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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 p

art in the work.

The procedures used to develop this document and those intended for its further maintenance are

descri
the dif
editor

Attent
of pat
rights
Introd
list of

Any tr|
consti

For an
expres
World
.org/is

ped 1n the ISO/IEC Directives, Part 1. In particular, the different approval criten
ferent types of document should be noted. This document was drafted in accerd
al rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

jon is drawn to the possibility that some of the elements of this document may

Details of any patent rights identified during the development of the document
pction and/or on the ISO list of patent declarations received (seezwww.iso.org/pate
patent declarations received (see http://patents.iec.ch).

nde name used in this document is information given for'the convenience of users
ute an endorsement.

explanation of the voluntary nature of standards, the meaning of ISO specif

Trade Organization (WTO) principles in thexTechnical Barriers to Trade (TBT)
o/foreword.html.

This
Subco

Any fe
compl

©150/1

ocument was prepared by Joint Technical Committee ISO/IEC JTC 1, Informati
mittee SC 24, Computer graphics,. iniage processing and environmental data represe

bdback or questions on this document should be directed to the user’s national stan
bte listing of these bodies can be found at www.iso.org/members.html.

ent rights. ISO and IEC shall not be held responsible for identifying’any or a}ﬁ

ia needed for
hnce with the

e the subject

such patent
will be in the
nts) or the [EC

and does not

ic terms and

sions related to conformity assessment, as well as information about ISO's adhlerence to the

see Www.iso

n technology,
htation.

dards body. A

EC 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
http://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://iecnorm.com/api/?name=6f283750ed185bce8c98e90abb11ba94

ISO/IEC 18039:2019(E)

Introduction

This document contains annexes:

— Annex A gives examples of existing MAR solutions and technologies and how they fit into the MAR
reference model.

— Annex B gives examples of representative MAR systems and how their architecture maps to the
MAR reference model.
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Information technology — Computer graphics, image
processing and environmental data representation —
Mixed and augmented reality (MAR) reference model

1 Scope

This dpecumentdefires-the-scopeamndkeyconceptsof mixedandaugmentedreatitytherelevant terms
and thpir definitions and a generalized system architecture that together serve as a refergnce model for
mixed|and augmented reality (MAR) applications, components, systems, services‘and gpecifications.
This afchitectural reference model establishes the set of required sub-modules ahd their minimum
functitrns, the associated information content and the information models to”’be prdvided and/or
suppofted by a compliant MAR system.

The r¢ference model is intended for use by current and future developers of MAR| applications,
compdnents, systems, services or specifications to describe, compare, contrast and |communicate
their irchitectural design and implementation. The MAR reference model is designed to japply to MAR

systenps independent of specific algorithms, implementation methods, computational platforms, display
systenps and sensors or devices used.

This document does not specify how a particular MARyapplication, component, system, service or
specification is designed, developed or implemented. 1t does not specify the bindings of those designs
and cqncepts to programming languages or the ehcoding of MAR information through any coding
technifjue or interchange format. This document contains a list of representative systein classes and
use capes with respect to the reference model:

2 Normative references

There pre no normative references.in this document.

3 Te¢rms, definitions and abbreviated terms
For the¢ purposes of this.document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISP Online.browsing platform: available at https://www.iso.org/obp

— IELC Eleetropedia: available at http://www.electropedia.org/

3.1 Terms and definitions

3.1.1

augmentation

virtual object (3.1.24) data (computer-generated, synthetic) added on to or associated with target
physical object (3.1.15) data (live video, real world image) in an MAR scene (3.1.9)

Note 1 to entry: This equally applies to physical object data added on to or associated with target virtual object data.

3.1.2

augmented reality

type of mixed reality system (3.1.13) in which virtual world (3.1.25) data are embedded and/or registered
with the representation of physical world (3.1.16) data

© ISO/IEC 2019 - All rights reserved 1
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3.1.3

augmented virtuality system
type of mixed reality system (3.1.13) in which physical world (3.1.16) data are embedded and/or
registered with the representation of virtual world (3.1.25) data

3.14
display

device by which rendering results are presented to a user using various modalities such as visual,
auditory, haptics, olfactory, thermal, motion

Note 1 to entry: In addition, any actuator can be considered display if it is controlled by MAR system.

3.1.5

feature
primitive geo
given (usually

3.1.6
MAR event
trigger result

EXAMPLE

3.1.7
MAR executi

metric element (e.g. points, lines, polygons, colour, texture, shapes) and/or attriby
physical) object used in its detection, recognition and tracking

Detection of a marker.

pn engine

collection of hardware and software elements that produce the.xesult of combining componen|

represent on
synthetic and

3.1.8
MAR experi¢g
human visual

3.19

MAR scene
observable sp
MAR scene rep
least one phys

3.1.10

MAR scener
data structur
physical (3.1.1
an MAR scene

3.1.11

the one hand the real world and its objects, @nd’ on the other those that are ¥
computer generated

nce
jzation and interaction of an MAR sceng (3.1.9)

atio-temporal organizationof physical and virtual objects (3.1.24) which is the resu
resentation (3.1.10) being,interpreted by an MAR execution engine (3.1.7) and which
ical (3.1.15) and one virtual object

bpresentation

e that arranges the logical and spatial representation of a graphical scene, includ
5) and virtual objects (3.1.24) that are used by the MAR execution engine (3.1.7) to p
(3.1.9)

te of a

ng from the detection of a condition relevant to MAR content and gugmentation (3.1

ks that

irtual,

tofan

has at

ng the
roduce

marker

metadata embedded in or associated with a physical object (3.1.15) that specifies the location of a super-
imposed object

3.1.12

MAR continuum
spectrum spanning physical and virtual realities according to a proportional composition of physical
and virtual data representations

Note 1 to entry: Originally proposed by Milgram et al.[1].

© ISO/IEC 2019 - All rights reserved
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3.1.13

mixed reality system

mixed and augmented reality system

system that uses a mixture of representations of physical world (3.1.16) data and virtual world (3.1.25)
data as its presentation medium

3.1.14
natural feature
feature (3.1.5) that is not artificially inserted for the purpose of easy detection/recognition/tracking

3.1.15

physical object

real oljject

object|that exists in the real world

3.1.16
physi¢al world
physicpl reality spatial organization of multiple physical objects (3.1.15)

3.1.17
point pf interest
single jor collection of target locations

Note 1 fo entry: Aside from location data, a point of interest is usually associated with metadata sych as identifier
and other location specific information.

3.1.18
recoghizer
MAR domponent (hardware and software) that precesses sensor (3.1.19) output and ggnerates MAR
events|(3.1.6) based on conditions indicated by the content creator

3.1.19
sensor
device|that returns detected values related to detected or measured condition or property

Note 1 fo entry: Sensor may be an aggregate of sensors.

3.1.20
spatiadl registration
establishment of the spatial relationship or mapping between two models, typically batween virtual
object[3.1.24) and targét physical object (3.1.15)

3.1.21
targefimage
targetobject(3.1.22) represented by a 2D image

3.1.2
target object

physical (3.1.15) or virtual object (3.1.24) that is designated, designed or chosen to allow detection,
recognition and tracking, and finally augmentation (3.1.1)

3.1.23

tracker

MAR component (hardware and software) that analyses signals from sensors (3.1.19) and provides
some characteristics of tracked entity (e.g. position, orientation, amplitude, profile)

© ISO/IEC 2019 - All rights reserved 3
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3.1.24

virtual object

computer-generated entity that is designated for augmentation (3.1.1) in association with a physical
object (3.1.15) data representation

Note 1 to entry: In the context of MAR, it usually has perceptual (e.g. visual, aural) characteristics and, optionally,
dynamic reactive behaviour.

3.1.25

virtual world

virtual environment

spatial organization of multiple virtual objects (3.1.24), potentially including global behaviour

3.2 Abbreyiated terms

Abbreviated term Definition
API Application program interface
AR Augmented reality
AVH Audio, visual, haptic
GNSS Global navigation satellite system
MAR Mixed and augmented reality
MAR-RM Mixed and augmented reality refefence model
MR Mixed reality
POI Points of interest
PTAM Parallel tracking and mapping
SLAM Simultaneous localizZdtion and mapping
Ul User interface
VR Virtual realit§

4 Mixed and augmented reality (MAR) domain and concepts

4.1 General

MAR refers tp a spatially coordinated combination of media/information components that regresent
on the one hgnd the real world and its objects, and on the other those that are virtual, synthefic and
computer gerjerated. Thétvirtual component can be represented and presented in many modalities
(e.g. visual, aural, touch,"haptic, olfactory) as illustrated in Figure 1. The figure shows an MAR §ystem
in which a viftual fishis augmented above a real world object (registered by using markers), visually,
aurally and haptically.

4 © ISO/IEC 2019 - All rights reserved
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My name is
Dory !

Virtual Object

(Visual/Haptic/Aural) Real world

. Magic Vision Lab, University of South Australia, reproduced with the permission of the

bh such combinations, the physical (or virtual) object can be presented in an
hshion through augmentation with the virtual (or real) counterpart. Thus,
ly-coordinated combination is important for highlighting the mutual association
pal and virtual warlds. This is also often referred to as registration and can be dg
Kions. The mosttypical registration is spatial, where the position and orientation g
mputed andused to control the position and orientation of a virtual object. Temporj
50 occur-when the presence of a real object is detected and a virtual object is to
Fation—can have various precision performances; it can vary in its degree of
hted\in Figure 2). For example, in the spatial dimension, it can be measured in tert

or ang

authors

Figire 1 — The concept of MAR as a'‘combination of representations of physical objects and
comtruter mediated virtual objects in various modalities (e.g. text, voice and forcq

e feedback)

information-
the idea of
between the
ne in various
f a real object
|l registration
be displayed.
tightness (as
ns of distance

esiih the temporal dimension, in terms of milliseconds.
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Mixed Reality Continuum

T

Augmented Virtuality
(Physical < Virtual):
"adds" real information to
a computer - generated
environment
(Regenbrecht et al. 2004)

Physical
Reality

Augmented Reality
(Physical > Virtual):
"adds" computer - generated
information to the real world
(Azuma et al. 2001)

Virtual
Reality

Figure 3 — The MAR (or reality-virtuality) continuuml1]: definition of different t
ac

is a type of mixed reality system in which thé ' medium representing the virt

, application or centent. With respect to the given application (or service) requ
r may refer to and select the necessary components from those specified in the M

ypes of MR

cording to the relative portion between the real world-representation and thie virtual

pbtable types of MAR or points in the continuum are the AR and augmented virtluality. An AR

ual objects is
hysical reality
formation. An
ysical objects
P 3).

ping an MAR
irements, the
[AR reference
nts, the data/
parts can be
me described
e the specific
bfinement.

5.2 Deriving an MAR business model

The MAR-RM document introduces an enterprise viewpoint with the objective of specifying the
industrial ecosystem, identifying the types of actors and describing various value chains. A set of
business requirements is also expressed. Based on this viewpoint, companies may identify current
business models or invent new ones.

5.3 Extending existing or creating new standards for MAR

Another expected usage of the MAR-RM is in extending or creating new application standards for MAR
functionalities. MAR is an interdisciplinary application domain involving many different technologies,
solutions and information models, and naturally there are ample opportunities for extending existing
technology solutions and standards for MAR. The MAR-RM can be used to match and identify
components for those that can require extension and/or new standardization. The computational and

© ISO/IEC 2019 - All rights reserved 7
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information models can provide the initial and minimum basis for such extensions or for new standards.
In addition, strategic plans for future standardization can be made. In the case when competing de facto
standards exist, the reference model can be used to make comparisons and evaluate their completeness
and generality. Based on this analysis and the maturity of the standards, incorporation of de facto
standards into open ones may be considered (e.g. markers, API, POI constructs).

6 MAR reference system architecture

6.1 Overview

An MAR syst :
of the physicpl world context, the registration of target physical objects with their corresppnding
virtual objects, display of MAR content and handling of user interaction(s). A high-level representation
of the typicallcomponents of an MAR system is given in Figure 4. The central pink area’ indicates the
scope of the MAR-RM. The blue round boxes are the main computational modules andthe dotted box
represents thle required information constructs. Arrows indicate data flow. Control signals gre not
explicitly shopn, to avoid particular technical or implementation details in this®"document. Algo, this
reference sysfem architecture should not to be taken as something rigid and unchangeable, bpit as a
depiction of aftypical case at the macro scale. Flexibility exists in actual application.

The MAR exegution engine has a key role in the overall architecture and-is Tesponsible for:

— processirlg the content as specified and expressed in the MARscene, including additional|media
content provided in media assets;

— processing the user input(s);
— processing the context provided by the sensors capguring the real world;

— managing the presentation of the final result (atral, visual, haptic and commands to addjitional
actuatord); and

— managing the communication with additional services.

2= '

Physical World_ ) —— User

S - =
e
| | Context
i -
MAR

Execution
Engine

Media External
Assets Services

Figure 4 — Major components and their interconnection in an MAR system at a high macro level
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In order to detail the global architecture presented in Figure 4, the reference model considers three
analysis angles, called viewpoints: enterprise, computation and information. This viewpoint-wise
exposition permits readers, who can be interested in or focused on particular aspects or viewpoints,
to better understand the MAR architecture. The definition of each viewpoint is provided in Table 1. In
this subclause, the terms "view" and "viewpoint" are used in the context of information modelling and
establishing a reference architecture. They should not be confused with the same term that refers to
the location of the virtual camera in computer graphics or virtual environments.

The notion of view is separate from that of the viewpoint: a viewpoint identifies the set of concerns,
representations and modelling techniques used to describe the architecture to address those concerns,

and a Yiew is the result of applying a viewpoint to a particular systeml[5].

Table 1 — Definitions of the MAR viewpoints

different components in the views, the overall
structure and abstract content type, as well as
information sources.

Describes how the information is processed
inside each component. This view does not pro-
vide a full semantic and syntax of data but only a
minimum of functional elements, and should be
used to guide the application developer or stand-
ard creatQr for creating their own information
structupes.

Vig¢wpoint Viewpoint definition Topics(covered by MIAR-RM
Entergrise Articulates the business entities in the system Actors and.their roles.
that should be understandable by all stakehold- ( .
. - Potential' business models|for each actor.
ers. This focuses on purpose, scope and policies,
and introduces the objectives of different actors |Desirable characteristics for the actors
involved in the field. at-both ends of the value chain (creators
and users).
Compytational Identifies the functionalities of system compo- Services provided by each|AR main
nents and their interfaces. component.
Specifies the services and protocols thatieach Interface description for spme use cases.
component exposes to the environment.
Infornjation Provides the semantics of information in the Context information such s spatial reg-

istration, captured video gnd audio.

Content information such
objects, application behav

Service information such 4

hs virtual
our and user
interaction(s) managemenit.

s remote
processing of the context data.

6.3 |

6.3.1

General

The E

Enterprise viewpoint

terprise viewpoint (see Figure 5) describes the actors involved in an MAR

ystem, their

objectives, roles and requirements. The actors can be classified according to their role. Several types of
actors from the list in 6.3.2 can commercially exploit an MAR system.

© ISO/IEC 2019 - All rights reserved
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Key
MARATC
CA

TO
MAR EC
CC

DM
DMCP
EUP
SMCP
MARSP

6.3.2 Classps of actors

Physical World —— User

Sensors ]
@ DI EVAL

MAR Scene Context
(events, Analyzer

targets, ...) @

MAR
cC MAREC Execution
& u Engine '\Q>

External
Services

MAR authoring tools creator %O
conftent aggregator ;\\
teldcommunication operator Q
MAR experience creator Q
conjtent creator \\Q
devjice manufacturer ‘\0‘

devjice middleware/component provider \.\(\@

MAR consumer/end user profile $

seryice middleware/component provideS\Q)

MAR service provider \O

-

Figure 5 — The “Enterpri@%cl)ewpoint” of an MAR system and the main actors

Q-
C)O

6.3.2.1 Class1: prov@ of authoring/publishing capabilities

— MAR autRorin s creator: a software platform provider of the tool used to create (auth
MAR-enapl plication or service; the output of the MAR authoring tool is called MAR
represent .

or) an
scene

— MAR experience creator: a person that designs and implements an MAR-enabled application or
service.

— Content creator: a designer (person or organization) that creates multimedia content (scenes,
objects); even the end user of the MAR system can be the designer of the content.

6.3.2.2

Class 2: providers of MAR execution engine components

— Device manufacturer: an organization that produces devices in charge of augmentation and used as
end-user terminals.

10
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— Device middleware/component provider: an organization that creates and provides hardware,
software and/or middleware for the augmentation device, which can be one of the following
modules:

— multimedia player or browser engine provider (rendering, interaction engine, execution, etc.);

context knowledge provider (satellites, etc.); or

sensor manufacturers (inertial, geomagnetic, camera, microphone, etc.).

6.3.2.3 C(Class 3: service providers
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|l Class 4: MAR end user
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and processing the context, as well as performance of the AR engine. A typical case is where the
MAR experience creator specifies a set of minimal requirements to be satisfied by the hardware or
software components.

A middleware/component provider produces the components necessary for core enablers to provide
key software and hardware technologies in the fields of sensors, local image processing, display,
remote computer vision and remote processing of sensor data for MAR experiences. There are
two types of middleware/component providers: device (executed locally) and services (executed
remotely).

An MAR service provider supports the delivery of MAR experiences. This can be via catalogues that
assist in discovering an MAR experience.

11
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6.3.4 Criteria for successful MAR systems

The Enterprise-related requirements for the successful implementation of an MAR system are expressed
with respect to two types of actors. While the end-user experience for MAR should be more engaging
than browsing Web pages, it should be possible to create, transport and consume MAR experiences
with the same ease as is currently possible for Web pages.

6.4 Computational viewpoint

6.4.1 General

The Computatiomatviewpointtsee Figure 6y describes theoverattimterworking of am MAR system. It
identifies major processing components (hardware and software), defines their roles and,\ cribes
how they intefconnect. (19

Pure
Sensors

=4
=

Physical World Real World

Capturer

Sensors

MAR Scene
(events, Tracker

targets, ...) Renderer

Recognizer

Context
Analyzer Event Mapper
MAR
Execution

Spatial Mapper

Simulator Engine

o Media External
()® Assets Services

Figure 6 - Comput t@i’al viewpoint: illustrating and identifying the major computatiqnal
O&‘ blocks in the MAR system and service

6.4.2 Senscr((pure sensor and real world capturer

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

Another use of a sensor is to capture and stream to the execution engine the data representation of the
physical world or objects for composing an 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 for use 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. The captured real world data
can be in any modality, such as visual, aural, haptic. The real world data can be sensed and captured
ahead of time or remotely (not of the local space) in various formats, including 3D models, point clouds
and image-based (light field) models.
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A sensor can measure different physical properties, and interpret and convert these observations
into digital signals. The captured data can be used (1) to compute only the context in the tracker and
recognizer, or (2) to both compute the context and contribute to the composition of the scene. Depending
on the nature of the physical property, different types of devices can be used (cameras, environmental
sensors, etc.). One or more sensors can simultaneously capture signals.

The input and output of the sensors are:

— input: real world signals; and

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

The scpsorscanbecategorivedassetoubin—
Table 2 — Sensor categories
Dimension Types
1. Mpodality and type |Visual Auditory Electro-mag- |[Haptic/ |Temperature Other phys-
offthe sensed and/ netic waves |tactile ical proper-
orf captured data (e.g. GNSS) ties
2. Stlate of sensed and/ | Live Pre-captured — — — —
off captured data
6.4.3 | Context analyser: recognizer and tracker

The context analyser is composed of the recognizer and the tracker.
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cognizers and trackers can be categorized as set out in Tables 3 and 4.
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input: raw or processed signals representing the physical world and target object specification data

output: instantaneous values of the characteristics (pose, orientation, volume, etc.) of the recognized
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Table 3 — Recognizer categories

Dimension Types
1. Form of 2D image 3D primitives (points, |3D model Location (e.g. Audio  |Other
target patch lines, polygons, shapes) earth-reference |patch
signal coordinates)
2. Form of Indication Additional data suchas |— — — —
the output |only of the data type, timestamp,
event recognized |recognition confidence
event level, other attributes
3. Placeof Local system |Remote system (server, |— — — —
executio cloud pf(‘)

Table 4 — Tracker categories

Dimension Types

1. Form of 2D image patch | 3D primitives (points, 3D model Location (e.g. Other
target lines, polygons, shapes) earth-reference
signal coordinates)

2. Formof Spatial (2D, Aural (intensity, pitch, etc.) |Haptic (force, direc\[Others —
the output |3D, 6D, etc) tion, etc.)
event

3. Place of Local system |Remote system (server, — — —
execution| cloud, etc.)

6.4.4 Spatipl mapper

The role of the spatial mapper is to provide spatial r€lationship information (position, orientation,
scale and unif) between the physical space and the space of the MAR scene by applying the nedessary
transformatiqns for the calibration. The spatial reference frames and spatial metrics used in g4 given
sensor need tfo be mapped into that of the MAR Scene so that the sensed real object can be cotrectly
placed, orienfed and sized. The spatial relationship between a particular sensor system dnd an
augmented syace is provided by the MAR.experience creator and is maintained by the spatial mdpper.

The input and output of the spatial mapper are:
— input: serjsor identifier and sensed spatial information; and
— output: cqlibrated spatialinformation for the given MAR scene.

The notion of the spatiakmapper can be extended to mapping other domains, such as audio (e.g. dirgction,
amplitude, unlits, scale).and haptics (e.g. direction, magnitudes, units and scale).

6.4.5 Event{mapper

The event mapper creates an association between an MAR event, obtained from the recognizer or the
tracker, and the condition specified by the MAR content creator in the MAR scene.

It is possible that the descriptions of the MAR events produced by the recognizer or the tracker are
not the same as those used by the content creators, even though they are semantically equivalent. For
example, a recognition of a particular location (e.g. longitude of -118,24 and latitude of 34,05) can be
identified as “MAR_location_event_1" while the content creator can refer to it in a different vocabulary
or syntax, e.g. as “Los Angeles, CA, USA.” The event relationship between a particular recognition system
and a target scene is provided by the MAR experience creator and is maintained by the event mapper.

The input and output of the event mapper are:

— input: event identifier and event information; and

14 © ISO/IEC 2019 - All rights reserved
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— output: translated event identifier for the given MAR scene.

6.4.6 MAR execution engine

The MAR execution engine constitutes the core of any MAR system. Its main purpose is to interpret
the sensed data to further recognize and track the target data to be augmented, import the real world
or object data, computationally simulate the dynamic behaviour of the augmented world, and compose
the real and virtual data together for proper rendering in the required modalities (e.g. visually, aurally,
haptically). The execution engine can require additional and/or external media assets or computational
services for supporting these core functionalities. The MAR execution engine can be part of a software
application able to load a full scene description [including assets, scene behaviour, user interaction(s)]

i imulation and nracentation arnart of 4 ctandalang annlicatian with nronraaramme 1
for its presentation-orpartofastandalone application with preprogrammed behaviour.

The execution engine is a software component capable of

(1) loading the MAR scene description as provided by the MAR experience créatoer or grocessing the
MAR scene as specified by the application developer;

(2) interpreting data provided by various mappers, user interaction(s), sensors, local gnd/or remote
sefvices;

(3) executing and simulating scene behaviours; and

(4) composing and synchronizing various types of multimodal media representations [(aural, visual,
hgptics, etc.).

The input and output of the execution engine are:
— input: MAR scene description, user input(s), (happed) MAR events and external servife events; and
— oytput: an updated version of the scene description.

The execution engine can be categorized.d¢cording to the dimensions given in Table 5.

Table'5 — Execution engine categories

Dimension Types
1. Space and time 2D + time 3D + time — —
2. User interactivity Yes No — —
3. Execution place Local Remote Hybrid —
4. Number of simultaneous users Single-user Multi-user — —

6.4.7 | Renderer

The repderer refers to the software and optionally hardware components for producing, from the MAR
scene description (see 6.5.7), updated after a tick (the smallest time unit) of simulation, a presentation
output in a proper form of signal for the given display device. The rendered output and the associated
displays can be in any modality or can be a combination of multiple modalities. When multiple
modalities exist, they need to be synchronized in proper dimensions (e.g. temporally, spatially).

The input and output of the renderer are:
— input: (updated) MAR scene graph data; and
— output: synchronized rendering output (e.g. visual frame, stereo sound signal, motor commands).

The renderer can be categorized as set out in Table 6.
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Table 6 — Renderer categories

Dimension Types
1. Modality Visual Aural Haptics Others
2. Execution place Local Remote Hybrid —

6.4.8 Display and user interface

The display is a hardware component that produces the actual presentation of the MAR scene to the
end user in different modalities. Displays and Ul include monitors, AR glasses, head-mounted displays
(HMD), projectors, scent dlffusers haptlc dev1ces and sound speakers A spec1al type of dlsplay is an
actuator that ffoesT g § i order
to change sonpe propertles of the physical ob]ects or the env1ronment The Ulis a hardware component
used to captyre user interaction(s) (touch, click) for the purpose of modifying the state‘of the MAR
scene. The Ul fequires sensors to achieve this purpose. However, these sensors can have-d similagf usage
as those known as pure sensors. The difference consists then in the fact that the only)physical|object
sensed is the iser (or user’s actions).

The input and output of the display are:
— input: rerjder signals; and

— output: display output.

The input and output of the Ul are:

— input: us¢r action;

— output: ULevent.

The displays may be categorized according to their modalities, with each having their own attribptes as
set out in Table 7 to Table 10.

Table 7 — Visual display categories

Dimenfion Types
Presentakion Optical see through Video see through Projection —
Mobility Fixed Mobile Controlled —
Number ¢f 2D (mpno) 3D stereoscopic 3D holographic —
channel

Table 8 — Aural display categories

Dimension Types
Number oftirammets oo Stereo Spatiat —
Acoustic space coverage Headphones Speaker — —

Table 9 — Haptics display categories

Dimension Haptic mode

Type Vibration Pressure Temperature Other

Table 10 — UI categories

Dimension Input method
Type Click Drag and drop Touch Natural interface (voice, facial expression, ges-
tures, etc.)

16 © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=6f283750ed185bce8c98e90abb11ba94

ISO/IEC 18039:2019(E)

6.4.9 MAR system API

The MAR components defined in the Computational viewpoint may have an exposed API, thereby
simplifying application development and integration. Additionally, higher-level APIs can be specified in
order to make abstractions for frequently-used MAR functionalities and data models in the following
ways (not exhaustive):

— defining the markers and target objects for augmentation;
— setting up multi-markers and their relationships;

— setting up and representing the virtual/physical camera and viewing parameters;

— managing the sensors;

— ddtecting and recognizing markers and target objects;
— mpnaging markers and target objects;

— extracting specific spatial properties and making geometric/matrix/vector computations;
— logding and interpreting MAR scene representation;
— callibrating sensors and virtual/augmented spaces;
— mapping MAR events between those that are user-defined and those that are system{defined;
— manipulating the MAR scene for its dynamic simulation;
— hdndling user inputs; and

— mapking composite renderings and synchfonizing for specific displays, possibly in different
modalities.

Such APIs are designed to simplify the dévelopment of special-purpose MAR systems.
6.5 Information viewpoint

6.5.1 | General

The Infformation viewpaint provides some key semantics of information associated with the different
compdnents in other viewpoints, including the semantics of input and output for each Jomponent, as
well ag the overall'structure and abstract content type. This viewpoint does not provide d full semantic
and syjntax of data but only minimum functional elements, and it should be used to guide the application
developer or-standard creator in creating their own information structures. For somg components,
standqrds‘ave already available providing full data models.

6.5.2 Sensors

The sensor component is a physical device characterized by a set of capabilities and parameters. A
subclass of sensors is the real world capturer whose output is an audio, video or haptics stream to be
embedded in the MAR scene or analysed by specific hardware or software components. Sensors may be
used to capture the real world off-line or remotely, in which case the output of the sensors forms a real
world object or scene representation (rather than a stream of instances).

Additionally, several parameters are associated with the device or with the media captured, such as
intrinsic parameters (e.g. focal length, field of view, gain and frequency range), extrinsic parameters
(e.g. position and orientation) and resolution, sampling rate. The captured audio data can be mono,
stereo or spatial. The video can be 2D, 3D (colour and depth) or multi-view. As an example, Table 11
illustrates possible sensor specifications.

© ISO/IEC 2019 - All rights reserved 17
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Table 11 — Sensor attribute example

Sensor attribute Values
Identifier “Sensor 1”7, “Sensor 2”, “My Sensor”, etc.
Type Video, audio, temperature, depth, image etc.
Sensor-specific attributes 120° (field of view), 25 (frequency), 41 000 (sampling rate), etc.

The input and output of the sensors are:
— input: the real world (no information model is required); and

— output: s tadata

such as ppsition or tlme or to be processed and used asa representatlon for the real world/( bject),
‘ tream,
force). If fised as an off-line real world capture, the output is a complete real world object of scene

6.5.3 Recognizer

There are twg types of information used by the recognizer: the output fromhe sensor compongnt and
the target phlysical object representation. By analysing this information;)the recognizer outputs an
MAR event.

— Input: the input data model of the recognizer is the output of the-sensors. In addition, anothef input
to the redognizer, the target physical object data, should centain an identifier indicating th¢ event
when theg presence of the target object is recognized. The“target physical object data may also
include rgw template files (such as image files, 3D model files, sound files) and/or a set of fleature
profiles used for the recognition and matching process:

— The types of features depend on the algorithms tised by the recognizer; for instance, it can He a set
of visual feature descriptors, 3D geometric feattires, etc.

— Output: the output is an event that at least identifies the recognized target, and optionally prjovides
additiond|l information that should follow a standard protocol, language and naming conventjon. As
an example, Table 12 and Table 13 illustrate possible event specifications.

Table.12 — Target physical object attribute

Sensor fattribute Values

Recognition eyent identifier “Image_1", “Face_Smith”, “Location_1", “Teapot3d”, etc.

Raw template [file and datd hiro.bmp, smith.jpg, teapot.3ds, etc.

Feature set definition Set of visual features, set of aural features, set of 3D geometry features, eftc.

Table 13 — Attributes for the recognizer output

Attribute Values

Identifier “Event 1”, “Location 1”, “My_Event”, etc.
Type Location, object, marker, face, etc.
Value Paris, Apple, HIRO, John_Smith, etc.
Timestamp 12:32:23,02:23:01
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There are two types of information used by the tracker: the sensors’ output and the target physical
object representation. By analysing this information, the tracker outputs an MAR event.

— Input: the input data model of the recognizer is the output of the sensors. In addition, another
input to the recognizer, the target physical object data, should contain the same elements as the

recognizer.

— Output: a continuous stream of instantaneous values of the characteristics (pose, orientation,
volume, etc.) of the recognized target signals (see Table 15).

Table 14 — Attribute for the tracker output

Attribute

Values

Identifier (of the stream of tracking data)

» o«

“GNSS_location_stream”, “Marker_location: strear
orientation_stream”, etc.

h”, “Object_

Type

Location, object, marker, face, etc:

Trackipg data (elements of the stream)

Inertial position, 4x4 transformation matrix, cury
level, current force level, etc:

ent volume

Optiorjal:
timestamp

12:32:23,02:23:01

6.5.5 | Spatial mapper

In ordpr to map the physical sensor space into thesMAR scene, explicit mapping infort
be supplied by the content or system developer. The'spatial mapping information can b
a tablg (see Table 15), with each entry characterjzing the translation process from one
spatial property (e.g. lateral unit, axis directien, scale) of the sensor to the given MAR scg
uniqug table defined for a set of sensors andian MAR scene.

Table 15— Spatial mapping table example

nation should
e modelled as
aspect of the
ne. There is a

Sensor 1

MAR scene 1

ID_23% (Sensor ID)

MyMarkerObject_1 (a scene graph node)

Sensol position and orientation

T (3,0; 2,1; 5,5), R (36°, 26° 89°). Used to convert from physid
scene space (align the coordinate systems)

al space to the

Scalein (X, Y, Z)

(0,1; 0,1; 0,1). Used to convert from physical space to the scen
the coordinate systems)

e space (align

6.5.6 | Eventmapper

In ordpr.to' map MAR events as defined by the content developer or specified within the MAR scene

representation, as well as events identified and recognized by the recognizer, a correspondence table is
needed. Table 16 provides the matching information between a particular recognizer identifier and an
identifier in the MAR scene. There is a unique table defined for a set of events and an MAR scene.

Table 16 — Event mapping table example

Event set

MAR scene event set

Location =(2.35, 48.85)

Location= Paris, France

R_event_1

My_Event_123

Right_Hand_Gesture

OK_gesture

© ISO/IEC 2019 - All rights reserved
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6.5.7 Execution engine

The execution engine has several inputs. The main input is the MAR scene description that contains all
information about how the MAR experience creator set up the MAR experience, such as:

— scene description, including for real/virtual objects and spatial organization;
— scene behaviour;
— specification of how real world/object is captured or represented;

— specification of the representation of the real objects to be detected and tracked (targeted for
augmentati i i iati tween
the reprepentation of the real objects and their corresponding synthetic assets;

— the calibijation information between the sensor coordinate system and the MAR sceng-coor|dinate
system (supplied to the spatial mapper);

— the mappfng between identifiers or conditions outputted by the recognizer or, tfacker and el¢gments
of the MAR scene graph (supplied to the event mapper);

— the set offsensors and actuators used in the MAR experience;

— the way in which the user may interact with the scene;

— synchronlization requirements on multimodal input or outpuf-data;

— augmentdtion output style and its dynamics; and

— access toremote services like maps, image databases,processing servers, etc.

The executior} engine output is an “updated” scene graph data structure.

6.5.8 Rendgrer
The input of the AVH (aural, visual and hapti€) renderer is an updated scene graph.

The output isfa visual, aural and/or haptic stream of data to be fed into display devices (such as 3 video
frame, stereolsound signal, motor command, pulse-width modulation signal for vibrators).

The MAR systlem can specify vdrious capabilities of the AVH renderer (see Table 17), so the scene|can be
adapted and dimulation performance can be optimized. For instance, a stereoscopic HMD and a mobile
device can rdquire different rendering performances. Multimodal output rendering can necefsitate
careful millisecond-leyéktemporal synchronization.

Table 17 — Main types and properties of renderer

Renderer type €apabilitiesdimensions———————————
Visual Screen size, resolution, FOV (field of view), number of channels, signal type
Aural Sampling rate, number of channels, maximum volume
Haptic Resolution, operating spatial range, degrees of freedom, force range

6.5.9 Display and user interface

The input to the display is a stream of synchronized visual, aural and/or haptic data, and the output,
presentation display to the end user.

The input to the Ul module is the user/user’s action, and the output is a set of signals, as detected by the
associated sensors, to be sent to the execution engine in order to update the scene.
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Table 18 summarizes, in the form of a classification framework, major attributes and possible values
of the system components of an MAR system as seen from various viewpoints. It serves to translate
abstract MAR-RM concepts into real world MAR implementations.

Table 18 — MAR component classification framework

Component Dimension Types
Pure sensors |Modality Visual Auditory Electromag- Haptic/ Other
netic waves tactile physical
fe-g-GNSS) properties
Source type Live Pre-captured |— = y\q =
Real World Modality Visual Auditory Haptics prop- |Other ('1/ —
capturer erties
Form of visual Still image |2D video 3D video (video 3]@Qsh Other
modality + depth) ,
Source type Live Pre-captured |— P C) — —
Recognizer Form of target Image 3D primitives |3D mode1\§</ Location (e.g. ||Other
signal patch O earth- referencq
) \% coordinates)
Form of the out- |Recog- Additional —6\ ) — —
put event nized or  |data: type b
not tlmestam
recogniti
confi %
level er
utes
Execution pace Local v\Remote = = =
Trackpr Form of target Image \Q) 3D primitives |3D Model Earth- refer- Other
signal pat ence coordi-
¥ nates
Form of the out- :S‘ﬁatial Aural (intensi- [Haptic (force, |— =
put event (2D, 3D, ty, pitch, etc.) |direction, etc.)
6D, etc.)
Execution-place Local Remote — — —
Spacelmapper |Spaceftype Spatial Audio Haptics Others —
Eventjmapper |Modality Visual Temporal Aural Location Others
Execufion Space and time 2D+t 3D+t — — —
enging User interactivity |Yes No — — —
Execution place Local Remote Hybrid — —
Number of simul- [Single-user|Multi-user = = =
taneous users
Renderer Modality Visual Aural Haptics Other —
Execution place Local Remote Hybrid — —
Visual display |Presentation Optical see | Video see Projection — —
through [through
Mobility Fixed Mobile Controlled — —
Number of chan- |2D (mono) |3D stereo- 3D holographic |— —
nels scopic
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Table 18 (continued)
Component Dimension Types

Aural display |Number of chan- |Mono Spatial — — —
nels
Acoustic space Head Speaker — — —
coverage phones

Haptics Dis- |Type Vibration |Pressure Temperature |— —

play

Ul Interaction type |Touch Click Drag Gesture Other

8 MAR system classes

8.1 General

This clause uses the component classification framework provided in Clause 7‘to9~describe geveral
higher classe$ of MAR application or services. Each class focuses on parts of the system architecture
and provides [illustrations of how to use the reference model. The possible system class examp|es are
illustrated in|Table 19. An instance of an MAR system can also be a combination of several dlasses.
Detailed desdriptions of some of the examples in the table are given in'872 to 8.6. While the vyjarious
system classefs described in this clause are illustrative, they are not exhaustive.
Table 19 — MAR system class examples

MAR Class V Systems augmenting the 2D visual data captured by one or more real cameras

Systems augmenting the 2D visual data continuously captured by one or more real ¢gamer-
MAR Class V-R . .

as and reconstructing the 3D environmyent
MAR Class 3DV Systems augmenting the 3D visual data captured by one or more cameras and/of

depth cameras
MAR Class G Systems using global position System to register synthetic objects in the real world
MAR Class A Systems augmenting thejaural modality
MAR Class 3DA Systems augmentingthe scene by using 3D audio data
MAR Class H Systems augmenting the haptic modality
8.2 MAR (C]ass V — Visuallaugmentation systems
8.2.1 Localrecognition'and tracking
The device detectsithe presence of target resources (images or their corresponding descrjptors)
(see Figure 7 i

and scaling)

im awideo stream, optionally computes the transformation matrix (position, orie

objects. The video can be the result of a real-time scene capture using a local camera, a remote video
source or a video track stored in the device. The content specified in the Information viewpoint is:

— URLs to target images (compressed, raw or corresponding descriptors);

— URL to the video stream (a local camera, a local video track or a remote video resource);

— media used for the augmentation; and

— optionally a 2D region (in the video frame) to be considered in the recognition process and delay
constraints.

22
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Figure 7 — Local recognition (and é@gﬂng for the pose matrix)

ing to the MAR component classification Séﬁ&ne in Clause 7, this system class has
teristics: %

)
re sensors - visual; $

.\Q)
]l world capturer - visual, 2D Vgﬁ);
b\

cognizer — image patch, rec@mtlon event, local;
hcker — image patch, spagl»él event, local;

ace mapper - sp:ﬁ?,§

ent mapper —visual;

ecutionﬁ?ne -local, 2D +t;
nde@ visual; and

the following

— Vi

8.2.2

1},\ dicp]qy — 2D mono

Local registration, remote recognition and tracking

The device sends the target resources (images or their corresponding descriptors) and the video stream
sampled at a specified frame rate (provided by a local camera, a local video track or a remote video
resource) to a processing server which detects and optionally tracks the target resources in the video
stream (see Figure 8). An ID mask and the computed transformation matrix of the detected resources
are returned. The content specified in the Information viewpoint is:

— URLSs to target images (compressed, raw or corresponding descriptors);

— URL to the video stream (a local camera, a local video track or a remote video resource);

© ISO/IEC 2019 - All rights reserved
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— the format in which the video data are sent to the processing server (raw/compressed image or the
corresponding video frame descriptors);

— media used for the augmentation;
— URL to the processing servers; and

— optionally, a 2D region (in the video frame) to be considered in the recognition process and delay
constraints.

In addition, a communication protocol has to be implemented between the MAR execution engine and

the processing servers.
/ End-user Device \
/ MAR Execution Engine\

Augmentation Media (1) N x [target resource, type, ID]
e i e e e e e
Target Resources
MAR i (4) RTR Indexes (+PM)
- Video Si
Experience Samkad
Creator + Image/ Descriptor
| mode | BERaSdEESN
Conten': Creator Y™ W e
» recognition region (3) | compressed)
edelay constraints || o AN | ___

Video Frame
or Descriptors |

Processing Server URL

Live video camera (strea Prerecorded video

Local or remote live, Local or remote pre-

video camera recorded video file
0\v|

Figure 8 — Local regi@mtion, remote recognition and tracking

o)
According to the MAR componer&lassification scheme in Clause 7, this system class has the following
characteristigs: @)

— pure sendors - visual; C)
— real world captur@Q"visual, 2D video;

— recognizgr - @e patch, recognition event, remote;

— tracker - &gn pafr‘h’ cpafi:\l event remote;

— space mapper - spatial;

— event mapper - visual;

— execution engine - local, 2D + t;
— renderer - visual; and

— visual display - 2D mono.

8.2.3 Remote recognition, local tracking and registration

The device sends video frames in a format that can be specified by the MAR experience creator (from
a local camera capture, a local video track or a remote video resource) to a processing server that
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is analysing the data and detects one or more target resources that are stored in its local database
(see Figure 9). The server returns the position and size of one or more target resources detected in the

frame, as well as the augmentation content (virtual objects, application behavio

ur). By using position

and size, the device crops the target images from the frame and uses them for local tracking. The

content specified in the Information viewpoint is:

URLs of the processing servers;

corresponding video frame descriptors); and

URL to the video stream (a local camera, a local video track or a remote video resource);

the format in which the video data are sent to the processing server (raw/compressed image or the

oftionally, a 2D region (in the video frame) to be considered in the recognit
constraints.

In add
the pr

jtion, a communication protocol has to be implemented between the M
cessing servers.

7-;Nil ART’___’_ . Video Source
Experience LEINNELTILTEEIN = ey prihitheter
Creator T Image/ Descriptor mode _.E))_G_et_ls_et_ server
Content PUTEEEEEEIE °C°"¢ . paramelors
Optional

-
7 1Still Image (raw or

p

~Creator

« recognition region
« delay constraints

Video Frame
or Descriptors

1

Prerecorded video
Local or remote pre-
recorded video file

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

ion ess and delay

REDs

Q

97
@Xecutl

Q
O

bn engine and

Accorgd

@ire 9 — Remote recognition, local tracking and registration

the following

charadt cs:

inggg%e MAR component classification scheme in Clause 7, this system class has

pure sensors - visual;

real world capturer - visual, 2D video;

recognizer - image patch, recognition event, remote;
tracker - image patch, spatial event, local;

space mapper - spatial;

event mapper - visual;

execution engine - local, 2D + t;

renderer - visual; and
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— visual display - 2D mono.

8.2.4 Remote recognition, registration and composition

The device sends a video stream (from a local camera capture, a local video track or a remote video
resource) to a processing server that is analysing the data and detects one or more target resources
that are stored in its local (or remote) database (see Figure 10). Additionally, the processing server
does the composition and rendering of the video frames, and sends back to the device the composed
(augmented) video stream. The content specified in the Information viewpoint is:

— URL to the video stream (a local camera, a local video track or a remote video resource);

— URL to thle processing servers; and o

N
— optionally, a 2D region (in the video frame) to be considered in the recognition prp@s ajnd the
number df frames per second expected from the processing server. Q-

In addition, afcommunication protocol has to be implemented between the MAR e@ltlon engipe and

the processinf server.
/ End-user Device

/ MAR Execution Engine

(3) Augmented Stre:

= ﬁ:M AF {;f . Video Source
= (ol={[{ale-1 | Processing Server URLs

Creatcr + Image/ Descriptor mode
Content

~ Creator

m  Scene AN A | ettt
Optional

 recognition region
» delay constraints

iStll mage (rawor |

¥

Video Frame

_Live video camera (stream) Prerecorded video
Local or remote live Local or remote pre-
O video camera feed recorded video file
Fig 0 — Remote recognition, recognition and composition

D

According to :héq&R component classification scheme in Clause 7, this system class has the folJowing
characteristids:

— pure sensors - visual;

— real world capturer - visual, 2D video;

— recognizer - image patch, recognition event, remote;
— tracker - image patch, spatial event, remote;

— space mapper - spatial;

— event mapper - visual;

— execution engine - remote, 2D + t;

— renderer - visual; and
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— visual display - 2D mono.

8.2.5

MAR C(lass V-R: visual augmentation with 3D environment reconstruction

The device sends a video stream to a processing server (or local client) that is analysing the data and
detects one or more target resources that are stored in its local (or remote) database. At the same time,
3D reconstruction algorithms are applied (typically a variant of SLAM: simultaneous localization and
papping), reconstructing part of the environment in which the augmentation is carried out. The 3D
information obtained is used to help detect, track and make the spatial augmentation possible.

The co

ntent specified in the Information viewpoint is:

— URL to the video stream (a local camera, a local video track or a remote video resour

Accorq
charad

— py
— Tre
— Te
— tr
— sp
— eV
— eX
— Te

— Vi

8.3 MAR type 3DV: 3D video systems

8.3.1

The d
condit
render]
examp
detect

tionally, URL to the processing servers;

ing to the MAR component classification scheme in Clause 7, this system-¢lass has
teristics:

re sensors - visual;

b1 world capturer - visual, 2D video;

cognizer - image patch, recognition event, remote;
hcker - image patch, spatial event, remote;

ace mapper - spatial;

ent mapper - visual;

ecution engine - remote, 2D + t;

hderer - visual; and

sual display - 2D mono.

Real-time, local-depth estimation, condition-based augmentation

bvice captures.‘multi-view video and estimates depth. This representation is u
ons imposed by the content designer (see Figure 11). Once the condition is m
s the wirtual object by using the scale and orientation specified by the content
le, the'end user has an AR experience where one virtual object is displayed on a ho
edwithin a ray of 10 m. The content specified in the Information viewpoint is:

'e); and

the following

sed to detect
pt, the device
designer. For
Fizontal plane

— media used for the augmentation;

— the orientation and scale of the virtual object (uniform and/or isotropic scaling representing
physical units); and

— the condition (e.g. horizontal plane within a ray of 10 m).
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Image + depth A
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_N

|
|
4
. Camera Camera Q)Qrb |
et right N

Real world
capture

Figure 11 — Real-time, local depth estimation, condition based augmentation
According to the MAR component classification scheme in€lause 7, this system class has the following
characteristidgs:

— pure sendors - visual, other (3D depth);

— real world capturer - visual/video, other (3D depth);
— recognizgr - 3D primitives, recognition-event, local;
— tracker - [3D primitives, spatial event, local;

— space mapper - spatial;

— event mapper - location, local;

— executior] engine ~lécal, 3D + t;

— renderer |- visual; and

— visual didplay = 3D

8.3.2 Real-time, local-depth estimation, model-based augmentation

A content designer captures offline an approximation of the real world as a 3D model and then the
author's content by introducing additional 3D virtual objects registered within an approximation of
the real world (see Figure 12). The end user navigates in the real world using a multi-view camera. The
device estimates the depth and computes the transformation matrix of the camera in the real world
by matching the captured video and depth data with the 3D model approximating the real world. The
augmented scene is therefore rendered using the transformation matrix result. The content specified in
the Information viewpoint is:

— virtual objects and their local transformations in the MAR scene experience; and

— the approximation of the 3D model of the real world.
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Figure 12 — Real-time, local depth estimation, model-based augmentatipn

According to the MAR component classification sehéeme in Clause 7, this system class has|the following
charadteristics:

— pyre sensors - visual, other (3D depth);

— repl world capturer - visual/video,-ether (3D depth);

— refognizer - 3D model/primitives, recognition event, local;
— tracker - 3D model/primitives, spatial event, local;

— spjace mapper - spatial;

— evlent mapper - location, local;

— execution enginie - local, 3D + t;

— rephderer="visual; and

— visualdisplay - 3D.

8.3.3 Real-time, remote depth estimation, condition-based augmentation

Example: the end user has an AR experience where one virtual object is displayed on a horizontal plane
detected within a radius of 10 m.

The device captures multi-view video and sends synchronized samples to a processing server that
estimates the depth (see Figure 13). This representation is sent to the device and the server uses it to
detect conditions imposed by the content designer. The server also sends the transformation matrix
that the device uses to render the virtual object by using the scale specified by the content designer.
The content specified in the Information viewpoint is:

— media used for the augmentation;
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— the orientation and scale of the virtual object (uniform and/or isotropic scaling representing

physical units);
— the condition (e.g. horizontal plane within a ray of 10 m); and

— URL of the processing server.

/ Mobile Device \
/ MAR Execution Engine \

Condition
Orientation + Scale MAR

Processing server ={el=s =0 (+ camera parameters)
URLs

Creator -+ Content

N

Figure 13 — Real-time, remote-depth estim%‘l‘on, condition-based augmentation

&

According to the MAR component classification me in Clause 7, this system class has the fol

characteristids: O

| X0
— pure sengors - visual, other (3D depthli
— real world capturer - visual/vide@}b‘ctiler (3D depth);
— recognizgr - 3D primitives, @ognition event, remote;
— tracker -[3D primitives, ial event, remote;
— space mapper - sp ;

— event mapper ation, local;

— execution] g&ine ~local, 3D + t;

owing

— renderer - visual; and

— visual display - 3D.

8.3.4 Real-time, remote-depth estimation, model-based augmentation

A content designer captures offline an approximation of the real world as a 3D model and then authors
content by adding additional 3D virtual objects registered within the approximation of the real world
(see Figure 14). The end user navigates in the real world using a multi-view camera. The captured video
stream is sent to the processing server, which computes the depth as well as the transformation matrix
of the camera in the real world. Information is sent back to the device that uses them for augmentation.

The content specified in the Information viewpoint is:

— virtual objects and their local transformations in the MAR experience;
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— an approximation (3D model) of the real world; and

— URL of the processing server.

/ Mobile Device
/ MAR Execution Engine

—— e 3D approx. of
-~ MAR EXperience =g

Creator + Content

Processing server

~ Creator g

Camera
nght

Rea
capt

Figure 14 — Real-time, remote-depth estlréqon, model-based augmentation

According to the MAR component classification sGQé\ne in Clause 7, this system class has|the following
charadteristics: (%)

&

— pyre sensors - visual, other (3D depth);

8&1@ (3D depth);

— refognizer - 3D model/primitives, recognition event, remote;

— repl world capturer - visual/vide

N .
— tracker - 3D model/prlrr}lﬁves, spatial event, remote;

— splce mapper - spa@

— eveent mapper —]o« tion, local;

— execution&?‘me -local, 3D + t;
— re nde@visual; and

— vigualdisplay - 3D.

8.3.5 Real-time, multiple remote user reconstructions, condition-based augmentation

A content designer captures offline an approximation of the real world (or just a virtual world) as a 3D
model and then authors content by adding in additional 3D virtual objects, including remotely captured
users (e.g. live human models), registered within the approximation of the real world or virtual world.

The end users “co-exist”, navigate, interact and communicate with one another in the reconstructed or
virtual world using various sensors. Conditions are used to make proper augmentation in a spatially
consistent manner by the content designer. The content specified in the Information viewpoint is:

— virtual objects and their local transformations in the MAR experience;

— an approximation (3D model) of the real/virtual world; and
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— URL of the processing server and local user capturing server.

According to the MAR component classification scheme in Clause 7, this system class has the following
characteristics:

— pure sensors - visual, others (3D depth);

— real world (user) capturer - visual/video, other (3D depth);

— recognizer - recognition event;

— tracker -

3D model/primitives, spatial event, remote;

— Space ma
— eventma
— executior]
— renderer

— visual dig

8.4 MARC

pper - spatial;
bper - local;
engine - local, 3D;
- visual, multimodal; and

play - 3D, others.

lass G: points of interest (POI) — GNSS-based systéms

8.4.1 Cont

nt-embedded POIs

An MAR execfition engine is used by the end user to open an MAR file containing (locally in the
ecific region (see Figure 15). The POIs are.filtered with respect to user prefereices as

POIs from a

follows. Eith

preferences o
The POIs corl
describes hoy
instances and
viewpoint is:

— POl data;
— themap

— user pref

the engine has access to a local resource, (file) containing predefined POI-relate
the engine exposes an interface allowing users to choose (on the fly) their prefel
'esponding to the user selections and\preferences are displayed. The MAR conte
v the POIs are displayed, either onthe map or in AR view, by creating “map m
| using the metadata provided.by the POIs. The content specified in the Infor}

harker shape (represSentation) referenced by the MAR execution engine; and

brences (optional):

scene)

d user
ences.
nt also
arker”
mation

32

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=6f283750ed185bce8c98e90abb11ba94

ISO/IEC 18039:2019(E)

/ Mobile Device \

/~ | MAR Execution Engine \

J{81=111=1al#.=1 | Augmentation media
Content I8

ealo

coordinates
Registration
i

Scene/World 1

or | 4

=4

AN
™ = T%/s rmation Matrix

N\
Figure 15 — Content-embeddéd POI
N

)
According to the MAR component classification scheme § “lause 7, this system class has|the following
charagdteristics: Q

— pyre sensors - GNSS; s\§

— repl world capturer - visual, 2D video; \\Q@
— refognizer - location, recognition eve\@,ﬁocal;
— tracker - earth reference, spatia,k@yent, local;
— spjace mapper - spatial; \C\)j“
— evlent mapper - location;

— eXecution engineé}(o)% 2D +t;
— repderer - vis@b

— visual di - 2D mono; and

— ajra@jplay - mono.
N

8.4.2 Server-available POlIs

An MAR execution engine is used by the end user to open an MAR file (see Figure 16). One or multiple
URLs to POI providers are specified in the MAR content. The POIs are filtered with respect to user
preferences as follows. Either the engine has access to a local resource (file) containing predefined
POIl-related user preferences or the engine exposes an interface allowing users to choose (on the fly)
their preferences. The POls corresponding to user selections and preferences are requested from the
specified URLs and displayed. The MAR content describes how POls are displayed, either on the map or
in AR view, by creating MapMarker instances and using the metadata provided by the POIs. The content
specified in the Information viewpoint is:

— URLs of the POI providers; and

— MapMarker shape and representation.
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In addition, a communication protocol should be established between the MAR execution engine and

the POI provider.

/ Mobile Device \

MAR Experience Augmentation media
Creator + Content o

f ' MAR Execution Engine \

Scene/World
coordinates
Registration

TM = Transformation Matrix

O
&
o

Figure 16 — Server available POI

N

tent server

According to the MAR component classification scheme in Clause 7, d{}@ystem class has the fol
O)

characteristids: <<
— pure sengors - GNSS; QQ
— real world capturer - visual, 2D video;
— recognizér - location, recognition event, local; %
y ; O

— tracker -|earth reference, spatial event, loc?%$
4\
xO

— event mapper - location, remote; ,\(\}‘

— space mapper - spatial;

— execution] engine - local, 2D +t;,

— renderer |- visual; O®
@)

— visual digplay - 2D mono;and

— aural display - m

8.5 MAR &/ﬁ.’audio systems

8.5.1 Local audio recognition

owing

The device detects the presence of a sound (or the corresponding descriptors) in an audio stream
(see Figure 17). Audio can result from a real-time capture using a local microphone, a remote audio
source or a prerecorded audio stored in the device. The content specified in the Information viewpoint is:

— media used for the augmentation;

— target audio samples (or the corresponding descriptors);

— the URL to the audio stream (microphone, remote audio source or local track); and

— optional: the recognition frequency and the audio sequence size.
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Figure 17 — Local audio recogmt@/

ing to the MAR component classification scheme in Cla;gé&, this system class has|
teristics: << @)
re sensors - auditory; QQ
hl world capturer - auditory; \\

p y 5\0.
cognizer — other (auditory signal), local®®
ent mapper - aural, local; . ®$

4\

ecution engine - local;

8 \Q

hderer - visual, aural; . (\}‘

o

bual display - 3D; and .

Remote@t‘@}o recognltlon

vice s the audio stream (provided by a local microphone, a local audio trac
Fesotirce) or corresponding descriptors to a processing server, which detects tar

| +
htent server

the following

K Or a remote
get resources

red in its local (or remote) databases in the audlo stream (see Flgure 18) A

timestatips

content spec1f1ed in the lnformatlon v1ewp01nt is:

dio metadata,
eturned. The

— URL to the audio stream (local microphone, a local audio track or a remote audio resource);

— URL to the processing server; and

— optionally, the recognition frequency and the audio sequence size.

In addition, a communication protocol has to be implemented between the MAR execution engine and
the processing server.
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Figure 18 — Remote audio recéﬁition

According to the MAR component classification scheme ig&@use 7, this system class has the following
characteristids: 1%

— pure sendors - auditory; $\\S\
— real worldl capturer - auditory; A’\Q)
— recognizgr - other (auditory signal), Qtiﬁote

— event mapper - aural, remote; C)\\

— executior] engine - local; @ ’

— renderer [- visual, aural'C)

— visual digplay - BDQn

— aural display = %no
O

8.6 MARty&&DA#-D-aud-i-o-syst&ms—

8.6.1 Local audio spatialization

The device computes the spatial audio data (left and right channels) by using the original audio
data and the relative position between the user and the audio virtual object used for augmentation

(see Figure 19).
The content specified in the Information viewpoint is:
— target audio samples (raw or corresponding descriptors); and

— URL of the audio stream (microphone, remote audio source or local track).
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/ End-user Device \

/ MAR Execution Engine

___(0) Get server capabilities

MAR Processing Server URLs

Experience
Creator +

(2) Audio track metadata, ti

Content Optional: recognition
Creator e

Optional (0°
MIC parai

Local MIC
Capture

Figure 19 — Local audio spati\fgation

)
According to the MAR component classification scheme @ “lause 7, this system class has|
charadteristics: Q
. A\
— pyre sensors - auditory; 5\0
— repl world capturer - auditory; \\S\Q)

— refognizer - other (auditory signal),l@§;
Q\

— evlent mapper - aural, local; \O

— execution engine - local; ’\C\)j“

— repderer - visual, au@’ .

— vipual display - 3D{and

— adral display .
&

@)
9 Cmnf@ance

Confonfgfce to this reference model is expressed by describing how the aspects

Source || BV - s e =L | i~ IR '

the following

of an MAR

implementation relate to the MAR system architecture. Conformance of MAR implementations to this

document shall be demonstrated by satisfying at least the following requirements.

a) The following key architectural components, as specified in the reference model, shall be present in

a given MAR implementation:

— sensors (and real world/object capturer);
— recognizer and/or tracker;

— event mapper;

— spatial mapper;

— execution engine;
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b)

d)

10 Performance

establishes pgssible conformity issues. There are several metrics that_ean be used to bench

The system performance guideline defines the minimum operational-level of MAR systenr—%s and
MAR system, flefined at various component levels or at the global level; For the latter case, augme

— renderer; and
— display and UL

A mapping may be established and evaluated between the components of an MAR implementation
and the components of the reference model. The relationships among the implementation of these
architectural components shall conform to those in this reference model, as specified in 6.4 and
graphically depicted in Figure 6.

The interfaces between the architectural components of an MAR implementation shall contain
and carry the information specified in 6.4 and 6.5. However, the specific content, format, data
types, handshake, flow and other implementation details are at the discretion of the given MAR
implemernptatiomtoreet its Specificeeds:

The API fpr an MAR implementation shall conform to the concepts specified in 6.4.8 and®.5 i order
to ensurg compatibility and software interface interoperability between MAR implementations
can be acfomplished at least at the abstract API level.

rk an
tation

precision and speed in different operating conditions are the most.relevant. Specifying perforimance
metrics is ouflside the scope of the MAR-RM; however, several examples are provided that may be used

by other benchmarking systems:

11 Safety

the augmpntation precision can be measured by the étror between the virtual camera pararheters,
estimated by the tracker, and the correct ones, or. by the distance (in pixels) and angular distance
(in degreps) between the place where the virtual*object is displayed and that where it shduld be
displayed;

the augmpntation precision can depend much on the “calibration” process for and between various
MAR comlponents;

the lateng¢y can be measured as thetotal time needed to process the target object and prodice the
augmentdtion; and

the operating conditions (can include lighting conditions, mobility of the target object, sensing
distance find orientation,.etc.

MAR systemsd are‘wsed by human users to interact in the real world, and entail various safety fissues.
For example, mast MAR systems require the use of special displays which can distract users andlcreate
potentially dangerous situations. Minimum safety guidelines are necessary to ensure that the given
MAR system and content include components for safeguarding the user during the usage of the system.
The issue of performance is closely related to that of safety.

The development of policies or software that increase the safety of users, assets and systems reduces
risks resulting from:

38

dangerous conditions that can lead to injury of humans during MAR system use;

hardware necessary for MAR system operation that has not been safety certified for specific
environments;

lack of sufficient instructions, presentations and highlighting of information for safe and proper use
of the MAR contents;
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— distraction of attention from potential hazards in the real world;

— temporary disconnection of the network service causing false confidence in the currently presented
information;

— not considering special operational safety and health (OSH) requirements (such as in construction

Z0

nes, traffic, operating vehicles and working at height in proximity to hazards);

— human movements necessary for operating an MAR system;

— insufficient level of performance for requirements of MAR system-assisted tasks; and

12 Se

Most N

rely of network-based solutions and are prone to the usual information security proh

potent
their 1
for se

and ilformation) comparable to other digital content$ services, such as web do

syste

.0rg/p

In par
and de

— en
— en
— en

— en

13 Pi

Persor
partie
are hig
new sy

tential factors. Disruptive effects can in turn lead to disorientation, nausea, blurre
atial acuity and multiple other symptoms, which can last even after a user is ng lon
the MAR systems and services.

curity

IAR system services and implementations, like many other medern information 3

ial to mislead the user. Even as a standalone system, many-MAR applications an
ature, tend to deal with a lot of personal information and therefore pose an att
urity attacks. In general, MAR systems should exhibit a level of security (for

s (http://www.w3c.org/Security/)[37] and geospatial systems (http://www.o

vision, loss of
er immersed

ystems, often
lems and the
d services, by
ractive target
heir contents
cuments and
bengeospatial

Fojects/groups/securitywg)(38].

ficular, the MAR-RM should outline the minimum set of features and components
velopers to consider for the sake of general security:

crypt digital assets;
crypt sensor readings captured.-by MAR systems;
crypt display output as presented by MAR systems; and

crypt other communications between MAR components.

rivacy

al privaeyland potential exposure of personal information to unauthorized sys
b via cameéras or other sensors on the MAR-assisted device are out of scope of the
rhly(relevant to the adoption of MAR systems. Developers may consider how to ul
stéms and include components in their MAR systems that:

for architects

tems or third
MAR-RM, but
se existing or

— authenticate user identity (e.g. registration with an account);

— authorize system access to users’ personal data; and

— define the duration of periods during which data access and/or storage is authorized.

14 Usability and accessibility

In any information media, including the MAR, usability of the system and contents plays a very
important role beyond user acceptance. Successful commercialization often hinges on usability and
safety (see Clause 12). ISO defines usability as “the extent to which a system and/or product can be
used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction in
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a specified context of use"lé]. For a reasonable level of usability, MAR system designers should take
account of the following aspects.

Readibility/visibility: as an information medium, MAR should provide the minimum level of
readability and visibility (similarly of audibility and tactility/hapticity) of the displayed MAR scene.

Perceptual correctness: the information displayed through the MAR scene, if not designed
otherwise, should not distort the original or intended appearance, e.g. in size, depth, 3D, colour and
other perceptual qualities.

Naturalness: the displayed MAR scene should, if not designed otherwise, look natural through

situating

the augmentation harmoniously along with its neighbouring environment.

Learnabillity: how easy itis for users to accomplish basic tasks the first time they encounter the

Efficiency

- once users have learned the design, how quickly they are able to perform tasks.

Hesign.

Memorabjlity: when users return to the design after a period of not using it, how’easily thiey can

re-establ

Errors: h
from the

Satisfacti

Ergonom
displays)

sh proficiency.

w many errors users make, how severe these errors are and hgw-easily they can 1
EITOTS.

pn: how pleasant it is to use the design.

c design of hardware and interface: whether MAR devices (such as wearable sensg
are carefully designed to avoid visual, aural and haptic fatigue, stress, discomfq

interfereinces.

Accessibi
impairme

Cultural
cultures :

ity: whether the MAR system and interfaces'can be used by users with physical or co
nts.

Hifferences: whether the MAR system and interfaces accommodate users of di
ind speakers of languages other than English.

Similarly to the system performance, more specific guidelines and benchmark processes are neg
ensure and vz
ideally be conjducted under various afidjchanging operating conditions.
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lidate for the basic usabilityyand accessibility of an MAR system. Such a validation

ecover

rs and

rt and

bnitive

fferent

ded to
should
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Annex A
(informative)

AR-related solutions and technologies and their relation to the

MAR reference model

A1l

This apnex introduces examples of existing AR-related solutions and technologies.and

relate
Howey
of this
shown

A2

ISO/IE
forma
4 Part
[1SO/1
and is
conter
scenes
used t|
device
repres|
virtua
worlds
vision
accele

The A
dedic
can sp
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MPEG ARAF

pverview

to the MAR reference model. Some of these examples are commercial, trade-mar

document to either promote or publicize them. Equivalent productscmay be used
to lead to the same results.

C 23000-13(7Z] sets out the augmented reality application‘format (ARAF), which ¢
ize a full MAR experience. It consists of an extension of a subset of ISO/IEC 14496

EC 14496-1 (MPEG-4 Part 1)[9]], ISO/IEC 14496-14 (MPEG-4 Part 16)[10] and
designed to enable the consumption of 2D/3D multimedia, interactive, naturg
t. Approximately 200 nodes are standardized in MPEG-4 Part 11, allowing var
to be constructed. ARAF refers to a subset of these nodes. The data captured fr
b command actuators in ARAF are haséd on ISO/IEC 23005-5[12] data formats f
5 (MPEG-V Part 5). MPEG-VI11] pr@vides an architecture and specifies associate
entations to enable the representation of the context and to ensure interoperal
worlds. Concerning MAR, MPEG-VI11] specifies the interaction between the vir
by implementing support feraccessing different input and output devices, e.g. sens
and rendering and robogics. The following sensors are used in ARAF: orienta
ration, angular velocity, GPS, altitude, geomagnetic and camera.

AF concept is illastrated in Figure A.1. It allows the distinction between content ¢
ed authoring tools) and content “consumption” (using platform-specific AR brow
pcify the MARexperience by only editing the ARAF content.

Produce

how they are
ked solutions.

er, this document only cites and refers to such systems as mere examples: It is ndt the purpose

if they can be

an be used to
-11[8] (MPEG-

11: scene description and application engine), combined with other relevant MPEG standards

MPEG-VI11])
1 and virtual
ious kinds of
m sensors or
Dr interaction
1 information
ility between
tual and real
br's, actuators,
ion, position,

Feation (using
sers). Authors

Download

<Shape »

BT T
«Appe wance »
«malerial>
Mater il 20
o Color=*1 11" Mad="TRUE"/»
«/mad orial »

Authoring Tool

Compression

metry»
Rectangh size~"100 507/
metry»

MPEG -4 + MPEG-7 + MPEG-21 +
+ MPEG-U + MPEG-V
= ARAF, an ISO standard!

R\
MPEG Player

Figure A.1 — The content of AR application formatl[36]
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By using ARAF, content creators can design MAR experiences covering all classes defined in
Clause 7, from location-based services to image-based augmentation, from local to cloud-assisted
processing. ARAF also supports natural user interaction(s), 3D graphics, 3D video and 3D audio media
representation, as well as a variety of sensors and actuators.

A.3 KML, ARML, KARML (see Figure A.2)

KML (Keyhole Mark-up Language)[13] offers simple XML-based constructs for representing a physical
GPS (2D) location and associating text descriptions or 3D model files to it. KML has no further
sensor-related information, and thus the event of location detection (whichever way it is found by
the application) is automatically tied to the corresponding content specification. KML is structurally
difficult to exftend for vision-based AR (which requires a 3D scene graph-like structure) Et%( more
sophisticatedlaugmentation can be added only in an ad hoc way. N

Q
ARML (AR Mark-up Language)[14] is an extension to KML and allows for richer types ’Q(gme tation
for location-bpsed AR services. KARMLIL3] goes further by adding even more deco presentation
styles (e.g. balloons, panoramic images), but more importantly it proposes a met&‘L f relative ppatial
specification pf the augmented information for their exact registration. These -based apprpaches
use Open Geoppatial Consortium (OGC) standards for representing GPS landés, but for the rept they
use a mixtur¢ of non-standard constructs, albeit somewhat extensible ( \3( ps in an ad hoc why and
driven mostly by specific vendor needs), for augmentation (e.g. vs. HTM%@ 3D).

Information:

Location Text, 3D rmode!

Information:
Location Text, 3D model, Icon, Logo
URL, ...

Information:
Location Text, 3D model, Icon, Logo, URL,
Style, Panoramic image

Location Information:

Text, 3D model,

Mf rker Interaction/Behaviot, ...

Figure A.2 — Conter@dels of KML, ARML and KARML showing how they associate location
with augmentation information

A4 X3D

X3DI16] is a publicly available standard (ISO/IEC 19775-1) XML-based file format for representing 3D
computer graphics. It is a successor to the Virtual Reality Modelling Language (VRML). X3D features
extensions to VRML (e.g. CAD, geospatial, humanoid animation, NURBS), the ability to encode the scene
graph using an XML syntax as well as the Open Inventor-like syntax of VRML97, or binary formatting,
and enhanced APIs. In essence, it can be used to represent a 3D virtual scene with dynamic behaviours
and user interaction(s).

X3D was originally developed to represent synthetic and 3D graphical virtual objects and scene, but
can also be naturally extended for MAR because MAR systems are implemented as VR systems. For
example, video see-through AR systems are implemented by designating the virtual viewpoint as that of
the background (real world) capture camera and rendering the augmentation objects and background
video stream (as a moving texture) in the virtual space.
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In 2009, an X3D AR working group was set up to extend its capability for MAR functionalities. These
include additional constructs and nodes for representing live video, physical and virtual camera
properties, ghost objects, MAR events and MAR visualization.

A.5 JPEG AR (see Figure A.3)

The JPEG AR describes a mechanism of JPEG image-based AR at an abstraction level, without specifying
the syntaxes and protocols. Currently, there are three interest points in JPEG AR frameworks: interface,
application description and JPEG file format[1Z].

For the interface, four main perspectives are taken into account:

— interface between the sensor and AR recognizer or AR tracker, for which this doéuipent specifies
information to be transmitted from the sensor to the recognizer or tracker;

— interface between the AR recognizer or AR tracker, and the event handler, fot>'which this document
splecifies data and information to be composed in the recognizer or trackér-and trangmitted to the
evient handler for processing described operations according to the infermation;

— inferface between the event handler and the content repository, for which this document specifies
information and corresponding operations that the event\‘handler and content repository
manipulate; and

— interface between the event handler and renderer, for which this document specifies information to
bd transmitted from the event handler to the rendererdor displaying composite images.

1

— Sensor Actuator Display/Ul
Signal
(Image,
Useriinteraction)  ——— "~ 1 Rendered image.

| J Command Command
AR Data recognized + dese
1 . [ 1
Recognizer

Event

4\Application Description

| |
| |
i JPEG o
| AR DB |
| |
| |

{“Application Description

AR
Tracker Data tracked

(pos, direc, vol) + desc
J

Independent
AR Contents
Repository

F1gure A.3 — The JPEG AR framework architecture illustrating its main compohents[17]

A.6 ARToolKit and OSGART

ARToolKit[18] is a computer tracking library for the purpose of creating AR applications that overlay
virtual objects in the real world. It uses video tracking capabilities that calculate the real camera
position and orientation relative to square physical markers in real time. Once the real camera position
is known, a virtual camera can be positioned at the same point and 3D computer graphics models can be
precisely overlaid on the real marker. ARToolKit provides solutions for two of the key problems in AR:
viewpoint tracking and virtual object interaction. ARToolkit, which by itself does not have any scene
graph support, has been merged with an open source VR platform (with scene graph support), namely
the OpenSceneGraph (0SG)[19]. This version of OSG is called the OSGART.
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A.7 OpenCV and OpenVX

OpenCV (Open Source Computer Vision)[20] is a library of programming functions aimed mainly at real-
time computer vision. It was developed by the Intel Russia research centre in Nizhny Novgorod and is
now supported by Willow Garage and Itseez. It is free for use under the open source BSD licence. The

library is cro

ss-platform. It focuses mainly on real-time image processing. If the library finds Intel's

Integrated Performance Primitives on the system, it will use these proprietary optimized routines to
accelerate itself. As a basic library for computer vision, it is often used as a means for implementing
many MAR systems and contents.

The KHRONOS group has developed a similar standard for such a computer vision library called
OpenVX, which lends itself to hardware acceleration and higher performancel21].

A.8 QR cof

les and bar codes

QR code™ (abbreviated from Quick Response code) is the trademark for a type ofmatrix barcode

(or two-dims
a machine-re
QR code uses|

efficiently stojre data; extensions may also be used.

The QR code
greater stora
item identific

A QR code co
which can be

nsional barcode) first designed for the automotive industry in_Japan. A bardode is
hdable optical label that contains information about the item to.which it is attadhed. A
four standardized encoding modes (numeric, alphanumeric, byté/binary and kdnji) to

system became popular outside the automotive industryZdue to its fast readability and
be capacity compared to standard UPC barcodes. Applications include product tracking,
htion, time tracking, document management and MAR (as a marker).

hsists of black modules (square dots) arranged\in a square grid on a white background,
read by an imaging device (such as a camera)and processed using Reed-Solomon error

correction until the image can be appropriately interpreted. The required data are then extracted from

patterns pres

ent in both horizontal and vertical components of the image.

ok

Figure A.4

- EXample of a QR code that can be used as marker for an MAR system and corrtents
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Annex B
(informative)

Use case examples and coverage by the MAR reference model

B.1 Overview

This a
mappi
annex
of use
Equiv3

B.2 |

B.2.1
The si

hnex introduces use case categories and examples for MAR, and for each examplg
hg to the MAR system architecture and corresponding viewpoints. Some of the'us
are research output and/or commercial solutions. The information is given for th
s of this document and does not constitute an endorsement by ISO @f’the pro
lent products may be used if they can be shown to lead to the same resuits.

Jse case categories

Guide use case category

mplest and most fundamental use case category is Guide. In the Guide type of

user p
provi
Exper
a dest

B.2.2

The P
image
The us
permi

B.2.3
The C

f}es a Ul for virtual objects about which a persondsks one or more questions, often

pints sensors at a target physical object (or in a direction) and queries the systen

ences in the Guide use case category often aidwusers in learning, completing a task
nation (navigation).

Publish use case category

iblish use case category permits\a user to “author” a new virtual object in the
video or audio, and to attach this user-generated information to a real physical
er expresses an opinion, provides additional thoughts or asks questions, and othe
bsions to access the virtualebject are able to see, hear or feel it.

Collaborate use case category

pllaborate use €ase category encompasses all use cases in which there is the pl

digital
no pri

A spedific CeHaborate use case can specify the distance between users (proximity) in
use cafes,can specify categories of objects that constitute the focus of attention. For e
are ugecases in this category involving manufacturing, repairing and maintenance

assets and tWwo or more users interacting with one another in real time. In Collab
r limit toqvhere users are in the physical world with respect to one another.

provides the
b cases in this
b convenience
ducts named.

experience, a
1. The system
n a sequence.
or arriving at

form of text,
object target.
r people with

pysical world,
brate, there is

meters. Other
kample, there

pf machinery,

infrastructure or some stationary, man-made object. Other use cases in this category are multi-player
AR-assisted games.

B.3 MagicBook (Class V, Guide)

B.3.1

What it does

MagicBookl[22] is a marker-based AR system. Animated 3D models and other types of virtual objects are
added to the printed book content. It helps convey information that is difficult to express solely with
print. In addition, it allows a transition into a pure VR mode.
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B.3.2 How it works

A marker is printed in a book and viewed using a video see-through display as illustrated in Figure B.1.
The marker is recognized and tracked by the camera attached to the display.

Produce v
p— Download
by
\ - - : >‘ ' —""‘l]‘ﬁ At Sl TR
Authoring Tool DS e anCe > Compression
4;.|Fv‘_y‘-. '
«Rectang® size~"100 50"
_</geom etry
MPEG - 4 + MPEG - 7 + MPEG - 21 +
+ MPEG-U + MPEG-V MPEG Player
= ARAF, an ISO standard !

Figure B.1[— A user viewing the MagicBook using a hand-held video see-through displayl22]

B.3.3 Mapping to MAR-RM and its various viewpoints

Table B.1 mdps the key components in the MAR-RM te*the corresponding components [in the
MagicBook system.

Table B.1 |— Correspondence between MAR-RM components and major components in the

MagicBook
MAR{RM component Major components in the MagicBook
Sensgr Camera
Real-world capture Live video
Targgt physical object 2D marker

Template-based recognition, homography-based

Tracler and recognizet 2D marker tracking

Spatipl mapping Hard coded

Even{ mapping Hard coded

Execlitionrengine Hard coded

Rendprivig OpenGL

Display and Ul Video see-through and headphone

B.4 Human Pac-Man (Type G, Collaborate) and ARQuake (Class V and G,
Collaborate)

B.4.1 Whatit does

Human Pac-Manl[23] is an outdoor interactive entertainment system in which the video game Pac-Man™1
is played outdoors with humans acting as pac-men and ghosts. Virtual cookies are overlaid in the
physical environment. ARQuakel24] is an outdoor interactive entertainment system developed using

1) Developed by Nanco in 1980.
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markers. A marker is printed in a book and viewed using a video see-through display as illustrated in
Figure B.2. The marker is recognized and tracked by the camera attached to the display.

B.4.2

The uj
propet
the vij

Pac-Man game.

B.4.3

Table |B.2 maps the key components in;the MAR-RM to the corresponding compq
ARQuake system.

Tabl¢ B.2 — Correspondence between MAR-RM components and major component

ly registered in the real world and are also mapped\by their GPS coordinates. User{

Figure B.2 — View of Human Pac-Man [8] as seen(y the user

How it works

er wears a head-mounted display whose location is tracked by a GPS. Virtual c¢okies appear

tual cookies and other users (e.g. ghosts) and fvave a similar behaviour as in the

Mapping to MAR-RM and variousviewpoints

Pac-Man and AR Quake

interact with
conventional

nents in the

's in Human

MAR-RM component Major components in Human Pac- Major components in AR Quake
Man

Sensot Camera, GNSS Camera, GNSS, compass

Real-world capture Live video Live video

Target| physical object Location Location, direction, marke

Trackipg and xecognition GNSS Camera, GNSS, compass

Spatia| méapping Hard-coded earth referenced Hard coded

Event mapping Hard coded Hard coded

Simulation engine Hard coded Hard coded

Rendering Generic graphic subsystem Quake game ported

Display and Ul Video see-through, head phone, Video see-through, head phone, button
hand-held keyboard and mouse and |device
other touch sensors

B.5 Augmented haptics — Stiffness modulation (Class H, Guide)

B.5.1

What it does

In this use case, a user feels the response force of an object, as well as the augmented response force of a
virtual object. It can be used, for instance, in training for cancer palpation on a mannequinl23].
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B.5.2 How

Figure B.3 — Haptic information augmented in modulated stiffness[25]

it works

A manipulatog

-type haptic device is used to sense and capture the force from a real object. B
haptic probe gdnd the user’s hand are mechanically tracked:*A collision with a virtual object is sim
and its added|reaction force is computationally created@nd displayed through the haptic probe.

B.5.3 Mapping to MAR-RM and various viewpoints

Table B.3 ma
augmented h4

s the key components in the MAR-RM to the corresponding components in the ey

ptic system.

th the
ulated

ample

the

Table B.3|— Correspondence between MAR-RM components and major components in
augmented haptics
MAR-RM component Major components in the augmented haptics
Sensgr Force and joint sensors on the haptic manipulator
Real-world capture Force sensor
Targgt object Any 3D physical object
TracKer Joint sensor on the haptic manipulator and kinematic com-
putation
Recognizer No recognition
Spatial mapping Hard coded
Event mapping Hard coded
Simulation engine Hard coded

Rendering

In-house force rendering algorithm

Display and Ul

Haptic manipulator
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