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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electro

technical

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
take part in the work.

IEC, also

THe procedures used to develop this document and those intended for its further maintelllance are

dgscribed in the ISO/IEC Directives, Part 1. In particular, the different approval critéria n
the different types of document should be noted. This document was drafted in accordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Afftention is drawn to the possibility that some of the elements of this docurment may be th
of| patent rights. ISO and IEC shall not be held responsible for identifying any or all su
rights. Details of any patent rights identified during the development of\the document will
Infroduction and/or on the ISO list of patent declarations received (seewww.iso.org/patents)

stitute an endorsement.

Fgr an explanation of the voluntary nature of standards, the meaning of ISO specific t
ressions related to conformity assessment, as wellYas information about ISO's adheren
rld Trade Organization (WTO) principles in theTechnical Barriers to Trade (TBT) see
.org/iso/foreword.html.

This document was prepared by Joint Techifical Committee ISO/IEC JTC 1, Information te
Subcommittee SC 24, Computer graphics, image processing and environmental data representat

peded for
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Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document defines the scope and key concepts of a representation model for a live actor and
entity (LAE) to be included in a mixed and augmented reality (MAR) world. The relevant terms and
their definitions, and a generalized system architecture, together serve as a reference model for MAR
applications, components, systems, services and specifications. It defines representing and rendering
an LAE in an MAR scene, and interaction interfaces between an LAE and objects in an MAR scene. It
defines a set of principles, concepts and functionalities for an LAE applicable to the complete range of
current and future MAR standards. This reference model establishes the set of required modules and
their minfimum functions, the associated information content, and the information models that shpll
be provided and/or be supported by a compliant MAR system. It includes (but is not limited te)~the

following| content:

The objedtives of this document are as follows:

This docyment has the following document structure:

Vi

an infroduction to the mixed and augmented reality standards domain and concepts;

a representation model for including an LAE in an MAR scene;

3D delling, rendering and simulation of an LAE in an MAR scene;
attrilputes of an LAE in an MAR scene;

sensing representation of an LAE in an MAR scene;

reprgsentation of the interfaces for controlling an LAE in an MAR)scene;
functfionalities and base components for controlling an LAEin an MAR scene;
interactive interfaces between an LAE and an MAR sceng;

interface with other MAR components;

relatjonship to other standards;

use cpses.

provide a reference model for LAE representation-based MAR applications;
mangdge and control an LAE . with its properties in an MAR environment;
integjrate an LAE into,a'2P and/or 3D virtual scene in an MAR scene;

achigve interactiofn.of an LAE with a 2D and/or 3D virtual scene in an MAR scene;

provide an exchange format necessary for transferring and storing data between LAE-based MAR
applifations:

Clause 4 describes the concepts of LAE-based systems represented in MAR.
Clause 5 illustrates how a sensor captures an LAE in a physical world and a virtual world.

Clause 6 describes mechanisms to track the position of an LAE and specifies the role of a spatial
mapper between physical space and the MAR space.

Clause 7 describes mechanisms to recognize the behaviour of an LAE and specifies an association
or event between an MAR event of an LAE and the condition specified by the MAR content creator.

Clause 8 describes a scene, which consists of a virtual scene, sensing data, a spatial scene, events,
targets and so on, for an LAE.
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— Clause 9 describes how the MAR scene system renders the scene, LAE mapping, event and so on for

presentation output on a given display device.

— Clause 10 describes types of displays, including monitors, head mounted displays, projectors, haptic

devices and sound output devices for displaying an LAE in an MAR scene.

— Clause 11 identifies and describes virtual LAE, such as virtual 3D model (avatar) and virtual LAE,

such as real human model in an MAR system.

— Clause 12 makes statements regarding any system performance related issues of an LAE in MAR.

—{ Clause 13 makes statements regarding any operational safety related issues of an LAE in
—{ Clause 14 makes statements regarding any conformance related issues of an LAE infMAR

—| Annex A gives examples of representative LAE representation systems in MAR!

MAR.

© ISO/IEC 2019 - All rights reserved
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Information technology — Computer graphics, image
processing and environmental data representation — Live
actor and entity representation in mixed and augmented

reality (MAR)

1
T}

Scope

is document defines a reference model and base components for representingand con

single LAE or multiple LAEs in an MAR scene. It defines concepts, a reference model,\8ystem fr

fu
M
an

TH
a)
b)
c)
d)
e)
f)
g)

T}
an

SP

d storing LAE-related data between LAE-based MAR applications.
is document specifies the following functionalities:

definitions for an LAE in MAR;

representation of an LAE;

representation of properties of an LAE;

sensing of an LAE in a physical world;

integration of an LAE into a 2D/3D virtual seene;

interaction between an LAE and objects+in a 2D/3D virtual scene;

transmission of information related-to an LAE in an MAR scene.

is document defines a referencé.model for LAE representation-based MAR applications to

applications need to implément a specific LAE in an MAR scene, but rather defines common f

in

2
T}

Normativé references

e following documents are referred to in the text in such a way that some or all of thej

rerfaces for representing LAEs that can be used interchangeably between MAR applications]

krolling a
hmework,

hctions and how to integrate a 2D/3D virtual world and LAEs, and their interfaces, in order fo provide
AR applications with interfaces of LAEs. It also defines an exchange formatnecessary for trgnsferring

Ffepresent

d to exchange data related to LAEs in a 2D/3D virtual scene in an MAR scene. It does njot define
ecific physical interfacesmecessary for manipulating LAEs, that is, it does not define hoy specific

unctional

I content

copstitutes.requirements of this document. For dated references, only the edition cited applies. For

urj

dated’references, the latest edition of the referenced document (including any amendments

IS

3

3.

representation — Mixed and augmented reality (MAR) reference model

Terms, definitions and abbreviated terms

1 Terms and definitions

) applies.
pntal data

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

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

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

© ISO/IEC 2019 - All rights reserved
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3.1.1
augment

18040:2019(E)

lectropedia: available at http://www.electropedia.org/

ed object

object with augmentation

3.1.2

geographic coordinate system
coordinate system which is provided by sensor devices for defining a location of LAE (3.1.4)

3.1.3

head mo
HMD

device which displays stereo views of virtual reality

Note 1 to
and right ¢

3.14
live acto
LAE
represent
content o

Note 1 to
capturing

3.1.5

LAE rec:lgnizer

MAR co
generateg

3.1.6
LAE capt
MAR con
depth car

Note 1 to
backgrour

3.1.7
LAE trac

MAR cow;ponent (hardware and software) that analyses signals from LAE capturers (3.1.6) and sensd
vides some characteristics of a tracked LAE (3.1.4) (for example position, orientation, amplitudle,

and pro
profile)

3.1.8
physical

inted display

entry: It has two small displays with lenses and semi-transparent mirrors which can a@dapt to the |
yes.

Fand entity

ation of a living physical or real object, such as a human being,“arfimal or bird, in the M/
I system

entry: A live actor can be animated, moved and interacted with/virtual objects in an MAR scene
gesture from a camera. Entity refers to 3D objects and entities‘that exist in MAR content.

ponent that recognizes the output from an LAE capturer (3.1.6) and an LAE sensor, th
MAR events based on conditions indicated by the content creator

urer
ponent that captures an LAE (3.h4} in a virtual world and a physical world, which includ
heras, general cameras, 360° cameras and so on

entry: LAE’s information eancbe processed by an LAE recognizer and an LAE tracker to extr

d or skeleton.

ker

cammera coordinate system

pft

€S

hCt

rs

coordina

Y cycfnm which is prnwir]nr‘] ]‘\y a2 camera for r‘aphlring LA p(o) (Q 1 4 invhusical waorld

3.1.9
physical

J | Sl

coordinate system

coordinate system that enables locating an LAE (3.1.4) and is controlled by a geospatial coordinate
system sensing device

© ISO/IEC 2019 - All rights reserved


http://www.electropedia.org/
https://standardsiso.com/api/?name=bef4c564c6f8869a2697ae7895a0d15c

ISO/IEC 18040:2019(E)

3.1.10

virtual actor and entity

VAE

virtual reality representation of an LAE (3.1.4)

Note 1 to entry: The virtual actor and entity is obtained by a 3D capturing technique and can be reconstructed,
transmitted or compressed in the MAR scene. A virtual actor and entity can be captured in one place or
transmitted to another place in real time using holography technology.

3.1.11

world coordinate system

urliversal system in computer graphics that allows model coordinate systems to interact withrdach other

3.2 Abbreviated terms

Far the purposes of this document, the abbreviated terms given in ISO/IEC 18039 and the followjing apply.

DIPR dance dance revolution

EID event identifier

FQV field of view

GNSS global navigation satellite system

LAE-MAR  live actor and entity representation in mixed and augmented reality

R(GB red, green, blue

SOK software development kit

SIp sensor identifier

Ul user interface

UTM universal transverse mercator
VR virtual reality

4| Concepts of LAE representation in MAR

4.1 Overview

Aq illustrated in ISO/IEC 18039, MAR represents a continuum which encompasses all ddmains or
stems>that use a combination of reality (for example live video) and virtuality representations (for
ample computer graphlc ob]ects or scene) as its mam presentatlon medium[1][2]. Flgure 1 iflustrates

, , : , ding pure
real env1ronment and pure virtual environment w1th Vlewpomts of an LAE representatlon The real
environment refers to the physical world environment where an LAE and physical objects are located.
Virtual environment commonly refers to virtual reality, that is the computer-generated realistic images
and hypothetical world that replicate a real environment. Augmented reality refers to the view of the
real-world environment whose elements include LAE and objects that can be augmented by computer-
generated sensory, and augmented virtuality is the virtual environment within which physical world
elements including LAE can be mapped and interacted. In Figure 1, an LAE wears an HMD device to see
the virtual world and interacts directly with virtual objects.

© ISO/IEC 2019 - All rights reserved 3
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—— Mixed and augmented reality—l

Real Augmented Augmented Virtual
ironment reality virtuality environment

env

This clau
model (M
the syste
a charact
a general
that exist
moved or
a represe
human bé¢

Figure 1 — Mixed and augmented reality (MAR)

be describes the concepts of LAE representation in an MAR scene based on the MAR referen
[AR-RM) of ISO/IEC 18039, which includes objectives, embedding, interaction and functions
m for representing an LAE in an MAR scene. In general, an actofis an individual who portrd
br in a performance. In this case, an actor represents a humat captured by a depth camera
camera, which can then perform actions that are embedded into an MAR scene. A 3D objg
s in an MAR scene and can interact with a live actox)is called an entity. The entity can

interact with an actor’s motion via an event mappeit:’An LAE in this document is defined
ntation of a physical living actor and an object ifian MAR content or system. For examp
ings, birds and animals are all represented as LAEs in an MAR scene.

Figure 2 s
and 3D vi

Figure 2 3) shows an LAE integrated into a 2D yirtual world that is a real or virtual image. The LAE c
be captuijed from general camera and/or depth camera sensors. This subfigure shows a real-like acti
an is captured by cameras_ in a green screen studio and is integrated as an actor into a 2

where a
virtual w

Figure 2
various s

[t support

features,

Figure 2
live actor

depth car
in the vir

hows the examples of LAE representation in“‘an MAR scene which consists of 2D virtual woj
tual world that can be described as thefollowing.

brld image of the White House:

tuations, such as news studios, education services, virtual surgical operations or gamesl3]
s an integrative combination application of 3D videoconferencing, reality-like communicati
presentation/application sharing and 3D model display within a mixed environment.

') shows afsMAR scene constructed by integrating a 3D virtual world and a live actor[3]. T
interacts with objects in the 3D virtual world by using a joystick or by motion captured b}

b) shows multiple LAEs\integrated into a 3D virtual world. This scenario can be applicableli

ce
of
y's
or
ct
be
as
le,

!

bow sling

the arrow and bow shng As a resulthe can shoot at ob]ects in the v1rtual world

hera.:An HMD device is used to display 360° 3D views, including real time and real-like actign,
fual World[6] The figure shows aman in the studlo wearlng an HMD through Wthh he sees t

he

Figure 2 d) shows a virtual actor and entity with representation in the physical world[Zl. The virtual
LAE and LAE can communicate and interact with each other, for example to have a natural face-to-face
conversation. When combined with MAR, this technology allows an LAE to see, hear and interact with a
virtual LAE in a 3D virtual space, just like a real presentation in physical space.

Figure 2 e) describes the LAE representation as a bird and a dog from which it can be inferred that LAE

can be an

imals, birds or humans to be represented in MAR scene.
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a) An LAE integrated into a 2D video virtual b) Two \E\%ntegrated into a
world after Chroma-keyingl8l irtual world

DR

U
c¢) An Oihteracting with a d) Virtual representation of
virtual o in a 3D virtual worldI=] an LAE in an MAR scenelZ]

Q~
X
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e) LAE representation as a bird and a dog\\%

Figure 2 — Examples of LAE representation 119%1 MAR scene

Once an LAE in the physical world is integrated into a 3D Vﬁ@al world, its location, movements a
interactiqns should be represented precisely in the 3D virtual world. In an MAR application, an L
that needs to be embedded in a 3D virtual world shal defined and then information, such as t
LAE'’s locgtion, actions and sensing data from a handl evice, shall be able to be transferred betwe
the physical world and the 3D virtual world, and een MAR applications. This document aims

defining how an LAE can be managed and corg%{(glled with its properties in a 3D virtual world; h¢w

an LAE cqn be embedded in a 3D virtual wor ow an LAE can interact with virtual cameras, virty
objects ahd AR content in a 3D virtual ; and how MAR application data can be exchanged
heterogefeous computing environmentg.

Q
QO

4.2 Components

4.2.1 eneral COO

An LAE ih an MAR sce Oe%m be captured from the physical world, then represented in a 3D virty
world, anid can mter ith cameras, objects and AR content in the 3D virtual world according to
input of s nsmg i ation.

In order fo p a 3D virtual world with the capability of representing an LAE based on the MA
RM, the stem requires the following functions:

hd
\E
he
en
at

al
in

al

R-

— sensing of an LAE in a physical world from input devices such as a (depth) camera;
— sensing of information for interaction from input sensors;

— recognizing and tracking an LAE in a physical world;

— recognizing and tracking events made by LAEs in a physical world;

— recognizing and tracking events captured by sensors in a physical world;

— representation of the physical properties of an LAE in a 3D virtual world;

— spatial control of an LAE in a 3D virtual world;

6 © ISO/IEC 2019 - All rights reserved
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— an event interface between an LAE and a 3D virtual world;

— composite rendering of an LAE into a 3D virtual world.

Physical world MAR world User

\J

LAE capturer (depth camera, general LAE sensor (GNSS, Gyro sensor,
camera, 360° camera, etc.) phone sensor, etc.) q)Q
N

i &

#>| LAE spatial mapper Q‘
LAE tracker / ‘\
LAE recognizer 5\\,\ Renderer
LAE event ma;&@f — Display
k\
o
¥
O

.

s
. Scene description for LAE
@al‘ial scene, events, targets, etc.)

G

Figure 3 — System framework for an LAE in an MAR scene

Cdnceptually;.as shown in Figure 3, the system for implementing an MAR scene with LAEg includes
seferal comiponents necessary for processing the representations and interactions of the LAEs to be
infegrated-into the 3D virtual world. This clause provides a conceptual overview of these corhponents.
Eqch.component is described in more detail in Clauses 5 to 10.

4.2.2 LAE capturer and sensor

An MAR scene with an LAE can receive a captured image, or a sequence of captured images, and sensing
data triggered by the LAE in the physical world. The data for the LAE representation can be obtained
from sensing devices/interfaces and is classified into two types: one for the LAE, and one for the
sensing data for the LAE’s actions. The data for the LAE can be used to perform both spatial mapping
and event mapping of the LAE into the 3D virtual space, and the sensing data can be used to perform
event mapping between the LAE and the 3D virtual environment.

The MAR system can use devices such as Web cameras and depth-like devices. For Web cameras, the
sequence of images is captured and the images themselves are used as input. A depth camera is a
movement sensing interface device for capturing the movement of an LAE. The device consists of an

© ISO/IEC 2019 - All rights reserved 7
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RGB camera, 3D depth sensors, multi-array microphones and a motorized tilt. The device uses an IR
(infrared radiation) camera and an IR laser projector to take 3D depth information.

4.2.3 LAE recognizer

Recognition refers to finding and identifying the actions of an LAE in the captured image, or a sequence
of captured images, and the sensing data. When a sensor processes the output of an MAR component
and generates MAR events, the LAE recognizer identifies each event and matches the event with an
event ID from the database. The LAE recognizer analyzes signals of LAE motion or interaction from the
physical world by comparing them with a local or remote signal. Then, an event function is processed.

4.2.4 LAE tracker

Modules pre required to pre-process the captured image, or a sequence of captured images,; and the
sensing data obtained from the sensing devices and interfaces. Pre-processing exdmples include
chroma-Keying, colour conversion and background removal. Tracking an LAE refers‘to finding the
location ¢f the LAE in each image of the sequence, which can be implemented by an,image processipng
library:.

4.2.5 LAE spatial mapper

An LAE ih a physical world is embedded into a 3D virtual world in/an-MAR application. The spatjal
mapper’s|role is to support more natural movement of the LAE within the 3D virtual world. The LAE
spatial nfapper provides spatial information, such as position,“orientation and scale, between the
physical yvorld space and the MAR scene space by applying transformations for calibration. The LAE
spatial mppper maps the physical space and the LAE into the MAR scene by supplying explicit mappipg
informatjon. The mapping information can be modelled by~characterizing the translation process of a
sensor’s given information.

4.2.6 LAE event mapper

An LAE performs actions in the physical worldthat can trigger events. These actions can be reflected
in the 30 virtual world where an LAE is participating and interacting with virtual cameras, virtyal
objects and AR content. The LAE event-mapper’s role is to support the actions of the LAE. It creatles
an associption between an MAR event'and the events which are identified or recognized by the LAE
recognizgr.

4.2.7 Renderer

The results of spatial and€vent mappers for an LAE are transferred into the rendering module. This
module iptegrates the/results and a 3D virtual scene and displays the final rendering result of the
integratefl outcomes¢{ The MAR scene can be specified by various capabilities of the renderer; thus, the
scene car| be adapted, and simulation performance can be optimized.

4.2.8 Display and user interface

The final rendering result of the integrated outcomes of LAEs and an MAR scene can be displayed on a
variety of devices, such as monitors, head mounted displays, projectors, scent diffusers, haptic devices
and sound speakers. A user interface provides users with a way to modify the state of the MAR scene.
WebXRI9] is proposed to display a rendered scene on an HMD devicel10].

4.2.9 Scene representation

The MAR scene describes all information related to LAEs in the MAR environment. This information
consists of sensing data, spatial scene, events, targets and so on. The MAR scene observes the spatiality
of physical and virtual objects and has at least one physical object and one virtual object.

8 © ISO/IEC 2019 - All rights reserved
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Table 1 summarizes the inputs and outputs for the components of an LAE-MAR system based on the
discussion so far.

Table 1 — Attributes of an LAE in each component

Type
Input Output

Component

Sensor data related to representation of an
LAE

LAE capturer/

sensor Physical world signal

Raw or processed Signats TEPTesenting the
LAE (provided by sensors) and target object |Atleast one event acknowledging|the rec-
specification data (reference target to be ognition
recognized)

LAE recognizer

Instantaneous values.ofithe charakteristics

Sensing data related to the representation (pose, orientation,@aRme and so pn) of the

LAE tracker

ofan LAE recognized target'signals
LAE spatial Sensor identifier and sensed spatial informa- |Calibrated spatial information forfan LAE
mfapper tion in a given MAR scene

Translated event identifier for an LAE in a

LAE event mapper |MAR event identifier and event information .
given MAR scene

Synehronized rendering output (fpr ex-
Rénderer MAR scene data ample visual frame, stereo sound pignals,
motor commands and so on)

Display/Ul Render scene data/user actions Display output/response of user dctions

5| LAE capturer and sensor

5.1 Overview

AJ LAE in a physical world can be captured from hardware and (optionally) software sensorg that are
able to measure any kind of physical‘property. As referenced in ISO/IEC 18039, two types of sensors,
“capturer” and “sensor”, are used-toembed the LAE into the virtual world and to perform an irjteraction
bdtween the LAE and objectsdnthe virtual world. The most common “capturer” sensors are video and/
or|depth cameras which capture a physical world as a (depth) video containing live actors angl entities.
The video is used to extract the LAE and its actions to be processed by the recognizer and tracker
pronents. The actiohs) especially, can affect interaction between the LAE in the physical yorld and
J

(@)

oljects in the virtuakworld. The target physical object can generate physical or nonphysical data which
can be captureddrom a “sensor”. The (non) physical data can be used to detect, recognize and|track the
tafget physical.ebject to be augmented, and to process the interaction. The sensing data is jnput into
the recognijzer and tracker components.

5.2 LCemputational view

5.2.1 General

An LAE capturer/sensor module defines the functionalities of components and their interfaces for
sensing an LAE. It specifies the services and protocols that each component exposes to the environment.
This module provides two types of sensors, “capturer” and “sensor”, for sensing an LAE.

5.2.2 LAE capturer

Various types of cameras, including general cameras, depth cameras and 360° cameras, can be used to
capture an LAE. Figure 4 shows an LAE capturer that captures the physical world, including an LAE,
as a video, depth image, and skeleton which is used in an MAR scene. An LAE can be extracted in a
pre-processing step for the LAE tracker and/or recognizer by using video processing methods such as
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background removal, filtering and chroma-keying. An extracted LAE can not only be embedded into a
virtual world but also be used to identify an MAR event, that is, be used as input to the LAE tracker and/
or recognizer.

R — g

I

I

I

| -
I

| I

\7)

LAE capturer (general camera, depth camera, 360° came@ .
etc.)

Video, depth image, skeleton, audio information

7
S
q 07
S
07

Filtering

LAE recognizer/ LAE tracker

Figure 4 — L&capturer
xO
5.2.3 LAE sensor ’\(\’Ir

O

An LAE densor can measure various physical properties and interpret and convert the observations
into digitpl signals related to the L igure 5 shows sensor capturing actions related to LAE activitigs.
It shows that the captured data only be used to compute the context in the LAE tracker and LAE
recognizgr, or it can be used torboth compute the context and contribute to the composition of the scene,
depending on the nature OI@ hysical property or type of sensor devicellll. There are many types|of
sensors that can be used @ ntrol virtual objects, virtual cameras and augmented objects by an LAE|in
an MAR ¢gnvironment, se sensors can generate different results depending on their properties, suich
as positiqgn, directi eographic coordinate system, time, motion and so on. Especially, the output|of
sensors chn be flé d and regenerated as high-quality data.

v
%&

Background removal
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LAE Sensor for capturing actions related to LAE
activities

LAE activity in virtual world I

Position, direction, GNSS, time, motion, etc.

LAE recognizer/ LAE tracker

Figure 5 — Sensor capturing acti&@related to LAE activities

<
Aq an example, Figure 6 shows how a smart }\\@Ie can be used to generate a gyroscop

- works with accelerometer to

detect rotation of phone
Proximity sensor

o

Gravity (g)

HMD sensor ‘

Joystick/remote sensor

e Sensor,
accelerometer, digital compass, ambient light sor, proximity sensor, barometer, Hall Effect sensor,
magnetometer, pedometer and so on. A gyroseope sensor is used to generate the angular velocity of
the rotational angle per unit of time to_detect the rotation of the phone. An accelerometer|sensor is
used to measure acceleration forces and” ynamics to sense movement of the phone or vilpration. A
digital compass sensor is used to %\ t the geographic coordinate system, direction and nfavigation
information of the phone. O

@E sensor
o =
1 1
CQ : R g - H
i
Phone Sen?‘\ : B w2 ] : - Electromagnetic waves,
A4 1 1 coordinatejvalue
- Lpcation, geostation |lite information : SNy - 1 _ Latitude, Idngitude
- Rptation motion s of orientation : i - 3 )
- Afcceleromet : - provides the GNSS, direction, and 1 - Moving dirpction
- @yroscape, thagnetometer 1 e navigation information 1
5 ity light — - used to detect orientation of : - Camera, tolich
° ar%er, proximity, light sensor device and phone movement 1 - Acceleratign, velocity,
- TouTSensor T -
I motion
: - Distance depth, Gyro
Gimbal 1
Ambient light sensor :
1
1
1
1
1
1
1

- Head tracking, position tracking, user input button

generate output

Figure 6 — Examples of sensors for LAE activities

© ISO/IEC 2019 - All rights reserved

11


https://standardsiso.com/api/?name=bef4c564c6f8869a2697ae7895a0d15c

ISO/IEC 18040:2019(E)

An HMD sensor is also important for an LAE to be represented naturally in the virtual world. While an

LAE is wearing an HMD device, they can see the real-like scenes of the virtual world and interact wi

th

virtual objects by using gesture front of depth or leap motion devices. There are three types of HMD

devices, each of them providing different sensor information for an LAE:

— First, a PC HMD is a desktop peripheral that acts as an external monitor. It provides the deepest
and most immersive VR experience. It can track position and orientation smoothly, allowing for
easy calculation of the user's position, then generate real time position movement in virtual space.
Most PC HMDs come with input devices, such as a camera for tracking position or a joystick for

interacting with objects in the virtual world.

— Second, a mobile HMD is a device that can be connected via smartphone in order to visualize’t]
virtupl reality and can be customized using a built-in SDK. Mobile HMDs can provide oriéntati
and Head tracking sensing data. This type is supported strictly for smartphones.

— Third, there are other, lower-cost devices that can view the stereo scenes of virtualikeality, such

he
hn

as

a drop-in phone viewer. Drop-in phone viewers are supported by many smartphénes using simple

sterep rendering and accelerometer tracking. They can only track orientation and, therefore, do 1
provide an as smooth or immersive virtual reality experience as the first twos

ot

Head tragking allows an LAE to feel present in a 360° scene due to s€nsors, such as gyroscope,

acceleronpeter and magnetometer.

5.3 Infprmational view

Sensors receive various types of signals in the physical world,asiinputs and obtain sensing data relat|
to the refresentation of an LAE in an MAR scene.

The inpuf and output of sensors related to an LAE in an MAR scene are:
— inpuff: physical world signals and/or device signals;
— outpuit: sensor data related to representatiorrof the LAE.

Physical $ensor devices have a set of capabilities and parameters. Based on their properties, seng

devices generate wide-ranging types of sensing data, including camera intrinsic parameters (ﬂor

example focal length, field of view«lOV), gain, frequency range);camera extrinsic parameters (
example position and orientation);resolution; sampling rate; skeleton; mono, stereo, or spatial aud
and 2D, 3D (colour and depth), er multi-view video. To provide the sensing data in a universal
consistent way, sensor output ‘consists of <Identifier>, <Type>, and <Attributes>.

In order to composite a 3DWirtual space and an LAE, consideration needs to be paid to the LAE sensi
devices themselves. This’"document can use the following types of sensing devices: general camer
such as Web cameras’and depth cameras such as depth-like devices. For general cameras, the sequen
of RGB images is‘captured and the image itself is used as the sensing data. Depth cameras provide t
following} an, RGB color image, a 3D depth image, multi-array microphones and a motorized tilt. T

or

or
j0;
y-

ng
as
ce
he
he
2
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Table 2 — Input/output of LAE capturer and LAE sensor

Devices to be

Capture type/Sensor type Input Output used
Image/video
RGB camera
Video (gray, color, depth)
Depth camera
camera information
3600 image/video
3600 video Physical world 3600 camera

camerainformation

including LAES

LAE . Stereo image/video
cqpture Stereo video . . Sterep camera
camera information
Skeleton
Skeleton . : Depth camera
camera informatien
Audio signal (spatial
Audio Physical world or stereg) Micrgphone
audioinformation
EleCtromagnetic
Geographic coordinate sys- Location, geostationary J|Wwaves, coordinate
tem sensor satellite information value, latitude, longi-
tude, height
Rotation motion)chang- Electrp magnetic waves,
Gyro sensor . . coordinate value, mov-
es of orientation . . .
ing directions
Electromagnetic
Accelerometer, gyro- .
waves, coordinate
LAE scope;magnetometer,
Smartphone .. value, camera, touch,
sqnsor baremeter, proximity,

acceleration, acceler-

light sensor, touch sensor ;
ometer, motion

Electromagnetic waves,
coordinate value, dis-
tance depth, force

User input button func-

. TMa /i .
Wii remoteTMa/joystick: tion

Electromagnetic
waves, coordinate
value, motion Gyro,
accelerometer

Head tracking, position
tracking, user input
button

HMD

a | Wiiremote is an exaniple of a suitable product available commercially. This information is given for the conyenience of

uders of this documént-and does not constitute an endorsement by ISO/IEC of this product.

6| Tracker and spatial mapper for an LAE

6.1C-Overview

Figure 7 shows that an LAE, which is represented in the physical world, can be captured, and sensing
data extracted, by an LAE capturer and LAE sensor. The sensing data that relates to the LAE from the
LAE capturer and/or LAE sensor needs to be pre-processed in order to provide optimized sensing data
for doing spatial mapping of the LAE in the MAR scene. LAE capturer refers to physical world capturing
devices, such as depth cameras, general cameras and 360° cameras. The video, image, skeleton and
audio information are parsed to a pre-processing function to compose the filtering, colour conversion,
background removal, chroma-keying and depth information extraction by using the technique of
computer vision. The results of pre-processing are transmitted to an LAE tracker. Furthermore, the LAE
sensor for capturing the event of the LAE’s motion, such as position, direction, geographic coordinate
system sensing, time and motion, provides that sensing data to a filtering function. The filtering
function is used for processing the sensing data and recognizing the target object. The raw signal for
representing an LAE and target object specification data is parsed to the LAE tracker. The LAE tracker
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can track a variety of information related to an LAE, such as real camera information and the LAE itself
in the physical world[12],

Tracking data from the LAE tracker, such as camera information (FOV, position, orientation and so
on) and LAE information (chroma-keying results, skeleton, geographic coordinate system and so on.)
in the physical world, are parsed to a spatial mapper for mapping the LAE’s spatial data. The role of
the spatial mapper for an LAE is to provide spatial relationship information (position, orientation,
scale and unit) between the physical world and the world of the MAR scene by applying the necessary
transformations for the calibration of the LAE. The tracking data is mapped with a spatial scene
description to embed the LAE into the spatial scene, then the calibrated spatial information is parsed
to a scend compositing module.

I
|
| LAE capturer LAE sensor Q
! == Real world captures for an LAE (depth camera, Pure sensor of an LAE which can be
I_ P [ a general camera, 360° camera) captured event of the LAE motion DIEfFIE
V4 Display device

LAEs in thle physical world

. . L . \ description
Depth image, skeletonjvideo, audio information

Position, direction,

Filtering
- Background removal

- LAE
- Raw signal represen n LAE

Filtering

»

Renderer

- LAE’s skeleton

- Target object 5\16 ation data

LAE tracker $
2

mera information in physical world ( FOV, pogition, orientat—ion...)A

Scene
compositing

(el

Spatial mapping data

- LAE information in physical world (Chroma-keying results, skel ,
podition, orientation, GNSS...) Spatial scene description

for an LAE

LAE spatial mapper

Spatial mapping
deseription
U] - LAE information in MAR

C) (LAE mapping object, position, orientation...)

O.

Figu@%— Tracker and spatial mapper of an LAE in MAR

6.2 Computat@§;iew

The work
for an LA
sensing datafrom the ¢
world coordinate system.

Figure 8 illustrates the mapping between the physical coordinate system and the world coordinate
system, and details are provided in the following:

— Physical coordinate system refers to a coordinate system that enables locating an LAE and which
is controlled by a geographic coordinate system sensing device. This means that the coordinate
system can be extracted from the physical world through an implementation mechanism. The
physical coordinate system retrieves ground coordinates, such as latitude/longitude or UTM
coordinates, and can also measure ground distances and areas. The physical coordinate system
can be applied to any kind of object or LAE that can be related to a geographical location.
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— Physical camera coordinate system refers to an LAE capturer, which is the camera for capturing
an LAE in the physical world. The physical camera also has its own coordinates, which can provide
coordinate data to the spatial mapper.

— Object LAE refers to the position, orientation, FOV and spatial information of an LAE. The position is
the location relative to the reference point of the object/LAE in the origin of the coordinate system.
Orientation is the object’s state of being oriented with a vector quantity and rotation of the LAE.

— Spatial mapping is used for combining and mapping the object LAE in physical world coordinate
with virtual world coordinate. It provides tracking information from the LAE capturer and LAE

H A | 4+ I AL it izadt 1 1] i 1
OCIISUL TIT UT'UCTI tU 1uay LAL ITItU vII tudl wuUlL'IU 11IUT T TIdtul au_y.

Physical coordinate system Physical camera

[

[

I Y 7
Y| Z I

[

[

_____________ @ X
X r |
\ I | N7 B
\\ [ 1 - LAE tracker
N 1 I %2 - LAE recognizer
S o I | o —~
-~ . —
| =
: o LAE position, orientation : A _l
I o Spatial information l I World coordir}
I o Field of view (FOV)... ! | |
[ 1T ke e e o e o = = = = e u
| | Spatial mapping | _ ]- | |
l l - —_—-—— -.I brdinate |
I | |
| i . | S 1 | |
| | | Virtual camera <« — = ~ Virtual camera
L | R
________ _ | |
| X | S —
|_Projective coordinate l e e ——
[

system

Figure 8= Mapping between physical and world coordinate systems

The model coordinate system is the coordinate system where the entity’s object and LAE inodel are
inltialized and éréated. It is a unique coordinate space of the model. Two distinct models, ¢ach with
thi

A\

The virtual camera coordinate system is what users see on the screen and is related to a viewer which
acts as a camera. A change in the camera’s orientation and position changes what the viewer sees. The
final transformation that converts three-dimensional scenery into a two-dimensional image is called
the projective coordinate system or display coordinate system. What is perceived on screen as three
dimensional is just an illusion. It is simply a two-dimensional image making use of the projective
coordinate system.

When the image taken by the physical camera is rendered according to the position of the virtual
camera, any image distortion can be made. The MAR scene rendering involving an LAE should be done
with this in mind.
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6.3 Informational view

The LAE tracker is able to detect and measure changes in the properties of sensing data related to the
representation of an LAE in an MAR scene. Tracking information, such as position, orientation, location,
geographic coordinate system and so on, from the sensor is tracked in the physical world.

— The input and output of the tracker, as shown in Table 3, are:

— input: sensing data related to the representation of the LAE;

utput: instantaneous values of the characteristics of the recognized target signals of the LAE.

Table 3 — Tracker categories

Dimension Type Category
— Camera information
— 2D image/video of LAE
LAE capturer — Object specification data
Input
— 3D primitives (points, lines, polygons,.shapes)
— 3D mode
LAE sensor — Sensing information
— Video for LAE
— Position, orientation, volume, location
LAE capturer
Output — Haptic (force, direction and so on)
— Aural (intensity, pitch and so on)
LAE sensor — Sensor information (coordinate value, latitude and so on)
The spatifal reference frames and spatial nietrics used in a given sensor need to be mapped into that
of the MAR scene so that the sensed LAE can be correctly placed, oriented and sized. The spatjal
represenfation relationship between a particular sensor system and an MAR space is provided by the

MAR exp
— Thei
— i

— (g

brience creator and is maintained by the spatial mapper.

hput and output of the.spatial mapper, as shown in Table 4, are:
hput: sensor identifier (SID) and sensed spatial information of the LAE;

utput: calibrated spatial information of the LAE for the given MAR scene.

Table 4 — Spatial mapper input/output

Dimension Type

I L AL

HPA | Py o el dad
LAL TUCTIIUITITT al.}cu,u:u udid

— LAE consecutive spatial data

Input

— Tracking spatial data

— Spatial information

— Calibrated spatial information
Output

— Audio (direction, amplitude, units, scale)

The notion of a spatial mapper can be extended to mapping other domains, such as audio (for example
direction, amplitude, units, scale) and haptics (for example direction, magnitudes, units and scale).

16
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6.4 An example of LAE tracking and spatial mapping in MAR

Figure 9 a) shows an LAE embedded into an MAR scene without a chroma-keying function to remove the
background of the LAE in the physical scene. Figure 9 b) shows that, after applying the chroma-keying
filter on the LAE video stream, the LAE can be embedded in the MAR scene without its background.
Figure 9 c) shows an LAE moment in time in the MAR scene. The LAE can be tracked from the physical
world by the LAE capturer; and the position, orientation, FOV, coordinates and other information of an
LAE can be mapped into the spatial representation. Spatial mapping is used to map the spatial data of
an LAE and the scene description which contains the 3D virtual world.

(a) An LAE embedded into an MAR (b) An LAE embedded irthe MAR (c) An LAE movement in timp in the
scene without a chroma-keying scene without its baekground MAR scene
function to remove the background

Figure 9 — Examples of tracking'and spatial mapping of an LAE in MAR

7| Recognizer and event mapper for an LAE

7.1 Overview

Affter obtaining sensing dafa from the LAE sensor, the data go through to the LAE recognizer for
repognizing events of IAAE-gestures, object collision and so on.

The recognizer is &epmponent that analyzes sensing data related to the representation of an LAE in an
MAR scene andproduces MAR events and data activated from the LAE through comparison wijth a local
or[remote targét signal stored in the MAR scene. That is the target for augmentation.

7.2 Recognizer

Rgcognition can only be based on previously captured target signals. Both the recognizel and the
tracker can be configured with a set of target signals provided by or stored in an external resource
(for example a third-party database server) in a manner consistent with the scene definition. The
recognizer can be independently implemented and utilized. There are two types of data used by the
recognizer: the output from the LAE capturer and the output from the LAE sensor.

Figure 10 shows an event of gesture of an LAE in the physical world captured by the LAE sensor and
the LAE capturer. After filtering the LAE’s raw data, the filtered data (position, orientation, direction,
motion and so on) are parsed to the LAE recognizer for recognizing the specific target event. The LAE
recognizer is processed according to the event mapper and event description for the LAE. The event
mapping data is stored in the event description for the LAE and can be used by the LAE recognizer
according to the specific target and Event_ID. The LAE’s event information, such as Event_ID, Event_
Type and event function, is parsed to the event mapper for mapping the event. By analyzing the LAE
information, the event mapper produces the MAR event in the MAR scene. The MAR event results from
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the detection of a relevant condition from the LAE in the physical world and augmentation. The event
result is parsed to the scene compositing module and renderer in order to render the event function for
display and UI.

18
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Figure 10 — Recognizer and ev@ mapper of an LAE in MAR

hputs and outputs of the recogmzer,arﬁown in Table 5, are:

hput: sensing data related to th })resentatlon of the LAE in the MAR scene. The input d4
nodel of the recognizer is the output of the sensors. The other input to the recognizer, the L/
aw data, should contain th owing elements: first, it should have an identifier indicating t
vent when the presen :éa e LAE is recognized. Second, the LAE specification may inclul
aw template files use he recognition and matching process, such as image files, 3D moc
les, sound files a & n. Third, it may include a set of feature profiles. The types of featuy

epend on the al ms used by the recognizer. For instance, it can be a set of visual featu
escriptors B@metrlc features and so on;

utput: a t one event acknowledging the recognition, which identifies the recogniz
hrget a ptionally provides additional information that should follow a standard protod
m%{ and naming convention.

ta
\E
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es
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Table 5 — Recognizer categories

Dimension Type Category
— Camera information
Physical — 2D Chroma-keying image
Input world — Audio
— Gesture
Sensor — Sensorinformation
Physical — Eventindication only of the recognized LAE Q,\%
Optput world — Event by gesture and audio information )
Sensor — Eventindication only of the recognized LAE Ab‘\) )

'\Cb\)

7.3 Event mapper

The event mapper creates the relationship to the MAR event of an L é_‘ t is obtained from the LAE
recognizer and/or LAE tracker. It describes the MAR event that can r due to the controlling event
(gesture, movement, head tracking, sensor and so on) and the cov\a{%n specified in the MAR scene. In
order to map the MAR event within the MAR scene, as well as thejevents identified and recognized by
the LAE recognizer, Event_ID, Event_Type and eventDB (eve {(database) are needed. The event refers
to[the sequence of the controlling event of a gesture by th@E The gesturing data are recognized by
the LAE recognizer to determine the type of event, am&tb n the event function is retrieved from the
evientDB. s\

LAE recognizer/ LAE tracker

Event execution

MAR scene performing the event action$ for an

MAR scene for LAE
(spatial scene, events, targets, etc.)

-
|
|
|
|
|
|
|
|
|
|
|
|
|
|

4

Figure 11 — Procedure for controlling an LAE event in an MAR scene

After retrieving the sensing data of the LAE, the event control model proposed in Figure 11 can be
concretely developed with two modules, a recognition module and an execution module. Especially, the
objective is to obtain faster and more accurate sensing data from the LAE itself and its handling devices
in real time. If a hand gesture is used to control the events of an LAE, a depth camera, which allows
skeleton images of one or two LAEs to be tracked, can be employed as a motion-sensing input device.
Position information for the left and right hands can be obtained via depth. A position in 3D real space
is represented by three Cartesian coordinates (%, y, depth) at each joint of the skeleton. An acquired
position is first filtered to suppress image noise and then reprocessed with depth calibration and depth
cueing to reduce image flickering. Depth supports some filtering features, but the resulting object
boundaries remain very unstable and there is flickering. After all filtering processes have been carried
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out, hand

gestures are recognized by the recognition module, and the recognized event is executed by

the execution module in a virtual space, according to the gestures.

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, as shown in Table 6, are:

— input: event identifier and event information;

— output: translated event identifier for the given MAR scene.

Table 6 — Event mapper input/output

Dimension Types

— Eventinformation

Input — Eventidentifier (virtual camera control, virtual object control, AR
content control)
— Translated event identifier for the given MAR sCene
Output

— Interaction of a virtual object event

7.4 Event execution

A detectd

d event is transferred in the event class EventClass, intan execution module. If the detectpd

event is dne of the events defined in the MAR system, the eveht'corresponding to the recognized evgnt

is applied
object in

Figure 12
EventExe(

analyzing
is set as ¢

to the object in the 3D virtual space by the eventexecutor EventExecutor. In other words, the
he 3D virtual space is manipulated according to'the corresponding event function.

shows the structure for executing an event to control an object in a 3D virtual space. The clgss
utor employs registered object-contro] functions to control objects in the 3D virtual space py
events in EventClass. If a virtual object can be controlled by an event, the class EventExecufor
member of the object instance, a:callback function is created to be executed on the gesture

event for [the object, and the generated function is linked to a corresponding gesture delegate functipn
in EventEecutor based on the event type. Then, when an event occurs, the MAR system executes the
function ¢xecuteCommand, to whiclhrthe event is passed as an Event instance and executes the generatged

call back

interact with 3D virtual objectsin an MAR environment just as it can with real-world objects.

function via the corresponding delegate function in EventExecutor. As a result, an LAE cpn

20
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Recognized event

LAE_SID
LAE_EID

Event execution

Event control function
I

LAE renderer

C

exfample [Figure 13 b)], the piece od is a virtual object in the 3D MAR scene and the mg
dddge the object. If he is unsuccessful, a collision between his head and the virtual object

th
cr

.p Examples of LAE recognizing and event %ﬁﬁ)ing in MAR

7
Figure 13 shows the interaction of an LAE wi };\(;irtual objects in an MAR scenel13]. Ex
inferactions include dancing on a virtual da dance revolution (DDR)[14] stage, dodging
w

gSLr:lle, otherwise they lose. In the first e&@ﬂple [Figure 13 a)], the man moves (dances) in fr

1
MAR scene_IDs

Virtual 7 Event action_IDs
Vlricual AR content I
camera object .

control

control control I
I
I
I
I
Event scene for LAE I

(spatial scene, events, targets, etc.) | MAR sc

| em @e LAE
Figure 12 — Execution structure of everéf)erformed by an LAE

bl Y Lo

pod and walking on a balance beam. If the-LAE follows prescribed conditions accurately, the

imples of
h piece of
y win the
bnt of the

n tries to

era, the motion is captured ar&;@%music plays according to the motion of his feet. In the second

e third example [Figure 13‘%{ the man is walking in the physical world, but it appears as
pssing a balance beam in @a AR scene. If he falls, an event occurs.

pccurs. In
if he was

a) Virtual DDR dancing b) Dodging a piece of wood  c¢) Crossing a balance

beam

Figure 13 — Interaction of a virtual object in an MAR scene and Event_IDs of an LAE

Figure 14 shows events of an LAE in an MAR scene based on recognition of gestures and Event_IDs[15].
The man is embedded into the MAR scene by applying the spatial mapper and filtering with the chroma-
keying function to remove the background. The man can use his hands to create and control the events
in the MAR scene by doing hand gestures. The gestures are recognized by the LAE recognizer. The event
IDs are retrieved from the eventDB and mapped with a module/function in the MAR scene by event
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mapping. An event occurs based on an Event_ID, such as lifting the right hand creates fire, or lifting two
hands creates both fire and ice, or holding the hands together makes the fire disappear.

a) Lift a right hand b) Lift two hands c) Hold two harids

Figure 14 — Augmenting a virtual object based on event IDs of an LAE

8 Scene representation for an LAE

8.1 Overview

MAR scephe refers to a scene that represents a virtual scene“and placeholders. It serves as t

implemer]

objects. It is the observable spatiotemporal organization of physical and virtual objects that have be
tracked apd recognized by the LAE tracker and LAE recognizer functions. The scene representation c
be based pn several proposed AR related formats so far{16][17],

An LAE gvent can occur based on the LAE’s own-actions, as well as based on output obtained frg
sensing iIIterface devices handled by the LAE. The LAE can be captured from general cameras and

depth ca

eras. Its actions can be obtained bytrecognizing LAE sensing data. Meaningful events to

used in the MAR scene can be classified into.one of two types: sensing data by the LAE itself or sensi
data of d¢vices handled by the LAE. The.defined events are stored in the eventDB.

Sensing outputs captured fromra,“capturer” for the LAE

(festures — hands, fingers, head, body

Hacial expressions

peech and voiee

Sensing outputs captured from a “sensor” for the LAE

R marker

he

tation structure that combines the physical world\scene/objects and the virtual scene/

en
AN

m
or
be

tobat mavigation satettite system (GNSS)

Wii remoteTM motion data

Other sensing data by a smartdevice: three-axis accelerometer, magnetometer (digital compass)

Sensing data are used to define the events of the LAE. For example, a virtual camera, a virtual object
or an AR object in a 3D virtual space is controlled by human body gestures of the LAE. To define the
gestures more efficiently, basic primitive postures of a human body are defined, as shown in Figure 15.
The postures consist of position, vector, image and skeleton. By detecting the postures of a human body
and combining them, gestures can be defined. Three common primitive gestures of a human body can
be defined as follows: linear, wave, clockwise/counterclockwise. A variety of events for a human body
can be defined using these predefined primitive gestures.

22

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=bef4c564c6f8869a2697ae7895a0d15c

ISO/IEC 18040:2019(E)

An MAR scene describes all the information of an LAE that relates to an MAR scene and consists of a
virtual scene, sensing data, spatial scene, events, targets and so on. The MAR scene representation is
the middleware of the spatial mapper and event mapper, which observes the spatial of physical objects,
virtual objects and events. An MAR scene has at least one physical object and one virtual object.

Figure 15 shows the scene representation for handling an LAE in an MAR scene. After receiving sensing
information from the sensor, the raw signal representing the LAE and target object’s specification
data is parsed to the LAE tracker and LAE recognizer. Thus, the LAE and physical world objects can
be captured and detected. The LAE’s information can be calculated and mapped in the virtual scene
according to the LAE’s position, orientation and so on. Calibration and spatial mapping between real and
viftual objects are needed 1n an Scene. A physical wor
MAR scene by, for example, image feature, marker pattern definition, or geographic coor i
arld provides the information data/method to recognize and track the object for sema(l:j{
as[to what the object actually is. The video of the entire scene, including the backg d,

information
is processed
infa background removal function to extract the LAE and its information. The L embedded in the
virtual scene via real time streaming, and the virtual objects of the virtual scerk be inter
byl the LAE’s gesture/event according to the event of the LAE recognizer. When'there are chgnges to a
virtual object, MAR behaviour invokes the MAR event and the LAE recogné}ecogmzes then|produces
the event. O\

Sensor/device parameters are important for correctly presenting-dn MAR scene, for exgmple the
refationship of a physical world capture sensor parameter to the MAR scene viewpoint and imfage scale.
The viewpoint and image scale shall be changed according to Qe information captured by th¢ physical
world capture sensor. Q

>

Scene Representation for an LAE s\

Physical scene <
5\'\0 o}

Virtual scene - captures
- Instanta@s values of an LAE (position, LAE live video
¥ LAE position, orientation... orientati ume, etc.) r

- Raw signal representing an LAE detpcts/tracks
Target object specification data

wlEi Spatial relationship N ( LAE handling
\\ c ) ) " sensor devices
C) - Camera information (FOV, position,

C

Spatial objects
for an LAE

Sensing data obtalned orientation...)
from sensor devices _Video produces event LAE capturer

. . - Depth image
Virtual objects i

ses/changes

-LAE sensor identifier spatial data

\ -LAE consecutive spatial data
AR GV el -Tracking spatial data
& E -Spatial information

Figure 15 — Scene representation for handling an LAE in an MAR

8.2 Scene description

MAR scene description is used to perform more effective spatial mapping of and event handling of an
LAE in an MAR scene. Two types of scene description are provided.

First, spatial mapping is used for mapping spatial representation relationship information between a
physical world and an MAR scene. It describes how an LAE in the physical world can be mapped into an
MAR system. LAE information provided by the LAE tracker and/or LAE recognizer sets an LAE_ID and
initializes the spatial mapping information. The spatial reference frames and spatial metrics used in a
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given sensor need to be mapped into the MAR scene so that the LAE mapping object can be correctly
placed, oriented and scaled. As shown in Table 7, the spatial mapping information can be modelled as a
table, with each entry characterizing the transformation process from one aspect (for example lateral
unit, axis direction, scale and so on) of the spatial property of the sensor to the given MAR scenel18].

Table 7 — Scene description for spatial mapping of an LAE

Initial spatial mapping

LAEID . .
information

LAE mapping object Spatial mapping function

LAE_ID Position, orientation and so on Virtual 2D/3D object Spatial mapping from phys-
ical world to MAR scenge

Second, ¢vent mapping describes how an LAE in an MAR scene can produce an eventy)such |as
interactign, gesture, movement, voice recognition and so on. It creates an association betwéen'an MAR
event obffained by the LAE recognizer and/or LAE tracker and a condition specified in~the eventD)B.
For example, an LAE in an MAR scene can use their hands to control/interact with virtual objects py
doing hZ:Fd gestures (palms up/down, hands clutched, hands raised and so on). An-event occurs when
the LAE does the gesture or movement or handles a sensing device (for example/sinartphone, joystick
and so or). The sensor device handled by the LAE can generate the sensing data-for creating an evgnt
in the evgnt mapper. Event mapping matches the Sensor ID and Event_ID, which are retrieved from the
eventDB @s shown in Table 8. Then, it can know the type of event (Event_Type) and call a function to pe
executed

Table 8 — Scene description for event mapping of an LAE

LAEID Event ID Event type Event function

LAE_ID |Event_ID Event_Type Eventcall functions

9 Renderer

9.1 Overview

Rendering refers to the process of generating data from a 2D/3D model, updating a simulation ahd
rendering the presentation output foragiven display device. After the processes of the spatial mapyer
and even{ mapper have completed,the data are parsed to the renderer. Thus, the renderer has the job|of
rendering LAEs, virtual objects and events to a display device.

Rendering of an LAE in annMAR system needs to be done based on the type of display, such as Web
rendering to a browser~0r PC, mobile, and stereo rendering. Stereo rendering has to do with the
stereoscdpic separation of the left and right eye. Rendering needs to be smooth and in real time, basged
on the user’'s HMD,

which referstto an LAE being embedded into an MAR scene. Based on the embedding process, the
renderer pe€ds to generate a high-quality and smooth display. The second has to do with event mapping,
which refers to the events of an LAE, such as natural movement rendering, gesture, voice recognition
and so on. The renderer needs to render the event perfectly in order to produce a quality, streamlined
event. In other words, when an LAE moves or does gestures, this should be reflected in the MAR scene
in a streamlined fashion. Furthermore, the renderer needs to control problems that can occur during
LAE movement, such as moving to an unacceptable position and orientation, or gestures and movement
being too slow, which can result in low quality rendering.

There arg¢ two.ssues when it comes to rendering. The first has to do with spatial mapping renderi:[I ,

9.2 Computational view

An MAR system can specify various capabilities of the renderer, so a scene can be adapted, and simulation
performance can be optimized. The rendering of virtual reality, a stereoscopic HMD and a mobile device
can require different rendering performance. Multimodal output rendering sometimes necessitates
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careful millisecond-level temporal synchronization. The output is a visual, aural and/or haptic stream
of data such as a video frame, stereo sound signals and so on, to be fed into a display device.

9.3 Information view
— The input and output of the renderer, as shown in Table 9, are:
— input: MAR scene graph data;

— output: synchronized rendering output (for example visual frame, stereo sound signals, motor
COTMITANS and S0 O1)J.

The renderer can be categorized in the following way:

Table 9 — Renderer categories

Dimension Type
Modality Visual Aural | Haptics Other

19 Display and Ul

Display refers to a hardware component that produces the actual presentation of an MAR system for
representing an LAE to the end user. Displays include mdnitors, HMDs, projectors, scent diffusers,
hdptic devices, sound speakers and so on. The display ne€ds to meet specific requirement$ in order
to[provide a good quality display to the end user. An.actuator is a special type of display fthat does
ndt directly stimulate the end user’s senses but rather produces a physical effect in order fo change
properties of physical objects or the environment:

A Ulis a component of hardware used to capturg user interactions (for example touch and cligk) for the
purpose of modifying the state of an MAR seene. A Ul requires sensors to achieve this purpdse. There
arg many types of Ul sensors for capturing user interactions, such as gesture, voice, haptic,|Gyro and
sofon. These sensors have a usage similar to that of LAE sensors. However, the difference is that, for Ul
sehsors, the only physical object sensed is the user.

There are two kinds of events that can be generated:
—{ An LAE can generate events by itself — the LAE uses gestures, voice, head movements anfl so on.

— An LAE can handle'a‘device for generating events — the LAE can use a smartphone, haptif, joystick
and so on.

— The input’and output of the display are:
—nput: rendered signals;

— output: display output.

— Ihe input and output of the Ul are:
— input: user action, gesture, voice, interaction;

— output: Ul event.

11 Extensions to virtual actor and entity

A virtual actor and entity (VAE) refers to a virtual representation of an LAE which is captured by 3D
capturing technology and can be reconstructed in an MAR scene. The VAE appears as a real person that
can be communicated with, though it is not. Figure 16 shows a VAE restricted to and communicating in
an MAR scene. The virtual person is reconstructed and displayed in the MAR scene as a virtual object.
Recently, a new type of 3D capture technology has appeared, which allows a high-quality 3D model of a

© ISO/IEC 2019 - All rights reserved 25


https://standardsiso.com/api/?name=bef4c564c6f8869a2697ae7895a0d15c

ISO/IEC 18040:2019(E)

person to be reconstructed, compressed and transmitted anywhere in the world in real timel3]. When
combined with a mixed reality display, this technology allows a user to see, hear and interact with a
remote participant in 3D as if they were actually present in the same physical space. Communicating
and interacting with a remote user becomes as natural as face-to-face communication.

Figure 16 — A virtual actor and entity restricted to and communicating in ari MAR scenelZ]

An HMD (dlevice is required to view the hologram in real time, and a room surgounded with 3D camerjas
is necessqry to create the hologram. The VAE is not viewable without wearing an HMD device, and i is
not possible to make eye contact with someone who is wearing the device!

A second fype of VAE refers to a virtual character (avatar) that is represented in an MAR scene, as shown
in Figure(l7. This kind of VAE can be used instead of an LAE in a physical scene. However, the interactipn
and motipn of the virtual character shall be accomplished by<I’AE gestures in the physical scene. The
avatar cah be represented along with other avatars, and théavatars can be made to communicate with
r. An avatar can be constructed with a 3D modely'and points, like an LAE skeleton, need to pe
order to produce animation and gestures. The virtual character and its movements shall

Eigure 17 — Virtual character representation in an MAR scenel15]

12 System performance

System performance for an LAE-MAR application is an important part of the user’s experience. The
performance of an LAE-MAR system can be evaluated in measurable and technical terms. Performance
is based on sensor quality, quality of LAE expression, processing speed, response time, latency,
dirty chroma-keying results, frame rate and so on. Sensor refers to an LAE sensor, which is a sensor
for capturing an LAE. The accurateness of the sensor affects the accuracy and quality of the LAE’s
information. The expression of the LAE can also be affected by system performance related to applying
a chroma-keying function, background removal, natural movement and degree of freedom.

Latency can be measured as the total time needed to process the target LAE object and produce the
augmentation by an LAE event. That is the time delay between the cause and the effect of a physical
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change in the system being observed according to an LAE event. It is a result of the limited velocity
with which any physical interaction of an LAE can take place. For example, an LAE in physical world
moves to the left, but the system update is slow and the LAE still shows on the right. In the LAE-MAR
systems, types of latency can be defined as several viewpoints. The latency of LAE capturer is the delay
of capturing time from physical world for transmitting into system. In this case, the latency of LAE
tracker can be occurred by the time measure of data that is transmitted from one function to another.
LAE’s gesture, movement and activities in physical world can be tracked and recognized by LAE tracker
and LAE recognizer. Thus, the measure time for tracking and recognizing an LAE should be considered.
Latency testing and reducing latency are proposed to test the system by measuring latency with a
stop watch. In some cases, hardware can cause latency. High-speed cameras and computer hardware
specification can be used for reducing latency as well.

Aygmentation precision in an LAE-MAR system can be measured as the error between.event actions
estimated by the LAE recognizer and the correct ones, or as the distance (in pixelS) andl angular
diftance (in degrees) between where the virtual object is displayed and where it should be displayed.

Operating conditions affecting performance in an LAE-MAR system may include the mobility of the
target object, sensing distance, orientation and so on.

Rgsponse time in an LAE-MAR system, which is the total amount of time it takes to respond to|a request
fol any functionality, such as an LAE detection, an LAE movement control, 3D display renderiing and so
or], is another consideration. There are three types of response tine:

—| The first, service time, refers to how long the LAE-MAR system takes to respond to a reqyest.

—| The second, waiting time, refers to how long an LAE:MAR movement and interaction request has to
wait for another request queued ahead of it before<dt-can run.

—| The third, transmission time of LAE information, refers to how long it takes to process the request
and respond back to the requestor.

Examples of LAE information requests include gestures for interacting with objects, an LAE’s hovement
(updating position and movement in virttal space) and so on.

c

13 Safety

An LAE in an MAR scene can\be presented with various safety issues, as it is a human being acting in
the physical world. Thus,@an LAE’s attention needs to be focused. LAE safety guidelines ared{ecessary

to|ensure that an LAE in)an MAR scene includes components for safeguarding the LAE durifg system
oferation. These safety guidelines can be used to reduce the risk for an LAE by considering the

following:
—| dangerousebstructions that can lead to injury during the LAE’s performance in the MAR|scene;
—|{ any infermation that needs to be encrypted for LAE security reasons;

— personal prlvacy ofan LAE and potential exposure ofpersonal information to unauthorizefl systems
rla: I c Lol 1 1
or-third pat tHes—via=a ocuo\u/ canrera ucxus otrt-ot SCOPE; uu,luunus atrthentteation 1ucuu\._)7, SyStem

access to an LAE’s personal data and so on;

— physical world situation during LAE movement in the MAR scene;
— virtual reality sickness from wearing an HMD;
— wearing an HMD device and being blind to potentially dangerous objects in the vicinity;

— avoiding quick acceleration or deceleration of camera movements, and using a constant velocity
instead;

— keeping the frame rate up (less than 30 fps is uncomfortable);
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— intermittent disconnection of the network service, leading to false confidence in the currently

presented information;

— avoiding the use of depth of field or motion blur post processing because of not knowing where t
eyes focus;

— avoiding sharp and/or unexpected camera rotations;

he

— avoiding brightness changes (use low frequency textures or fog effects to create smooth lighting

transitions).

An LAE-MAR system should satisfy the safety guidelines for the user by applying the solutions of systg
configurdtion and safety guideline for the user in more detail. Here the user can be represented‘as
LAE modgl. The LAE-MAR system should consider the encryption and protection of LAE’s data’wh
users are{using the system and transferring LAE’s data to server. Furthermore, the develgpers shot
consider performance and sickness that can be caused by using the LAE-MAR system:“For examp
while thg user is wearing an HMD device, the quick acceleration or deceleration of the camera c
make the] user feel uncomfortable and vomit. In some cases, while wearing an HMD, the user cann
see the epvironment outside. The safety guideline and system functionalities ate useful for avoidi
unexpectged problems.

14 Conformance

Conformgnce for LAE representation in an LAE-MAR system is expressed around the aspects of how
LAE can e embedded into an MAR scene and the implementation process related to the LAE. Table
described the conformance for the LAE representation and the components with their specificati
Moreover], the conformance of LAE representation to this document shall satisfy at least the followi
requiremgents:

— The key architectural components that can belpresent for LAE representation in an LAE-M/
systejm are the following:

— UAE capturer;

— IAE sensor;

— IlAE tracker;

— AE spatial mapper;
— UAE recognizer;

— JAE event mapper;
— slcene representation;

— rendereér;

m
hn
jle
1d
le,

an
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— The three types that can be controlled for LAE representation in an LAE-MAR system are the

following:
— virtual camera control in an MAR scene;
— virtual object control in an MAR scene;

— augmented object control.

— The implementation of LAE representation in an MAR scene shall conform to the concepts and

architectural components for an LAE-MAR system as shown in Figure 3, Clause 4.
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The processing implementation of an LAE-MAR system can contain the chroma-keying, filtering,
tracking, and recognizing functions of capturing and sensing LAE as specified in Clauses 5, 6, and 7.

The movement of an LAE in an LAE-MAR system shall be mapped and moved naturally within an
MAR scene if an LAE spatial mapper is provided in an LAE-MAR system as specified in Clause 6.

The interaction between an LAE and an MAR scene shall be performed naturally within an MAR
scene if an LAE event mapper is provided in an LAE-MAR system as specified in Clause 7.

The interfaces between the architectural components of an LAE-MAR system shall contain and

carry the information Qppr‘ifipr] inthis document However the Qppr‘ifir‘ content format d

ata types,

handshake, flow and other implementation details are at the discretion of the given
system to meet its specific needs.

LAE-MAR

The API for an LAE-MAR system shall conform to the concepts specified in this‘documenit in order

to ensure compatibility and software interface interoperability between LAE-MAR systems can be
accomplished at least at the abstract API level.
Table 10 — Conformance for an LAE representation
Functions Check Items Remarks
rovide information of a ere are different types of ¢apturers
[] provide infi i f *Th diffi ypes of ¢ap
capturer such as general camera, depth camera,
LAECapturer [ ] capture an LAE in the 3D camera and so on.
physical world *A suitable capturer in an LA§-MAR
] } : system can be used to captur¢ an
d ‘ y b d p LAE
[ ] provide LAE imformation according to their purpose.
rovide information of a ere are different types of §ensors
[] provide infi i f *Th diffi ypes of
sensor such as any camera, GNSS senpor, ges-
Lhes ture sensor, voice sensor and $o on.
pAESensor
[ ] provide sensing *A suitable sensor in an LAE-NIAR sys-
information of an LAE tem can be used to sense an a¢tion of
an LAE according to their purpose.
[ ] track information of an
LAE
I ] Filtering function *A suitable tracking module if} an LAE-
LAETracker - - MAR system can be developed to track
] [ ] Chroma-keying function |5 movement of an LAE accord|ng to
transfer the tracked their purpose.
[ ] result of an LAE to
LAESpatialMapper
[ ] provide a recognition
function of an LAE event
prov1<.ie'event data base *A suitable recognizing module in an
[ 1] containing event ID and LAE-MAR system can be devejoped to
LAERecognizer the corresponding event AR Sy pedt
TTRaTe recognize anevent ofan LAE :ccordlng
to their purpose.
transfer the recognized
[ 1] result of an LAE event to
LAEEventMapper
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Table 10 (continued)

Functions

Check

Items

Remarks

LAESpatiglMapper

[ 1]

provide spatial
information in a physical
world and in MAR scene

embed the tracked LAE
into an MAR scene

transform the physical
coordinate system of an

*Since there are several types of MAR
scene such as 2D virtual scene, 3D vir-
tual scene, 360° VR scene and so on, an

LAE in a physical world
into a virtual camera
coordinate in an MAR
scene

process a movement of
an LAE in an MAR scene
naturally

embedding and a movement of an LA
shall be represented in the different
type of MAR scene.

LAEEvenyMapper

control event ID and the
corresponding event
function

provide a virtual camera
control by an LAE action

provide a virtual object
control by an LAE action

augment a virtual control
by an LAE action

*Since therg/are several types of MAR
scene such as 2D virtual scene, 3D vir
tuakscene, 360° VR scene and so on, ap
event of an LAE shall be controlled in
the'different type of MAR scene.

LAEScendRepresentation

provide a spatial mapping
table of an LAEinto an
MAR scene

provide an event mapping
table.of an LAE into an
MAR scene

*An LAE-MAR system shall provide at
least one of both in an MARSceneRep-
resentation.

render integration result
of an LAE and an MAR
scene

render integration result
of an LAE virtual camera
control and an MAR scene

*An LAE-MAR system shall render an
MAR scene which is containing an LA

Renderer render integration result | g,5tja] mapping and/or event mappinig
[ ] ofan LAE virtual object | qqyts at least 30 fps.
control and an MAR scene
render integration result
[ ] of an LAE augmented
object control and an
MAR scene
provide the rendered
result on any kind of ) .
[ ] display such as 2D monitor *Since there are different types of
Display and UI and/or an HMD device displays and user interfaces in an LAE-
provide user interfaces I\;IIAR system, t;e sylstem shall provide
them in more detail.
[ ] between an LAE scene
and an MAR scene
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