, carriage
returns and line feeds. When there is no such character in the texts to be broken, the texts shall be
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
scrolling), then the bottom-most object will reappear on top of the layout frame as soon as the topmost
object has scrolled entirely into the layout frame. The scrollVertical field specifies whether the scrolling
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have a width. Column size is the maximum width over all objects.

5.1.4.10 NavigationInfo

5.1.4.10.1 XSD description

0.75

<complexType name="NavigationInfoType">
<all>
<element ref="xmta:IS"” minOccurs="0"/>
</all>
<attribute name="avatarSize" type="xmta:MFFloat” use="optional” default="
"/>
<attribute name="headlight” type="xmta:SFBool" use="optional” default="tr
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<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 NavigationInfo node contains information describing the physical characteristics of the viewer's
avatar and fiewing model. NavigationInfo node is a bindable node (see [SO/TEC 14772-1:1997, 4.4.10).
Thus, therelexists a NavigationInfo node stack in which the top-most NavigationInfo node on the'gtack
is the currently bound NavigationInfo node. The current NavigationInfo node is considered te'be a thild
of the current Viewpoint node regardless of where it is initially located in the VRML file. Whénevef the
current Viewpoint nodes changes, the current NavigationInfo node shall be re-parented to it by the
browser. Whenever the current NavigationInfo node changes, the new NavigationInfe-node shall bfe re-
parented to|the current Viewpoint node by the browser.

If a TRUE v3lue is sent to the set_bind eventln of a NavigationInfo node, the node'is pushed onto the top
of the NavigationInfo node stack. When a NavigationInfo node is bound, the browser uses the fields of
the NavigatjonInfo node to set the navigation controls of its user interface\and the NavigationInfo hode
is conceptudlly re-parented under the currently bound Viewpoint node;All subsequent scaling changes
to the currgnt Viewpoint node's coordinate system automaticallykchange aspects (see below) of the
Navigationlpnfo node values used in the browser (e.g. scale changes’to any ancestors' transformatipns).
A FALSE value sent to set_bind pops the NavigationInfo node from the stack, results in an isBound FALSE
event, and gops to the next entry in the stack which shall be‘re-parented to the current Viewpoint rjode.
ISO/IEC 14772-1:1997, 4.6.10 has more details on binding-stacks.

The type field specifies an ordered list of navigation pavadigms that specify a combination of navigation
types and the initial navigation type. The navigation type of the currently bound Navigatioflnfo
node determines the user interface capabilities of the browser. For example, if the currently bpund
Navigationlpfo node's type is "WALK", the browser shall present a WALK navigation user interface
paradigm ($ee below for description of WALK). Browsers shall recognize and support at least the
following ngwvigation types: "ANY", "WALK", "EXAMINE", "FLY", and "NONE".

If "ANY" ddes not appear in the type field list of the currently bound NavigationInfo, the browser's
navigation fiser interface shall e restricted to the recognized navigation types specified in the list.
In this case| browsers shall netipresent a user interface that allows the navigation type to be chapged
to a type npt specified inthe’list. However, if any one of the values in the type field are "ANY"}, the
browser mgy provide any £ype of navigation interface, and allow the user to change the navigation
type dynanlically. Furthermore, the first recognized type in the list shall be the initial navigation [type
presented bly the browser's user interface.

ANY navigdtion.specifies that the browser may choose the navigation paradigm that best suit$ the
content and previde a user interface to allow the user to change the navigation paradigm dynamigally.
The results are undefined if the currently bound NavigationInfo's type value is "ANY" and Viewpoint
transitions (see ISO/IEC 14772-1:1997, 6.53) are triggered by the Anchor node (see ISO/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 node (see ISO/IEC 14772-1:1997, 6.2) or the loadURL()scripting method (see ISO/IEC 14772-
1:1997, 4.12.10) shall be implemented as a jump cut from the old Viewpoint to the new Viewpoint with
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sincg¢ gravity is appli€d in the direction of the down vector. This down vector shall be along {
Y-ax]s in the local ceordinate system of the currently bound Viewpoint node (i.e. the accu
the Viewpoint node's ancestors' transformations, not including the Viewpoint node's orient

Georpetry beyond the visibilityLimit may not be rendered. A value of 0.0 indicates an infin
limi{. The visibilityLimit field is restricted to be greater than or equal to zero.
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the Currently bound Vlewpomt node If there is no currently bound Vlewpomt node the values are
interpreted in the world coordinate system. This allows these values to be automatically adjusted when
binding to a Viewpoint node that has a scaling transformation applied to it without requiring 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="OrderedGronpType’
<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>
</fl1l>
<aftribute name="order" type="xmta:MFFloat”" use="optional"/>
<attributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<elemepht name="OrderedGroup” type="xmta:0rderedGroupType"/>
5.1.4.11.2 Functionality and semantics

As defined in ISO/IEC 14496-11:2015, 7.2.2.90.2.
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e are more-order entries than children, the excess order entries are ignored.
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value corresponding 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,
and |t's recommended to provide the intrinsic parameters of the camera which is providing the video

frames where the augmentation is performed. This set of internal camera parameters ‘i
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following parameters are the ones consideréd-in the context of image recognition proce
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'he principal point (cc);

he skew coefficient (alpha_c).

RAF browser should send:the intrinsic camera parameters to the image recognition se
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Refer to the functionality and semantics of the image recognition prototypes in order to see how the
HTTP request should be performed from the ARAF browser (client) to the image processing server.

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 2
DASH 1SOAEEC 2300912612 3
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 video 1lata

MPEG4 Visyal ISO/IEC 14496-2
MPEG4 AV( ISO/IEC 14496-10
Table 6 — Image recognition and tracking:'Camera uri
Camera URI Description
worldFacingCamera Refers tothe)primary camera, usually located at the pack
of the deWice (back camera)
userFacing{amera Refers'to the secondary camera, usually located af the
front of the device (front camera)
Table 7 — Image recognition;and tracking: target image formats
Target image Reference targetResourceType targetResourceType
file formats keyword code
JPEG ISO/IEC 10918 JPEG 0
JPEG 2000 [SO/IEC 15444 J2K 1
PNG ISO/IEC'15948 PNG 2
RAW [$0:42234-2 RAW 3
Tjable 8 —dmage recognition and tracking: target image descriptors formats
Target image Description targetResourceType targetResourceType

descript$ fileformats keyword code
standard | 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
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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.

)

Augmentation Media (1) Target Resources AQ

End-user Device

* ’V
Target Resources + types '\('b \
MAR Q)
: Imag
Experience Video Source (41 RTR @%;s' Redpn
Creator+ TPV (& Trac

Content Creator Belillil

* recognition region

... ¥

. Still Image !
+ delay constraints 3 ;
Y it3) (raw/compressed) || Descriptor
--'\ Extrachon/
QP!
1
oM |
L |
N N
Live video camera (stream) Prerecorded viideo
\ Local or remote live Local or remotd pre-
\(\Q video camera feed recorded videqg file )

Figure 3 —R@al image recognition registration

xO
5.1.4.12.4.2 BIFS Textual de{\ tion

EXTERNPROTO LocImg [ . O
ExposedField SFSES?@@ videoSource mn
exposedField ME ng targetResources []
exposedField gﬁgﬁring targetResourcesTypes []
exposedField, SFBool enabled FALSE
exposedFi FInt32 maximumDelay 200 #milliseconds
exposed d SFInt32 optimalDelay 50 #milliseconds
Shqelel] 1d MFVec2f recognitionRegion []
eve MFInt32 onRecognition
=)V ut MFEVec3f onTranslation
S tout MFRotation onRotation
eventout SEInt3Z onkrror

]"org: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 URL to a prerecorded video file stored:

— locglly on the end user’s device;

— renpotely on an external repository in the Web.

Based on the MAREC preferences, the video frames are sent to the recognition library every X
millisecondf (the ARAF browser is in charge of computing the frequency), as long dsythe recognifition
(and trackipg) process is enabled. The video frames are sent as compressed images or raw datal(see
Table 7 for|the supported image file formats), or as descriptor files (see Tahle 8] depending on the
chosen recdgnition (and tracking) library capabilities. The ARAF browser is-in ‘¢harge of deciding the
encoding type of the video frames that shall be sent to the processing library; considering the MAREC
preferences|and the capabilities of the processing library.

The acceptdd video formats are specified in Table 5.

The acceptedd communication protocols are specified in Table 4<targetResources is an MFString where
the target r¢sources to be recognized (and tracked) within the MAR experience are specified. A UR| can
point to a logal or remote resource file. The accepted commuhnication protocols for the remote resoyrces
are the onds specified in Table 4. Any of the below combinations describes a valid targetResolirces
assignment

— URIs pdinting to target images. The file formats specified in Table 7 are accepted.

— URIs pqinting to files where target image\descriptors are found. A file contains descriptors of one
single thrget image. The file formats specified in Table 8 are accepted.

— URLs fointing to files where multiple target image descriptors are found. One file contains
descripfors of multiple target images. The file formats specified in Table 8 are the supported opes.

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

The targetResourcesTypes'field is an MFString containing an array which specifies the type of each
target resource defined'in the targetResources field. Each target resource shall have associated a[type
in order for{the ARAK browser to know how to interpret the data. The possible pre-defined keywlords
of the targefResoureesTypes and their meaning are listed in Table 7 and Table 8. If the target resqurce
is a proprietary.descriptor file, and in addition to the actual image descriptors data, the proprigtary
recognition| (@nd tracking) library needs some other data (for e.g. an XML file), the related coptent
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 9 specifies the
supported integer values of the enabled field.
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Table 9 — Loclmg: enabled

3:2017(E)

enabled

Description

-1

The ARAF browser decides when the recognition (and tracking) process is enabled.

ported, the recognition process is always disabled unless a value of 0 or 1 is set by the MAREC.

If not sup-

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 tracking)
process.

The
Whi

MABK
indir

cont

than
broy
prod

an

Fecognition (and tracking) process is inactive while enabled is 0.
e enabled is 1, the following cases are differentiated based on the video source.

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

remote live video camera feed: the frames coming from the remote-live video camera
considered by the ARAF browser in the recognition (and tracking) process. Technica
lifference between the first case and the second one is the sourge-of the video frames.
h streaming protocol should be used to fetch the remote videe'camera stream.

ocal prerecorded video file: as long as enabled is 1, the ARAF browser plays the video
Corresponding video frames are used in the recognitiony(and tracking) process. Whene
s 0 the video play back is paused. On 1, the videog.Starts playing from the point wher
baused. The video play back starts from the beginnhing when the end of the video strear
hind enabled is 1.

remote prerecorded video file: idem as in the previous case except that the remote fi
Hownloaded first. If a streaming protocelis being used, the ARAF browser may request
Video frames whenever enabled is 1, as\it would play back the video remotely.

EC should have the possibility to‘choose the quality of his MAR experience and in the
ectly, the processing power ‘consumed by the recognition (and tracking) process.

Fol this by setting a maximuun acceptable delay. As described in Figure 4, a response
the maximum delay indicates an unacceptable quality of the MAR experience, therefo

uces a MAR experienice that is at least acceptable from the point of view of the MARE

RAF browser should present the MAR experience. The MAREC can also specify an of

consftraint informing’an ARAF browser that there is no need in trying to provide recog
tracking) respofise with a higher frequency (lower delay) becuase the MAR experience
reached the tatgeted quality.

considered

stream are
lly, the only
[n this case,

file and the
ver enabled
b it was last
n is reached

e has to be
(if possible)

same time,
MAREC can
time higher
re, an ARAF

rser should not present it” Any response time with a delay lower than the specified maximum delay

[, therefore,
timal delay
nition (and
has already
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AR
experience
quality

>

Targeted
AR Quality

Acceptable
AR Quality

Not acceptable
AR Quality

Optimal Maximum Proce>ssing
delay delay delay

Figure 4 — LocIlmg: AR quality vs. processing delay

Further, theg two fields implementing this functionality are'presented.

maximumBelay is a SFInt32 value measured in_miilliseconds specifying which is the maxifnum
acceptable felay of the recognition (and tracking)* process in order for the MAR experience to be
presented Hy an ARAF browser. The MAREC expects an answer from the recognition (and tracking)
process evely, at most, maximumDelay milliseconds.

optimalDelay is a SFInt32 value measuredin milliseconds specifying which is the optimal delay df the
recognition|(and tracking) process. By setting this field, the MAREC suggests that there is no ne¢d in
trying to prpvide a recognition (and tracking) response with a higher frequency (lower delay) bedause
the MAR experience quality is the'desired one.

recognitig\TRegion a MFVec2ffield specifying two 2D points that are relative to the center of the vjideo
frame on which the recoghnition (and tracking) algorithm is performed. The first point indicate$ the
lower left cpordinate afidithe 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 recognjition
(and tracking) 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 how the\griginal video frame is pre-preprocessed (e.g. cropped) may introduce delays. The ARAF
browser cannot 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
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.

onR

ptation is a exposed MFRotation field where the rotations of the recognized target rgsources are

stor
resp

The
rota

bd. A SFRotation vector specifies how the corresponding recognized target resqurce is 1
pct to the camera plane within the video frame. The default value of a rotatien’ vector
MAREC expects a SFRotation vector for each recognized target resource.or a default
ion could not be computed. The nth value of onRotation corresponds. to,the target res

otated with
is <0,0,0,0>.
value if the
ource given

by the value found on the nth index of onRecognition. The field is optionat:

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

Table 10 specifies onError possible values and their meaning:

Table 10 — Loclmg: error codes

gnError Description
-1 The video source URL is invalid o#not supported.
-2 Atleast one target resource is invalid 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 resourcess 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 recognition (and tracking) library for at least one target resource thatfhas been
specified by the MAREC.
-5 Unknown, error
5.1.4.12.4.4 RemlImgProxy (Remote image recognition registration proxy)
The MAREC provides a set of target resources, a video source URL and one or multiple ARAF compliant
processing serwer URLs where recognition (and tracking) libraries are available. The ARAF browser
communicates with any of the processing servers provided by the MAREC, sends the targét resources
and fhe ¥ideo frames and receives the recognition (and tracking) result. The ARAF browsg¢r composes
the gerver result in the expected format before sending it to the ARAF scene, as desctibed 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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4

Live video camera (stream)
Local or remote live
video camera feed

- or Descriptors
(2)}

Prerecorded video
Local or remote pre-
recorded video file

BIFS Textual Description

EXTERNPROTP RemImgProxy [
exposefiField SFString videoSource ""Q
exposefiField MFString processingServerURL \§\
exposeflField SFInt32 frameEncodingType \
exposeflField SEFInt32 processingType <@ o
exposeflField MFString targetResources \\g\ []
exposefiField MFString targetResource pes []
exposefiField SFBool enabled ’\Q FALSE
exposefiField SFInt32 maximumDela 200 #milliseconds
exposeflField SFInt32 optimalDeldy 50 #milliseconds
exposefiField MFVec2f recognitionRegion []
eventOofit MFInt32 onRe @ition []
eventOfit MFVec3f onﬁ{}slation [
eventOfit MFRotation onRotation []
eventOfit SFInt32 Error
]"org:mpegfremote image r nition registration”
5.1.4.12.4.6 Function:&’ nd semantics
The MAREC provi ne or multiple processing server URLs where recognition (and trach

libraries ars¢
recognition
an external

,along with the target resources to be recognized and the video source wher
shall be performed on. The ARAF browser uses the provided processing serve
rce that is able to perform the recognition (and tracking) of the target resources

ting)
b the
s as
The

video framesare Semtto the processing Server i a format that s specified by the MAREC, other
the best suitable format is chosen by the ARAF browser. The recognition (and tracking) result received
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 co
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mpliant 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
. formats of the target resources that
video frame .
are supported by the server. The video
code, server ca- -
ability codes frame code specifies the formats of the
P video-frame-thataresupperted by the
server. The ARAF browsér decides how
the video data will becencoded before
is sent to the server‘by ctonsjidering this
response and the‘MAREC preferences
(see frameEncodingType). The server ca-
pability codesinforms the ARAF brows-
er aboutthetype of the professing that
the server’is able to perform.
pServer POST Inform the process- | True/false Thelserver reponse is True If the data is
ing server about cofrectly received and Fals¢ otherwise
key&frame_for- .
o the chosen video
mat(&intrinsic £ f d
cambra params) rame format an
optionally send the
intrinsic camera
parameters
pServer POST Send each target Trae/false The server reponse is True |f the data is
. resource along correctly received and Fals¢ otherwise
key&target&type&id type code and
the unique target
resource id
pServer POST Send a newyyideo |identified, rota-|The server reponse is a list fontaining
frame toe.the server |tion, translation |recognized target resource$ ids and
key&frame

optionally their pose matriges (rotation
and translation).

Communication workflow:

a)

[he ARAF browsersinterrogates the processing server (GET /alive) in order to detect ity status and
o receive the server parameters and capabilities. The server returns:

[) auniquekey that shall be transmitted by ARAF browser in future requests,

P) thelist of codes describing the supported target resources formats (file typgs or image
descriptors). See Table 7 and Table 8 for the supported codes and their meaning.

)™ "the list of codes describing the supported video frame formats (file types or image descriptors).
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]
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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
chooses one of the available capabilities to be performed by the processing server. Therefore, a
capability code (see Table 12) has to be transmitted to processing server along with the unique key
and thgchosen video frame formmatOptiomatty the imtrinsic camera parameters (if avaitabie) are
sent to the image processing server as described in 5.1.4.12.1.

The sedond type of request contains the target resources provided by the MAREC (one requesft per
each tafget resource). Each resource shall have associated a unique ID, the one to be-returngd by
the professing server when it is recognized, and the file format of the resource. The POST requests
are as fpllows:

1) Send the chosen video frame format:

key=unique_key

&frame| code=the chosen encoding format code

&servel| 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 (comima separated float values, optional)
&alpha|c=the angle representing the skew coefficient (float, optional)

2) Evdqry target resource is sent separatelyusing a POST request:

key=uniique_key

&targel resource=the target resource data

&type_dode=the target resource encoding type

&id=thq id of the target résource uniquely identifying the target resource in the MAR scene
The prqcessing server.returns TRUE if the data is correctly received or FALSE otherwise.

The ARJAF browser sends a video frame to the processing server. The video frame has to be sent in
the exagt format that the processing server has been previously informed.

key=unique/key

&frame_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.

vide
proc

e)

f)

Base
ever
reco
data
the
vide

capapilities of the server.

The
The

One
brov
proc
field
servi
of pr
servi

oSource is a SFString specifying the URI/URL of the video where the recognition {and tracking)
ess shall be performed on. The videoSource can be one of the following:

.ive 2D video camera feed:

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

P) a URL 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.

d on the MAREC preferences, the video framesiare sent to the recognition (and tracking) library
y X milliseconds (the ARAF browser is in charge of computing the frequency), as [long as the
bnition (and tracking) process is enabled. The'video frames are sent as compressed images or raw
(see Table 7 for the supported image filef6fmats), or as descriptor files (see Table 8) d¢pending on
rocessing server capabilities. The ARAFbrowser is in charge of deciding the encoding type of the
b frames that shall be sent to the.processing server, considering the MAREC prefererices and the

hccepted video formats are specified in Table 5.
hccepted communications protocols are specified in Table 4.

or multiple codesspresented in Table 12 might be sent by the processing server tp the ARAF
Iser (see the first'step described in Table 11). The purpose is to inform the ARAF browspr about the
essing capabilities of the server. On the other hand, the MAREC can use the dedicatefl prototype
(processingType) to express his preferences related to the processing type that he expefts from the
er by specifying one of the codes defined in this table. The ARAF browser finally decidgs what type
ocessing the server should perform, based on the server capability and the MAREC prefg¢rences. The
er returns different responses based on the chosed processing type (see Table 11 field description).

Table 12 — RemImgProxy: server capability codes

Capability Description
code

0 Recognition only.

The processing server is capable of performing image recognition only. This means that the server
response contains information about the indexes of the recognized target resources, as defined in
the description of the fields.

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.
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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.

frameEncodingType field is an MFInt32 containing an array of video frame type codes. The MAREC has
the possibility to specify the desired encoding type of the video frames that are sent to the processing
server. If miltiple keywords are specified by the MAREC, the ARAF browser chooses the first encdding
type that miatches the server capabilities. The possible pre-defined codes of the frame encodihg'tlypes
and their mleaning are listed in Table 7 and Table 8. If the MAREC does not specify any encoding [type
code, the ARAF browser uses a default one. The MAREC should not specify an encoding-type unless
he knows that the processing server gives better results with one or another. The ARAF browspr in
any case inferrogates the server (see the first step described in Table 11) to retrieve the suppdrted
e codes and then it decides on one encoding type considering the MAREC preferences| The

The proceskingType field is a SFInt32 value where the MAREC can specify his preferences relate¢d to
the tracking capabilities of the server as follows: if the field is 1, the ARAF browser will requesf the
processing $erver to provide the pose matrix of the recognized targetresource. If the processing s¢rver
is not capable of computing the pose matrix then the related fields (onTranslation and onRotafion)
y, disregarding the MAREC request. By setting a Qvalue on the tracking field, the MAREC
suggests that the processing should not perform image tracking at all, because the result it's not going
to be used [in the MAR Scene. The ARAF browser infornis/the processing server about the MAREC
preferencesusing a POST request as described in Table 11:

targetResogurces is an MFString where the targetésources to be recognized (and tracked) wjthin
the MAR experience are specified. A URI can point to a local or remote resource file. The accepted
communicafion protocols for the remote resources are the ones specified in Table 11. Any of the below
combinations describes a valid targetResourcés-assignment:

— URIs pdinting to target images. The file formats specified in Table 7 are accepted.

— URIs pqinting to files where target image descriptors are found. A file contains descriptors of one
single thrget image. The file formats specified in Table 8 are accepted.

— URLs fointing to files.(where multiple target image descriptors are found. One file contains
descripfors of multiple:target images. The file formats specified in Table 8 are the supported opes.

— Any cothbinationefthe cases described above can coexist in the same targetResources field.

The targetResourcesTypes field is an MFString containing an array which specifies the type of each
target resource defined in the targetResources fleld Each target resource shall have assoc1ated aftype
in order forlthe ARA A , s e-define pords
of the targetResources’Ij/pes and thelr meamng are llsted in Table 7 and Table 8. 1f the target resource
is a proprietary descriptor file and in addition to the actual image 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

3:2017(E)

enabled

Description

-1

supported, the recognition process is always disabled unless a value of 0 or 1 is set by

ARAF browser decides when the recognition (and tracking) process is enabled/disabled. If not

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 tracking)

proc

€sSsS.

The
Whi

MAJ
indify
cont
than
broy
prod

Fecognition (and tracking) process is inactive while enabled is 0.
e enabled is 1, the following case are differentiated based on the video source.

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

remote live video camera feed: the frames coming from the remote-live video camera
considered by the ARAF browser in the recognition (and tracking) ‘process. Technica
lifference between the first case and the second one is the sourgeof the video frames.
h streaming protocol should be used to fetch the remote videe'camera stream.

ocal prerecorded video file: as long as enabled is 1, the ARAF browser plays the video
Corresponding video frames are used in the recognitiony(and tracking) process. Whene
s 0 the video play back is paused. On 1, the videog.Starts playing from the point wher
baused. The video play back starts from the beginning when the end of the video strear
hind enabled is 1.

remote prerecorded video file: idem as in the previous case except that the remote fi
Hownloaded first. If a streaming protocelis being used, the ARAF browser may request
Video frames whenever enabled is 1, as\it would play back the video remotely.

EC should have the possibility to‘choose the quality of his MAR experience and in the
ectly, the processing power ‘¢onsumed by the recognition (and tracking) process.
Fol this by setting a maximuin acceptable delay. As described in Figure 6, a response

rser should not present it Any response time with a delay lower than the specified ma
uces a MAR experienice that is at least acceptable from the point of view of the MARE

an

RAF browser should present the MAR experience. The MAREC can also specify an of

consftraint informing’an ARAF browser that there is no need in trying to provide recog
tracking) respofise with a higher frequency (lower delay) becuase the MAR experience
reached the tatgeted quality.

the maximum delay indicates an unacceptable quality of the MAR experience therefj

considered

stream are
lly the only
[n this case,

file and the
ver enabled
b it was last
n is reached

e has to be
(if possible)

same time,
MAREC can
time higher
re an ARAF
imum delay
C, therefore
timal delay
nition (and
has already
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AR
experience
quality

>

Targeted
AR Quality

Acceptable
AR Quality

Not acceptable
AR Quality

Optimal Maximum Proce>ssing
delay delay delay

Figure 6 — RemImgProxy: AR quality vs.processing delay

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

maximumBelay is a SFInt32 value measured in_miilliseconds specifying which is the maxifnum
acceptable felay of the recognition (and tracking)* process in order for the MAR experience to be
presented iy an ARAF browser. The MAREC expects an answer from the recognition (and tracking)
process evely, at most, maximumDelay milliseconds.

optimalDelay is a SFInt32 value measuredin milliseconds specifying which is the optimal delay df the
recognition|(and tracking) process. By setting this field, the MAREC suggests that there is no ne¢d in
trying to prpvide a recognition (and tracking) response with a higher frequency (lower delay) bedause
the MAR experience quality is the'desired one.

recognitig\TRegion a MFVec2ffield specifying two 2D points that are relative to the center of the vjideo
frame on which the recoghnition (and tracking) algorithm is performed. The first point indicate$ the
lower left cpordinate afidithe 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 recognjition
(and tracking) 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 how the\griginal video frame is pre-preprocessed (e.g. cropped) may introduce delays. The ARAF
browser cannot 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
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.

onRptation is a exposed MFRotation field where the rotations of the recognized target regsources are
store¢d. A SFRotation vector specifies how the corresponding recognized target resqurce is rjotated with
respgct to the camera plane within the video frame. The default value of a rotatien vector fis <0,0,0,0>.
The MAREC expects a SFRotation vector for each recognized target resourcé.or a default|value if the
rotation could not be computed. The nth value of onRotation corresponds to;the target resource given
by the value found on the nth index of onRecognition. The field is optionat:

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

Table 14 specifies onError possible values and their meaning:

Table 14 — RemImgProxy: error codes

gnError Description
-1 The video source URL is invalid o’not supported.
-2 At least one target resource is invalid 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 Zideo frame formats are supported by the processing server.|In other
words the ARAF bilowser is not capable of sending the video frame to the processihg server in
one of the expected formats.

-4 Unavailable recognition (and tracking) library for at least one target resource that has been
specified by the MAREC.
-5 Unknowh error

5.1.4.12.4.7 RemImgServer (remote image recognition registration server)

MAREC prevides a video source URL and one or multiple processing server URLs where image
recognition (and tracking) libraries are available. A set of target resources (images or ¢lescriptors)
and thévassociated augmentation resources are stored in remote databases, on the processing server
or anywhere else on the Web. The ARAF browser sends video frames or video frame descriptors to
the processing server, considering the MAREC preferences (if applicable) and the processing server
capabilities. 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

ARAF Browser \ Servers
Target I
Tracking Resources DB
Library 3) x: '\’ \
a

MAR Video Source

| T Augmentation Resource (3)
2.el=ifll ez} Processing Server URLs MAR URL {+PM/image descriptors)| | nl:F'Or;
' or proprietary strin e
Creator + Image/Descriptor mode S prop yene 0)Get/set server A
Cont =nt B Cd Cene parameters
|
.- Optional ~ o
Creator *+ recognition region [ | Still Image (raw or

+ delay constraints

2
( )Icompressed){m

1
1
i N |I Extraction
Video Frame
C or Descriptors

(@]

O
AN :
Augmentation u
Live video camera (stream) Prerecorded video Resources
Local or remaote live Local\dr remote pre-

video camera feed recorded video file

Figure 7 — Remote image recoghnition registration server

5.1.4.12.4.8 BIFS textual description

EXTERNPROTO RemImgServer [
exposeflField SFString videoSouree mn

exposeflField SFInt32 frameEagodingType 0
exposefiField SFInt32 progessingType 0
exposefiField MFString proeessingServerURL []
exposefiField SFBool enabled FALSE
exposefilField SFInt32 maximumDelay 200 #milliseconds
exposefiField SFInt32 optimalDelay 50 #milliseconds
exposefiField MFVec2f recognitionRegion []
eventOpt MFS&ring augmentationMediaURL
eventOfit MEIAaL32 augmentationMediaType
eventOpt MFString augmentationMediaString
eventOopt MFVec3f onTranslation
eventOpt MFRotation onRotation
eventOpt SFInt32 onError
]"org:mpegtremete—mage—= grition—registration wirerl

5.1.4.12.4.9 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

ters and capabilities

video frame
code, server

ARAF browser Request Description Processing Description
request type server
TeSponse
pServer/alive GET Get the unique key, |unique key 64- |The unique key shall be.usgd to inden-
the server parame- |bit, tify future requestsyfrom dlient. The

video frame code)spécifies
of the video framé'that are
ed by the sefver. The ARAK browser

the formats
support-

icrir;?gl()elg?s,ccr(;g-e’ decides how the_video datq will be
tor code encodeo_l befpre is sent to the server
by considering this responjse and the
MAREC preferences (see frjameEncod-
ingType). The server capabllity code
informs the ARAF browsey about the
type of the processing thaf the server
is able to perform. The imdge descrip-
tor code informs the ARAH browser
about the data format of the target
image descriptor that might be sent to
the ARAF browser (for locl tracking).
pServer POST Inform the process-\ True/false The server reponse is Truelif the data is
key&frame_for- ing server ab_out correctly received and False otherwise
mat(&intrinsic cam- Ehe ch(;sen Ygeo
era params) rame format and
optionally send the
intrinSic camera
parameters
pServer POST Send anew video |recognized, rota-|The server reponse is a URL to an
key&frame frame to the server |tion, translation |augmentation resource anfl its pose

matrix (rotation and trans
applicable.

ation) if

Communication workflow:

atus and to

a) ARAF browser interrogates the Processing Server (GET /alive) in order to detect its sf

receive-the server parameters and capabilities. The server returns:

[ )& a 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 descriptors).
See Table 7 and Table 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:

key=2e45325f4f&frame_code=0&server_capability_code=1&image_descriptor_code=5

b) Once tie Rey tas been received, the ARATF Drowser RIows tiat the processing Server 15 reagly to
perform the recognition (and tracking) process. The ARAF browser decides on one video ffame
encoding type, based on the user preference (if specified) and on the server's respounse then it
informg the processing server about the chosen format. The video frames of this sessioh are[sent
only in the specified encoding type. In addition to the video frame format the ARAF brewser chdoses
one of fhe available capabilities to be performed by the processing server. Therefore, a capability
keyworld (see Table 16) has to be transmitted to processing server along with the unique key and
the chopen video frame format. Optionally the intrinsic camera parametersc(if-available) are sent to
the imajge processing server as described in 5.1.4.12.1. The POST request(is,in the following forjmat:

key=unique_key

&frame_code=the chosen encoding format code

&server_caplability_code=one of the available server capabilities code

&fl=the 2d victor representing the focal length (comma separated float values, optional)

&cc=the 2d Yector representing the principal point (comnia'separated float values, optional)

&alpha_c=the angle representing the skew coefficient-\{float, optional)

The procesqing server returns TRUE if the datads correctly received or FALSE otherwise.

c) The ARAF browser sends a video frame-to the processing server. The video frame is transmittged in
the format that the processing serverhas been previously informed.

key=unique_key

&frame_datp=the camera frame

The procesqing server's response can be:

— a URL o an aggmentation resource that corresponds to the recognized target image anf its
corresgonding~pose matrix (if applicable) or the recognized target resource descriptors (if
applicaple) e’ FALSE if no resource is recognized.

resource=urlTo am augmentation resource

&descriptor=image descriptor in the previously specified format //optional

&translation=x,y,z //optional

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

a proprietary 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 tracking)

proc

ess shall be performed on. The videoSource can be one of the following:

f) Live 2D video camera feed

g)

Basqg
(the
proc

suppg

capapilities. The ARAF browser is in charge of deciding the encoding type of the video fram

be s¢
The
The

One
(see
purg
hang

in Table 6;
P) a URL 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.

d on the MAREC preferences, the video frames are sent to the processing server every X

ess is enabled. The video frames are sent as compressed images or raw data (see Tal
orted image file formats), or as descriptor files (see Table 8) depending on the proce

nt to the processing server, considering the MAREC preferences and the capabilities of
hccepted video formats are specified in Table 5.
hccepted communications protocols are'specified in Table 4.

br multiple codes presented in Table16 might be sent by the processing server to the AR
the first step described in Table 15 between the ARAF browser and the processing
ose is to inform the ARAF-browser about the processing capabilities of the server. 0
, the MAREC can use thé.dedicated prototype field (processingType) to express his

rela
this
ont
the ¢

e
}able. The ARAF browser finally decides what type of processing the server should per

d to the processing type/that he expects from the server by specifying one of the codd

e server capability:and the MAREC preferences. The server returns different respons
hosed processing type (see Table 15 and processingType field description).

Table 16 — RemImgServer: server capability codes

[) aURIto one of the cameras available on the end user’s device. The possible values dre specified

nilliseconds

ARAF browser is in charge of computing the frequency);as’long as the recognition (and tracking)

le 7 for the
bsing server
es that shall
the server.

AF browser
server). The
n the other
preferences
s defined in
form, based
es based on

Capability.

Description
code

n 3d3 1
l\CLUslllLlUll Ulll_y-

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

defined in the description of the fields.

server response contains information about the indexes of the recognized target resources, as

hat the

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.

in addition to the recognition related information the descriptors of the recognized r
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

esource.
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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.

frameEncodingType field is an MFInt32 containing an array of video frame type codes. The MAREC has
the possibility to specify the desired encoding type of the video frames that are sent to the processing
server. If miiltiple keywords are specified by the MAREC, the ARAF browser chooses the first encdding
type that miatches the server capabilities. The possible pre-defined codes of the frame encodihg'tlypes
and their meaning are listed in Table 7 and Table 8. If the MAREC does not specify any encoding [type
code the ARAF browser uses a default one. The MAREC should not specify an encoding-type unless
he knows that the processing server gives better results with one or another. The ARAF browspr in
any case inferrogates the server (see the first step described in Table 15) to retrieve the suppdrted
e codes and then it decides on one encoding type considering the MAREC preferences| The

The proceskingType field is a SFInt32 value where the MAREC can specify his preferences relat¢d to

codes that are specified in Table 16. The description of the codes is foundin the given table. The MAREC
gest what type of processing the server should perférm implicitly affecting the serper's
response. The ARAF browser is in charge of informing the processing server what kind of job it sHould
perform, baked on the MAREC preferences and the server capabilities (Table 15 workflow explains How).

AREC suggests that he expects only thelrecognition related information from the

AREC suggests that he expects the recognition and tracking related information from the

AREC suggests that the processing server should only perform the recognition pracess
while the tracking should be performedby the ARAF browser locally. In this case, the ARAF broser
should pe provided with a tracking library that is able to understand the descriptor data recgived
from the server. If the ARAF brawser is not capable of performing the tracking of the target resofirce,
an errof code should be triggered (see onError field description).

From the MAR scene point.of view, the second and the third cases are providing the same data with
the difference that in one case the pose matrix is computed remotely while in the other case the pose
matrix is cgmputed loc¢ally by the ARAF browser. The ARAF browser informs the processing s¢rver
about the MAREC preferences using a POST request as described in the Table 15.

If the ARAH brewser cannot perform the image tracking for any reason, an error code is sent t¢ the
MAR Scene.

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 17 specifies the
supported integer values of the enabled field.
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enabled Description

-1

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

isabled. If
is set by

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 tracking)

proc

SS

The
Whi

MAR
indif
cont
than|
brov
prod

Fecognition (and tracking) process is inactive while enabled is 0.
e enabled is 1, the following cases are differentiated based on the video source:

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

remote live video camera feed: the frames coming from the remote live video camera
ronsidered by the ARAF browser in the recognition (and tracking) process. Technica
lifference between the first case and the second one is the sauirce of the video frames.
h streaming protocol should be used to fetch the remote video'camera stream.

ocal prerecorded video file: as long as enabled is 1, the-ARAF browser plays the video
corresponding video frames are used in the recognition (and tracking) process. Whene
s 0 the video play back is paused. On 1, the videp.starts playing from the point wher
baused. The video play back starts from the beginhning when the end of the video strear
hnd enabled is 1.

remote prerecorded video file: idem as.n‘the previous case except that the remote fi
Hownloaded first. If a streaming protecol is being used, the ARAF browser may request
yideo frames whenever enabled is 1{as it would play back the video remotely.

EC should have the possibilityto choose the quality of his MAR experience and in the
ectly, the processing power:-consumed by the recognition (and tracking) process.
Fol this by setting a mgximiim acceptable delay. As described in Figure 8, a response

yser should not present it. Any response time with a delay lower than the specified max

an

consftraint informing an ARAF browser that there is no need in trying to provide recog
tracking) respense with a higher frequency (lower delay) becuase the MAR experience
reached thetargeted quality.

uces a MAR expérience that is at least acceptable from the point of view of the MARE
RAF browser should present the MAR experience. The MAREC can also specify an of

considered

stream are
lly, the only
In this case,

file and the
ver enabled
b it was last
nis reached

e has to be
(if possible)

same time,
MAREC can
time higher

the maximum delay indicates an unacceptable quality of the MAR experience therefgre an ARAF

imum delay
C, therefore,
timal delay
nition (and
has already
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Figure 8 — RemImgServer: AR quality vs,processing delay

two fields implementing this functionality arepresented.

Helay of the recognition (and tracking):process in order for the MAR experience t
y an ARAF browser. The MAREC expects an answer from the recognition (and tracl
'y, at most, maximumDelay milliseconds.

ay is a SFInt32 value measuredin milliseconds specifying which is the optimal delay o
(and tracking) process. By setting this field, the MAREC suggests that there is no ne
pvide a recognition (and tracking) response with a higher frequency (lower delay) bed
berience quality is the’desired one.

on which the recognition (and tracking) algorithm is performed. The first point indi
eft coordinate and the second one the upper right coordinate of a rectangle. By

mum
o be

(ing)

f the
bd in
Quse

f the
rates
sing

this field, the MARE€ suggests that only the inside area given by the rectangle has to be used i the

recognition
can be imp

(and tracking) process, not the entire video frame. The recognition (and tracking) prd
‘oved by using a video frame region rather than the whole video frame but on the ¢

cess
ther

hand, the W

ay‘how the original video frame is pre-preprocessed (e.g. cropped) may introduce dg

lays.

The ARAF browser cannot ensure that by using a recognition region, the overall processing speed is
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
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 <0,0,0,0>.
The MAREC expects a SFRotation vector for each recognized target resource or a default]value if the
rotation could not be computed. The nth value of onRotation corresponds to the targetresource given
by the value found on the nth index of onRecognition. The field is optional.

onRqtation, onTranslation and onRecognition shall have the same lengths.

augmentationMediaURL is an output event of type MFString where @ugmentation media URLs
assofiated to the recognized target resource are referenced.

augmentationMediaTypes is an output event of type MFInt32 where'the code of each aygmentation
medja format referenced in the augmentationMediaURL field is spegified. See Table 18 for the|description
of thle supported types and their associated codes.

Table 18 — RemImgServer: augmeéntation media types

Augmentation resource type description Augmentation Code
resource keyword
Image (see 5.1.4.12.3 for supported formats) image 0
Vidgo (see 5.1.4.12.3 for supported formats) video 1
Audio (wav, .mid, .mp3, .raw) audio 2
BIF§ scene (see ISO/IEC 14496-11) 2d/3d bifs scene (.mp4) 3

augmentationMediaString is a MFString field where the processing server can add textual [nformation
(e.g.|labels, descriptions, etc.) associated to the recognized target resources. Because arbitrary data
can pe transmitted using tliis field, the MAREC should know the string format and therefore how to
interfpret the data. The server response is transmitted to the field exactly in the form as itjcomes. The
proprietary string is notinterpreted by the default prototype implementation.

onError is an outputevent of type SFInt32.

Tablg 19 specifies onError possible values and their meaning.

Table 19 — RemImgServer: error codes

UII.EI 19Ul DCD\'I ;pt;uu
-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.
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1 BIFS Textual description \\g\Q’
D RemImgComp [ . ®$
Field SFString videoSourc "
Field SFInt32 streamingType 0
Field MFString proces gServerURL []
Field SFBool enab FALSE
Field MFVec2f r itionRegion []
Field SFInt32 -1
Field MFString ¢ onAugmentedStream [
bt SEFInt3 onError
remote image é:bgnition_registration_composition"
2 Functio y and semantics

vides o@BQgr multiple ARAF compliant processing servers URLs and the video sg

urce

resource th

2\

nb
dféﬁideo. The ARAF browser uses the provided processing server URLs as an extd
ab

bred,
ernal
eady

cal or remote real time capturing of a 2D camera or a locally/remotely st

le to perform the recognition (and tracking) of the target resources that are alr|

stored in remote databases, the registration and the composition of the video frames that are retrieved
from the ARAF browser. The result of the processing server is a URL to the composed video stream
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 by the process-
ing server. The ARAF browser decides
which-protecolisused-bycqnsidering
the server capabilities and fhe MAREC
preference (see streamingTijpe).

pServer POST Inform the process- | True/False The server reponse-is/rue {f the data is
. . ing server about the correctly received-and Fals¢ otherwise
intripsic camera Lo

Intrinsic camera
pardms :

parameters (if

available)
pServer POST/ Send the video Composed video |Thes server reponse is the cgmposed
key } video stream |RTSP/ stream to the server|stream video-stream where the asspciated

4 augmentation resources arg overlaid on
RTP/ DASH 1 resou
top of the original video.

Communication workflow:

a)

The
key=
&cor
Exan
key=
b)

ARAF browser interrogates the Processing Server (GET /alive) in order to detect its sf
receive the server parameters. The server returhs:

[) aunique key that shall be transmitted by ARAF browser in future requests;

P) the list of codes describing the supported streaming communication protocols. Se
the supported codes and their meaning.

server response shall be in the following format:
Lnique key 64-bit
hm_protocol_codes=[videe’frame format codes];
hple of a possible/sexver response:
e45325f4f&comm_protocol_codes=0

[Optional~step] Once the key has been received, the ARAF browser knows that the
berver-is Teady to perform the recognition-tracking-composition process. If the intri
bapdmeters are available, the ARAF browser should transmit these parameters to

atus and to

b Table 4 for

processing
nsic camera
the server,

hthierwise this step may be skipped. The POST request is in the following format:

&fl=the 2d vector representing the focal length (comma separated float values, optional)

&cc=

&alp

the 2d vector representing the principal point (comma separated float values, optional)

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

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

— locglly on the end user’s device;

— renpotely on an external repository in the Web.

The acceptdd video formats are specified in Table 5.

The acceptgd communication protocols are specified in Table 4. processingServerURL is a MFString
used by the[MAREC to specify one or multiple web addresses where’ARAF compliant processing seifvers
are available. A valid URL is one that points to a processing séryer that is able to understand the ARAF
browser requests and perform the recognition, tracking and«<composition of target resources as defined
in the prototype description and in Table 20.

streamingType field is an MFInt32 used by the MAREC to specify the desired streaming protocgl for
the video data that is sent to the processing server~If multiple codes are specified by the MARE(, the
er chooses the first streaming protocol that matches the server capabilities. The posfsible
codes of the communication protocols and their meaning are listed in Table 4. If the
not specify any code the ARAFbrowser uses a default one, based on the processing s¢rver
capabilities| The MAREC should not spé¢ify any code unless he knows that the processing server gives
better results with one or another. Thefield is optional.

enabled is|a SFInt32 value indicating if the recognition-tracking-composition process is engbled
(running). MAREC can controlithe status of the process or he can let the ARAF browser to dé¢cide
whether thg recognition-tracking-composition process should be running or not. Table 21 specifief the
supported ipteger values\ef the enabled field.

Table 21 — RemImgComp: enabled

enabled Description
-1 ARATF browserdecides whemr the recogmnition tard-tracking ) process s emabted/disabted: [f
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 has to be

dow
vide

MAHF
of fr
not j

imp
vide

recagnitionRegion a MFVec2f field specifying two 2D points that are'relative to the center
fram
lowe
the 1

if possible)

Ttoaded first @ streaming protocot s being used; the ARAF browser may Tequest
b frames whenever enabled is 1, as it would play back the video remotely.

 EC has the possibility of choosing the quality of his MAR experience by imposingla desired number
hmes received per second. MAREC controls this by setting the fps field. The ARAF bijowser shall
resent the composed video stream received from the processing server aslong as the flequirement
sed by MAREC is not fullfilled, meaning that the number of frames per’second of the composed
b stream is lower than the value of fps that has been set my the MAREC)

of the video

e on which the recognition (and tracking) algorithm is performed. The first point i
r left coordinate and the second one the upper right coordindte of a rectangle. By usi
NAREC suggests that only the inside area given by the réctangle has to be used in the

)

dicates the
g this field,
recognition

(and| tracking) process, not the entire video frame. The qecognition (and tracking) profess can be
impioved by using a video frame region rather than the/whole video frame but on the other hand the
way [how the original video frame is pre-preprocessed\(e.g. cropped) may introduce delayy. The ARAF
browser cannot ensure that by using a recognitionegion the overall processing speed is inpproved.
onApgmentedStream is an output event of fype MFString where the URL of the composed video
stregm is referenced. The protocol used by the'ARAF browser to fetch the augmented stream can be any
of thie ones specified in Table 23. If the address pointing to the augmented stream file is noft supported
by the ARAF browser, an error code is ttiggered (see Table 22).
onError is an output event of type«SFInt32.
Table 22 specifies onError possible 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|server.
-7 The augmented stream cannot be fetched. There might be a communication proqocol incom-

aatibilitr ol oo oann ntad ctraoa 1o ot ool oo St o giran S 0

l_laLlUlllLy JIUIIC ausux\,llL\.u SLICAIIT 1o 11t avalidauIic au uIIc snvpu AUUITCOO.

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.

5.1.4.13.2 [Tables referred in the audio recognition prototypes

Table 23 — Audio recognition: communication protocols

Communlication 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 Pfotocol
DASH ISO/IEC 23009-1:2012

Dynamic Adaptive Streaming over HTTP

Table 24 — Audio recognition: augmentation media types

Augmentation resource type description Augmentation Code
resource keyword
Image (see fable Image Formats for supported formats) image See Image Formats codles
Video (see thble Video Formats for supported forniats) 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

Vidgo file format Reference Code
Raw video ¢lata ISO/IEC 14496-1:2010 + Amd. 2:2014 1
MPEG4 Visyal ISO/IEC 14496-2:2004 2
MPEG4 AV(C ISO/IEC 14496-10:2012 3
MPEG-4 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

82 © ISO/IEC 2017 - All rights reserved


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

ISO/IEC 23000-13:2017(E)

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
ISO/IEC 14496-3
Audje-deseripters ISOHEC15938-4:2002 MPEG7 17
Table 28 — Audio recognition: MIC URI
MIC URL Description

hw:[/mic Refers to the internal micrpphone of the dgvice.

5.1.4.13.3 Prototypes implementations

5.1.4.13.3.1 LocAud (local audio recognition)

A logal audio recognition service is needed in those MAR Experiences where a small amoyint of audio
datalis used in the recognition process, for example, vocal conmands, recognition of audio Sequences in

a conptrolled environment.

The ARAF browser recognizes the presence of microphone audio sequences in target audip resources.
The arget audio resource URLs and the MIC URI'where the audio recognition shall be performed are
spedified by the MAREC. The ARAF browser decides which recognition library is more appropriate for
recognizing the audio data captured by the'device's microphone. The ARAF browser sends the result
to the ARAF scene as an array of integers representing the indexes of the recognized target audio
resojirces along with the timestamps.for each detected target resource (if applicable), as described

belo in the Functionality and Semantics.

Ever] though in the presented schema (below) the augmentation media is presented as [input along
othef data provided by the MAREC, the augmentation media is not used by the PROTO implementation,
meahing that it is not part™of any of the PROTO fields. The augmentation resources are of course

requlired for the scene augmentation but they do not influence the recognition process.
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<

N\
5.1.4.13.3.2 BIFS Textual description \Q
%
EXTERNPROT LocAud [ ’\\,Q
exposeflField SFString source $ mn
exposefiField SEFBool enabled . @ TRUE
exposeflField MFString targetResoubrees [1]
exposefiField MFString targetRes@rcesTypes [1]
exposeflField SFFloat recognitionFreq 5000 #milliseconds
exposefiField SFFloat recogrnitionSize 5000 # milliseconds
eventOpt MFInt32 on e%gnized]—\udio
eventOpt MFFloat onTilmestamp
eventOht SFInt32 Error
]"org:mpegf locaud” O

5.1.4.13.3.3 Functione&. nd semantics

The ARAF Hrows all be able to retrieve audio data from the capturing device (microphone) or from
a broadcas{ s @ which is also specified by the MAREC in the ARAF scene, compress/converf the
audio data @ %k)r extract the audio features if necessary and send it to the audio recognition lijrary
considering the MAREC preferences. In the case when the audio data Comes Irom external resources,
one of the communication protocols presented in Table 23 has to be used for retrieving the audio data.

The audio rvcogn@ocess is performed locally, on the device where the MAR Experience is runhing.

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.

The accepted communication protocols are specified in Table 23.

The
can
the 1
enab

pnabled is a SFInt32 value indicating if the audio recognition process is enabled (runni
ontrol the status of the audio recognition process or he can let the ARAF browser to’dec
ecognition process should be running or not. Table 29 specifies the supported integer
led field.

hg). MAREC
ide whether
alues of the

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 byjthe MAREC.
0 (d¢fault) The audio recognition process is disabled.
1 The audio recognition process is enabled.
targetResources is an MFString where the audio tafget resources to be recognized|within the
MAR experience are specified. A URI can point to aJoeal or remote audio resource file. The accepted

com bf the below

com

munication protocols for the remote resources:are the ones specified in Table 23. Any
binations describes a valid targetResources assignment:

JRIs pointing to target audio files;

JRIs pointing to files where target‘audio descriptors are found. A file contains descriptors of one

single target audio;

JRLs pointing to files where multiple target audio descriptors are found. One flle contains

lescriptors of multiple target images;

The

The

targ
in or
the t

hny combination of the cases described above can coexist in the same targetResources f
ile formats specified in Table 27 are the ones accepted for any of the options described

targetResourcesTypes field is an MFInt32 containing an array which specifies the t
et resourcedefined in the targetResources field. Each target resource shall have assoc
der for-the ARAF browser to know how to interpret the data. The possible pre-defined |
argetResourcesTypes and their meaning are listed in Table 27. If the target resource is a

desc

ield.
above.

ype of each
ated a type
keywords of
proprietary

riptor file and in addition to the actual audio descriptors data the proprietary recogn

tion 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.

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
separately specified.

onTimesta
recognized
but is not ak

een
udio
-1.

TIp {Sam output event of type MFFloatspecifying wiere the extermataudio data ias
within the target audio resource. It is possible that the recognition library detects the\a
le to compute the timestamp. In this case, the corresponding index of the field is.sét to

onError is an output event of type SFInt32.
Table 30 spe¢cifies onError possible values and their meaning.
Table 30 — LocAud: error codes
onError Description

-1 The audio source URL is invalid or not supported.

-2 At least one target audio resource is invalid 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 library does not support the format of atleast one target resource.

-3 Unavailable audio recognition library for at least'ene target resource that has been specified by
the MAREC.

-4 Unknown error.

5.1.4.13.3.4 RemAud (remote audio recognition)

Remote auxio recognition functionality is, necessary in those scenarios where the audio data is

totally unkpown or the audio sequences to-be recognized are part of very big databases. A local qudio

recognition| process is out of the question because the mobile devices nowadays don’t have enpugh

storage merpnory or enough processing power for these specific use-cases.

The MARE(] specifies the souree of the audio data, the processing server URL and optionally the qudio

sequence size (in milliseconds)which is transmitted to the audio recognition server and the frequenicy of

the process
server that
as the reco
one of the

that is being performed on the server. The ARAF browser interrogates the audio recogniition
s specified,by the MAREC and retrieves the supported audio format (see Table 27). As|long
pnition process is active, the ARAF browser sends audio data to the processing server in

frequency

A general

Processing Server

86

complaint formats that are accepted by the server. The MAREC preferences (procegsing
nd.sequence size if specified) should be considered by the ARAF browser.

| the

Figure 11.

U U
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o)

5.1.4.13.3.5 BIFS Textual description

TRUE
5000 #milliseco
5000 #milliseco

EXTERNPROTO RemAud [ Q\Q\\
exposedField SFString source mn
exposedField MFString processing erURL []
exposedField SFBool enabled
exposedField SFFloat recognitidnFreq
exposedField SFFloat recog "\ onSize
ventOut MFString onRecognizedAudio
eventOut SFInt32 on&estamp
eventOut MFString &AugmentationMediaURL
eventOut MFInt32 \\ AugmentationMediaType
ventOut SFInt32C) onError

]"orl:mpeg: remaud”

5.1.4.13.3.6 Functi

The [audio reco
specffied by t
the d

The
a brg

O

ition process is performed remotely, on one of the processing servg
AREC. In order for the processing machine to be ARAF compliant, it ha
ommu @ ion workflow that is presented in Table 33.

ﬁy and semantics

53

A @orowser shall be able to retrieve audio data from the capturing device (microphd
adceast server which is also specified by the MAREC in the ARAF scene, compress/conve

Pre-recorde .\
Audio Strea

Q,

nds
nds

rs that are
b to support

ne) or from
rt the audio

data and/or extract the audio features if necessary and send it to the recognition server considering
the MAREC preferences. In the case when the audio data comes from external resources, one of the
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;

— aURLt

o an external device (or broadcast audio server) providing audio feed.

The accepted audio formats are specified in Table 27.

The accepted communication protocols are specified in Table 23.

The proces
where ARA
server that
as defined i
same time,
browser se
processing
recognition

The enable
can control

singServerURL is a MFString used by the MAREC to specify one or multiple web addreé
F compliant processing servers are available. A valid URL is one that points to a proces
handles at least one audio resource type and is able to understand ARAF browserreq

h unique key is generated by the server and transmitted to the ARAF browser. The A
hds the unique generated key in each request to the processing server. This way
berver knows the source of the request and therefore it can improve the speed of the 3
process.

[ is a SFInt32 value indicating if the audio recognition process.s/enabled (running). MA
the status of the audio recognition process or he can let the ARAF browser to decide whe

e
n Table 33. Because a processing server can handle requests from multiple‘elients 11:11

sses
sing
sts,
the
RAF

the
udio

REC
ther

the recognifion process should be running or not. Table 31 specifies the)supported integer values df the
enabled fieldl.
Table 31 — RemAud: enabled
enabled Description
-1 ARAF browser decides when the audio regognition process is enabled/disabled. If not supp¢rt-

ed, the audio recognition process is always disabled unless a value of 0 or 1 is set by the MA

REC.

0 (default)

The audio recognition process is disabled.

1

The audio recognition process is\enabled.

The recogn
being proce
recognition
that every 5

itionFreq field is a SFFloat value specifying the frequency (in milliseconds) of the audio
ssed by the remote server.In other words, the ARAF browser sends audio data to the 3
server with a frequency given by the field’s value. For example, a value of 5 000 indi
s anew audio data set is transmitted by the ARAF browser to the recognition server.

recognitionSize is a SFFloat/ value specifying the size (in milliseconds) of the audio data b

transmitted
be equal of
frequency h
server, evel

by the ARAF browser to the audio recognition server. The size of the audio data sh
less than-the value of recognitionFreq. If both the recognition size and the recogn|
ave the same value K, it means that the whole audio stream is transmitted to the proces
y K milliseconds. If the recognition size is less that the recognition frequency the A

browser tra1nsmits audio data of “size” milliseconds every “freq” milliseconds.

data
udio
rates

eing
ould
fition
sing
RAF

onRecognizedAudio 1s an output event of type MFString that Is triggered whenever the processing
server recognizes an audio sequence. The processing server may send as an answer an array of strings
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.

EXAMPLE

Else

3:2017(E)

[“Nothing else matters” “Metallica” “Metallica” “NULL” “http://en.wikipedia.org/wiki/Nothing

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 of each
keyword of the array.

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
of the audio sequence are stored in the database it’s not the scope of this document. The server
1d always provide the metadata of the recognized audio track (onRecognizedAudio) whenever the

sho

time
whe
retu
brov

If th
met3

onA
asso
audi

Iser to the audio recognition server.

data related to the audio track should be also part of the server’s answer.

ciated to the recognized target resource are referenced. Several URLs can be provid
b sequence is recognized. The type of the media found at thie\specified URL is found i

event onAugmentationMediaTypes; the correlation between thé-media and its type is given |

inde

onA
med
desc

onkEj

Tabl

KES.

igmentationMediaTypes is an output event of type'MFInt32 where the code of each ay
a format referenced in the ondAugmentationMediaURL field is specified. See Table
ription of the supported types and their associated codes.

'Tor is an output event of type SFInt32.

p 32 specifies onError possible valuestand their meaning.

Table 32 — RemAud: error codes

stamp has been computed. The returned value specifies the milliseconds in the originial audio track
e the audio chunk (raw PCM data, audio descriptors) has been recognized. The proeegsing server
'ns the millisecond matching the beginning of the audio sequence that has been|sent iy the ARAF

e timestamp has been computed, implicitly the audio track has been feeognized, therefore, the

d when an
the output
by the array

igmentationMediaURL is an output event of type MFString where augmentation :Fedia URLs

gmentation
| 24 for the

onlError Description
-1 The audio source URL is invalid or not supported.
-2 The processing server 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 server.
-4 Unknown error
5.1.4.13.3.7\ ARAF Browser — Processing server communication workflow
In ofdér-to be a compliant ARAF audio processing server, the remote machine wher¢ the audio

reco

pnition is performed has to support the HTTP communication workflow described held

W.

The accepted communication protocols are specified in Table 23 (see 5.1.4.13.2).
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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
pServer POST Inform the pro- | True/false The server reponse is True if the
} cessing server datais correctly received and False
key&data_format about the chosen otherwise
audio data format
pServer? POST Send the audio onRecognizedAudio, The server response includes the
audio data data in the chose |onTimestamp, onAug- metadata of the recognized audio
format, every mentationMediaURL, sequence, the timestamp where¢ the
X milliseconds onAugmentationMedi- |audio sequence-has been detected
(considering the |aType in the original’audio track, one for
MAREC prefer- several URLsto pointing to aug-
ences) mentatjon media and their types.

Communication workflow:

a)

receive[the server parameters and capabilities. The server returns:

1) aupique key that shall be transmitted by ARAF browser in future requests;

2) the

Tahle 27 for the supported codes and their meaning.

The server fesponse shall be in the following format:

key=unique key 64-bit

&audio_code=[audio format codes];

Example of p possible server response;

key=2e45325f4f&audio_code=0,2

b)

based

type. The POSTrequest is in the following format:

key=unique|key

list of codes describing the supported audioformats (file types or audio descriptors)}

ARAF Hrowser interrogates the Processing Server (GET /alive) inZérder to detect its status and to

See

Once the key has beenreceived, the ARAF browser knows that the processing server is reagy to
perform the audio recognition process. The ARAF browser decides on one audio encoding {
the available audio data format and on the server's response then it informs the proce;
server gbout thé chosen format. The audio data of this session is sent only in the specified enco

ype,
sing
ding

&audio_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;

— opnAugmentationMediaType: the type of each augmentation media réf¢renced in
bnAugmentationMediaURL. Therefore, the lengths of the two arrays have to be the sane.

An ekample of how the server's response may look like as presented below:
audip_metadata="proprietary string"

&timestamp=integer_value

&meldia_url=urll;url2

&mefdia_type=0;2

The fase where the processing server returns a proprietary'string is not covered by this do¢ument. 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 t@'the MAR Scene exactly in the form af it comes.

d) T[The loop starts over from point 3 whenever the ARAF browser has to send new audig data to the
processing server. The frequency of audio data being transmitted to the audio processing server is
biven by the field recongitionFreq.

5.1.4.14 Switch

5.1.4.14.1 XSD description

<complexType name="3SwitchType">
<all>
<element refis”"xmta:IS"” minOccurs="0"/>
<element mawme="choice” form="qualified” minOccurs="0">
<complexType>
<group ref="xmta:SF3DNodeType"” minOccurs="0" maxOccurs="unboundegd" />
<feomplexType>
</&ement>
</all>
<attribute name="whichChoice” type="xmta:SFInt32" use="optional” default"-1"/>
<attributeGroup ref="xmta:DefUseGroup"/>
LéohplexType>
TIEMENT Name=—"owWitChn TYyPe="XmMta:owWitCNTYpPe

5.1.4.14.2 Functionality and semantics

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 Tfansform

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" maxOccutstE"unbounded"” />
</complexType>
/element>
</all>
<atfribute name="center" type="xmta:SFVec3f" use="opthonal” default="0 0 0"/>
<atfribute name="rotation” type="xmta:SFRotation” use="optional” default="0 0 1
O"/>
<atfribute name="scale" type="xmta:SFVec3f" use=%optional” default="1 1 1"/>
<atfribute name="scaleOrientation” type="xmtal{SFRotation” use="optional” defaulf="0
010"/>
<atfribute name="translation"” type="xmta:$EVec3f" use="optional” default="0 0 O[/>
<attributeGroup ref="xmta:DefUseGroup" />
</complexType>
<elemefpt name="Transform” type="xmta:TransSformType"/>

5.1.4.15.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.52%

The Transfdrm node is a grouping nede that defines a coordinate system for its children that is relgative
to the coortinate systems of its ancestors. See ISO/IEC 14772-1:1997, 4.4.4 and ISO/IEC 14772-1:1997,
4.4.5 for a description of coordinate systems and transformations.

ISO/IEC 14772-1:1997, 4.6(5)provides a description of the children, addChildren, and removeChildren
fields and eyentlIns.

The bboxCepter and(bboxSize fields specify a bounding box that encloses the children of the Transform
node. This i$ a hintthat may be used for optimization purposes. The results are undefined if the spedified
bounding bpx/is-smaller than the actual bounding box of the children at any time. A default bbokSize
value, (-1, 41,>=1), implies that the bounding box is not specified and, if needed, shall be calculatdd by
the browser. The bounding box shall be large enough at all times to enclose the union of the group's
children's bounding boxes; it shall not include any transformations performed by the group itself (i.e.
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.

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 sound,
the Tramsformrmode apptiestothetocat coordimate systemm of the Soumd modes toatterthe apparent
spatjal location and direction. If the children are not spatially presented but have equal jnumbers of
channels, the Transform node has no effect on the childrens’ sounds. If the childred.are not spatially
presented but have equal numbers of channels, the Transform node has no effect'on the childrens’
sourlds. The child sounds are summed equally to produce the audio output at this'node. If soEne children
are fpatially presented and some not, or all children do not have equal numbers of channels, the
semgntics 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="qualififed” minOccurs="0">
<complexType>
<group ref="xmta:SF2DNodeTygpe" minOccurs="0" maxOccurs="unboundegd" />
</complexType>
</element>
</all>
<attribute name="center”" types"xmta:SFVec2f” use="optional” default="0 Q"/>
<attribute name="rotationAngle" type="xmta:SFFloat" use="optional” default="0"/>
<attribute name="scale" type="xmta:SFVec2f" use="optional” default="1 1"|/>
<attribute name="scale®rientation” type="xmta:SFFloat” use="optional”
defajult="0"/>
<attribute name="twawslation” type="xmta:SFVec2f"” use="optional” default="0 0"/>
<attributeGroup ref="xmta:DefUseGroup"/>
/complexType>
element name="Traxsform2D" type="xmta:Transform2DType" />

5.1.4.16.2 Functionality and semantics

As specified indSO/IEC 14496-11:2015, 7.2.2.132.2.

The [Transferm2D node allows the translation, rotation and scaling of its 2D children ¢bjects. The
rotation. field specifies a rotation of the child objects, in radians, which occurs about the point specified
by centet. The scale field specifies a 2D scaling of the child objects. The scaling operation|takes 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
numbers of channels, the semantics are not defined.

5.1.4.17 Viewpoint
5.1.4.17.1 XSD description
<complexType name="ViewpointType">
<all>
<glement ref="xmta:IS"” minOccurs="0"/>
</all>
<atfribute name="fieldOfView"” type="xmta:SFFloat” use="optional"
default="0}785398"/>
<atfribute name="jump" type="xmta:SFBool"” use="optional” @efdult="true"/>
<atfribute name="orientation” type="xmta:SFRotation” usé=Yoptional” default="0 p 1
O " / >
<atfribute name="position” type="xmta:SFVec3f" use="loptional” default="0 0 10"/
<atfribute name="description” type="xmta:SFString" @Use="optional”
default="&fuot; &quot;" />
<atfributeGroup ref="xmta:DefUseGroup"/>
</complexType>
<elemefpt name="Viewpoint"” type="xmta:ViewpointBype"/>
5.1.4.17.2 Functionality and semantics

As specified in ISO/IEC 14772-1:1997, 6.53.

The Viewp
may view t
and thus t

int node defines a specific location in the local coordinate system from which the
he scene. Viewpoint nodes are ‘bindable children nodes (see ISO/IEC 14772-1:1997, 4.
ere exists a Viewpoint node:stack in the browser in which the top-most Viewpoint

user
b.10)
hode

on the stack is the currently active-Viewpoint node. If a TRUE value is sent to the set_bind eventfn of
a Viewpoint node, it is moved to the-top 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 Viewioint
node. All sybsequent changes to the Viewpoint node's coordinate system change the user's view|(e.g.
changes to gny ancestor transformation nodes or to the Viewpoint node's position or orientation fi¢lds).
Sending a get_bind FALSE* event removes the Viewpoint node from the stack and produces isBpund
FALSE and |bindTime-€vents. If the popped Viewpoint node is at the top of the viewpoint stack] the
user's view fis re-parented to the next entry in the stack. More details on binding stacks can be fouhd in
ISO/IEC 14772-1:1997, 4.6.10. When a Viewpoint node is moved to the top of the stack, the existing top
of stack Vievpoint node sends an isBound FALSE event and is pushed down the stack.

An author can automatically move the user's view through the world by binding the user to a Viewpoint
node and then animating either the Viewpoint node or the transformations above it. Browsers shall
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.

94 © ISO/IEC 2017 - All rights reserved


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

ISO/IEC 23000-1

3:2017(E)

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.
Likewise, navigation types that require a definition of an up vector shall use the positive Y-axis of the
coordinate system of the currently bound Viewpoint node. The orientation field of the Viewpoint node
does not affect the definition of the down or up vectors. This allows the author to separate the viewing

dire

The

View
colli
endi
that
jumy
bind
later
jumy
addi

a)

b)

[tion from the gravity direction.

iump field specifies whether the user's view "jumps" to the position and orienfation
point node or remains unchanged. This jump is instantaneous and discentinuous
sions are performed and no ProximitySensor nodes are checked in between the s
hg jump points. If the user's position before the jump is inside a ProximitySensor the
sensor shall send the same timestamp as the bind eventIn. Similarly, ifE&he user's positi
is inside a ProximitySensor the enterTime of that sensor shall send-the same times

use when un-jumping (i.e. popping the Viewpoint node binding stack from a Viewpoin
TRUE). The following summarizes the bind stack rules({see ISO/IEC 14772-1:1997, 1
Fional rules regarding Viewpoint nodes (displayed in bgldface type).

During read, the first encountered Viewpoint nodeis®bound by pushing it to the top of th
hode stack. Ifa Viewpoint node name is specifieddnthe URL thatis being read, this name
hode is considered to be the first encountered Viewpoint node. Nodes contained w
nodes, within the strings passed to the Browser.createVrmlFromString() method, or
bassed to the Browser.createVrmlFromURL() method (see ISO/IEC 14772-1:1997, 4.12
fandidates for the first encountered Viewpoint node. The first node within a prototype
h valid candidate for the first encounitered Viewpoint node. The first encountered Viey
sends an isBound TRUE event.

When a set_bind TRUE event is received by a Viewpoint node:

If it is not on the tadp,of the stack: The relative transformation from the current

current top of stack node sends an isBound FALSE event. The new node is moved to t
stack and becomes the currently bound Viewpoint node. The new Viewpoint node (4
sends ansisBound TRUE event. If jump is TRUE for the new Viewpoint node, the ug
instantaneously "jumped" to match the values in the position and orientation field
Viewpoint node.

[f the node is already at the top of the stack, this event has no affect.

of a bound
in that no
tarting and
exitTime of
on after the
famp as the

eventln. Regardless of the value of jump at bind time, the relativeViewing transformatjon between
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stack. If it was on the top of the stack,

it sends an isBound FALSE event,

d from the

— the next node in the stack becomes the currently bound Viewpoint node (i.e. pop) and issues an

d)

isBound TRUE event,

if its jump field value is TRUE, the user's view is instantaneously "jumped" to the position and

orientation of the next Viewpoint node in the stack with the stored relative transformation of

this next Viewpoint node applied.

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-jump during unbind.

Note that t
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— an Anchor node's url field specifies a "#ViewpointName";

a script

Both of t}

(#ViewpointName) and assume that jump is TRUE when binding to the new Viewfoint. The behay
r transition to the newly bound Viewpoint depends on the currently, bound NavigatiojInfo

of the viewd
node's type

The fieldOf1
small field g
wide-angle
represents
browser wi

disp

disp

where the s
larger angle
and may for

The descrip
specific use
not present

The URL syftax".../scene.wrl#ViewpointName" specifies the user'sinitial view when loading "scene

to be the fir
This overri
TRUE mess
"Viewpoint
normal def3

invokes the loadURL() method and the URL argument specifies a "#ViewpointName".

ese mechanisms override the jump field value of the specified-\Viewpoint

field value (see ISO/IEC 14772-1:1997, 6.29).

View field specifies a preferred minimum viewing angle from\this viewpoint in radia
f view roughly corresponds to a telephoto lens; a large field:.of view roughly correspond
ens. The field of view shall be greater than zero and smaller than . The value of fieldOf|
he minimum viewing angle in any direction axis perpendicular to the view. For examj
h a rectangular viewing projection shall have thefellowing relationship:

|l ay width tan (FOVhorizontal/2)

| ay height tan (FOVyertical/2)

maller of display width or display height determines which angle equals the fieldOfView
is computed using the relationship described above). The larger angle shall not exce
ce the smaller angle to be less.than fieldOfView in order to sustain the aspect ratio.

ion field specifies a textual'description of the Viewpoint node. This may be used by broy
r interfaces. If a Viewpaint's description field is empty it is recommended that the bro
this Viewpoint in itssbrowser-specific user interface.

st Viewpointinode in the VRML file that appears as DEF ViewpointName Viewpoint
es the first-Viewpoint node in the VRML file as the initial user view, and a set|
hge is sent'to the Viewpoint node named "ViewpointName". If the Viewpoint node n3
Name':i$ not found, the browser shall use the first Viewpoint node in the VRML file (i.e
ult behaviour). The URL syntax "#ViewpointName" (i.e. no file name) specifies a view

within the

hode
riour

ns. A
b to a
View
ble, a

(the
ed T

VSer-
wser

wrl"
{..}
bind
med
. the
oint

pxisting VRML file. If this URL is loaded (e.g. Anchor node's url field or loadURL() mefthod

is invoked by a Script node), the Viewpoint node named "ViewpointName" is bound (a set_bind TRUE
event is sent to this Viewpoint node).

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">

3:2017(E)

<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"/>
<attribute name="orientation” type="xmta:SFFloat” use="optional” default="0"/>
<attribute name="alignment” type="xmta:MFInt32" use="optional” default="0 0"/>
FTCTIDUTE Name="1it* Type="XmMta SFINtS USe="oprional™ deraurit="9
<attribute name="description” type="xmta:SFString" use="optional”
default="s&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 Layer2D.0f CompositeTexture2D node or in
the qcene tree as a 2D node. It defines a new viewport and implicitly establishes a new local coordinate
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dinate system'’s origin is at the center of the parent nodé.in the parent’s local coordinat

prientation field specifies the rotation which is applied to the viewport in the parent
dinate system with respect to the X-axis. Viewpgort nodes are bindable nodes (see ISO
.1.1.2.14) and thus there exists a Viewport hode stack which follows the same ruleg
able nodes (e.g. Background2D).

description field specifies a textual description of the Viewport node. The alignm
5 specify how the viewing area is mapped to the rendering area of the parent node (i

e fit field is set to 0, the viewing area is scaled to fit the rendering area without pre
ct ratio. If the fit field is set®o 1, the viewing area is scaled preserving the aspectratio t
e the rendering area. The scaling operation is performed possibly after rotation as §
rientation field. If the.fit field is set the 2, the viewing area is scaled preserving the
ver entirely the rendering area. The scaling operation is performed possibly after
ified by the orientation field.

alignementifield is an MFInt32 field that contains two values. The first value specifie
b the X-axis.and the second value specifies alignment along the Y-axis. The first value be
wing set of SFInt32: -1, 0, 1. The second value belongs to the following set of SFInt32
'y alignement field is equivalent to the default value. When the fit field is set to 0, the

field

bm. The bounds of the new viewport are defined by thé-size and position field. Thie new local

e system.

node’s local
IEC 14496-
than other
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serving the
b fit entirely
pecified by
pspect ratio
rotation as
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isdghored.

5.1.4.19 Form

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 Form node specifies the placement of its children according to relative alignment and distribution

constraints

The childre
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The size fiel

The groups
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A group is g

The constra
by a constr
-1 containe
-1-terminat
groupsinde
groupsinde

Constraints

Groups refe
constraint

The semant
integer whe

Distribution spreads objects regularly, with an equal spacing between them.

h field shall specify a list of nodes that are to be arranged. The children’s positionisim
important.

d specifies the width and height of the layout frame.

field specifies the list of groups of objects on which the constraintssean be applied.
he Form node are numbered from 1 to n, 0 being reserved for a referience to the form i
list of child indices, terminated by a -1.

ints and the groupsindex fields specify the list of constraints.)One constraint is constit
bint type from the constraints field, coupled with a set\of’group indices terminated
d in the groupsindex field. There shall be as many Strings in constraints as therg
ed sets in groupsindex. The nth constraint string/shall be applied to the nth set ix
x field. A value of 0 in the groupsindex field reférences the form node itself, otherw|
k field value is a 1-based index into the group field.

belong to two categories: alignment and distribution constraints.

rred to in the tables below are groups whose indices appear in the list following
ype. When rank is mentioned, it refers to the rank in that list.

ics of the <s>, when present in the name of a constraint, is the following. It shall be a nun
n the scene uses pixel metrigs, 'and float otherwise, which specifies the space mention

the semantilcs of the constraint.

In case the
used as the
specified by

form itself is specified in alignment constraint (group index 0), the form rectangle sha
base of the alignmént computation and other groups in the constraint list shall be align
the constraint:

5.1.5 Dynamic andanimated scene

5.1.51 G
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hg animation related nodes-areusedin- ARAE: ﬂrinnfatinnTntprpn]afnr, Qr‘a]qunfnrpn

nterpolator, ColorInterpolator, PositionInterpolator, Valuator.

5.1.5.2 OrientationInterpolator

5.1.5.2.1 XSD description

<complexType name="OrientationInterpolatorType'>
<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 orlentatlon represents the fmal posmon of an ob]ect after a rotatlon has been applied. An
Orie : , 35 RE 3

unit sphere between the two orientations. The 1nterpolat10n is lmear in arc length along thiis path. The
results are undefined if the two orientations are diagonally opposite.

If two consecutive keyValue values exist such that the arc length between themis gredter than m,
the Ilterpolatlon will take place on the arc complement. For example, the interpolation Between the
oriemtations (0, 1, 0, 0) and (0, 1, 0, 5.0) is equivalent to the rotation between)the orientatjons (0, 1, 0,
2m) 4nd (0, 1, 0, 5.0).

5.1.3.3 Scalarinterpolator

5.1.3.3.1 XSD description

<complexType name="ScalarInterpolatorType">
<all>
<element ref="xmta:IS" minOccurs="0"/>
</all>
<attribute name="key" type="xmta:MFRMat" use="optional”/>
<attribute name="keyValue" type="xmta:MFFloat"” use="optional”/>
<attributeGroup ref="xmta:DefUseGLoup" />
/complexType>
element name="ScalarInterpolatof™d type="xmta:ScalarInterpolatorType"/>

5.1.3.3.2 Functionality and semantics
As specified in ISO/IEC 14772-1:1997, 6.39.

This|node linearly interpolates among a list of SFFloat values. This interpolator is appropifiate for any
parameter defined using a single floating point value. Examples include width, radius, and intensity
fieldp. The keyValue field:shall contain exactly as many numbers as there are keyframes in the key field.

5.1.3.4 Coordinatelnterpolator

5.1.35.4.1 _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”/>
<attributeGroup ref="xmta:DefUseGroup"/>

</complexType>

<eleme

5.1.5.5.2

As specified

This node ipterpolates among a list of MFColor key values to produce an SFColor (RGB) value_cha

event. The 1
field. The k¢
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5.1.5.6 P¢sitionInterpolator
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</
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<a
<a
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<eleme

5.1.5.6.2
As specified

The Positio
contain exa

SeeISO/IEC

5.1.5.7 Vi

L Name="Colorlinterpolator

TYPE="XRMCa:COIOrINTErPOLIatorTyDE

Functionality and semantics

in ISO/IEC 14772-1:1997, 6.10.

jumber of colours in the keyValue field shall be equal to the number of Keyframes in th
yValue field and value_changed events are defined in RGB colour space. A linear interpol:
hlue of set_fraction as input is performed in HSV space. The results are undefined
g between two consecutive keys with complementary hues.

XSD description

blexType name="PositionInterpolatorType”>

| 1>

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

h11>

ftribute name="key"” type="xmta:MFFY¥Xoat” use="optional”/>

Ftribute name="keyValue” type="xmEa:MFVec3f" use="optional”/>
FtributeGroup ref="xmta:DefUseGkoup" />

| exType>

('t name="PositionInterpolatdn” type="xmta:PositionInterpolatorType”/>

Functionality and semantics
in ISO/IEC 14772-1:1996, 6.37.

(Interpolator nodéylinearly interpolates among a list of 3D vectors. The keyValue field
Ctly as many values as in the key field.

p\luator

nged
e key
nition
vhen

shall

14772-1:1997, 4.6.8, Interpolator nodes, contains a more detailed discussion of interpolators.

5.1.5.7.1

SD 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”/>

5.1.5.7.2 Functionality and semantics

3:2017(E)

As s]

The
rece
the €
and

Each
com

pecified in ISO 14496-11:2015, 7.2.2.135.1.

Valuator node serves as a simple type casting method. It can receive events of‘multip,
btion of such an event, eventOuts of many different types can be generated, Both the
ventOut values can be single field (SF) or multiple field (MF) types. In addition, the posg
bventOut types include both scalar types, like SFBool, and vector types,like SFVec2f.

component of the (possibly vector) eventOut value is calculated from the coi
ponent of the (possibly vector) eventln value with the following relationship:

output.i = factor.i * input.i + offset.i
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plues specified in the above equation are floating pointyaliies.

.iis the value of the ith component of the eventIn typé and output.iis the value of the ith

ul
of orre of the eventOut types specified in the node inteface. input.i shall be extended by 1}

bonents i that do not existin the input type (e.grinput.z=0.0 in case an SFVec2fis castto:

r.i and offset.i are the exposedField values for the ith component of the vectorial ca
pecial case of a scalar input type (e.g. SEBool, SFInt32) that is cast to a vectorial outp
c2f), for all components i of outputsiyinput.i shall take the value of the scalar inpuf
opriate type conversion.

nding on the number of dimensions of the data type, there may be one up to four inpu
ple, an eventln of type SFRotation will require four input paths but SFInt32 will only|
input path. Each input path operates identically.

input value is converted to a floating-point value using a simple typecasting rule aj
ble 34. After conversion, the values are multiplied by the corresponding factor.i valug
e correspondingjoffset.i value as specified above. Depending on whether the summet
r the summed value or the individual values are presented at the output. The sumnj
computed\input paths independent of the number of dimensions of the eventln type.

Table 34 — Simple typecasting conversion from other data types to float
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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”

ues “true” and “false” are converted to 1.0 and 0.0 respectively. Any other string is converted to 0.0.

string val-
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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 types to and from strings the values of multiple valued data types, such as
SFColor, are separated by spaces.

Depending pn the dimension of the eventOut type, the corresponding number of output valueg are
computed and converted to the output types according to Table 34 and as detailed below.
If the event|n is of an SF type then an eventOut for an MF type shall consist of just one element, i.qg. the
MF type collapses to a SF type.
If the eventln is of an MF type then an eventOut for an SF type shall be created by msing the first element
of the MF input only.
If the eventln is of an MF type then an eventOut for an MF type shall be created by using each elemgnt of
the MF input to generate one element of the MF output type, respectingthe order of the elements ih the
eventIn MF type.
If the event|n is of SFTime type then the conversion to string format shall be in the format “hh:mm:ss”
where “hh”|“mm”, “ss” are respectively hours, minutes and secends of the input SFTime value.
EXAMPLE The Valuator node can be seen as an event typé.adapter. One use of this node is the modificption
of the SFInt32 whichChoice field of a Switch node by an event: There is no interpolator or sensor node with a
SFInt32 eventOut. Thus, if a two-state button is described w;ith a Switch containing the description of each|state
in choices 0 pnd 1. The triggering event of any type canh be routed to a Valuator node whose SFInt32 field is
routed to thd whichChoice field of the Switch.
SFVec4f fields cannot be routed to Valuator nede.
5.1.6 Communication and compression
5.1.6.1 General
The followjng communication and compression related nodes are used in ARAF: BitWrapper,
MediaContrjol.
5.1.6.2 BitWrapper
5.1.6.2.1 |XSD description
<complexType name="BitWrapperType">
<all>
<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"/>
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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
developed for the same node. For this specification, AFX object code table of ISO/IEC 14496-1 defines
the a afanlt cobhnynnc

CTTaoaTrc STIICTITC ST

The

url f]
the ¢
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bld contains
sentation is

rompressed representation is carried either in a separate stream or within the seene
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ompressed representation when carried within the scene. When the compresséd reprg
ed in separate streams by using url field, node decoders shall be configured.

In the object descriptor stream, a node decoder is indicated in the\DecoderConfig
for streamType 0x03, objectTypelndication 0x05, and code defined' in” AFX object co
ISO/[EC 14496-1. The decoder is configured with a AFXConfig descriptor.

descriptor
de table of

Notd

bang
buff]

For
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a ser

that buffer is an array of 8-bit values. It shall not be interpreted as a UTF-8 str
scenario, compressed media stream is transmitted within a scene description stre
er field.

but-band scenario, compressed media stream is~tfansmitted outside scene descrip
ligh url field. It is used when the specific node réquires upstream to send a specific inf
Ver.

5.1.6.3 MediaControl

5.1.6.3.1 XSD description

ing. For in-
hm through

[ion stream
prmation to

<complexType name="MediaCéntrolType'">
<all>
<element ref="xmtaw¥sS" minOccurs="0"/>
</all>
<attribute name="url"” type="xmta:MFUrl"” use="optional"/>
<attribute names"mediaStartTime” type="xmta:SFTime" use="optional” defaullt="-1"/>
<attribute rame="mediaStopTime" type="xmta:SFTime" use="optional” default"1.797693
1348[623157E308" />
<attribute ‘name="mediaSpeed”" type="xmta:SFFloat"” use="optional” default="[1"/>
<attribute name="loop" type="xmta:SFBool"” use="optional” default="false"/p>
<attyfhbute name="preRoll" type="xmta:SFBool" use="optional” default="trug"/>
<attribute name="mute"” type="xmta:SFBool"” use="optional” default="false"/p
{agtribute name="enabled” type="xmta:SFBool"” use="optional” default="trug"/>

“attributeGroup ref="xmta:DefUseGroup"/>
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 mediaStartTime and mediaStopTime fields define the time interval, in media time, of each

controlled mewmmmm:uon
of a time interval of the controlled stream object for play back is not supported. In that case} the

mediaStar{Time and mediaStopTime fields shall be ignored. The following values have spgcial
meaning fof mediaStartTime and mediaStopTime:

— 0O indicdtes the beginning of the controlled stream object;

— -1 indifates the media time of the controlled stream object when the associated media hode
becomsgqs active;

— +I, or any value greater than the duration of the controlled stream obje¢t’indicates its end.

Semantics ¢f mediaStartTime and mediaStopTime depend on thé-delivery scenario. Semantigs in
case of delivery scenarios that permit seeking: Play back of the ¢ontrolled stream object shall start
at mediaStartTime of the first controlled media object when/the’controlled stream becomes adtive.
When the cpntrolled stream becomes inactive and then activé again, then if mediaStartTime is -] the
stream starjts playing from the point where it was last stopped. Otherwise, the first controlled stieam
objectin the url field restarts playing from mediaStartTime. If the loop field is TRUE, all the contrplled
stream objdcts are played in a loop, each in the range mediaStartTime to mediaStopTime whil¢ the
controlled gtream is active. If mediaStartTime is <1, €ach stream object will start from the beginning.

In all delivery scenarios, play back of the coitrolled stream object shall occur only in the rpnge
defined by mediaStartTime and mediaStopTime. Outside this range the play back shall be muted.
The loop fi¢ld shall be ignored in delivery(scenarios that do not permit seeking. The mediaSpeed is a
requested rpultiplication factor to the nérmal speed of each controlled stream object. Negative vdlues
for mediaSpeed request that the controlled stream object plays backward from mediaStartTine to
mediaStop[lime. When this field js‘zero, the controlled stream shall be paused.

NOTE1 A|l streams, independent of speed, are only played in the range defined by mediaStartTim¢ and
mediaStopTlime. When mediaSpeed < 0, the stream object can only be played if the server reassigns|time
stamps to belincreasing from mediaStopTime to mediaStartTime.

If mediaSpeed > 0 (forward play back) and mediaStopTime < mediaStartTime, then the contrplled
stream objgct willplay until the end.

If mediaSpeed < 0 (backward play back) and mediaStopTime > mediaStartTime, then the contrplled
stream objectwilt ptay tothe begimming:

In these equations, the special value -1 is substituted by the actual value of media time that it represents.
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
is FALSE may suffer an unspecified startup delay if play back is requested by an unpredictable act
interaction, script).

Play back of stream objects in media nodes that are not controlled by MediaControl or where preRoll

ion (e.g. user

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 remains
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If the enabled field is set to TRUE, the MediaControl node controls the stream objectit ref]
than| one MediaControl node may be used to control a stream object within the samgstre
one pf these MediaControl nodes shall be enabled at any time. If one of these MediaCo
becames enabled, the enabled field of all other MediaControl nodes that referto the same §

autopmatically be set to FALSE.

If the enabled field is set to FALSE, the MediaControl node shall cease to control the pl
muting of the controlled stream object, however, preRoll shall still be evaluated. If thg
stream object is playing when enabled is set to FALSE and no other‘MediaControl node t3
of the stream, the stream object shall continue playing as if it were still controlled by {
MediiaControl node. Only one MediaControl node shall referto any of the set of media s
are gssociated to a single object time base.

NOT
that
COTTé

i3 MediaControl affects the OTB of the contrelled stream and therefore affects all
hre associated to the same OTB. Therefore, changifhg play position, speed or direction of ong
spondingly affect all the active streams that are associated to the same OTB.

5.1.6.4 Support for Maps

5.1.6.4.1 General

ers to. More
hm. At most
ntrol nodes
tream shall

hy back and
p controlled
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he disabled
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the streams
stream will

MARBS are supported in ARAF by three PROTOs: Map, MapOverlay, MapMarker and MapPlayer. As for
other elements in the scene, the'node interface and the functionality and semantics are normative.
Anng¢x A presents an informative implementation of these PROTOs.
5.1.6.4.2 Map
5.1.6.4.2.1 XSD'description
<ProjtoDeclalre) name="Map" locations="org:mpeg:Map">
<field neme="name” type="String” vrml97Hint="exposedField"” stringValue=""/>
<fi name="addOverlays" type="Nodes” vrml97Hint="eventIn"/>
<fi name="removeOverlays” type="Nodes” vrml97Hint="eventIn”/>
<fi =1 LA =1 I 4 p— /} LA
<field name="mapGPSCenter"” type="Vector2” vrml97Hint="exposedField" vector2Value="0 0"/>
<field name="zoomIn" type="Boolean” vrml97Hint="eventIn”/>
<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

EXTERNPROTO Map

BIFS textual description

[

mn

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

exposedField SFInt32 zoomLevel 0

eventIn MENode addOverlays

eventIn MEFNode removeOverlays

eventIn SFVec2f translate

eventIn SFBool zoomIn

eventIn SEFBool zoomOut
]"org:mpegfMap”
5.1.6.4.2.3 | Functionality and semantics
The Map nqde provides map display capabilites to a scene. The node detects pointer device dragging
and enablef the dragging of the map image. The dragging operation changés the mapGPSCé¢nter
correspondjng to the drag operation and translates all the associated Map/items along with the image
as a single ynit.
The name ffeld of the map specifies a unique name of the Map instance: As multiple Map instances$ can
coexist in thhe same scene, this field allows the identification of a specific MAP node by name.
mapTranslation specifies a (X, y) translation in the local coordinate system of the Map image instance.
NOTE mlapTranslation does not modify the GPS center of the'Map (mapGPSCenter) position or any othef GPS
related valug.
addOverlays specifies one or more MapOverlay rfodes that shall be added to the Map overlays field.
The MapOverlay instances are inserted after the-already existing ones.
removeOv¢rlays specifies one or more MapOverlay nodes that shall be removed from the [Map
overlays fidld. If a MapOverlay instance is'not found, its removal fails silently. Removing a MapOverlay
implies the fdeletion of all the MapMarKers already attached to the indicated MapOverlay instanc.
translate specifies a translation that is to be applied to the Map image. The values are representged in

the local coprdinate system ofthe Map node. The event also modifies the mapGPSCenter field.

mapGPSCepter specifies the GPS position (latitude, longitude) of the Map center.
zoomln incfeases theZzeomLevel of the Map by one.

zoomOut decreaSesthe zoomLevel of the Map by one.

mapSize is p'2D'vector which specifies the width and the height of the map image.

zoomlLevel represents the resolution of the current view. The minimal value of zoom level is 0, while the
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.
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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
supported, then the map view falls back to the closest supported one.

1 tile should

tomatically computed once the mapSize and the mapGPSCenter are set.
5.1.6.4.3 MapOverlay

5.1..4.3.1 XSD description

<ProftoDeclare name="MapOverlay"” locations="org:mpeg:MapOverlay"®

field name="name" type="String” vrml97Hint="exposedField"( stringvValue = ""/
field name="visible"” type="Boolean” vrml97Hint="exposedfield"” booleanValue = "TRUE"/>
field name="enabled" type="Boolean”" vrml97Hint="exposedRield"” booleanValue = "TRUE"/>

field name="clickable"” type="Boolean” vrml97Hint="exposedField" booleanValug =
"TRUE" />

field name="children” type="Nodes” vrml97Hint="eXposedField">
nodes></nodes>

/field>

<field name="keywords" type="Strings” vrml@Hint="exposedField stringArrayValue=""/>
field name="addOverlayItems"” type="Nodes¥ wrml97Hint="eventIn"/>
field name="removeOverlayItems”" type="Nddes” vrml97Hint="eventIn"/>
</PrptoDeclare>

5.1.6.4.3.2 BIFS rextual description

EXTERNPROTO MapOverlay [
exposedField SFString name mn

exposedField SFBool vigible TRUE
exposedField SFBool enabled TRUE
exposedField SFBool ¢lickable TRUE
exposedField MFNode children []
exposedField MFString keywords [1]
eventIn MEFNode addOverlayItems
eventIn MENode removeOverlayItems

]"orl::mpeg:MapOvegflay"”
5.1.6.4.3.3 Semantics

A MapOverlay instance acts like a container for any number of items of the same type (MapMarkers)
thatshould\be added to the Map. It also provides an easy way of executing a specified acti¢n on all the
itemp.it.contains at a time, as indicated below.

The name field specifies a unique name of the MapOverlay instance that may be used to identify a
specific overlay item for further actions.

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 MapMarker

i aeinserted afterthe onesthat alreadv avict
Instances arenserteaatterthe-onesthatatreaaye

72Ty

removeOvdrlayltems is an input event that removes the specified MapMarker instances.from its
children figld. If a MapMarker instance is not found among the children of the MapQverlay, the
removal of he unknown MapMarker instance fails silently.

Visible, cligkable and enabled fields may give wrong information about the corresponding MapMapker
fields. If, forlexample, the visible field of the MapOverlay has been used to set all the'MapMarkers visible
but in the rheantime one or more MapMarkers have been individually set invisible (using their {own
visible field) then the MapOverlay visible field (which is still TRUE) will give false information that all
the MapMapkers are still visible. The same rule applies to clickable and.enabled fields. Writing a|new
value to any|of these fields will set the new value to all the MapMarker instances no matter their preyious
value of thespecified field. Therefore, the user should be careful whenreading any of these fields.

addOverlayltems and removeOverlayltems are input events of type MFNode but adding or remdving
one single MlapMarKker instance at a time shall be also valid.

5.1.6.4.4 MapMarker

5.1.6.4.4.1 | XSD description

<ProtoDeclfre name="MapMarker” locations="drg:mpeg:MapMarker">

<field fame="name"” type="String” vrml97Hint="exposedField"” stringValue = ""/>
<field pame="visible" type="Boolean"” vrml97Hint="exposedField"” booleanValue = "TRUE[ />
<field pame="enabled"” type="Booléan"” vrml97Hint="exposedField” booleanValue = "TRUE[ />

<field pame="clickable” type=!Boblean” vrml97Hint="exposedField"” booleanValue =
"TRUE" />
<field pame="position” type="Vector2" vrml97Hint="exposedField" vector3Value = "0 0
0n/>
<field namef"radius” type=Float” vrml97Hint="exposedField" floatValue="0"/>
<field pame="rotation”,type="Rotation” vrml97Hint="exposedField"” rotationValue="0 0|1
on/>
<field pame="markerShape” type="Nodes" vrml97Hint="exposedField"
<nodes></npdes>
<field>
<fleld hame="keywords” type="Strings” vrml97Hint="exposedField stringArrayValue=""/p
<field hatie="doClick"” type="Boolean" vrml97Hint="eventIn"/>
<field pam&="setPlayerGPS" type="Vector2"” vrml97Hint="eventIn"/>
<field name="setMapGPSCenter" type="Vector2” vrml97Hint="eventIn”"/>
<field name="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

}"O

5.1

rg:mpeg:MapMarker”

.6.4.4.3 Functionality and semantics

3:2017(E)

The [MapMarker proto allows creating marker instances that may be used to represenlt additional

infoymation placed on the Map at a specified GPS position. In order for a MapMarker(to be

overlaid on

the thap a MapOverlay instance is needed. The visual representation of a MapMarker-can Ipe any 2D or

3D opject (e.g. an image, a video, a sphere, a complex 3D graphical object, etc.).
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visible field stores a Boolean value which specifies if the MapMatker node is visible o]
A MapMarker is considered to be visible when its corresponding@appearance node is dis
lap image instance.

]

clickable field stores a Boolean value which specifiés if the MapMarker node is

kiable MapMarker instance generates a TRUE Boolean output event, “onClick”, when tap

ed specifies if the MapMarker is enabled. An enabled MapMarker generates two Boc
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doClick 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">
<field name="name"” type="String” vrml97Hint="exposedField" stringValue = ""/>
<field name="visible" type="Boolean” vrml97Hint="exposedField” booleanValue = "TRUE"/>
<field fiame="position” type="VectorZ” vrmlJ97HInt="exposedField” vectorZValue = "0,0['/>
<field pame="playerShape” type="Nodes”" vrml97Hint="exposedField">

<nofles></nodes>

<field>

<field pame="setMapGPSCenter" type="Vector2” vrml97Hint="eventIn”"/>

<fleld pame="setMapZoomLevel” type="Integer” vrml97Hint="eventIn"/>
</ProtoDeclare>
5.1.6.4.5.2 | BIFS textual description
EXTERNPROTp MapPlayer [

exposeflField SFString name m

exposeflField SFEVec2f position 00

exposeflField SFBool visible TRUE

exposeflField MFNode playerShape []

eventIp SFInt32 setMapZoomLevel

eventIn SEFVec2f setMapGPSCenter
1" org:mpe¢@:MapPlayer”
5.1.6.4.5.3 | Functionality and semantics
The MapPlayer proto allows creating a visual representation of the player on the Map. The player
location on [the Map is represented by the real GRS position of the device. Each location change [GPS
position) offthe device should also affect the playeér location on the Map. The visual representatior] of a
MapPlayer(can be any 2D/3D object (e.g. an imdge, a video, a sphere, a complex 3D graphical object, ptc.).
name specifies a unique name of the MapPlayer instance. It helps identifying a specific MapPlayer
instance for further actions. The name-may be useful in a multiplayer application. A standdlone
application ghould not have more than'one MapPlayer instance.
position is b 2D vector that specifies the GPS location of the MapPlayer.
The visible|field stores a Boolean value which specifies if the MapPlayer node is visible on the mgp or
not. A MapRlayer is considered to be visible when its corresponding appearance node is displayed|over
the Map impge instance.
playerShape is alistof nodes representing the visual appearance of the MapPlayer instance that sHould
be overlaid pnthe/Map. The playerShape should be displayed on the Map only when “visible” is TRYE.
setMapZoomLevel TeEpresents the CUTTENt ZOOMT [eVEL Of tie Map. 1 e Zoomnt tevet of tite Map 15 teeded

to compute the (%, 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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5.1.6.4.6 Map example

Map |

name "CatMap”

mapSize 768 768
mapGPSCenter 48.625252 2.442515
zoomLevel 19

overlays [

DEF AngryCatOverlay MapOverlay {
name "AngryCatOverlay"”
children [

DEF AngryCatl MARKER ({

name "AngryCatl”

ISO/IEC 23000-13:2017(E)

DEF

DEF

DEF

BB

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 "AngryCatélr

markerShape [USE™AC MARKER]
position 48 624974, 2.443407
radius 5.0

clickablewFALSE

enabled TRUE

visible TRUE

}

SleepyCatOverlay MapOverlay {
name "SleepyCatOverlay”
children [
DEF SleepyCatl MARKER ({
name "SleepyCatl”

[[ICm O NMADDDD
g

1 fah'N
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position 48.625540 2.44250

radius 5.0
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 {
name "CheeseOverlay”
children [

PREF—CtireesePiece T 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_MARKER]
position 48.625552 2.442015
radius 5.0
clickable FALSE
enabled TRUE
visible TRUE

}
5.1.7 Terminal

5.1.7.1 General

The followipg terminal related node is used in ARAF: TermCap.

5.1.7.2 TermCap

5.1.7.2.1 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.

112 © ISO/IEC 2017 - All rights reserved


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

ISO/IEC 23000-13:2017(E)

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 sys

tem 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 field 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

RAF for sensors and actuators

6.1 | General

The fata captured from sensors or used to cenimand actuators in ARAF are based on ISO/I

for accessing different input/output devices, e.g. sensors, actuators, vision and rendering, r

AR
the InputSensor and OutputActuator nodes. The second manner is based on dedicate nodes
graph that maps direectly:the sensor/actuator (e.g. the CameraSensor PROTO).

6.1. Usage of InputSensor and script nodes

6.1.1.1 Overview

The [[nputSensor node is used to receive the MPEG-V sensor data in a scene or to trans
MPEG= ; i '

immediately when received. Figure 12 represents the architecture for accessing MPEG-V se
ARAF scenes.
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EC 23005-5.

-V provides an architecture and specifies associated information representations t¢ enable the

'ning ARAF,

-V specifies the interaction between the virtual world and the real world by implementing support

bbotics.

supports two mannetsto connect the scene to the sensor/actuators. A first manner is by using

in the scene

mit data to
itis applied
nsor data in
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ARAF Browser

ARAF Scene

MPEG-V Input
Sensor 1 Sensor 1

MPEG-V Input = Compositor

Sensoi ‘ Sensor 2
MPEG-V Input
Sensor3

Sensor 3

Figure 12 — Diagram of the architecture for accessing MPEQS.Dsensor data
\

As specified in ISO/IEC 14496-1, in order to add new devices for th({E‘&ltSensor node, it is necegsary
to define: O

— the conftent of the Device Data Frame (DDF) definition: this sets the order and type of the [data
coming|from the device and then mandates the conten e InputSensor buffer;

— devicelName string which will designate the new d@&e;

— optiongl devSpecInfo of UIConfig. \‘\g\@

6.1.1.2 Orientation sensor A\Q)
The definitipn of MPEG-V Orientation Sgﬁ@ DDF is the following:

MPEGVOrientationSensorType [ \\
SFVec3F|angles C)

]

The angles qre specified as E@mgles as defined in ISO/IEC 23005-5. The deviceName is “MPEG-V:siv:
OrientationfSensorType”. T IConfig.devSpecinfo contains one 32-bit integer specifying the degired
refresh frarhe-rate for t@@enson

6.1.1.3 PFitio@;r

The definiti \IQE'X)/IPEG-V Position Sensor DDF is the following:

MPEGVPositionSensorType [
SFVec3F 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 one 32-
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:

MPEG
S
]

VAngularVelocitySensorType [
FVec3F AngularVelocity

The deviceName is “MPEG-V:siv: AngularVelocitySensorType”. The UlConfig.devSpecInfo contains one

32-b

6.1.]
The

MPEG
S

]

The

sped

6.1.1
The

MPEQ
S

]

The

integ

6.1.]
The

MPEG
S

]

The

bit integer specifying the desired refresh frame-rate for the sensor.

6.1.]

In th|
sens

..........

.6 Global position system sensor

Hefinition of MPEG-V Global Position System Sensor DDF is the following:

[VGPSSensorType [
FVec2F location

HeviceName is “MPEG-V:siv:GPSSensorType”. The UlConfig.devSpécinfo contains one 3!
ifying the desired refresh frame-rate for the sensor.

.7 Altitude sensor

Hefinition of MPEG-V Altitude Sensor DDF is the following:

[VAltitudeSensorType [
FFloat altitude

deviceName is “MPEG-V:siv:AltitudeSensorType”. The UlConfig.devSpecInfo containg
er specifying the desired refresh frame*rate for the sensor.

.8 Geomagnetic sensor

Hefinition of MPEG-V Geomagnetic Sensor DDF is the following:

[VGeomagneticSensorType \}
F'Vec3F geomagnetic

deviceName is “MREG-V:siv: GeomagneticSensorType”. The UlConfig.devSpecInfo cont

.9 Example of integrating sensors in the ARAF scene

e following example, it is shown how the InputSensor and Script node can be used to acg
pIS¢

P-bit integer

one 32-bit

hins one 32-

ess MPEG-V

DEF SCRIPT Script {
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);
TTOTIT — - ~+ - ~+ 7

if ( norm < 0.001 ) {
y =2z =0; R
N

norm = Math.sqgrt (norm) ;

x /= norm; (bQ
y /= norm; (l/

7z /= norm;

objrot.rotation = new SFRotation( x, z, vy, anc%]bo;

"]

} &
DEF ORIENT SENS InputSensor { Q
url [50] \\

buffer ({
REPLACE SCRIPT.updateOrientation 000

}
} &
where url | [50] is the object descriptor for p}@rientation sensor defined as follows:

\)
ObjegtDescriptor { A
obfectDescriptorID 50 \,O
espescr [ . 0
S Descriptor { C)\\

ES_ID 50

decConfigDescr DecoderConfigDescriptor ({
streamType 1
decSpecific UIConfig {
deviceN "MPEG-V:siv:OrientationSensorType”
: 2@’
} O
] %
} O

6.2 Acces local camera sensor

The camera frames are directly accessed by the ARAF player. Figure 13 presents the diagram for
accessing the camera video stream.

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.

ISO/IEC 23000-13:2017(E)

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 :

bit (8)

Cag=DeCoSpeCiicCINntorag {

unsigned int (16) width;

unsigned int (16) height;

unsigned int (8) bit depth;
unsigned int(32) stride;

unsigned int (32) coding4CC;
unsigned int (8) fps;

unsigned int (1) use frame packing;
unsigned int (7) frame packing;

\(</C)

6.3 | Usage of outputactuator and script nodes
6.3.1 General s\\%
The PutputActuator proto is used to transmit data

o)

t should be

to MPEG-V actuators from the scene.
noted that the data produced by the scene is appli mediately when received by thg actuators.

PEG-V actuators from the ARAF sdenes.

Figufre 14 represents the architecture for command\i%

ARAF Browser
ARAF Scene

Output J
Actgator 1

Compositor

| Output |
| Actuator 2 |

Output
Actuator 3

MPEG-V
Actuator1l

| MPEG-V
Actuator 2

MPEG-V
Actuator 3

Figure 144 — Diagram of the architecture for commanding MPEG-V actuators
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