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Foreword

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

Mixed and Augmented Reality (MAR) refers to a spatially coordinated combination of media/
information components that represent, on the one hand the physical real world and its objects and on
the other, those that are virtual, synthetic and computer generated. MAR, as an information medium,
strives to provide rich experience based on realism, presence and augmentation.

In this document, a comprehensive set of information constructs for representing mixed and
augmented reallty (MAR) contents is described. This set of components extends the conventlonal ones

: ealized as
vir ual environments. The prmaples and requlrements for the extension are laid out and he details
of the component model including (but not limited to) those for representing physical teal world
objects, extending the virtual scene graph/structure to that for MAR (with the physidal objects), how
to ppatially the physical objects into the MAR scene graph, associating these contént components to
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MAR system, and other miscellaneous constructs (e.g. event mapping, MAR €vents/ b
eo backdrops, etc.). This document is designed for the ease, generality and-extendibilit
lemonstrated with various examples and implementation results. Thenodel will serve :
is for establishing standard and interoperable file formats MAR contents’in the future.

document also provides definitions for terms as related to these MAR content infq
ponents and their attributes.

target audience of this document are mainly MAR system developers and contents
rested in specifying MAR contents to be played by an MAR system or browser. The sta
vide a basis for further application standards or file-formats for any virtual and mix
plications and content representation.

e extension will be self-contained in the sense that it is independent from the existing virt
brmation constructs, focusing only on the mixed and augmented reality aspects.

becific language, file format, algorithim, device, implementation method, and standard. The
del is to be considered as the minimal basic model that can be extended for other purpose
blementation,

s document is based on the'MAR Reference model (ISO/IEC 18039) that specifies for the
wser/player type refenence architecture. The MAR content (in ISO/IEC 18039) is specif

ses, simulates and@enders it to the display. The standard is the information model for the

an extension €o)the virtual reality based contents or scene structure, this standard is
hted to the existing standard for VR scene representation such as ISO/IEC 19775-1 (X3D)

D/IEC 23488) as well. There are also specific object models relevant to this standard sug
thedive actors and entities (ISO/IEC 18040 and ISO/IEC 23490) and MAR system sensor cd
DZIEC 18038).

ut that describes thewscene and objects’ behaviours, given to the browser/player whi¢

hted on-going standards such as the image-based object/environment representation for
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Scope

s document specifies the information model for representing the mixed and ,augment
AR) scene/contents description, namely, information constructs for:

representing the virtual reality scene graph and structure such that a- comprehensiv
mixed and augmented reality contents can also be represented;

representing physical objects as augmentation to other (virtual or physical) objects in
and augmented reality scene;

providing ways to spatially associate aforementioned{physical objects with the corr
target objects (virtual or physical) in the mixed and augmented reality scene;

providing other necessary functionalities and abstractions that will support the dyn
scene description such as event/data mapping, and dynamic augmentation behaviours;

describing the association between these constructs and the MAR system which is resp
taking and interpreting this information model and rendering/presenting it out througl
display device.

Normative references

e following documents are'referred to in the text in such a way that some or all of the
Istitutes requirements of this document. For dated references, only the edition cited aj
lated references, the'latest edition of the referenced document (including any amendment

/1IEC 18039, Information technology — Computer graphics, image processing and environm
resentation <2-Mixed and augmented reality (MAR) reference model

/1IEC 18040, Information technology — Computer graphics, image processing and environni
resentation — Live actor and entity representation in mixed and augmented reality (MAR)

ed reality

b range of

representing physical objects in the mixed and augmented reality-scehe targeted for augmentation;

the mixed

esponding

hmic MAR

bnsible for
h the MAR

ir content
bplies. For
s) applies.

ental data

ental data

3

I'erms, delinitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in from ISO/IEC 18039 and
ISO/IEC 18040 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2023 - All rights reserved
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3.11

aggregation
relation among objects/components that specifies a whole-part relationship as defined and used in the
Unified Modelling Language literature

3.1.2

association
relation among objects/components (and their instances) that they can be linked to each other or

combined

Note 1 toe
Language |

3.1.3
behaviou
object or c|

logically or physically into an aggregation

ntry: An aggregation is a specific form of an association as defined and used in the Unified Maodelling

terature.

5
bmponent that describes how certain objects and their attribute values changeiintime and

in responge to events

3.1.4
content

MAR sce
descriptio|

MAR con{ent

producers

3.1.5
compone
MAR com|
object

e
of mixed and augmented reality based experience to end-users by publishers or me

nt
ponent

MAR object

self-conta

ned computational entity or model that has one or more input channels and/or one or m

output channels

Note1toe

3.1.6

compone
object md
model of 3
collective

3.1.7
event maj
object or
correspon

3.1.8
glass-bas

1try: In the context of MAR contents ox'system, a component has a relevant MAR functionality.

ht model
del

collection of computational objects and their relationships serving a particular purpose
function

hping
romponent,that maps events produced by the MAR system and maps/relates them to
ding onesin the MAR scene/content space

or

dia

pre

or

the

ed

type of an
3.1.9

optical see-through device that has the form factor of optical glasses

inheritance
association representing a parent and child relationship

Note 1 to entry: In general, the child object, if not specified otherwise, will inherit the attribute model of the

parentasd

3.1.10
node

efined and used in the Unified Modelling Language literature.

term referred to an actual implementation or specific format of an object or component
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3.1.11

optical see-through device

apparatus or device that allows the real/physical world to be seen directly or through optical
in addition, the device allows an overlaid display of graphical (or virtual) elements

3.1.12

real transform group

RTG

transform group representing a group of objects situated at a physical/real spatial location

3.1.13

:2023(E)

elements.

transform
abgtract entity representing a relative spatial relationship (translation, rotation and\ sca
an¢ther coordinate system (or equally transform)

ling) with

hysical or

3.1.16

vintual transform group

VTG

trapsform group representing a group of objects situated at a virtual spatial location
3.2 Abbreviated terms

AR augmented reality

AV augmented virtuality

CR[l capturer, recognizer, tracker

GNSS global navigation satellite system

LAE live actor and entity

MAR mixed and augmented reality

MAR-RM mixed and augmented reality reference model
MR mixed reality

Ul user interface

VR virtual reality

RTG real transform group

TG transform group

VTG virtual transform group
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4 Overview

MAR refers to the interactive medium that uses and merges the real (or physical) and virtual objects.
(6] The two representative genres of MAR are augmented reality (AR) where virtual objects are added
on to representation of the real physical world, while in augmented virtuality (AV) real world physical
object representations are added to the virtual environment. The continued innovations and advances
in computer vision, mobile/cloud computing and portable display devices have brought about a renewed
interest in MAR, as a prominent information visualization and interaction medium. MAR not only has
many application areas but also can empower users in daily activities by spatially augmenting useful
information to key 1nteract10n ob]ects Tradltlonally, MAR serv1ces/contents have been developed as a
single appftica ' 3 to
standardite the API[7 8] sthere is also a strong and natural move toward the separatlon ofsuch singleton
applications into contents (in some standard formats) and dedicated players/browsers, similarly to
those for web documents.

X3D already offers a standard and declarative method of specifying dynamic virtual \environmepnts
(ISO/IEC 19775-1) and is in fact being extended for MAR functionalities!?]. Such a sepvice structure (dnd
standards) can promote the proliferation of the given media and associated conténtform. Thus, in this
document| a minimal (yet able to cover a comprehensive and reasonable, typical MAR contents) [set
of information constructs for representing MAR contents is established. The,standard would ext¢nd
the conveptional constructs used for representing virtual reality contents* (such as X3D), as virtual
environments are used for the implementation platform for mixed reality-¢ontents as well.

First, the principles and requirements for the extension are laid eut\and the details of the compongnt
model including (but not limited to) those for representing real world physical objects, extending
the virtudl scene graph/structure to that for MAR (with thé<real objects), how to spatially the real
objects into the MAR scene graph, associating these content @@mponents to the MAR system, and other
miscellangous constructs (e.g. event mapping, MAR events/ behaviours, video backdrops, etc.). The
standard {s designed for the ease, generality and extendibility, and this is demonstrated with varipus
examples pnd implementation results. The model willserve as a sound basis for establishing standard
and interdperable file formats MAR contents in théfuture.

Most MAR systems have been implemented @s a single application with all the contents and assets
embedded in it, using programming libraries or APIs. The GPS equipped mobile and smart phohes
have mad¢ ways for location based augmented reality services (e.g. providing guides for commerg¢ial
points of interest and tourism). Such.a service necessitated the separation of contents (and its format
specification) and the underlyingplayer (to support the notion of one place-many contents). Futpire
interoperability, reusability and\proliferation of MAR contents will hinge on the comprehensible gnd
extendable content model (and file format). For example, the file format for location based AR seryice
called the ARML (Augmented Reality Mark-up Language) has been adopted as a standard for fhe
Open Geogpatial Consortium. ARML allows defining geographical points or landmarks of interest gnd
associate :PS coordinates and simple augmentation contents (e.g. text, logos, and image).

The Web3D consextium has also been considering adding new components for MAR functionality to
X3D, the I$0 standard and declarative mark-up file format for representing virtual environments. The
group has| specified new and extended nodes to support e.g. V1deo see- through based AR such as the
live video
as well. As the video augmented content is a popular form of MAR, the MPEG has proposed the ARAF
(AR Application Format) that uses other MPEG standards (like MPEG-4 and MPEG-V) to specify video
based and spatially augmented contents (ISO/IEC 23000-13).

Another class of approach of realizing, extending and specifying for MAR functionality and behaviour
is through scripting. InstantReality[10] has developed its own extension to X3D and modules (e.g. for
marker and image patch tracking allowing to express MAR contents with scripts through which the
virtual objects (as expressed by the usual X3D formalism) can be associated with the position/pose
tracked real world physical objects. There are several similar web-based MAR systems that can present
AR contents with Javascript!) programming[11-13], Despite these approaches, the current state with

1) JavaScript is a registered trademark of Oracle Corporation. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO or IEC.
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respect to MAR content representation is still limited in its comprehensiveness (e.g. only covers certain
genre of MAR such as location based or video based), often implementation dependent and proprietary,
and lacks sufficient abstraction and clean modularization requiring lengthy and complicated script
programming.

Th
to{
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Th
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reg

ol
fol

Pure
Sensors

MAR Scene
(events,
targets, ...)

Recognizer

Event Mapper

Spatial Mapper

MAR Contents

Simulator

b MAR Scene or equivalently content descriptio rple box in the left part of the figure)
he larger MAR system to be interpreted by it e rendered to a display for the user con

)
A\
Figure 1 — The generic MAR syste(@rchitecture as specified in the ISO/IEC 18039
N eference model
O

<

.

Principles and Requiréments

e MAR reference modefﬂSO/IEC 18039) suggests the scope for which a general MAR s
itent shall encomp s shown in Figure 1. Accordingly, the MAR content model shou
sonable generalj d be able to express both AR and AV, the two notable genres alon
jtinuum unde@ onsistent and unified representational framework. Other requireme

ows: Q..

indep nt of particular sensor/device model, algorithm or implementation platform (s
wo e absorbed into the browser/player implementation),

s an input
sumption.

MAR

ystem and
d provide
r the MAR
nts are as

uch issues

ﬁg)vide virtually any digital information and media, both static and dynamic, as augment

ation such

as text, images, videos, animation, HT ML document elements, etc.,

provide useful abstract and declarative constructs for often used content functionalities and

minimize manual scripting or programming,
make use of existing standard constructs, where possible,

flexible/extendible to accommodate new future requirements.

To fulfil the final requirement (and others indirectly), this standard will use the component based
approach, similarly to that of the X3D. Components in X3D are collections of objects that perform or
represent similar operations, displays, or functions. Each component may define multiple levels. The
levels indicate the complexity of the object or object features. The component framework is ideal for
introducing and modelling new capabilities that satisfy MAR requirements (regardless of using X3D or

© ISO/IEC 2023 - All rights reserved
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not) - new objects can be added or expanded as needed. The components form a structured environment
that ensures consistent behaviour, usability and generality. The MAR reference model (ISO/IEC 18039)
outlines the model architecture of a prototypical MAR system and indirectly points to the informational
needs of an MAR content as an input to the system. In the next clause is described, the kind of new or
expanded MAR components (equivalently functionalities) to be abstracted and represented.

Again it is emphasized that the MAR content is the input to the system (purple box in the left part
of Figure 1) which comprises the entities such as the sensor, capturer, tracker, recognizer, simulator,
renderer, etc. Thus, while the content model may be associated with such system components, the
system components themselves would not be part of the content description or model.

Note that
virtual red

6 MAR

6.1 Concept

MAR cont
objects th

that is technically a virtual scene with placeholders for the real world physical objects. The placehold

may be dg
placeholdg
implemen

the extension will be self-contained in the sense that it is independent from the exist|
1lity information constructs, focusing only on the mixed and augmented reality aspects-

content model

bnts are technically realized as virtual reality contents with its scene-€ontaining special ty
ht represent the real physical world/objects. In other words, onecan think of a MAR sc

fined logically or spatially with respect to the virtual scene. These so called special ty
r objects may need additional information of how it might be spatially registered into
fation virtual scene. It is important to note that such.a representation is (and should

ing

Vpe
bne
ers
pe
the
be)

amenable [to representing both AR and AV contents in a unifiedfashion.

MAR Scene

|
captures
|

Virtual Scene
Real world

|
World (root) (Live video)

View point

ip
: . . C) |~ Real world ;
Virtual Object . | object detects)!
A\ / trackes :
G];Jl Obj |
ual Object [~ |
L § -
users/changes m | .| Real world object
MAR Event (remote)
triggres T produces

Real world nd

in turn the

| objects (in yellow) are associated with the virtual environment scene graph (in orange),
 r'eal objects are sensed, tracked, recognized and captured by the MAR system (in blue).

Figure 2 — The concept of extending virtual reality scene structure for MAR contents

Figure 2 illustrates the basic concept in which virtual objects (or the root of the virtual scene) provide
a place for which certain real world physical object (remote or local) would map to in the MAR scene.
This way, the real world physical objects are seamlessly represented within the virtual scene structure.
For example, a virtual object can be spatially defined with respect to a real world physical object (or its
placeholder). Note that the virtual scene may not necessarily be 3D (i.e. could be augmentation onto the
2D content), and real world physical objects can be individually recognized and tracked, or captured
as a whole (e.g. live video) and implanted into the virtual scene. This is accomplished and specified
by association with the MAR System components (e.g. blue boxes in Figure 2). The whole content

6 © ISO/IEC 2023 - All rights reserved
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structure is input to the MAR Simulation Engine (another MAR System component) to be interpreted
and ultimately rendered and displayed to the user. The red arrows in the figure indicate spatial
relationships among the captured/tracked real world physical object with respect to the virtual scene/
objects. Such a scheme is easy to define by simply extending the current scene structure for virtual
environments.

In the following clauses, we describe the component based information model using the Unified
Modelling Language (UML) like[13] notation, starting with the Use Case Diagram. The use of UML-like
conventional is not meant to be followed strictly, but only to level sufficient for to the purpose of this
document. Then the class-object diagram is described for the most important and essential ones. Several
€X3 tent type
arg

PPN

4
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shown. Finally, the detailed component object specifications are given.

6.2 Use case diagram

of actions
ith one or

Usg¢
(us

b case diagrams are usually referred to as behavior diagrams used to describe a set
e cases) that some system or systems (subject) should or can perform incollaboration w

mo
res

re external users of the system (actors). Each use case should provide sofne observable an|
ult to the actors or other stakeholders of the system. Figure 3 shows ajuse case of a user i

d valuable
nteracting

with the MAR system (e.g. a browser or player) that plays a user selected MAR content. The uper selects
a pprticular content and gives input, if necessary, to drive the contént'as rendered and displayed by the
MAR system.
Select
7 content
Physical
Object/
uses/includes Environmenjt
User X Make input to
uses Interact with m MAR Content
MAR device/browser MAR System
(MAR system) and Contents MAR
Content
Pl Displa Descriptiorn
L play
/ MAR Content
“Interacting with MAR Contents through the MAR system (e.g. browser/player)”
User Actor;/Any user

Pre:

2 User has MAR device that is equipped with MAR browser

- MAR content description is given/selected by the user

Post:

- User sees through the device/browser augmented physical environment according
to the MAR content description

ur'e 3 — A use case of a user interacting with the MAR system (e.g. a browser or pla
plays a user selected MAR content

yer) that

FiF

6.3 MAR content and its scene structure

Just like the virtual reality environment or contents, the scene graph or scene tree structure would be
the most natural and suited representation with which the MAR content is represented as a hierarchical
and spatial organization of various types of objects. While the objects are in principle organized by their
spatial relationship ultimately with respect to the assumed root coordinate system, logical association
and aggregation are possible too.

Thus, in this regard all objects, as part of the MAR scene graph, are subclasses of an abstract MARSNode
object, specialized for whatever purposes they may have.

© ISO/IEC 2023 - All rights reserved
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Aggregation relation is formed and used among objects to represent their collective spatial positioning
and physical containment among the various objects in the scene. In particular, aggregation relation
will be used to group various objects into a particular TG which also contains the common spatial
information shared among the constituent objects (i.e. transformation - rotation, translation, scaling)
with respect to another TG (or by default with respect to the assumed world root coordinate system).
The TG aggregation also serves to represent the part-of relation in the scene hierarchy.

Association relations may exist among various objects that can refer and relate to each other for
different purposes. The association may be one directional or two directional. For example, associations
between content ob]ects and system ob]ects are typlcally one dlrectlonal in the sense that the content
elements i : et {eset aptayer,
tracker and recognlzer)

6.4 Major MAR system objects that are associated with the MAR content objects/[€]

MAR contgnt is an input to the MAR System which interprets the content/scene description, simul
it and displays it to the user. Among others, the MAR system uses the sensors andjother associafed
modules quch as the tracker, recognizer and real world capturer (see Figure:1J,to understand the
real physical environment and extract various information in real time. Such information is used to
associate the real world physical objects to the virtual and form the mixed ¥eality scene. Sensors may
be used simply to realize interactivity of the content as well. Therefore, while the MAR system objects
are not paft of the content itself, they have associations to the counterpart-content objects. For example,
the trackdr may be associated to the spatial_mapper objects (in thé)content) that uses the tracking
informatign to position the tracked real world physical object into*the MAR scene.

In the spqcification of this standard, the detailed informatiohal constructs for the non-content MAR
System ar¢ excluded such as those for the sensor, real world eapturer, tracker and recognizer. We assume
that the cgnstructs exist (in certain system implementation or according to some other standard). We
also assume that the event/data types as produced by these MAR System objects and consumed by the
MAR Content components (MARSNode) are already-defined. The definition and functional descriptjon
of the main MAR System objects that the content_description are associated with are well descrilped
and given|in the MAR reference model (ISO/IE€:18039).

6.4.1 Sdnsor

A sensor [is a hardware (and optionally) software component able to measure specific physical
propertieg. In the context of MAR, a sensor is used to detect, recognize and track the target physjcal
object to He augmented. In this(case, it is called a pure sensor.

A sensor dan measure different physical properties, and interpret and convert these observations ihto
digital sighals. The input'ahd output of the sensors are:

— inputyreal world signals;

— outpult: sensor observations with or without additional metadata (position, time, etc.).

i ]ar flno SeRSOr r\nfhnf mas Foor‘ nto fhn content r‘nmnr\nnnfc‘ 'T‘hn Sensor-componen 1
In partic utinay 1 D is

a physical dev1ce characterized by a set of capabilities and parameters. A prototypical object model
is shown in Table 1. Many subclasses of the sensor can exist in the specialized but inherited form. A
refined standard is being pursued through ISO/IEC 18038[13],

Table 1 — A prototypical object specification for Sensor object in the MAR System

Sensor

Data type Attribute/Method name Explanation

string id unique identifier for reference

int type integer code indicating the particular sensor
type
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Another use of the Sensor is to capture and stream to the content objects and the execution engine,
as the data representation of the physical world or objects for composing a MAR scene. In such a case,
it is called a Real World Capturer. A typical example is the video camera that captures the real world
as a video to be used as a background in an augmented reality scene. Another example is augmented
virtuality, where a person is filmed in the real world and the corresponding video is embedded into a

virtual world.

Thus, one subclass of Sensor is the Real World Capturer whose output is an audio, video or haptics
stream tobe embeddedinthe MAR scene or qnq]ycpd hy cppr‘ifir‘ hardware or Qnﬁ‘mmrn/r‘nnfpnt ()bjects,

A prototypical object might look like Table 2:

Table 2 — A prototypical object specification for Real World Capturer in the MAR System

Capturer

D4ta type Attribute/Method name Explanation

Anjy* rawData sensed data

bopl enabled Boolean value indicatingwhether to enable this Lapturer

Capturer* Capturer() constructor

vold filter() function filtering or-post-processing the sensed and cap-
tured data

Any* getData() access function for the captured data

6.4.3 Tracker::Sensor

Anpther two subclasses of the Sensor are the Tragker and the Recognizer. The two are also ¢
called the Context Analyser as well. The Context refers to the condition for which the aug
shquld occur upon its target object. The Tracker and Recognizer provides information regg

context.

The Tracker is a hardware or software object that analyses signals from the real world and d
mejasure changes of the properties of the target signals (e.g. pose, orientation, volume).

The input and output of the tracker are:

— | input: raw or processed signals representing the physical world and target object specifid
(reference target to)be recognized);

— | output: instahtaneous values of the characteristics (pose, orientation, volume, etc.) of the 1
target signals and event data.

A prototypicdl component might look like Table 3:

Table 3 — A prototypical object specification for Tracker object in the MAR System

pllectively
mentation
rding this

etects and

ation data

ecognized

Tracker

Data type Attribute/Method name Explanation

Any* rawData sensed data (depends on the sensor type)

bool enabled boolean value indicating whether to enable this
Tracker

Tracker* Tracker() constructor

void filter() function filtering or post-processing the sensed
and tracked data

Any* getData() access function for the captured data
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6.4.4 Recognizer::Sensor

The Recognizer is a hardware or software object that analyses signals from the real world and
produces MAR events and data (Table 4) by comparing with a local or remote target signal (i.e. target
for augmentation).

Recognition can only be based on prior captured target signals. Both the recognizer and tracker can
be configured with a set of target signals provided by or stored in an outside resource (e.g. third
party database server) in a consistent manner with the scene definition, or by the MAR scene/content

description itself.

The input pnd output of the recognizer are:

— input:]raw or processed signals representing the physical world (provided by sensors) and target
object specification data (reference target to be recognized);

— outpuf: at least one event acknowledging the recognition.

Table 4 — A prototypical object specification for Recognizer object in thie'MAR System

Recognizer

Data type Attribute/Method name Explanation

Any* target target objecttémplate information to be recogniged

Any* rawData recognizedevent (depends on the Recognizer type)

bool enabled booleanwvalue indicating whether to enable this
Recognizer

Tracker* Tracker() canstructor

void filter() function filtering or post-processing the sended
and recognized data

Any* getData() access function for the recognized data

7 MAR|content classes

7.1 Ovaerall class/object structure

Figures 4] 5, 6 show the overall‘-class diagram as the gross information model for MAR contents.
Figure 4 ¢liagram shows thé“inheritance relationship among the classes as part of the MAR sc¢ne
structure |nodes (see 7.1).“The Figures 5 and 6 show the association among the classes, defining the
MAR sceng structure itself. Explanations of each class description (this clause) follow and the detailled
individuall class specifications are given in Clause 8. To be clear, objects are instantiations of the clasges
(or subclapses). Seme ‘classes will be abstract and have subclasses (or lower level classes) from whiich
objects cah be instantiated for actual deployment in usage.
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7.2 MARSNode
As indicatgd before, all MAR content components are subclasses of the abstract MARSNode. MARSN¢de
represent$ the superclass that'can take a place in the hierarchical (tree) representation of the scene} In
Table 5 is the detailed class.specification model with the explanation of the key attributes/methods.[All
subsequert class/objects-derive from this superclass. In this context, class, class object, object are used
interchangeably withoUt.ambiguity.
Table 5 — A prototypical class specification for MARSNode
MARSNode,
Access typeDatatype—TAttribute/Method mame———Explamation
private string id unique identifier for reference
private MARSNode[] parent parent nodes (usually, there is only one
parent)
private MARSNode[] childrenNodes list of or array of one or more children nodes,
also of the MARSNode (or its subclass) type
private Cube bounding-box bounding box specification of for the ob-
ject this node represents in the MAR scene
(optional).
public MARSNode MARSCNode() MARSNode constructor
public void init() abstract initializing method for the MARS-
Node class
12 © ISO/IEC 2023 - All rights reserved
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Table 5 (continued)

MARSNode

Access type |[Datatype Attribute/Method name Explanation

public string getld() return the string id of this node

public void setld(string id) set the id of this node

public void addChild(MARSCNode child) add a child to this node of MARSNode type
(or its subclass)

public void removeChild(MARSCNode child) [remove a child to this node of MARSNode

I t_y }Jb {:Ul ;to oub\,laoo}, ;f ;t \,A;Dto.

public void removeAllChild() remove all children nodes, if'anj|

put)lic MARSNode[] getChildren() return the list/array of children|nodes

puplic Cube getBoundingBox() recompute and update the bounding box
for this node congsidering all tlhe sub-ob-
jects to this node and update thg attribute
bounding-box

pul)lic MARSNode[] getParent() return the list/array of parent npdes

This class specifies a coordinate system and relative spatialrélationship with respect to al reference
parent coordinate system (also represented as another T(/).”This means, a TG will usually have an

. Thus a TG

wi hout an explicit parent specification has this assumed root as its parent. The coordindte system

principal

structure,
f the MAR
laceholder

for|virtual and real world physical ebject(s), two subclasses are defined, namely, RTG and VI|G. Objects

between

heflerogeneous spaces with/separate and different TGs, we establish their the spatial rggistration
explicit by using an association class called Spatial_Mapper (see 7.3 for details).

ion of a real

woyld physi_cal objectaugmented with a virtual object or vice versa. The Spatial_Mapper clags will also

psentation

7.3). Again'the same rule applies in that a TG node can only have one parent, either tHrough the

No e that'such a registration may exist not only between RTG and VTG but also among RT( s or VTGs

may be specified using the same construct.

hl space in
gistration

between a V1rtual space created by appllcatlon A and another V1rtual space created by application B

Finally, the notion of the TG may be in actuality implemented as two separate class constructs. For
example, in X3DI&], separate Transform node and Group node exist, each responsible for representing
the spatial relationship and logical grouping of sub-objects respectively.

© ISO/IEC 2023 - All rights reserved
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Table 6 — A prototypical class specification for TransformGroup::MARSNode

TransformGroup

Access type |Data type Attribute/Method name Explanation

private TransformGroup |parent single parent coordinate system represented
by a TG node. Ifnil, the parentis the assumed
root coordinate system. There should be
only one parent for a given TG.

private Matrix4f transformMatrix relative spatial relationship represented
in the 4x4 transformation matrix relative
to the parent TG node.

private Registration|] registration a list/array of registration this-nod¢q is
associated with

public TransformGroup[] |TransformGroup() constructor method for thissnode

public void initldentityMatrix() set transformMatrix to identity, i.e.[1, 0, 0,
0;0,1,0,0;0,0,1,0;0,8, 0,1] (zero rotatipn,
zero translation)

public void translate(Vec3f translation) set relative tramslation values and update
transformMatrix

public void rotate(Vec3f rotation) set relative rotation values and updajte
transfermMatrix

public void scale(Vec3f scaling) setrelative scale values and update traps-
formMatrix

public Matrix4f getTransformationMatrix() get transformation matrix of this node

public Registration|[] getRegistration get alist/array of registration this nod¢ is
associated with

public TransformGroup|[] |getPlaceholderFor() getalist/array of TG nodes that this nodes
serves as a parent placeholder (by searching
through the Registration nodes this ndde
is associated with)

public TransformGroup|[] |getPlaceholder() get a list/array of the placeholder Trans-
formGroup node for this node (by searching
through the Registration nodes this nqde
is associated with). This attribute shoyild
return nil if there exist a parent alregdy
or vice versa.

7.3.1 VirtualTG:: TransformGroup::MARSNode

This is a sfibclass (abbreviated as VTG) of the TG specialized for virtual object(s), see Table 7.

Table| 7 —A'prototypical class specification for VirtualTG::TransformGroup::MARSNode

VirtualTQ

Access type |Data type Attribute/Method name Explanation

public int type Setto 0 to indicate virtual TG

public TransformGroup |VirtualTG() constructor

7.3.2 RealTG:TransformGroup::MARSNode

This is a subclass (abbreviated as RTG) of the TG specialized for real world physical object(s), see

Table 8.

14
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Table 8 — A prototypical class specification for RealTG::TransformGroup::MARSNode

RealTG

Access type |Data type Attribute/Method name Explanation

public int type Set to 0 to indicate virtual TG
public TransformGroup |RealTG() constructor

7.4 Spatial_Mapper::MARSNode

rogeneous
e objectis
br more) is
attributes
TGs. This

claps corresponds to the Spatial Mapper (same identifier) as specified in the-system architecture of

thg MAR Reference Modell®l. In order to map the physical sensor space into'th¢’ MAR scene

Twjp objects or environments are said to be heterogeneous when, the following condition

or specify
content or

s met: (1)

ong is virtual and the other is real/physical (or vice versa), or (2) both are virtual but d¢fined and
constructed with two spatially unrelated coordinate refereneces, or (3) both are real/physi¢al but the

for which
kion of the

N purpose,
between

by japplication Y may be specified (thusthe exact spatial relation is not known or given). The Spatial_

Mappper class is needed to specify the needed spatial relation between them to establish a ful
redlity environment.

Sp4tial_Mapper class, if necessary, may specify the method of registration, if not the info
manually specified (e.g. by the 4x4 transformation matrix).

sed mixed

rmation is

Finally, the Spatial.Mapper class may also associate to MAR system objects (that supply spatial
infprmation suchsas-the Capturer, and Tracker, see 6.3) for supplying the actual spatial trandformation
infprmation tothe'associated TG objects. This in effect also indirectly specifies the coordinate systems

of the MAR system objects in relation to the MAR scene structure. It is assumed that in th

s case the

relptive spatial relationship (transformation matrix) is supplied in the associated MAR system object

constructs:

Lo o IR P | O A & & - 1 1 L oL Ll £ Vel il 1_NA AADCAL "l
IdUIC 7 — A PIrototlypitdl CldSS SPClilItdlivIl IO opdiidl_NMdppCr..MiARSINOUCT

Spatial_Mapper

Access type

Data type

Attribute/Method name

Explanation

private

string

placeholder

id of the TG object in the MAR content which
is being augmented MAR content. It serves
as the parent spatial coordinate system for
the augmentation TG objects specified in
the augmentation attribute (see next row).

private

string[]

augmentation

list/array of ids of children TG objects in the
MAR scene that augments the placeholder
TG object. The relative spatial information
is provided in the TGs themselves

© ISO/IEC 2023 - All rights reserved
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Table 9 (continued)

Spatial_Mapper

Access type |Data type Attribute/Method name Explanation

private System refSystem id of the associated MAR System component.

private Any sensedRawData record the raw data from the MAR system
components (Sensor-Capturer, Sensor-Track-
er)

public Registration Registration() constructor

protected vote it inttiatization

public string getPlaceholder return the placeholder TG object for this nqde

public void setPlaceholder(string tg) set the placeholder to given TG id for this ngde

public string(] getAugmentation return the list/array of augmentation [IG
object(s) ids for this node

public void setAugmentatino(string[]) set the augmentation toth& given list/argay
of TG ids for this node

public System getSystem() return the associated MAR System compo-
nent, if any

public void setSystem(System™ x) associate aMAR System component to this
node

private void updateDataFromSystem() channeland update the information from the
MAR System component to the associated [TG
object. SensedRawData are automatically
updated.

public Any getSensedRawData() return the values of senseRawData, if any

7.5 Evept_Mapper::MARSNode

Like any ipteractive systems, MAR content behaviour and its simulation are driven by various events

and data gs produced by the MAR system components through sensor based environment monitoring

and user interaction. For example, the Real) World Capturer, Recognizer and Tracker are some of the

MAR systém components that are the sensor based modules that produce the events and data strepm

needed to| drive the MAR content behaviour (see 6.3). Event_Mapper class corresponds to the Event

Mapper (s

hme name) as specified i the system architecture of the MAR Reference Model, see Table 1(

6],

Provision jof the details of the ntapping is the responsibility of the content or system developer.

The MAR [system components are not aware of the specifics of the content. Whatever they captyre,
recognizeland track are tinderstood only within their scopes. For instance, a location as recognized hy a
GNSS in latitude = 34.05and longitude = -118.24 coordinates would be mapped to a particular content
identifier, [such as /My Home Town” which is used and understood in the content in a more intuitive
manner.

In order tp relate events/data to a specific content, a event mapping shall be defined so that the item

captured, recognized-and-tracked-wil be-tunderstood-withintheseepe-efthegivenspeeifieeoentent by
the Event_Mapper construct. In addition, the mapping may apply simple processing to the event and
data for miscellaneous purposes such as unit conversion, data filtering and smoothing, orientation

change, etc.

We assume that the generic data and event types already exist. Examples of discrete events might
include those for object existence, object being in a particular location or pose, user interaction (touch,
gesture, click, etc.), contextual data (e.g. time, identity, place) and other user defined types. Examples of
continuous and stream of data might include those for general sensor values (e.g. time), images/video
frames, spatial tracking information (in various dimensions).

Therefore, the Event_Mapper will have the events/data from the MAR system components ready for
consumption by the MAR content. Various MAR content components such as the Behaviour (see 7.6),

16 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=084d1ab45b39308c8097ccec0512afec

ISO/IEC 3721:2023(E)

MARODbiject (see 7.5), TG nodes (see 7.2), Spatial_Mapper (see 7.3) can associate to the Event_Mapper to
obtain needed event and data values.

Table 10 — A prototypical class specification for Event_Mapper::MARSNode

Event_Mapper

Access type |[Data type Attribute/Method name Explanation

private string[] source refer to one (or more) source of the event
or data (usually a MAR system component)

pr vate cfrihg[] recelvaor rofer to one ar maore racoiver of the event

from the source(s).

private System refSystem id of the associated MAR Sy/stem qomponent.

private Any sensedRawData record the raw data frem'the MAR system
components

puplic Mapping Mapping() constructor

protected void init() initialization

puplic string][] getSource() return list/array of one (or mojre) source
of the évert or data (usually a M/AR system
component)

puplic void setSource(System* s) associate a given MAR system ¢omponent

to this node as source

puplic string][] getReceiver() return list/array of one or more [receiver of
the event from the source(s).

puplic Void setReceiver(MARSGNode* n) associate a given MAR content ¢omponent
to this node as recipient of the|data from
the source(s)

puplic System getSystem() return the associated MAR Syst¢m compo-
nent, if any

puplic void setSystem(System* x) associate a MAR System comporjent to this
node

private void updateDataFromSystem() channel and update the informati¢n from the

MAR System component to the asgociated TG
object. sensedRawData are autpmatically

updated.
puplic Any getSensedRawData() return the values of senseRawData, if any
pul)lic void triggerReceipient() Trigger the recipient object(s) behaviour
manually

7.6 MARObject::MARSNode

The MARGODject class represents and specifies the actual concrete objects in the scene (see|Table 11).
In VR,.all objects are assumed to be virtual. In MAR, we make an explicit distinction betwe¢n the real
and—irtual-objeets—Petatedinformationrmodelfor-the—wirtual-ebjeetsneednetbespeeifled in this
document as there are many existing standards and approaches. Typical virtual objects include 2D/3D
models, text, sound, animations, scripts, bounding box, light source, view point, etc. However, few new
virtual object types can be of help for more fluid MAR content specification. One example is a dedicated
node or construct for Live camera node for supporting video see-through MAR display. Another is a
dedicated construct for Live actor and Entity (LAE) (for this, refer to for its detailed information model
as an extension to this standard in References [7,11]) as captured and imported from specialized LAE
Capturer such as the chroma-keying system.

However for representation of the real physical objects, especially those that are typically used in the
MAR context, require new standard information models. While there are practically infinite types of
physical and real objects in the world, those that are typically used in MAR (due to the technological
limitation) in practice, include the GNSS based location, markers (square coded imagery with black
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boundaries or features easily recognizable by image processing systems), feature-rich image patches
(features refer to primitive visual elements such as points, lines, corners, colour, etc.). Note that
however, the technology is moving fast such that almost any real and physical objects can be recognized
and be used for MAR. Standards such as SEDRIS[14] is an excellent candidate as a way to represent real

environment objects in a more general fashion.

Real objects and virtual objects are distinguished (aside from its type attribute, see 7.2) also by its TG
parent. All real and virtual objects will eventually be grouped under the RTG and VTG respectively (see

7.2).

MARODbje¢t

Access type |Data type Attribute/Method name Explanation

public int type set to 0 indicating it is virtdal/1 if real

private TG parentTG parent coordinate system

private TG[] childrenTG llist/array of children‘coordinate system if gny

private MARSystem([] systemComponents list/array of assotiated sensor, capturifer,
recognizer, tracker for this object

private Registration registration list/array of associated registration f
this objéect

private Mapping mapping list/array of associated mapping for this object

public ObjectNode* ObjectNode() censtructor

protected void init() initialization

public void getParentTG() access the parent coordinate system

public MARSystem[] getMARSystemComponents return list/array of associated sensor, c
turer, recognizer, tracker for this object

public Registration[] getRegstiration return list/array of associated registratjon
for this object

public Mapping][] getMapping return list/array of associated mapping for

this object

7.6.1 VirtualObject::MARObject::MARSNode

VirtualOblect is a subclass (abbreviated as VO) of the MARODbject class for representing virtual 3
synthetic pomputational objects (see Table 12). There would be numerous subclasses and types sfich
VirtualObject as the text, image, 3D model, live background video, animation, bounding box, li
source, viewpoint/canierd, etc. Such virtual object components are already standardized in vari
waysl8l. We merely list out those that are necessary for MAR content functionalities that are

supported by the conventional virtual object representations such as the background video object.
also makeq a note that separate efforts are under way for specifying detailed virtual and real obj
models (suych’as LAEMapper, LAEODbject) and associated MAR system components (such as LAECaptu

LAERecopni'nnr) for cnppnrﬁno the live actor and entities (p g avafnrc) which is one of very impnrf

objects in many MAR contentsﬁ'ﬂ].

Table 12 — A prototypical class specification for VirtualObject::MARObject::MARSNode

VirtualObject

Access type |Data type Attribute/Method name Explanation

public int category type of the virtual object (text, image, ...)
public VirtualObject VirtualObject(int category) constructor

protected void init(int category) initialization

18
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Background video is much used in MAR contents, e.g. as the backdrop for representing the real world
physical environment in AR or for representing singular real world physical objects (captured as video
objects) in AV, see Table 13. Note that this object can either be captured/used live, or otherwise off-line.

Table 13 — A prototypical class specification for
BGVideo::VirtualObject::MARObject::MARSNode

BGVideo

Acfcesstype |[Datatype Attribute/Method name Explanation

private bool type 0 for live and 1 for off-line pre T¢corded

private string source file name of the pre-recorded vide or moving
texture object (if type'=1)

private Mapper Mapper reference to the Mapper for th¢ captured
data - has indirectreference to tHe Capturer
for this video.object (if type = 0)

puplic Video BGVideo() construetorn

protected void init() initialization

puplic bool getType return type of this node (live or|off-line)

public string getSource feturn source of off-line video |f the type
matches

puplic Mapper getMapper return mapper that handles the ljve capture
video if the type matches

public Capturer getCapturer return the actual sensor/capturer object if

the type matches

7.4.2 RealObject::MARODbject::MARSNode

ReflObject is a subclass (abbreviated-as RO) of the MARODbject for representing real world physical
objects, see Table 14. These are used as targets of augmentation in AR or as augmentation opjects into
virfual environments in AV. While there can be practically infinite types of real world physidal objects,
we| create subclasses for those-that are typically used in MAR contents such as the marker, textured
image patches, 3D objects-with model descriptions, geo-locations, and labelled image segments (in
sulbsequent subclauses of ‘76.2). Note that the following subclasses of RealObject are by |no means

exhaustive. New subclasses can be defined as necessary.

Table 14 —< Aprototypical class specification for RealObject::MARODbject::MARSNode

RefalObject

Acfcess type: | Data type Attribute/Method name Explanation

purlic int category specific category of the real objeft (marker,
image patch, 3D object, GPS, ...)

public RealObject RealObject(int category) constructor

protected void init(int category) initialization

private Any* features features needed to be recognized by the

associated recognizer
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7.6.2.1 Marker::RealObject::MARObject::MARSNode (see Table 15)

Table 15 — A prototypical class specification for Marker::RealObject::MARODbject::MARSNode

Marker
Access type |Data type Attribute/Method name Explanation
private int type type of marker (e.g. QR code, proprietary, etc.)
private string filepath path to the marker image file
private image image image data of the marker (if not provided
asafite)
private Vec2f size size of marker in pixels
public Marker Marker() constructor
protected void init() initialization
public string getFile return marker file path/hame
public Image getlmage return raw image data
public Vec2f getSize Return size of marker in pixels
7.6.2.2 (NSSLocation::RealObject::ObjectNode::MARSGNode (see Table 16)
Table 16 — A prototypical class specification for
GNSSLocation::RealObject::MARObject::MARSNode
GNSSLocajtion
Access tyﬂ)e Data type Attribute/Method name Explanation
private Vec2f coordinate GNSS coordinate in 2 component vector| of
longitude and latitude
private string geoLabel geographic label for this location
private float accuracy accuracy of this GNSS location in meters
public GNSSlocation GNSSlocation() constructor
protected void init() initialization
public Vec2f getLocation Return GNSS location
public string getGeobLabel return geographic label for this location|
public float getAccuracy return accuracy of this GNSS location|in
meters
7.6.2.3 Texturedlmage::RealObject::MARObject::MARSNode (see Table 17)
Table 17 — A prototypical class specification for
TexturedImage::RealObject::MARObject::MARSNode
Texturedimage

Access type |Data type Attribute/Method name Explanation

private int type type of feature descriptor used

private string filepath path to the rectified textured image file

private string featurefilepath path to the feature descriptor information
of the textured image file

private image image image data of the textured image (if not
provided as a file)

private Any featureDescriptor feature descriptor information in predefined
format

private Vec2f size size of marker in pixels
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Table 17 (continued)

TexturedImage

Access type |[Datatype Attribute/Method name Explanation

public Texturedlmage |TexturedImage() constructor

protected void init() initialization

public int getType return type of feature descriptor used

public string getFile return marker file path/name

public Image getlmage return raw image data

pul)lic string getFeaturefilepath return path to the feature desorjptor infor-
mation of the textured image fil¢

private Vec2f getSize return size of marker in.pixels

7.4.2.4 3DODbject::RealObject::MARODbject::MARSNode (see Table 18)

Table 18 — A prototypical class specification for 3DObject::RealObject:MARObject::MARSNode

3D0bject

Acfess type |[Data type Attribute/Method name Explanation

private int type type of feature descriptor used

private string|[] imagesetfilepath path to the multi-view rectified Jmage files
folder

private string featurefilepath path to the feature descriptor information
of the textured image file

private string modellfilepath path to the model information of the textured
image file

private Image([] imageset multi-view image data of the 3D|object

private Any featureDegscriptor feature descriptor information in predefined
format

private Any modelnformation model data information in predefined format

private Vec3f size 3D size of object in pixels

puplic 3DObject 3Dobject() constructor

protected void init() initialization

puplic int getType return type of feature descriptof used

public string getlmageFilepath return multi-view image set file fplder path/
name

puplic string getFeaturefilepath return path to the feature descriptor infor-
mation of the 3D model

puplic string modellfilepath return path to the model information of the

r textured image file
public Vec3f getSize return size of 3D model in pixels

© ISO/IEC 2023 - All rights reserved

21


https://standardsiso.com/api/?name=084d1ab45b39308c8097ccec0512afec

ISO/IEC 3721:2023(E)

7.6.2.5 RFIDTag::RealObject::MARObject::MARSNode (see Table 19)

Table 19 — A prototypical class specification for RFIDTag::RealObject::MARObject::MARSNode

RFIDTag
Access type |Data type Attribute/Method name Explanation
private string label unique RFID tag label
public Rfid Rfid() constructor
protected void init() initialization
public string getLabel() return RFID tag label
7.6.2.6 LabelledimageSegment::RealObject::MARObject::MARSNode (see Table 20)
Table 20 — A prototypical class specification for
LabelledImageSegment::RealObject::MARObject:: MARSNodé¢
LabelledIinageSegment
Access type |Data type Attribute/Method name Explanation
private string label unique object label returned by the|Al
recoguizer
public ImageSegment imageSegment() constructor
protected void init() initialization
public string getLabel() return RFID tag label
7.7 Behaviour::MARSNode
Behaviour|class specify the dynamics of the objects.inthe scene, e.g. time based or event based behaviqur.
Therefore| such behaviours can be expressed simply by relying on the usual scripts. Behaviour nodes,
in addition to housing such flexible scripts,.setVe to abstract some typically used MAR augmentatjon
behaviourfs (i.e. how virtual augmentation/objects associated and spatially registered to a real physjcal
object behave reacting to input and external events). The main purpose of such an abstraction is the
ease of us¢, simplicity and thereby quick'authoring. Behaviour nodes are driven by external events/dpta
produced from the MAR system cemponents (such as the sensor, capturer, tracker and recognizer, fee
6.3) and a¢cessible indirectly through the Mapping node (see 7.4), and simulated by the MAR simulatjon
engine (another important part-of MAR system). The behaviour node will have associations with fhe
content oljects which are needed to drive and simulate the behaviour and those that are affected by the
simulation as well. See Table 21.
Examples pf often usedaugmentation behaviour are simple activating/deactivating of the augmentatjon
to be visiblle, simple.animation of them, highlighting effects, changing of transparency and colour.
Table 21 — A prototypical class specification for Behaviour::MARSNode
Behaviour
Access type |Data type Attribute/Method name Explanation
private int type specifies the specific type of the be-
haviour
private bool isTriggered Enabling or disabling the triggering of
this Behaviour node (0 for disabling it,
and 1 for enabling it)
private Mapping|[] eventSource list/array of source Mapping node(s)
that delivers and filters the event/data
to this node from the MAR System
components
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