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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
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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 minimum functions, the associated information content, and the information models that shall
be provided and/or be supported by a compliant MAR system. It includes (but is not limited to) the
following confent:

— anintrodpction to the mixed and augmented reality standards domain and concepts;
— arepresehtation model for including an LAE in an MAR scene;

— 3D modelling, rendering and simulation of an LAE in an MAR scene;

— attributes$ of an LAE in an MAR scene;

— sensing representation of an LAE in an MAR scene;

— representation of the interfaces for controlling an LAE in an MAR scene;

— functiondlities and base components for controlling an LAE.in an MAR scene;

— interactiye interfaces between an LAE and an MAR scense;

— interface with other MAR components;

— relationship to other standards;

— use cases
The objectivep of this document are as folows:

— provide afreference model for LAE-representation-based MAR applications;
— manage and control an LAE-with its properties in an MAR environment;

— integratelan LAE into a.2D and/or 3D virtual scene in an MAR scene;

— achieve i;[:eraction 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
applicatiqns¢

This document has the following document structure:
— 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 MAR.

— Clause 14 makes statements regarding any conformance related issues of an LAE in MAR.

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

© ISO/IEC 2019 - All rights reserved vii
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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)
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pbring LAE-related data between LAE-based MAR applications.
bcument specifies the following functionalities:

finitions for an LAE in MAR;

presentation of an LAE;

presentation of properties of an LAE;

hsing of an LAE in a physical world;

fegration of an LAE into a 2D/3D virtual sééne;

feraction between an LAE and objects:in a 2D/3D virtual scene;
insmission of information relatedto an LAE in an MAR scene.

bcument defines a referencémodel for LAE representation-based MAR application
exchange data relatedte>EAEs in a 2D/3D virtual scene in an MAR scene. It dd
c physical interfaces neeessary for manipulating LAEs, that is, it does not defing
tions need to implement a specific LAE in an MAR scene, but rather defines comm
ces for representing LAEs that can be used interchangeably between MAR applicaf]
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d applies. For

dveferences, the latest edition of the referenced document (including any amendnj

ents) applies.

ISO/IEC 18039, Information technology — Computer graphics, image processing and environmental data
representation — Mixed and augmented reality (MAR) reference model

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

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

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

© ISO/IEC 2019 - All rights reserved


https://www.iso.org/obp/ui
https://iecnorm.com/api/?name=bef4c564c6f8869a2697ae7895a0d15c

ISO/IEC 18040:2019(E)

3.11

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

augmented object
object with augmentation

3.1.2
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head mounted display
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Note 1 to entry
and right eyes.

3.1.4

live actor an
LAE
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content or syj{

Note 1 to entr
capturing gest

3.1.5
LAE recogniz
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displays stereo views of virtual reality

: It has two small displays with lenses and semi-transparent mirrors which can.adapt to

] entity

I of a living physical or real object, such as a human being;~animal or bird, in th
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V. A live actor can be animated, moved and interacted with Virtual objects in an MAR s
ire from a camera. Entity refers to 3D objects and entities that exist in MAR content.
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ent that recognizes the output from an &ZAE capturer (3.1.6) and an LAE senso

generates MA[R events based on conditions indicatedby the content creator

3.1.6
LAE capture
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3.19

stem which is provided by a camera for capturing LAE(s) (3.1.4) in physical world

physical coordinate system
coordinate system that enables locating an LAE (3.1.4) and is controlled by a geospatial coordinate
system sensing device
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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
universal system in computer graphics that allows model coordinate systems to interact with each other

3.2 J\bbreviated terms

For the purposes of this document, the abbreviated terms given in ISO/IEC 18039 and'the fdllowing apply.

DDR dance dance revolution

EID event identifier

FOV field of view

GNSS global navigation satellite system

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

RGB red, green, blue

SDK software development kit

SID sensor identifier

Ul user interface

UTM universal transverse/mercator
VR virtual reality

4 Concepts of LAE representation in MAR

4.1 Overview

As illystrated in ISO/IEC 18039, MAR represents a continuum which encompasses all domains or
systenps\that use a combination of reality (for example live video) and virtuality representations (for
example computer graphic objects or scene) as its main presentation mediuml1l[2]. Figure 1 illustrates
the MAR that is defined according to a mixture of reality and virtuality representations excluding pure
real environment and pure virtual environment with viewpoints of an LAE representation. 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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Figure 1 — Mixed and augmented reality (MAR)

scribes the concepts of LAE representation in an MAR scene based on the MAR ref
RM) of ISO/IEC 18039, which includes objectives, embedding;interaction and funct]
" representing an LAE in an MAR scene. In general, an actér;is an individual who pd

era, which can then perform actions that are embedded into an MAR scene. A 3D
an MAR scene and can interact with a live actafis called an entity. The entity

ion of a physical living actor and an object ivan MAR content or system. For ex
, birds and animals are all represented as LAEs in an MAR scene.

s the examples of LAE representation.in-an MAR scene which consists of 2D virtua
| world that can be described as thefollowing.

pws an LAE integrated into a 2Dirtual world that is a real or virtual image. The L
fom general camera and/ordepth camera sensors. This subfigure shows a real-like
is captured by cameras in'a green screen studio and is integrated as an actor int
image of the White House.

ows multiple LAESiintegrated into a 3D virtual world. This scenario can be applic
ions, such as news/studios, education services, virtual surgical operations or gamé
integrative combination application of 3D videoconferencing, reality-like commun
lentation/application sharing and 3D model display within a mixed environment.

Figure 2 ¢) s

live actor intdracts with objects in the 3D virtual world by using a joystick or by motion captursg
depth cameral AfvHMD device is used to display 360° 3D views, including real time and real-like

ws an*MAR scene constructed by integrating a 3D virtual world and a live actorl]

erence
ions of
rtrays

a performance. In this case, an actor represents a human‘captured by a depth canpera or

object
can be

ract with an actor’s motion via an event mapper. An LAE in this document is defined as

ample,

world

AE can
action
o a 2D

hble in
ps[3][4].
cation

b]. The
ed by a
hction,

in the virtual worldIel. The figure shows a man in the studio wearing an HMD through which he sees the
bow sling training field and handling a joystick. By handling the joystick, it appears that he is handling
the arrow and bow sling. As a result, he can shoot at objects in the virtual world.

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 animals, birds or humans to be represented in MAR scene.
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N
a) An LAE integrated into a 2D video virtual b) Two LAEs integrated irjfto a
world after Chroma-keyingl8l irtual world

.

c¢) An gl)lteracting with a d) Virtual representation of
yirtual o in a 3D virtual worldl[5] an LAE in an MAR scenelZ]
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Figure 2 — Examples of LAE representation i
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in the physical world is integrated into a 3D V@Qﬂl world, its location, movemen
hould be represented precisely in the 3D virtual world. In an MAR application, 3
be embedded in a 3D virtual world shall Be defined and then information, such
, actions and sensing data from a han IQ@Ievice, shall be able to be transferred be
vorld and the 3D virtual world, and between MAR applications. This document g
an LAE can be managed and controlled with its properties in a 3D virtual worl
b embedded in a 3D virtual World,&’fow an LAE can interact with virtual cameras,
R content in a 3D virtual w
s computing environment‘sc\)l~
o
S
O

MAR sce Qn be captured from the physical world, then represented in a 3D

nents

ral

ng i ation.

ts and
n LAE
as the
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ims at
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; and how MAR application data can be exchanged in

Virtual
y to an

In order to pr

o&e a 3D virtual world with the capability of representing an LAE based on thg

MAR-

RM, the MAR

recognizi
recognizi

recognizi

system requires the following functions:

sensing of an LAE in a physical world from input devices such as a (depth) camera;

sensing of information for interaction from input sensors;

ng and tracking an LAE in a physical world;
ng and tracking events made by LAEs in a physical world;

ng 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;
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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

>
LAE capturer (depth camera, general LAE sensor (GNSS, Gyro sensor, (19
camera, 360° camera, etc.) phone sensor, etc.) bs> 1
] N°
A\
& ul
. N
7> LAE spatial mapper
LAE tracker / <<
LAE : pa) Renderer
recognizer \\(
LAE event ma@r | Didplay
o
s&
:\Q)
Q‘
el
. Stene description for LAE
@%al scene, events, targets, etc.)
AN

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

Conceptuallysas’shown in Figure 3, the system for implementing an MAR scene with LAEs includes
al components necessary for processing the representations and interactions of the LAEs to be
integratéd into th conceptual overview of thes¢ components.

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
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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 are

sensing data
chroma-keyin
location of th
library:.

4.2.5 LAE gpatial mapper

An LAE in a

mapper’s rolg
spatial mapp
physical worl
spatial mappe
information. 1
sensor’s giver

4.2.6 LAE¢€

An LAE perfo
in the 3D vir
objects and A
an associatiol
recognizer.

4.2.7 Rend

The results o
module integ
integrated o

scene can be 3dapted, and simulation performance can be optimized.

4.2.8 Displ

{

‘equired to pre-process the captured image, or a sequence of captured images,
obtained from the sensing devices and interfaces. Pre-processing examples

b LAE in each image of the sequence, which can be implemented by an-image prog

g, colour conversion and background removal. Tracking an LAE refets-to findailE

d the
clude
g the
essing

bhysical world is embedded into a 3D virtual world in an-MAR application. The
is to support more natural movement of the LAE within the 3D virtual world. T

r maps the physical space and the LAE into the MAR scene by supplying explicit m
[he mapping information can be modelled by)characterizing the translation procs
information.

vent mapper

fms actions in the physical world that can trigger events. These actions can be re
fual world where an LAE is participating and interacting with virtual cameras,
R content. The LAE eventmapper’s role is to support the actions of the LAE. It g

erer

F spatial and event mappers for an LAE are transferred into the rendering modul
Fates the results and a 3D virtual scene and displays the final rendering result

If

spatial
LAE

br provides spatial information, such as positionf,orientation and scale, betwegn the
d space and the MAR scene space by applying transformations for calibration. The LAE

hpping
ss of a

lected
Virtual
reates

@ between an MAR evehityand the events which are identified or recognized by the LAE

p. This
of the

utcomes; The MAR scene can be specified by various capabilities of the renderer; thus, the

ay 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.
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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
Component
Input Output
LAE capturer/ Physical world signal Sensor data related to representation of an
sensor LAE
Raw or processed signals representing the
LAF recognizer LAE (provided by sensors) and target object |Atleast one event acknowledging the rec-

specification data (reference target to be
recognized)

ognition

LAE tn

Instantaneous values/ofithe ¢
(pose, orientation, ¥olume an|
recognized target\signals

Sensing data related to the representation

acker of an LAE

haracteristics
d so on) of the

mappé€

LAE spatial

Sensor identifier and sensed spatial informa-
tion

Calibrated spatial informatio

r in a given/MAR scene

h for an LAE

LAE ey

Translatéd event identifier fo

MAR event identifier and event information .
givemMAR scene

rent mapper

ran LAE in a

Rende

Synchronized rendering outp
ample visual frame, stereo so
motor commands and so on)

rer MAR scene data

ut (for ex-
und signals,

Displal

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

ser actions

5

51 ¢

An LA
able td
“captul
betwe
or dep
The vi
compo
object
can be
target
the req

5.2

LAE capturer and sensor

Dverview

E. in a physical world can be captured from hardware and (optionally) software se
measure any kind of physical\property. As referenced in ISO/IEC 18039, two typ
rer” and “sensor”, are used fo'embed the LAE into the virtual world and to perform
bn the LAE and objects in the virtual world. The most common “capturer” sensors 3
h cameras which capture a physical world as a (depth) video containing live actor;
eo is used to extract the LAE and its actions to be processed by the recognize

5 in the virtual world. The target physical object can generate physical or nonphysig
capturedfrom a “sensor”. The (non) physical data can be used to detect, recognize
physical object to be augmented, and to process the interaction. The sensing dat
ognizerand tracker components.

nsors that are
es of sensors,
hn interaction
re video and/
5 and entities.
r and tracker

nents. The actions; especially, can affect interaction between the LAE in the physical world and

al data which
and track the
h is input into

Combutational viaws

5.2.1

TUIIIp Ut oo v 1wy

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.

I

I

I

| -
I

| I

- = = ="

[~ — LAE capturer (general camera, depth camera, 360° cam@?\

etc.) ’(1/

Video, depth image, skeleton, audio information

Filtering

LAE recognizer/ LAE tracker Background removal

%
Figure 4 —&&S\capturer
¥

5.2.3 LAE sensor xO

An LAE sensq
into digital sig
It shows that
recognizer, oy
depending onl
sensors that g
an MAR envin
as position, d
sensors canb

I can measure Variouscsl&\é;:al properties and interpret and convert the obsery
rnals related to the LAEFigure 5 shows sensor capturing actions related to LAE act
the captured data%{) ‘only be used to compute the context in the LAE tracker ai
it can be used to compute the context and contribute to the composition of the
the nature oftﬁg physical property or type of sensor devicellll. There are many ty
an be used ntrol virtual objects, virtual cameras and augmented objects by an
onment e sensors can generate different results depending on their propertie
recti ographic coordinate system, time, motion and so on. Especially, the ou
d fil@ d and regenerated as high-quality data.

ations
jvities.
d LAE
scene,
rpes of
LAE in
S, such
[put of

N
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activities
LAE activity in virtual world I

LAE Sensor for capturing actions related to LAE

As an
accele
magng
the ro
used t
digitall
infornj

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

LAE recognizer/ LAE tracker

Figure 5 — Sensor capturing acti elated to LAE activities
N

'ometer, digital compass, ambient ligh sor, proximity sensor, barometer, Hall
tometer, pedometer and so on. A gyroscope sensor is used to generate the angu
fational angle per unit of time to, ct the rotation of the phone. An accelerom
b measure acceleration forces and dynamics to sense movement of the phone o
compass sensor is used to de\ect the geographic coordinate system, direction a
ation of the phone. C\)j:

-

G
sensor

%

example, Figure 6 shows how a smarthfQ}e can be used to generate a gyrojscope sensor,

Effect sensor,
ar velocity of
pter sensor is
I vibration. A
hd navigation

(>

Phone sensor

- Location,)
- Rotation

- Accelerol

\

[geostationa ite information

. * e 7
.z ..

% 3
Digital compass

a

fnotion//c| es of orientation h
e

- M

- Gyroscopl

- provides the GNSS, direction, and

navigation

N

- Barometer, proximity, light sensor

- Touch sensor

HMD sensor ‘

Joystick/remote sensor

- Head tracking, position tracking, user input button

- Elektromagnetic waves,
of

- Lafjtude, longitude,

rdinate value

ht

ving direction

)

- used to detect orientation of
device and phone movement

il

Gimbal Rotor
Ambient light sensor

- Camera, touch
- Acceleration, velocity,
motion

- Distance depth, Gyro

- works with accelerometer to

detect rotation of phone
Proximity sensor

o

Gravity (g)

generate output

Figure 6 — Examples of sensors for LAE activities

© ISO/IEC 2019 - All rights reserved

11


https://iecnorm.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 with
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 the

virtual rd
and head

Third, thg
a drop-in

stereo rea1:1dering and accelerometer tracking. They can only track orientation afd; therefore,

provide

Head trackin
acceleromete

5.3 Inforni

Sensors recei
to the repress

The input and
— input: ph)

output: s¢

Physical sens
devices gene
example foca
example posi
and 2D, 3D (
consistent wa

In order to co
devices them
such as Web d
of RGB image

tracking sensing data. This type is supported strictly for smartphones.

bre are other, lower-cost devices that can view the stereo scenes of virtualreality, §
phone viewer. Drop-in phone viewers are supported by many smartphones using

as smooth or immersive virtual reality experience as the first two.

b allows an LAE to feel present in a 360° scene due to sensors, such as gyrd
" and magnetometer.

ational view

e various types of signals in the physical world as.inputs and obtain sensing data i
ntation of an LAE in an MAR scene.

output of sensors related to an LAE in an MAR scene are:
sical world signals and/or device signals;
ensor data related to representation of the LAE.

pr devices have a set of capabilities and parameters. Based on their properties,
-ate wide-ranging types.of 'sensing data, including camera intrinsic paramete

length, field of view (FOV), gain, frequency range);camera extrinsic paramete
ion and orientation); resolution; sampling rate; skeleton; mono, stereo, or spatial
Colour and depth),or multi-view video. To provide the sensing data in a unive
y, sensor output censists of <Identifier>, <Type>, and <Attributes>.

posite a 3Dwirtual space and an LAE, consideration needs to be paid to the LAE §
celves. This document can use the following types of sensing devices: general c4

ality and can be customized using a bullt-in SDK. Mobile HMDs can provide orienptation

uch as
simple
do not

scope,

elated

5ensor
s (for
rs (for
audio;
rsally-

ensing
meras

5 is captured and the image itself is used as the sensing data. Depth cameras pro

following: an

ameras-and depth cameras such as depth-like devices. For general cameras, the se‘E

uence

vl]de the
RGB color image, a 3D depth image, multi-array microphones and a motorized tilt. The

captured image and/or the depth image can be used to embed the LAE into the 3D virtual space. Table 2

summarizes t

12

he inputs and outputs of the LAE capturer and LAE sensor.
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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
including LAEs camera information
LAE Stereo image/video
captuife Stereovideo Jtereo camera
camera information
Skeleton
Skeleton Depth camera

camera information

Audio signal (Spatial
Audio Physical world or stereo) Microphone

audio‘information

Electfomagnetic
Geographic coordinate sys- Location, geostationary,~|waves, coordinate
tem sensor satellite information value, latitude, longi-
tude, height
Rotation motiof, chang- Electrp magnetic waves,
Gyro sensor . ¢ coordinate value, mov-
es of orientation . . .
ing directions
Electromagnetic

Accelerometer, gyro-
LAE Smartphone SCOPE, magnetor_net_er,
Sensof barometer, proximity,
light sensor, touch sensor

waves, coordinate
value, camera, touch,
acceleration, acceler-
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
HMD tracking, user input
button

a Wi remote is an gxample of a suitable product available commercially. This information is given for th¢ convenience of
users of this documéntand does not constitute an endorsement by ISO/IEC of this product.

6 Tracker and spatial mapper for an LAE

6.1 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 scene compositing module.

|
|
: LAE capturer LAE sensor -
.
1 Real world captures for an LAE (depth camera, Pure sensor of an LAE which can be Diso
a general camera, 360° camera) captured event of the LAE motion =
) Display device
LAEs in the phys|cal world P y .
description

Depth image, skeletonjvideo, audio information

Position, direction,

NSS, nme@ etc.

- BaCkground removal

- LAE
- LAE’s skeleton

LAE tracker

Renderer

- Target object specification data

- Raw signal repre§an an LAE

s\\'QU

- Camera Information in physical world ( FOV, pokition, orientation. .)S

Scene
compositing

Spatial mapping data

- LAE infogmation in physical world (Chroma-keying results, st
position, grientation, GNSS...) Spatial scene description

for an LAE

LAE spatial mapper

. LAE information in MAR
@ (LAE mapping object, position, orientation...)

Flgug\ — Tracker and spatial mapper of an LAE in MAR

6.2 Compy tateép view

The work of the.spatial mapper components can be done using information stored in the spatia| scene
for an LAE. Sensmg data includes a coordinate system which refers to an LAE sensor that extracts
sensing data from the physical coordinate system, the physical camera coordinate system and 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
sensor in order to map LAE into virtual world more naturally.

Physical camera

Phykical coordinate system

[

[

I Y 7
Y| Z I

[

[

_____________ @ X
X r |
\ I | TN T T T T
\\ [ 1 )y - LAE tracker
N 1 I & - LAE recognizefr
S o I | o -
~—
: o LAE position, orientation : ST 1T — _l
I o Spatial information J | World
I o Field of view (FOV)... | | |
r—t 1 ke e e e = = = =\ .|
| Spafial mapping | ]- | |
| | _ L e —— |
I | |
| i | TR 1 | |
| [ y | Virtual camera <« — = ~ Virtual camera
e IR - | X | | |
| x | e
{--Projective coordinate e e ——
|

system

Figure 8 —="Mapping between physical and world coordinate systems

The miodel coordinate system is the coordinate system where the entity’s object and LJAE model are
initialjzed and created. It is a unique coordinate space of the model. Two distinct modgls, each with
their gwn ceoordinate system, cannot interact with each other. Thus, there needs to He a universal
coordinate-system that allows any model to interact with any other. That universal systein is called the
world [coofdinate system. When interaction occurs, the coordinate system of each modé¢l and entities
are transformed into a world coordinate system. The world coordinate system is then transformed into
a coordinate system called the virtual camera coordinate system.

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;

— output: instantaneous values of the characteristics of the recognized target signals of the LAE.

lIable 5 — Iracker categories

Dimension

Type

Category

Input

LAE capturer

— Camera information

— 2D image/video of LAE

— Object specification data

— 3D primitives (points, lines, polygons,shapes)

— 3D mode

LAE sensor

— Sensing information

Output

LAE capturer

— Video for LAE
— Position, orientatien, volume, location
— Haptic (force, direction and so on)

— Aural (intensity, pitch and so on)

LAE sensor

— Sensor information (coordinate value, latitude and so on)

The spatial rg
of the MAR s

representati(;r

MAR experie
— The input

— inpuf]

ference frames and spatial métrics used in a given sensor need to be mapped in
cene so that the sensed LAE can be correctly placed, oriented and sized. The
relationship betweena‘particular sensor system and an MAR space is provided
ce creator and is maintained by the spatial mapper.

and output of thespatial mapper, as shown in Table 4, are:

: sensor identifier (SID) and sensed spatial information of the LAE;

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

Table 4 — Spatial mapper input/output

fo that
spatial
by the

Dimension

Type

Input

LAE identifier spatial data
LAE consecutive spatial data
Tracking spatial data

Spatial information

Output

Calibrated spatial information

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).
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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-in‘the MAR (c) An LAE movement|in time in the
dcene without a chroma-keying scene without its background MAR scerle
furlction to remove the background

Figure 9 — Examples of trackingand spatial mapping of an LAE in MAR

7 Recognizer and event mapper for an LAE

7.1 Overview

After pbtaining sensing «data from the LAE sensor, the data go through to the LAE 1recognizer for
recogilizing events of LAE gestures, object collision and so on.

The relcognizer is a.€omponent that analyzes sensing data related to the representation of an LAE in an
MAR sgene and.produces MAR events and data activated from the LAE through comparis¢n with a local
or renjote target'signal stored in the MAR scene. That is the target for augmentation.

7.2 Recognizer

Recognition can only be based on previously captured target signals. Both the recognizer 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.

LAEs in the physical

&

LAE capturer

Real world captures for an LAE (depth
camera, general camera, 360° camera)

LAE sensor

Pure sensor of an LAE which can be

captured event of the LAE motion

ul
description
"N

Display device
description

world

Depth image, skeleton, video, audio information  Position, direction, [GNSS, time, motion, etc.

— The inpuf

mods
raw d
event

raw template files use

files,
depe
descr

lang

inpuff:

1d on the algorithms used by the recognizer. For instance, it can be a set of visual
etric features and so on;

Filtering
- Background removal

Filtering

- Raw signal representing an LAE
- Target object specification data

- LAE
- LAE’s skeleton

|

LAE recognizer

Scene
compositing

Q
4
o

- Event mapping data
Event description for
an LAE {

- LAE eventinformation)\\(IAR [
Q)
Figure 10 — Recognizer and ev@gfnapper of an LAE in MAR

N

s and outputs of the recognizer, a:ss%own in

- LAE event information (event ID,{event function)

LAE event mapper

Event mapping
description

t

Table 5, are:

sensing data related to th r’ég))resentation of the LAE in the MAR scene. The inp@it data
1 of the recognizer is the ut of the sensors. The other input to the recognizer, tIe LAE
ata, should contain the following elements: first, it should have an identifier indicat|ng the
when the presence.of the LAE is recognized. Second, the LAE specification may include
he recognition and matching process, such as image files, 3D|model
n. Third, it may include a set of feature profiles. The types of fdatures
ature

iptors, 3

t one event acknowledging the recognition, which identifies the recognized

outpyt: at
targﬂul a‘gg:,bptionally provides additional information that should follow a standard prptocol,

and naming convention.
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Table 5 — Recognizer categories

Dimension Type Category
— Camera information
Physical — 2D Chroma-keying image
Input world — Audio
— Gesture
Sensor — Sensor information
Physical — Eventindication only of the recognized LAE
Outpug world — Event by gesture and audio information ,\0)
Sensor — Eventindication only of the recognized LAE qg .
7.3 Event mapper Cbe‘

The evyent mapper creates the relationship to the MAR event of an LA '}t is obtained |from the LAE
recognizer and/or LAE tracker. It describes the MAR event that can r due to the controlling event
(gestufre, movement, head tracking, sensor and so on) and the cor@ n specified in the MAR scene. In
order fo map the MAR event within the MAR scene, as well as t ents identified and recognized by
the LAE recognizer, Event_ID, Event_Type and eventDB (eve tabase) are needed. The event refers
to the sequence of the controlling event of a gesture by . The gesturing data are recognized by
the LAE recognizer to determine the type of event, angen the event function is retri¢ved from the
eventI)B. 1%

LAE recognizer/ LAE tracker

'— —————————— e = = —

Event execution MAR scene performing the event gctions for an

embedded LAE

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

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.

m 11 ya b ] Ll L
14dDIC O — LVCIIL IIIdpPpcl HIHiput/outputl

Dinjension Types

— Eventinformation

Input — Eventidentifier (virtual camera control, virtual object.control, AR

content control)

— Translated event identifier for the given MAR sc¢erie

Output
— Interaction of a virtual object event

7.4 Event ¢xecution

A detected ey
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bbject, and the generated funetion is linked to a corresponding gesture delegate fu
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tion via the correspending delegate function in EventExecutor. As a result, an L/
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Recognized event

LAE_SID
LAE_EID

Event execution

LAE renderer
Event control function

— MAR I ene_IDs
Virtual Virtnal Event action_IDs

AR content

L
L]
camera object —_
control
control control |
|
|
|
|
Event scene for LAE I
(spatial scene, events, targets, etc.) | MARs erforming the event 4
| em LAE

7.5

&

Figure 12 — Execution structure of evené\}erformed by an LAE

Examples of LAE recognizing and event Q\%ping in MAR

Figurg 13 shows the interaction of an LAE w@s\virtual objects in an MAR scene[13]
intera¢tions include dancing on a virtual da dance revolution (DDR)[14] stage, dodg]
wood and walking on a balance beam. If thelLAE follows prescribed conditions accurately
game, jotherwise they lose. In the first %\l@mple [Figure 13 a)], the man moves (dances)

camerf, the motion is captured and the

usic plays according to the motion of his feet.

examplle [Figure 13 b)], the piece o od is a virtual object in the 3D MAR scene and th
dodge[the object. If he is unsuccessful, a collision between his head and the virtual object occurs. In
the third example [Figure 13 ,\the man is walking in the physical world, but it appear]
crossing a balance beam ig the MAR scene. If he falls, an event occurs.

Examples of
ing a piece of
, they win the
n front of the
In the second
P man tries to

s as 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.

8

8.1 Overview

MAR scene 1
implementati
objects. Itist
tracked and r
be based on s

An LAE even
sensing interf
depth camerd

us

data of devicd

a) Li

Scener

ed in the M

Sensing outputs captured froma “Capturer” for the LAE

—  Gesty

— Faciall expressions

— Spee

[t a right hand b) Lift two hands c) Hold two hand‘—s )

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

ppresentation for an LAE

efers to a scene that represents a virtual scenécand placeholders. It serves
bn structure that combines the physical world\scene/objects and the virtual
he observable spatiotemporal organization of:physical and virtual objects that hav

bveral proposed AR related formats so farft6l[17],

can occur based on the LAE’s ownsactions, as well as based on output obtaine
ace devices handled by the LAE. The LAE can be captured from general cameras
s. Its actions can be obtained by recognizing LAE sensing data. Meaningful event
AR scene can be classified intoone of two types: sensing data by the LAE itself or g
s handled by the LAE. The defined events are stored in the eventDB.

ires — hands, fingers, head, body

'h and voice

Sensing olutputs captured from a “sensor” for the LAE

as the
scene/
e been

bcognized by the LAE tracker and LAE recognizer functions. The scene representation can

1 from
hnd/or
5 to be
ensing

- AR IMdTrKTT

— Global navigation satellite system (GNSS)

—  Wii remoteT™ motion data

— Othersensing data by asmartdevice: 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.
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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
virtual objects are needed in an MAR scene. A physical world object is mapped to a placeholder in the
MAR scene by, for example, image feature, marker pattern definition, or geographic coordinate system,
and prjovides the information data/method to recognize and track the object for sema% c information
as to what the object actually is. The video of the entire scene, including the backg , is processed
in a bgckground removal function to extract the LAE and its information. The LAE)is'embedded in the
virtua| scene via real time streaming, and the virtual objects of the virtual s@n be irfteracted with

by the|LAE’s gesture/event according to the event of the LAE recognizer. W there ar¢ changes to a
virtual object, MAR behaviour invokes the MAR event and the LAE recognizerrecognizes then produces
the event. O

Sensot/device parameters are important for correctly presenti \% MAR scene, for] example the
relationship of a physical world capture sensor parameter to th scene viewpoint and image scale.
The vipwpoint and image scale shall be changed according tost\h\e information captured br; the physical
world fapture sensor. O

Scepe Representation for an LAE QQ Physical scen|

Virtual scene Q) o captures
- Instanta@ values of an LAE (position, LAE live video
o orientatign, v6lume, etc.)

LAE position, orientation... 7y

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

1)

oben Spatial relationship

LAE handlirig
/ ’\SD sensor devices
n " - Camera information (FOV, position,
Spatiil objects Sensing data obtained -% orientation...)
for an LAE from sensor device\\ :)J_ _Video produces event LAE capturer

- Depth image

Virtual objects

uses/chhnges

\ -LAE sensor identifier spatial data

-LAE consecutive spatial data

AR GV el -Tracking spatial data
~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

LAEID

Initial spatial mapping

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 scene

Second, even
interaction, g
event obtaine
For example,
doing hand ge
the LAE does
and so on). T
in the event

I mapping describes how an LAE in an MAR scene can produce an event(s
bsture, movement, voice recognition and so on. It creates an association between a
d by the LAE recognizer and/or LAE tracker and a condition specified in‘the ev|
an LAE in an MAR scene can use their hands to control/interact with virtual objg
stures (palms up/down, hands clutched, hands raised and so on). An 'event occurs

e sensor device handled by the LAE can generate the sensing data for creating ay
apper. Event mapping matches the Sensor ID and Event_ID, which are retrieved fr

ich as
h MAR
entDB.
cts by
when

the gesture or movement or handles a sensing device (for examplersmartphone, jopystick

event
bm the

eventDB as sHown in Table 8. Then, it can know the type of event (Event_Type) and call a functioh to be
executed.
Table 8 — Scene description for event mapping of an LAE
LAEID Event ID Event type Event function
LAE_ID |Event_ID Event_Type Event<call functions
9 Rendergr
9.1 Overview

Rendering re
rendering the
and event ma
rendering LA

Rendering of
rendering to
stereoscopic §
on the user’s |

fers to the process of generating data from a 2D/3D model, updating a simulati
presentation output fof a'given display device. After the processes of the spatial n
bper have completed, the data are parsed to the renderer. Thus, the renderer has th
s, virtual objects-and events to a display device.

an LAE in an MAR system needs to be done based on the type of display, such 4
a browser;'or PC, mobile, and stereo rendering. Stereo rendering has to do w
eparation of the left and right eye. Rendering needs to be smooth and in real time
AMD.

n and
napper
e job of

s Web
th the
based

There are tw
which refers

renderer needs to generate a high-quality and smooth display. The second has to do with event map

isSues when it comes to rendering. The first has to do with spatial mapping ren

s, the
ping,

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.

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
commands and so on).

The refiderer can be categorized 1n the following way:

Table 9 — Renderer categories

Dimension Type
Modaljty Visual Aural |Haptics Other

10 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 momnitors, HMDs, projectors, sdent diffusers,
haptic|devices, sound speakers and so on. The display needs to meet specific requirenjents in order
to proyide a good quality display to the end user. Apactuator is a special type of display that does
not difectly stimulate the end user’s senses but rather produces a physical effect in orfler to change
propefties of physical objects or the environment!

A Ul isl]a component of hardware used to captuke user interactions (for example touch and click) for the
purposge of modifying the state of an MAR s¢ene. A Ul requires sensors to achieve this pprpose. There
are mgny types of Ul sensors for capturifig user interactions, such as gesture, voice, haptic, Gyro and
so on. [These sensors have a usage similar to that of LAE sensors. However, the difference is that, for Ul
sensois, the only physical object sensed is the user.

There pre two kinds of eventsthat can be generated:

— A:[ LAE can generate events by itself — the LAE uses gestures, voice, head movements and so on.

— An LAE can handle adevice for generating events — the LAE can use a smartphone, hiaptic, joystick
arld so on.

—{ The input and output of the display are:

—_input: rendered signals;

——outputrdisplay output:
— The 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
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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‘an MAR sceniel?]

An HMD devige is required to view the hologram in real time, and a room sutfeunded with 3D cdmeras
is necessary tp create the hologram. The VAE is not viewable without wearing an HMD device, apd it is
not possible tp make eye contact with someone who is wearing the dewvice.

A second typd of VAE refers to a virtual character (avatar) that is represented in an MAR scene, asshown
in Figure 17. This kind of VAE can be used instead of an LAE in aphysical scene. However, the interaction
and motion of the virtual character shall be accomplished bj<LAE gestures in the physical scenje. The
avatar can be[represented along with other avatars, and thexavatars can be made to communicate with
each other. A avatar can be constructed with a 3D model; and points, like an LAE skeleton, neefl to be
defined in order to produce animation and gestures.;The virtual character and its movements shall be
transmitted ip real time using an LAE and movements in the physical scene, such as gestures|of the
hand, foot, hehd and mouth.

Figure 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.

Augmentation precision in an LAE-MAR system can be measured as the error between|event actions
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the phlysical world. Thusgan LAE’s attention needs to be focused. LAE safety guidelines
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ted by the LAE recognizer and the correct ones, or as the distance (in pixels]
re (in degrees) between where the virtual object is displayed and where it shpuld b

ing conditions affecting performance in an LAE-MAR system may incliide the
object, sensing distance, orientation and so on.

hse time in an LAE-MAR system, which is the total amount of time-it'takes to resporn
nother consideration. There are three types of response time:

e first, service time, refers to how long the LAE-MAR system takes to respond to a

e second, waiting time, refers to how long an LAE€EMAR movement and interaction
it for another request queued ahead of it beforé.it can run.

e third, transmission time of LAE information, refers to how long it takes to proce
d respond back to the requestor.

ing position and movement in virtital space) and so on.

fety

F in an MAR scene can be presented with various safety issues, as it is a human b
ire that an LAE-inan MAR scene includes components for safeguarding the LAE ¢

ng:

ngerous-ebstructions that can lead to injury during the LAE’s performance in the N

and angular
e displayed.

obility of the

d to arequest

r functionality, such as an LAE detection, an LAE movement contfol, 3D display rendering and so

request.

request has to

5s the request

les of LAE information requests include gestures for interacting with objects, an LA[E’s movement

eing acting in
Are necessary
Juring system

ion. These safety guidelines can be used to reduce the risk for an LAE by considering the

AR scene;

y.information that needs to be encrypted for LAE security reasons;

personal privacy of an LAE and potential exposure of personal information to unauthorized systems

or third parties via a sensor/camera being out of scope, including authentication identity, 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;

instead;

©150/1

keeping the frame rate up (less than 30 fps is uncomfortable);

EC 2019 - All rights reserved

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
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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 the

eyes focu

S;

— avoiding sharp and/or unexpected camera rotations;

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

An LAE-MAR system s

configuratio
LAE model.
users are usi
consider perf]
while the usd
make the use
see the envir
unexpected p

14 Conforr

Conformance

he LAE-MAR system should consider the encryption and protection of LAE’s datg
1g the system and transferring LAE’s data to server. Furthermore, the develapers
prmance and sickness that can be caused by using the LAE-MAR system: Eor ex]
r is wearing an HMD device, the quick acceleration or deceleration of\the came
r feel uncomfortable and vomit. In some cases, while wearing an HMD) the user
bnment outside. The safety guideline and system functionalities are useful for ay
roblems.

nance

LAE can be efnbedded into an MAR scene and the implementatiotiprocess related to the LAE. T3

describes the
Moreover, thd
requirements

— The key
system af

— LAE

— LAE§
— LAE({
— LAE3
— LAE1
— LAE g

— Sceng

conformance for the LAE representation and €he”’components with their specifi
conformance of LAE representation to this decument shall satisfy at least the fol

hrchitectural components that can be*present for LAE representation in an LA
e the following:

apturer;
ensor;

racker;

patial mapper;
ecognizer;
bvent mapper;

representation;

hould satisfy the safety guidelines for the user by applying the solutions of system

as an
while
should
ample,
ra can
rannot
oiding

for LAE representation in an LAE-MAR system is expressed around the aspects of how an

ible 10
cation.
owing

E-MAR

— rendérer

— display and UL

— 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 specified in this document. However, the specific content, format, data types,
handshake, flow and other implementation details are at the discretion of the given LAE-MAR

SyFtenTto et its Specific eeds:

— THhe API for an LAE-MAR system shall conform to the concepts specified in thistdocument in order
tolensure compatibility and software interface interoperability between LAE-MAR systems can be
acomplished at least at the abstract API level.

Table 10 — Conformance for an LAE representation
Functions Check Items Remarks
[1 |~ provide information of a ~[*There are different types of capturers
capturer such as general camera, depth camera,
LAECdpturer [1 |~ capture an LAE in the 3D camera and so on.
physical world *A suitable capturer in aif LAE-MAR
d e . system can be used to capture an LAE
[ 1 |— provide LAEinformation according to their purpoge.
(1 |~ provide information ofa |*There are different typgs of sensors
sensor, such as any camera, GNS$ sensor, ges-
ture sensor, voice sensor fand so on.
LAESensor . .
[1 |~ provide sensing *A suitable sensor in an JAE-MAR sys-
information of an LAE tem can be used to sensejan action of
an LAE according to theif purpose.
RO track information of an
LAE
[7] |— Filtering function *A suitable tracking modfile in an LAE-
LAETthcker - - MAR system can be developed to track
[ ] |— Chroma-keyingfunction |3 moyvement ofan LAE acfording to
— transfer the tracked their purpose.
[ ] result of an LAE to
LAESpatialMapper
[1 |~ provide a recognition
function of an LAE event
_ E’Z?lﬁ?ﬁii‘;e:\fﬁit%b;?g *A suitable recognizing module in an
LAERecognizer [ ] the corresponding event LAE_MAR system can be developed to
£ . recognize an event of an LAE according
unction .
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

LAESpatialMapper

[ 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
LAE in a physical world
into a virtual camera

*Since there are several types of MAR
scene such as 2D virtual scene, 3D vir-
tual scene, 360° VR scene and so on, an
embedding and a movement of an LAE
shall be represented in the different

coordinate in an MAR
scene

process a movement of
an LAE in an MAR scene
naturally

type of MAR scene.

LAEEventMap

per

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 contfol
by an LAE action

*Since thereare several types of
scene,such as 2D virtual scene, 3
tual scene, 360° VR scene and so
event of an LAE shall be controlle
the different type of MAR scene.

MAR
D vir-
bn, an
din

LAESceneRep}

esentation

provide a spatial mapping
table of an LAE.iato an
MAR scene

provide an'event mapping
table of\an LAE into an
MARscene

*An LAE-MAR system shall provi
least one of both in an MARScene
resentation.

de at
Rep-

Renderer

render integration result
of an LAE and an MAR
scene

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

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

2
[4 -

render integration result
of an LAE augmented

*An LAE-MAR system shall rende
MAR scene which is containing a

ran
h LAE

spatial mapping and/or event mapping

results at least 30 fps.

object control and an
MAR scene

Display and Ul

provide the rendered
result on any kind of
display such as 2D monitor
and/or an HMD device

provide user interfaces
between an LAE scene
and an MAR scene

*Since there are different types of
displays and user interfaces in an LAE-
MAR system, the system shall provide

them in more detail.
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