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https://www.microsoft.com/en-gb/hololens
https://www.controleng.com/articles/training-younger-generations-with-immersive-technologies/
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https://www.cutimes.com/2015/11/08/virtual-reality-banking-gamifies-gte-financial/?slreturn=20210601104354
https://twitter.com/marcocampanari/status/686258098516836352
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https://www.thoughtworks.com/insights/blog/training-autonomous-vehicles-xr-simulation
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2 Source : Philips and Microsoft Showcase Augmented Reality for Image-Guided Minimally Invasive Therapies(DAIC, 2019)(LINK)
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https://www.dicardiology.com/content/philips-and-microsoft-showcase-augmented-reality-image-guided-minimally-invasive-therapies
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Future of Social Networking with Augmented Reality

Concept investigation by Matthew Buckiand (matthewouckdand.com) and Philp Langiey (Sroyalatien; of Z0fouriabs,com
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3 Source : Qualcomm(2019, Hugo Swart)(LINK)
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X Source : Digital Reality changes everything(Deloitte, 2019)(LINK)
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2 Souce :MARK IN THE METAVERSE_Facebook’s CEO on why the social network is becoming ‘a metaverse comapny’(theverge, 2021)(LINK) I


https://www.theverge.com/22588022/mark-zuckerberg-facebook-ceo-metaverse-interview

Ho|A=2 7

2.

3 FACEBOOK Al2XIE i 2 0
=2 HolASF MH|AE AfoiAe

AL
| HolAS ZEt0|Z2

o

2 Metstzis S5 0|

Ho|AS olH}E}

Ho|AS S2f0|ZF MH|A L ofHiE}

X Souce FACEBOOK ROLLS OUT CUSTOMISABLE AVATARS IN INDIA: HERE'S HOW

2 Souce :Facebook will soon let Oculus users build their own avatars so they can play
- Researched, Written, and Created by DONG HYUNG SHIN(donghyung.shin@gmail.com)



https://www.firstpost.com/tech/news-analysis/facebook-rolls-out-customisable-avatars-in-india-heres-how-you-can-create-your-own-8545091.html
https://www.cnbc.com/2019/09/25/facebook-introduces-a-virtual-world-called-horizon-for-oculus-users.html

FACEBOOK=2 REALITY LABSE &dlfAl XR dEfA 52 flet /LY E2 7HEXA &
Az|ofo|e S0l A M=

FACEBOOK REALITY LABS

i elated Links e FACEBOOKO| HI=ote= OHXﬂ TV ES2 L&HE
Facebook Reality Labs Related Link FACEBOOKOI N1 =2

Facebook Reality Labs brings together a world-class team of
researchers, developers, and engineers to build the future of
connection within virtual and augmented reality.

Oculus Blog
Oculus Developers

Partal

. g

0060
e SPARK ARZ AR StudioE Xl Z0oH
e Oculus Developers= 9%31* HE A== fst HEY TOOL, 32I00|EHS0| AR St 2 Ol AET 20
clAA HAIBEE 2 X3 Ss2 M3 CIYStAR JIsS ZTE8AZE = UAEE JH

2 Souce :FACEBOOK REALITY LABS(LINK)

— Researched, Written, and Created by DONG HYUNG SHIN(donghyung.shin@gmail.com)



https://tech.fb.com/ar-vr/

Facebook= OculusE S3HAl XR A& 7|

w25t S,

Sanzaru2| ‘Asgard’s Wrath’

IDtCIclly

-20204 63 Q=+

A

-2020¢ 2& Ql=




3.2. MS ® IR

MS= PC EP%S
Window 102 =

MSe 23l =0 St ol A}

I'ﬂ

¢ ERUXS T SAES BB UL
HOIA ADIEES (M GHE DI2f 2B &9

tsd 280lA MS= EZ206t /US.
o =& HMDZM, HHMELZ A=< PC

LH&
o FES2ls 010132 CIAZH 0l JIJI0IA 2
20| MIZE Soff D30l BIFAKN A2 5

o 7I Xbox01| /\PEEI 4 DI“'E /\ﬂ/\-lE

= ~ A " S

g
»
[0)
=]
°

EnterpriseS 2= I 2 &E.
= Hololens 101l HIoHA CH= JH& &
LA o Chipset(Intel - Qualcomm), Al O
2Rt ZEE (34°—52°), Eye tracking Jt
s (Bt oAE) S

om

+
o
0K
=
orr

[ ]

=

|
s, && Al

o > o T
ooooo

— Researched, Written, and Created by DONG HYUNG SHIN(donghyung.shin@gmail.com) A

X
wn
o
c
1)
D
=
g
o
(%]
<
50}
Tt
I
HU
]
[
I
0x
>|
o
!
™
<
(<o)
>
%
>|
E
Z
)



https://www.samsungpop.com/common.do?cmd=down&saveKey=research.pdf&fileName=2010/2019071119425295K_01_01.pdf&contentType=application/pdf
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https://blog.eurotech.com/en/digital-twin-industrial-automation/
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https://www.emersonautomationexperts.com/wp-content/uploads/2019/08/Emerson-Digital-Twin-Illustration.png

Much More
Valuable Work

2% Source : The Connected Worker: Modernize Safety and Risk Management

H NS R (e Ya Y R AVIETNIVAY
TOMCINS N\EeSearCn,Z2UTOoO(CvIs)
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https://blog.lnsresearch.com/the-connected-worker-modernize-safety-and-risk-management-with-digital-innovation
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1. VALUE CHAIN ® IR
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https://tenor.com/view/suit-up-suit-virtual-reality-walk-vr-gif-11155295

@ 5G & 6G
7t ot5 o ZskE ot ot 2t o M=t (Accuracy), 360°&3D
ZH =3tE Jtss ste & DE=F 2l E of " el
SPEC 4G 5G 6G
Peak Data Rate 1Gbps(DL)/0.5Gbps(UL)  20Gbps(DL)/10Gbps(UL) 1Tbps(DL)/1Tbps(UL)
Data Rate
User Experience Data Rate 100Mbps/ 50Mbps 2D 10 Gbps 3D everywhere
Localization Precision 10cm on 2D 1c¢m on 3D
Capacity Density 2K Active Users per ki 1M devices per ki 11%|\é| S:\\//if:; S(Srrrkr?
Energy/bit NS NS 1 pJ/bit
Latency ~50 ms ~1ms ~0.1 ms
Jitter NS

NS

1 us
Super-connected World(Huawei, 2019)(LINK)

99.999%, 10°
3 Source : Key Driver and Research challenges for 6G Ubiquitous Wireless Intelligence(6G Flagshop University of OULU,2019)(LINK), Made in 5G(CATAPULT Digital, 2019)(LINK), 5G Road to a

10°°

Reliability(frame error rate)



http://jultika.oulu.fi/files/isbn9789526223544.pdf
https://assets.ctfassets.net/nubxhjiwc091/2gtsKJ9qmYPUxMovbIQ3zb/dc7950443e985d1802486470dc73f00f/DC_113_5G_Manufacturing_Report_Digital.pdf
https://www.huawei.com/minisite/5g/img/5G_Road%20to%20a%20Super-Connected%20World(Ken%20Hu%20MWC15%20Keynote)_final.pdf
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N ®. 20 Gbps (Broadband) eI X &A
10 000
Broadband RERE
1,000,000 (eMBB) Device density : mMTC
devices per km? mdfnj l;tn;q 1 million / km? (Massive IoT) | ¢ gr
High Density, Low Latency OHE Ol AIS
Ultra low cost i URLLC Ol ull &
forhg'rmsiveﬁ Massive loT Mission-Critical elurg?t Data traffic latency : (Mission- = EI = &d
TR RO (MMTC) loT (URLLC) Pt O <1ms Critical loT
High Energy s ritical 1oT)
Effi%iency % High Reliability Glol & %&OE
ears ; “ obil -
on b\;ttery rel/eryth'\(\% / Nstant ac® intrgnulp[%lon ols =N
2% Source : Unleashing the Potential of 5G(LINK)
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https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/SiteAssets/Pages/Events/2018/rdf2018/home/RDF%202018%205G.pdf
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Peak Data Rate

10cm(indoor),
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Positioning

10,000x
Traffic Increase

More1 0E)r(lergy 0.1 ms
Efficient Radio Latency
Max. 1 out of
20 Years Million Outage
Battery Extrgm gltra
Life Time Reliability

100 Devices per m
Density

2 Source : Key Driver and Research challenges for 6G Ubiquitous Wireless Intelligence(6G Flagshop University of OULU, 2019)(LINK)
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http://jultika.oulu.fi/files/isbn9789526223544.pdf

3. PLATFORM @ CLOUD
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EDGE COMPUTING/CLOUD + HIGH COMPUTING POWER

2 Source : The Potential of Augmented, Virtual, and Mixed

Klein Center, 2020)(LINK)
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X Source : Free Virtual Reality Games lllustration (PSD)(LINK) Reality Experiences for Remote Teaching and Learning(Berkman I


https://medium.com/berkman-klein-center/extended-reality-e5038b38d628
https://unblast.com/free-virtual-reality-games-illustration-psd/
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https://www.adic.or.kr/lit/report/show.do?ukey=180662&oid=@11040%7C23%7C16
https://www.theblockbeats.com/en/news/13905

4. DEVICES ® IR
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Haptics

* Haptics & Force-Feedback
* Seats & Motion Platforms
* "4D"

 Skin as Input

* Hands & Controllers

* Touching Real Things / MR
* Non-Contact Haptics

Smell & Taste
* Smell-O-Vision & the Food Simulator
* Current Work

Mind
* Remote Viewing (ESP), Brainstorm (the movie), & Science
* Hacks

Issues
* When is suggestion good enough?
* Synaesthesia

,
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https://www.patentlyapple.com/patently-apple/2020/07/knowing-what-apples-research-team-are-up-to-for-next-gen-vrar-devices-facebook-reveals-their-next-gen-glasses-with-hologra.html
https://michaelnaimark.medium.com/vr-ar-fundamentals-3-other-senses-haptic-smell-taste-mind-e6d101d752da
https://www.patentlyapple.com/patently-apple/2020/07/knowing-what-apples-research-team-are-up-to-for-next-gen-vrar-devices-facebook-reveals-their-next-gen-glasses-with-hologra.html
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Multimode connectivity (4G, 5G, atc.)

Rear camera
+ Many passive and active cameras
with fisheye and telephoto lenses

— Ambient light sensors
Directional speakers

Tracking and recording cameras
- Eye tracking cameras
Inertial, haptic, environmental,
and health sensors

Itra- light
Ultra-bright LED lights New optics and projection

technologies within a durable,
Multiple high sensitivity audio microphones semitransparent display

‘
2% Source : How Qualcomm is building the future of XR: A conversation with Hugo 2 Source : How could we control augmented reality with only our eyes—a speculative
[a) L) Il [aTalas EAVIEINIVAY A H VANAVAYaPNI] U LaYalaTaAViEINIVAY
awdal I.\NUGIUUIIIIII, Uz I’\I_II‘H ’ UCOI&II\U/\ CUNCCUVT, LULU]\I_II‘" ’
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https://uxdesign.cc/controlling-future-augmented-reality-with-only-your-eyes-210ce2ca23c2
https://www.qualcomm.com/news/onq/2021/02/25/how-qualcomm-building-future-xr-conversation-hugo-swart
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¥ Source : CyberGlove Systems(LINK)
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http://www.cyberglovesystems.com/
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Skin as input

Haptic Display (https://Imts.epfl.ch/haptics) and Electrostatic Display (https://tcnl.bome.wisc.edu/projects/)

inTouch, MIT Media Lab, 1998

2 Source : VR / AR Fundamentals — 3) Other Senses (Touch, Smell, Taste, Mind)(Michael Namiar, 2018)(LINK)
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https://michaelnaimark.medium.com/vr-ar-fundamentals-3-other-senses-haptic-smell-taste-mind-e6d101d752da

S 0|4zt =212 Hlo|E=tA 7|1 O 2 F3st s A7 T 4.

Meta Cookie

)

Virtual sweetness, Nimesha Ranasinghe and Ellen Yi-Luen

Meta Cookie, Takuji Narumi, University of Tokyo, 2010 Do, National University of Singapore, 2016

2 Source : VR / AR Fundamentals — 3) Other Senses (Touch, Smell, Taste, Mind)(Michael Namiar, 2018)(LINK)
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https://michaelnaimark.medium.com/vr-ar-fundamentals-3-other-senses-haptic-smell-taste-mind-e6d101d752da
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b - ] & Compression
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3% Source : 5G Volumetric Streaming(VRIF, 2020)(LINK)
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https://www.vr-if.org/wp-content/uploads/5G-Volumetric-Streaming.pdf
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http://www.itfind.or.kr/admin/getFile.htm?identifier=02-001-190425-000001

@ Volumetric Studio

Volumetric StudioZ} cH 2 .= 4 22 MA 20| =84 #5510 U= Al

Z ] 32 Intel Studio MS2| Studio
Mixed Reality--~

' Gpture Studio
-

San Francisco

—

2 Source : Intel Studios Debut Volumetric Video Demo(LINK), MS Mixed Reality capture studio(LINK)
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https://www.youtube.com/watch?v=9qd276AJg-o
https://www.microsoft.com/en-us/mixed-reality/capture-studios
https://www.dimensionstudio.co/
https://www.metastage.com/
https://www.jumpstudio.co.kr/

®
2
[l
£

d

Unreal= CH&F A2 AFSO0| B

AtE =& JE Open Source A TIQ!

HSLIE

HE =

A2ATE HA

& 50| ALE
Unreal Unreal engine 4
& (& S&(AAA Game)2 2 &tatEl XR A

AAATHE A FMIAASO0l E2l AtE
- 150 K& EH3

IS

18HJH 2] Asset

Udemy0fl 2,20004 W= ut&

Redit member 66.9k members

C++ or Blueprint visual scripting system

Open Source Engine

3 Source : Unity3D or Unreal Engine 47 Which is Better for XR Development(Circuit Stream, 2019)(LINK)
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https://www.linkedin.com/pulse/unity3d-unreal-engine-4-which-better-xr-development-dejan-gajsek/?articleId=6613909585810071552
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https://www.sec.gov/Archives/edgar/data/1810806/000119312520227862/d908875ds1.htm
https://www.samsungpop.com/mobile/invest/poptv.do?cmd=fileDown&FileNm=foreign_report_unity_210209.html#
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https://www.samsungpop.com/mobile/invest/poptv.do?cmd=fileDown&FileNm=foreign_report_unity_210209.html#
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https://www.youtube.com/watch?v=_Zvuc0uAeD0
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2 Source : Towards a New Internet for the Year 2030 and Beyond(Richard Li, 2018)(LINK)



https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201807/Documents/3_Richard%20Li.pdf
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