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2. 0|EX

2.1 XR 7|& Ho| & EM

XR(eXtended Reality) 71€-2 VR(Virtual Reahty)
AR(Augmented Reality) & MR(Mixed Reality)S 53
h= 71&o]H(XR4all 2020) =702 ARgAl 48
F2& 93l HAEE Aosh= st 7|
<o|tiSPRI 2021). VR, AR 2 MRol| thgt o=
24zt ARARE 7P AlAlG s &9 Al

[e)yd XN

rh=

PN
S}

=, AA AA HAE ARE
wglolste] AAslsh= 7ls, 82 AlAISH UA
1]74] Egatd AR AA AACIA A7
FrABH dA" 1 A AA 7k st
o] 7Fs3t 7|1&2 B ItiGartner 2020).
Tab. 2—1. XR Application Areas and Values

oAE E3t 7]

4
A
—
[e)
=
1=
=
KX
=
&

Filed Use value

[mprove operational efficiency and

service delivery for the enterprise

Onsite Service and - Improved customer support
Operations - Optimize maintenance procedures

- Optimize product information

erification and validation

(Training on business procedures and

countermeasures

- More flexible and efficient

leducation outside the classroom

- Self-directed learning programs

according to individual student

eamning speed

- Role-play (scenario) training to

respond to field situations

Training and
Simulation

[mprove product development

efficiency and optimize processes

- Improve R&D communication and

collaboration

Product design and |- Increase trust and collaboration
visualization  [with customers

-Eliminates the iterative verification

process for parts

~Eliminate risk factors through

simulation and validation

52

XR 7]&¢] EAQO=EZAE BYY HdS
24 AHHRQIHE I AlY oo T I
ol ol &&Eo] 7o QlEot A
88 7 UEE AREANA AlAE 2 B AR
A ZSHGartner 2019). =3 XR 7€ 4%
de [ Aulx g ] (s 2 AEHo]
(AF AA 2 AZsH Foboll dial] dAE 7HA&
Zo=w st Z} &4l fofo tigk &8 7HAe

kS <Tab 2-1>3} ZtHGartner 2019).

2L

I

g&
o

>
=

=}
=
1=

(

o
o

o

[z

2 EFAA gelot 7o

s 73
Aolatal QitkBailey, 1994).
= A7l o] AFAEY ATAAE dutst F
EEs] H8AA B 5 Sle A 7xEE 9
El 54 ok EAES ¢AT VeSS
%— U 7H g2 Feshs AAIZQ &
76./]6_]—’_ Qlﬂ(Wheaton, 1969). ©]#
BEFAAE EH*POJI sl A
_,_o] o]_ropqu:] TSR]
WS sl st Zﬂ’\lo}uﬂl FF AT
ARHo s BRAAe ERed F
oz —?"éﬂ‘ﬂ, 7—.L ERrS ofe ERTe®E T

e 38482 71 8 MAlEs

gehs A o=

ol

AEH olg ado® Y th <Fg 2-D3
iy
[ | I ]
Classification Group A Classification Group B Classification Group C Classification Group D
| | | |
Sub-Classification Group Sub-Chssification Group Sub-Classification Group Sub-Classification Group
Al BL cL D1

Sub-Classification Group Sub-Chssification Group Sub-Classification Group Sub-Classification Group
B2 c2 D2

| | | |
Sub~Classification Group Sub-Cassification Group Sub~Classification Group Sub-Classification Group
A3 B3 c3 D3

Fig. 2—1. Classification Model



2.3 XR

e

g ERAAc Chgt 71E o

-

S=3lely|&7]8 g kol 018U E31E
ARNVR 7]&: 7|&€sdEIZ BiXes =82
AT, AZESOIAAATL F HHFALAZ
ZdolA AAIG 71E ARVR 71&EFAAE 7&
o2 B3y JEEFAAE  FASFHTHKISTEP
2018). ol 71¥2] ARVR EFAAE Het 2 A+
date] ERTS [H2EZdolrls] [EdH(FE 7]
<), [(A67 7l<], [YEdd 2 AR JIE#H o]~
€2 RS 44 AR VeER skl &

$57FAAVRIARAY ABjzAL B A(MSIT, SPRI

and NIPA, 2020)oll= VR/AR 4 A} ZARE @)
VRIAR 448 &75 A [Ed= A% 2 35

, A=
FiF Alzd] 2 (A8 AZES /At 2 ¥
2] Wl 7= FEskslen o wE skl
T 5k el wE e sk
ERToE FAs] ERAAE s

al
=

24 0|IEy & AW A A

71E XR 71& EFAA B3 AFexe 71
AT ER7F olFolHe BN 7 Ve &
of thall vfetatr] ofed-¢m x|&2Ql 7]ee] ¥
s Al ABE Zleol thall EsiA %
stal ok olol| wet =) H oA
% 7l ERAAE Bedte] A=
<+ XR 7l BRAAE AAstaLA gk

w3 AT EY oI AT A0l AAIZE VR/AR 4F
g ERAAe 292 AF 2 3FY BRe 5
9 BERelTt Aol w2 ER7F o]Foix 9o
Zel= ) g A2 HE7)7] 9 REE Az
2 A8 AZEY AE 9 FF Hoplls ER9

53

o 5 mHx AR 2 FEY 2R

SRzl ol XR 7] 2
ool B TFes AT
o, vstos XR ¥ &
3} wakg BRAAT 39

tlo oo F

32

[¢)

o el B A= XR 7|E B8 2§84
o tisty 71Ee] AFE FHa 9 Bt

st @
Mulo/EFA AEE F8ste] 1S 9 2498 3
SYstara} ek,

3. XR A 7q

3.1 XR &3] 7|=

TPHE 71%e] 24U 19 Ao <Igh )
O &74e] aA7|e2 FEEWEA S99 4%
A7)l BAA, TPHEAEA, EEEA ¢
HEpH 2ol tiEE BIA =7 55 stk
<Tab. 3-D= A4 a4 7o At A7E A
gate] ydsidth 2 Ag7)delM AAG 4l
NES AWRE, A A4 7 28 33 9 ¥
ZF Q14 71, dlolH AeE 93 AR 2y 7]
& 9 AZAEE 93k gaEye] V& Sol th
XR Zel=7} ARgALlA] 715 ] fsiAe
A 71es B3l T 0 AR 913 E 9
=0

Adalste] AAA-OAE MA 7] dEAe-s
53 AAANAN 19 HEE HE 29 J)ES
B8 gAE gzl 485 & A4 sl 7S
AETHDeloitte 2022). & XR 7]%&o] Ta=7] )

e T 54 AelF 7ol 27EHH 4 Rolg
of W} 7lze] SAe AT = S



AMd|AQT, H[123 M4z, 2022. 12

Tab. 3—1. Key Technology of XR presented
by Research Institute

Institute Core Technology

ETRI Output Interface Technology, Input

[15], [16] |[nterface Technology
Five senses technology, dynamic

SPRI . .
technology, multi-user environment

[47]
technology
Virtual real-world interlocking service

NIPA  ftechnology, real-world recognition

[43] technology, multi-sensor and reproduction
device control technology
(Computer graphics technology, computer
vision technology, 3D/360/multiplex imaging

[21] technology, bio-signal recognition
technology, display technology, rendering
technology
Content development and replication
technology, information modeling

1SO technology, visualization technology,

[22] simulation technology, sensor technology,
spatial cognition technology, graphics
technology, interaction technology
Display technology, sensor technology,

. spatial detection technology, network
Deloitte o .
51 8] communication technology, game engine

’ technology, real-time rendering technology,
interaction technology

YR Haptic technology, 6DoF, FOV, location
tracking technology, body tracking

[48]
technology

3.2 XR 7= 2FHAA L

=737 <7189 7HA(2018)1 41 AJAIgE AR/VR
T 71E EFAAE XR Ae] g o]dl 2019
5ol AN EFAAR 7] Bl ne 71E
71E ERAAY] el a7Eh o HolA dF
& 7 A7 ANE XR st =3t
7171897l A AMGE ARVR 59 7€ &7
AAE 283kl XR 7€ EFAAE 73850
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Fig. 3—1. VR/AR Input/Output Cycle System
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Tab. 3—2. XR Core Technology Classification Model

Technology| Technology

V1 Lv2 Detailed Contents

Virtual/augmented space optimization and personalized service through Al

Artificial Intelligence technology convergence

Protecting privacy and financial transactions collected in virtual space and in
real life

5G Communicate and real-time information generated in the virtual and real world

Under]yjng Block-Chain
Technology

Store virtual and real-world-generated information using cloud storage

Cloud Technology technology

Environmental Analysis (Collect and analyze information about the environment in which you are located
Technology temperature, humidity, radioactivity, etc.)

Collection . Scanning and analysis techniques for specific spaces for real-world expansion
Technology Spatial Technology and interworking

[Technology for collecting and analyzing user behavior for virtual-reality

Tracking Technology ynctronization

Technology to shape objects and scenes so that collected data can be

3D Modeling Technology represented in virtual/augmented spaces

Production . Technology to visualize modeled objects and scenes in virtual space through
Technology Rendering Technology graphical representation

Technology that enables XR content to run on a variety of platforms as core

Game Engine software for implementing it

(Communicate via voice, haptic, and computer vision as a medium for

Interface Technology . .
user-device communication

Technology that provides information to users by visualizing objects rendered

Out-Put Display Technology and modeled in virtual space in the real world

Technology
[Technology that improves the immersion of content by providing information to
Five Senses Technology [users through five senses (touch, smell, taste, sight, and hearing) of the
converted information
ol 39 HeolEE sMoz UAY FeA —
AR 5dy, Aoy e AR 7)o aFEn:
| T T 1
O]:|6: Z‘ﬂ%}'% Xéﬁ-‘% 7]'%';8]'@] /\]-%—X]-C’ﬂ?ﬂ Zéﬁ-% Z\i Underdying Technology Collection Technology Prodixtion Tedmnobgy Out-Put Technobgy
Zebr] 913k =9 7o) Q7 ETHIEEE, 2019). | | | |
| | | |
TAHMystakidis, Stylianos, 2022)o wh2H wHER 2~ e it Tty I

AR 6 714 27 71ET XRe) 71& 274 | | | |
Fo %9 3 By glon ARHoz (Fg 3 sc Ty Gmetw s e
3} 7] Jon Radoff7} AAg B2 Talolo] =l '

Cloud Technology
o] =g} 71&l 5G olFeA 7w, SehrE V]
% B24Q 7e 2 2EAE 7|&L J)E VeE Fig. 3—4. XR Technology Classification Model
L7490
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Tab. 3—3 XR Utilization Industry presented by Research Institute

Institute Industry Detailed Contents
. Development of content that allows users to experience games, movies, theme parks,
Entert t and sports at the same time
KEIT
[32] Healthcare It is expected to be used as an educational device for patients who care for patients
and as an auxiliary device for patients with visual impairment and motor impairment
Manufacture Product testing, assembly, repair and monitoring
. Content that can affect real life through the connection between the real world and
Entertainment . .
the virtual world is expected to be developed
Delaitte
[10] Healthcare Create custormized scenarios to provide the right medication and treatment for patients
NEnUfacture Product lifecycle management and product development based on information collection
through digital twin deployment of manufacturing processes
Healthcare Development of AR/VR content for mental health treatment allows users to enjoy
immersive content and treat Post-Traumatic Stress Disorder (PTSD)
Accenture . . . .
[ Manufacture Virtual space-based work site simulation allows you to experience the risk factors of
the work site in advance and prevent safety accidents
Construction At construction sites, workers can check the necessary information in real time
through AR devices to improve work efficiency
Retal Immersive technologies such as VR/AR enable customers to infuitively view information
about their products and deliver new value to customers
KPMG
[35]
Public 3D modeling using AR/VR space provides intuitive visibility into urban planning
Tourism Tourism contents using AR technology can provide users with a unique experience

Fig. 3—4 XR—specific industry presented by research institution
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A K Coupry, Corentin, et al., 2021).
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Tab. 3—4 XR Industry Classification Model and Uses

Industry LV1 Industry LV2 Industry Detailed Contents
Discrete Manufacturi Monitoring and Quality Improvement of Production Process Using Virtual and
g Augmented Space
Manufacturing — : :
Process Manufacturi Monitoring and Quality Improvement of Production Process through VR-Al Technology
g Convergence
B Mining Mining site safety management and training using virtual/augmented spaces
Ccrgy
Power Generation Facility safety management through AR equipment for plant workers
Architecture Architectural Site Design and Monitoring Using Virtual and Augmented Space
Construction
Civil Infrastructure construction site design and monitoring using virtual/augmented space
o Warehouse management using augmented reality, transportation optimization, and last
Distribution o . -
Retail mile information provision
Logistics Optimization of Transportation by Building Data Platforms in Virtual Space
Fnancil Bank Financial Transactions and Financial Services Support Using Virtual Space
Ci
Insurance Support for insurance transactions and insurance services using virtual space
Broadcast - Media Performance and broadcasting production using augmented space
Broadcast -
Communications Communications . " e .
Informetion Service Maintenance of Communication Facilities Using Virtual and Augmented Space
] Culture - Art Tourism services and exhibitions utilizing virtual/augmented spaces
Entertainment .
Sports - Game Games and sports content utilizing virtual/augmented spaces
Medical Care Telemedicine and diagnosis using virtual/augmented space
Healthcare — -
Welfare Experiential Psychotherapy Using Virtual Space
Dt Military Combat training and paratroop simulation training using virtual space
ense
Aerospace Aeronautics and Space Hlight Simulation Using Virtual Space
Administration Simulation and Visualization of Urban Planning Using Virtual Space
Public Crime prevention and fire prevention education training through customized content
Safety . o
creation using virtual space
[ I | | I | I | | 1
\ | \ \ | e | \ '\ |
Discrete Manufacturing Mining Arditecture Distribution Bark Broadeas. - Metia Cuture - At Medical Care Military Administration
| | \ \ | \ | | \ |
‘Process Mamifacturing. ‘Power Generaton Gvil Logitics Tnsurance ;Z:;’.:::z:m Sports - Game: Welfare Acrorpacc Safety

Fig. 3-5 XR Industy Classification Model
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Tab. 3—5 XR Efficiency Proposed by Research Institute
Institute XR Efficiency
(Immersive) Maximize immersion to the level of reality.
MIT (Knowledge) Increase productivity by expanding human knowledge and supporting effective
(1] decision-making.
(Experience)Eliminating time and space limitations and expanding the experience of economic players.
Expectations for learning effects such as reducing the cost burden of high-tech equipment and
NIPA expensive large-scale equipment, reducing the risk of safety accidents, and increasing practical use.
(45] It is expected that the productivity improvement of the industry and the satisfaction of workers will
increase, resulting in an increase in the overall competitiveness of the industry.
. . mmerse yourself in virtual space created by technology such as computers as if it were real
British Coucil . . - ) )
4] Add computer—generated images or information in a physical environment.
A mix of real and virtual worlds, from complete to complete virtual environments.
Accerture Enlargement of educational areas and capabilities through immersive education.
1 Optimization of Assembly Process and Product Development by Mixing Physical-Virtual Space.
Promote and innovate creativity with infinite possibilities.
XRAAI Real-time 3D Communication (Social VR).
53] Enables a flexible work environment through decentralization.
Enables massive digital twin deployments.
Delitte Enables completely natural, scenario-based interaction with virtual space anytime, anywhere.

(7], [10], (12}, (13]

Building objects and devices across space at will and dramatically enhancing user awareness, memory
and cognition.

Provide users with a near-realistic experience to visualize and interact intuitively with the new world
in three dimensions.

KPMG Reduce the gap between online and offline with immersive experiences and enhance customer
(37] experience with participatory services.
Provides greater comfort than traditional services and improves safety, efficiency, and response
management.
Increase customer experience by visualizing the appearance and information of the product they want
Ecorys to purchase through 3D modeling within the residential space.
[14], [15] Accelerate management and logistics by visualizing data required by field workers.

Visualize radiation or biological hazards and maintain your health and safety.
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Tab. 3—6 XR Efficiency Classification Model

Efficiency LV1

Efficiency LV2

Efficiency Detailed Contents

Overcoming time-space
constraints

Space can be configured within a virtual space to overcome physical space
and time constraints through collaboration and cooperation between workers

Overcoming resource

Due to resources consumed within the virtual space can be replicated, there is

Overcomeability constraints no cost burden for testing and simulation of products within the virtual space
. . It is possible to secure safety from free flight and physical risks by
Overconnng.physmal overcoming physical restrictions in virtual space and to conduct various safety
constraints .
leducation
Customized Scenario Custormzed scenario creation, cons%denng user charactenspcs, provides greater
immersion than ever before to deliver new to new experiences
Real-time reflection in virtual/augmented spaces through interaction technology
Immersion Interaction Experience  |by recognizing user gestures, gaze, and behavior without a separate actuator
provides greater immersion
Visualize information Improve user efficiency by visualizing previously unseen information to users
using HMD, tablet, cell phone, etc
Collection and Analysis of |Virtual-physical space integration enables you to continuously collect and
Information analyze data that you couldn’t previously collect to learn new information
Continuity Real-time synchranization Realft}rne mpmtonng by synchronizing physical to virtual data exchange, such
as digital twins
Expandation of Legacy Data [Enables inter-industry integration and scalability with legacy and collected data
4. XR EFHA & et
| | | 4.1 XR S8 24 29
Ov i Tmmersi Confiru
o - - B ATE QAR o} AZE XR 4] B
| | FAAS, A2e XR B84 ERAAC ARl
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Fig. 3—6 XR Efficiency Classification Model
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30
25
20
1 5 . Domestic
10 [ International
5
0
Manufacturing  Energy Construction Retail Financial Cog::ii?:::iognlertainmenl Healthcare Defence Public
Fig. 4—2 Analysis of distribution of XR application cases by industry
Effidency Overcomeability Immersion Continuity
— e Overcoming Overcoming Tuercoming
Industry e | gmespa= resource physical
Discrete = s 5
. Ma
Manufacturing l-erhJ
Process 2
Manutacturing
Mining
Energy
Power Generation 2
Aechitechurs 2
i tion
Civil
Distribution 3
Retail
I.pgh_ﬁ?
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Financial
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Information Servie * =
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Healthcare
Defence
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Fig. 4—3 Analysis of the XR Industry—Efficiency Matrix Classification System
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A Study on Classification Model Development of Industry-Efificiency
XR Technology and case Analysis

SeungMo Yun' - ChoonSeong Leem”™ - SeungHyun Ban™~

ABSTRACT

After the declaration of the Covid-19 pandemic impacted most of the industries resulting economic
fallout. Firms sought for solutions of governments regulations to prevent spread of infectious diseases.
This led to demand rise of digital layer and spectrums of virtual reality. Replacing the reality in to
virtual and interactions with the digital contents by augmented reality, the consequences were
decrement of human-to-human contact. Concerns of Covid-19 and public interests of digital solutions
has led to significant amounts of research and developments of Virtual/Augment Reality resulted to
driven up new terms of extended reality. However, the uses in industries and the characteristics of the
extended reality are currently not defined.

In this paper the goal is to define and classify the uses and characteristics of extended reality based
on previous researches suggested by research institute. By developing a new classification models of
extended realities core technology, uses of industries and utility to analyze trends of extended reality.
Two separate classification models of uses of industries and utility will be used as a tool by creating a
linkage matrix. The x-axis is divided by utiliy classification model of extended reality. The y-axis are
divided into classification model of uses in industries. This matrix will be used as a tool to present a
guideline for industry-utility development where extended reality can be served as a service

Keywords: Virtual Reality(VR), Augmented Reality(AR), Mixed Reality(MR), Extended Reality(XR),
Metaverse, Classification Model
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