I‘"] 86§| %._I‘EE! -OIL'IEII-EEEI

IEtHH 2 (Metaverse),

ME2 71 82 S2SHE2| 0|7 K|

Al : 20214 4€ 3024(3), 16:00

(Et=aarel7| st RFE Ao AAIZEESA)

KAsr ed = T-0y JE-W. g1 X X
The Korean Academy of Science and Technology
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KAIST el |ststEd

ek 2 getE 23 @ dEhabERe 2021
XR as a New Medium: BTS through Metaverse!

A= 7H43 =9 E 9 v)g7}lx]: Metaverse for Social Good?

AREFEAN 2 S8R

P Woontack Woo (B Z£i%), Ph.D.
Fis\  KAIST KIITC ARRC & GSCT UVR Lab
\F Daejeon 34141, Korea

GSCTUVR LAB.
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) ol A B = 7H3dA (Ubiquitous Virtual Reahtv)

. AR3.0 18] T e =, o] t] 2 7} 3 glu}e

.1?«* 2= FAL Aok 7 AU

KAIST Eajads 2012-2021 @ Woa, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea Fame

—— b e by

R38R, S EA, vE 22

oXR, UVR, Metaverse— BTS!

*An Umbrella Word! X= A,D,E,M,R,AV,UV,V, etc.

A4 AAPFERE Fol AT $AE Qo] o
% 94 4, 2%, 99 SEADFE AR AL /&

irtualized

‘ugmented/

eal edlatec]i] 5

o vs. iminishe
Reality Reality

2y AN

Reality
(Digital Twin)
7+

Mixed Reality o
Emnded Reality, Ubiquittms VR, Metaverse
F S a} :'I(_:-‘-_

KAIST gavlacas 2012-2021 © Woo, KAIST ARRC & UVR Lab,, Dacjeon 34141, Korea pAne

Bt e ol e by
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W el 2 (Metaverse)?

eThe METAVERSE is Coming!
CEO of Nvidia [2020]

"Omniverse by Jensen Huang,

) o T
_K."E.I.EI. E‘ﬁyl?mﬁz_n_‘ 2o12-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea fwﬂ '}:

v el 2 (Metaverse)?

o7} RA?
®Second Life?
=Infinite Office?

oAY?
®Roblox? Fortnite?
eAvatar?
=D-Human?
=Zepeto?
eWeverse?

oohulELE A= A2

KAIST epladas 2012-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea
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|_

v E}H] ~ (Metaverse)?
e2’d Snow Crash [Neal Stephenson '92]

“OIE o] MZ ZTFM OFHE o/0/AIE Hof FOEM, AL Fito] BFEolFrk J21T 1
HAFS [ZKof 728 thP M BOZEM I HS FEHAOCE LIEHY o 2IoITH of 3ASE FiritS
Bt BTk oK BiMof sHMEZ LIEFLFH 85, A/Tfel Bl LHofAME 3 M B T Efof E/SITE
MOk 3 B2 ofo{ES Fo CIAIE AL L82 FolSwW 5/, of £Ao/= 3A+E
FEAL Bt FHA RO M2E ESTIAI B EE Molgith JFH EIH SIE2E of
Ardlof Sl Mol ofLIGick I ZEE T SFEollHA Jof ‘23 olofE e WL FIHZE
TAtel Mol Eof T H EIE XolQITE FEE £olEE (MEHAYCHE o/E0 2 FolE

Al Aol oIk ” . :

e B 3 e 0

IOW A

NEAL STEPHENSON

_K_"EI.EI_ r_:ﬁﬂ?[[ﬁ_z 2o12-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea "mﬂ !EE

v €}#] 2.0 [ASF'07]

¢Xx-¥ Open Source Metaverse Project [04-08]
"Q E 227k 28l A FRE
o# 2] Metaverse Roadmap [ASF '07]
) 7Hge s amolg] 2a)d #A 4 2) BalA o 7 z]&71%
3} 7].}-‘}-:-7]-,] j
s3] A @ 27

Augmentation

* Environment
*Humans
*Simulation

* Augmentation

o1y 1 t}S52?
="Multiverse
" Pataverse _ | A(Iicn Studies Foundation)

_K_"EEI_ E:ﬁjl?tlﬁ_%, 2o12-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea

Tt

External
ajewu

Simulation

LAne
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HEFH 22.0 X YA FEH?

.From the Gold Rush to the D-Gold Rush
CALIFORNIA GOLD RUSH 1849

Forbes
WORLD’'S
BILLIONAIRES
LIST
Richi
BACK (LEFT TO RIGHT};
EATE WANG, SERGIO STEVANATO, ELON MUSK
IEFF BEZOS, KIM KARDASHIAN WEST, TYLER
PERRY, SUSANNE KLATTEN
FRONT 4
DAVID V WHITNEY WOLFE HERD. JACK M r .
RV LI WAITNEY WOLFR B IACKME B LLSTRATION BRI TERMESON FOR FORBES
\d
KAIST E@ladag 20122021 © Woo, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea pAane

D-ZE 4]+ vl £3.000 4! [Woo'21]

 Eh] 23.0%2 UVR
W ep] 2 oJu] 4 34 Data + Network +
[AI/DT+NFT+XR]

FAoLY 29U & 5= "ﬂE}(meta)
SHAA == ¢ "% o U &
(universe)®] 4 of

Alzdel 42 F dAe] R
= 7H A=A

A2 5 A o} 22 3] 7 A 4 BFo]
T35 = 294 349 T

. 4

* https://www.keisa.kr/kr/board/reporter/boardView.do?bbsldx=6703

KAIST ebigdad 2012-2021 © Woo, KAIST ARRC & UVR Lab,, Dasjeon 34141, Korea fane

------------- -,
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KAIST Eajads 2012-2021 € Woo, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea f;;ﬁ !}g

Bt e ol by

AFEREA ot 2 73 Y2
o738 o] F5 ke 90!
0104 ¥, AL... 183 10| F?
=World Board [98]

=Ubiquitous Virtual Reality [01]
*VR experience in ubicomp environment: Context-aware MAR

*2nd Life, Digital Twin[03], Metaverse[O?], etc

_.-"_

Information in

places
by J.C. Spohrer Augmentation
(IBM) & Interaction
KalsT Eﬂ%ﬁiﬂh_ 2012-2021 € Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea f;;q mne
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txd EL (Digital Twin)

o2/d Mirror Worlds (David Gelernter '91)

= "Mirror Worlds or the Day software puts the Universe in a
shoebox...How it will happen and what it will mean”

)
OC !

|
0:"-‘ THE DAY SOFTWARE PUTS THE UNI-
e <t

VERSE IN A SHOEROX _HOW IT WILL
HAPPEN AND WHAT IT WILL MEAN .

Imagine looking at your computer screen and seeing reality--
an image of your city, for instance, complete with moving
traffic patterns, or a picture that sketches the state of an entire
far-flung corporation at this second. These representations
are called Mirror Worlds.

| Reality will be replaced gradually, piece-by-piece, by a
software imitation; we will live inside the imitation; and the
surprising thing is--this will be a great humanistic advance.
da T ) ge lernter We_gaiﬂ conh{'ql over our world, plus a huge new measure of
E insight and vision.

KAIST Eﬁ?léﬂﬁ%

Lt by

2012-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea p ) l“

tx¥d EQ (Digital Twin)

ot]x|d EY (Michael Grieves ‘02) .
=E-2] 9] E](Physical Entity)
=714} o] €] (Virtual Entity)
»t]z] € ES d|o] (DT Data)

=] 8] Z(Service)
(o]
=& Z (Connection)
=
= %78 (Augmentation)
DT was identified as the key DT was listed as one of the top
Three subtypes of DT technology for future vehicles ten most promising
were differentiated by NASA and U.S. Air Force technological trends by Gartner
DT was proposed DT was defined by Whitepaper of DT
NASA was published
4
2003 2005 2010 2012 2014 2017 2018
L 3 L - I ) J
The first stage The second stage The third stage
Concept of DT appeared DT was mainly applied DT was introduced
to aecrospace industry in more fields
KAIST ebigdad 2012-2021 @ Woa, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea pane
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t]z]d E4 (Digital Twin)
oDT 3-8 IoT, 5G, DT/AI, XR (by Google)

Real/Virtual Space Integration
Previous/Realtime/Future Integration
By Context Overlaying

'Real time sensor data

—

Previous sensor data in DB

Geographical
Information

Information
/Service

Town Manager

Residents Health-care
Service Provider

KAIST Eajads 2012-2021 € Wao, KAIST ARRC & UVR Lab., Daejeon 34141, Korea f;;ﬁ !!g

Bt e ol by

-KA—LS-I- Btlgda 2p12-2021 € Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea r;;ﬁ ﬂ.g

Bt e ol e by
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__PIFP = 2GR (UDIGUIOANR)

eWhat is Ubiquitous VR? [Woo001]
=¢34 3D Link with IoE between twin (real & virtual) worlds

=%7 Col (Context-of-Interest) Augmentation with Data, not
just sight (sound, haptics, smell, taste, etc.) but information

=3) 9] Bidirectional Interaction/Collaboration with Intelligence
for 020/H2H Communications
4 s 2"_;;—_—_ >

Seamless Augmentation
btw dual spaces

______ ! R e
o

KAIST ewigdss  opom © Wao, KAIST ARRC & UVR Lab,, Dacjeon 34141, Korea Fame

Bt e ol by

—REE P e (OGUItaus VI
249 3% Ak 2

(324 )

» AT Fu=
3 =4 s}e}ste]
dj b= Al Al 3L

» A&-Ae] 8.9} 9

=

ofd
[

« ARES A g
3o AR
Sl AN o= A
2] /53 57

A
Jfw @
o —

[m
o
I

&S el sto] 7hy
e EX L
CRETET
Ak

- A AL B
w2 % o 3371}
34 shao] 7443}

c}.
.2
%
=
al
.8
A
3
A

KAIST Blgdag — gnaem © Woo, KAIST ARRC & UVR Lab,, Dasjeon 34141, Korea pAane

Bt e ol e by
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el

1862

) AR3.0 22 3 W ehH 2, o] 2 b3 gl

KAIST Edvigdas 2012-2021 © Woo, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea };;ﬁ !!g

AR3.0 g 3 vep 2
THEZFREA o) 2 7h g

Augment Real

Objects with Virtual :

Content (1992) Augment Real Space

with Content(2007) -
Au&;ment Real Place

with Dynamic

(Social) Content

Augment Human
with Context-aware
(Social) Content

(2022777)

Every 15 years or so
a new major
platform emerges?

[07] Metaverse

[03] 2 Life,
Digital Twin
[01] Ubiquitous VR
81
!ﬁsl Eﬂ%ﬁiﬂh_ 2012-2021 £ Woo, KAIST ARRC & UVR Lab., Dagjeon 34141, Korea f_:;ﬁ !!g

10
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o7 ¥ 57334 AR3.0
eHoloLens2 [MS 2019

whid ol

=] a3 L1
_K_&EI_ Eijl?mﬁzn_ 2012-2021 € Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea fwﬂ !}.:

ot7 3 57334 AR3.0

eNUI by Facebook (2021)

5. Irruage'éi"}m:- strictly for illustrative purposes only.

=] a3 L1
_K_"E,EI_ E‘ﬁjl?mﬁfn_ 2012-2021 € Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea fwﬂ !}.;

11
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¥ 573384 AR3.0
eSnapdragon 845/855/865 [Qualcomm]

A glimpse into the future — sleek and stylish XR glasses
How do we get there?

- e —

(4G, 53, »ic.)

Diractional spaskers . ']
& Many passiva and active cameras
= with fishaye and telephoto lenses
— Optoslectronic night vision

l and tharmal imaging sensors
£ Ambient light sensors

Tracking and rmtiina cameras

Inortal, hapbc,
and hoalth sonsors

Muttiple high sensitivity
asudio microphones

New optics and projection
technotogees within 8 durable,

somitransparent display

B ol . ; : v
K.'@él. '_‘.?'Jl_?ﬂ",_'_“_., 2012-2021 € Woo, KAIST ARRC & UVR Lab., Dagjeon 34141, Korea P,\Lﬂ 7] !

ot7d3 743 AR3.0
eApple WWDC2021 [Jun. 7-11, 2021]

@ Glasses

=T Feren) s : 7 oo
K.'@él. '.'.gfjl__%_l?ﬂ, 1_2_., 2012-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea fmi__ﬂ ' ‘?

12
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M3y 5743/ AR3.0
7)&%%*3.}2 EFE 2021?

hit the mainstream in consumer entertainment
widely be used with the Oculus Quest2 (FB)

combine with 5G, IoT, Al, edge/cloud, DT
increasingly be collaborative and social
increasingly find its way in cities and vehicles

+ hits in education, commerce, advertising, etc.

Affordable XR Glasses come

« Meta, ODG, Darqi are gone... But

+ Google/MS/Magic Leap are back with 2.0!
+ FB, Apple, Samsung and more come!

» Augmented hearables with Al

2012-2021 © Woo, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea Fame

L L i 2012-2021 © Woo, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea pAne

bt e e b

13




H186%| SHEIUEIEZS| O|EHHA(Metaverse), ME2 7M 88 =212 0| 0247 K|

| & 7} w eh X2
o3 AHEE T 2 72 ghuk?

"Covid-19 o| A & A 1] 3 o] 37

Last Year Next Few Years With Corona+

AU E
(Contact)

Wi = 347!

Future of Society?
A2E 92, 25, 39! 9 eb 22| T

KAIST Ea|2das 2012-2021 @ Woa, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea Py ne

ol 2 7} vl e A2

o$-2] A3 ol 2 7kx Yuk?
SH: gAA 3, =43 AT, 7.}'&’@1‘?—

n7}4:3}: 4th IR/DT vs, F=3} L/ 7
2 7| 225, AR M/:ﬂ_%m /-
=& A: U-tact ©) x| 73 A -
7| F917] L2 3L B &FF (Net-Zero) 20501 g
*Green/Digital New Deal in U-tact Era?

ePost-Corona? Social Crisis?
"Will-be (&%) vs. Shall-be (&%)

eFuture of Society?

A7, £F, A wfob R
513 AunlE 75 A, g} Q]y]-?L

KAIST Espladss 2012-2021 € Woo, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea fane

L b

14
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e 22 FhE EREA?

o2ulE F7} % A (Augmented City, Woo 2019)
=IoT, 5G, DT/AL XR 5 ICT 7]1%£9] §714 d45<S 54 &4
o] 3334 BUHH, 283 3, A S/HAF AN EH A T
= 39, XR ERFS 53 AR 2 EAZA S A2/3
Asto] A|Wle] & FAAes LvtE £

37} A ¥4 82 (Woo 2019)
S EERRDERERE
/W A 42 34 30 3%
SERPDOLREERTR L
SRR LR EECT

Hiead Waorld
L
ae -
Fad

KAIST Ealadag 20122021 © Woo, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea pane

et 22 7= FAEA?
eAR3.0 over 5G, 573 5A] ¢ F74AH1?
*5G/Edge/Cloud will augment on-device processing

+ -> tracking © « Partial
data | rendering latency
. <- « analysis sensitive
retrieved/ « retrieving content
rendered
data

Power-efficient,

Round-Trip Delay (or RTT) of 5G for VR/AR

latency insensitive - Handheld VR/AR: ~200ms
on-device rendering + Head-mounted VR (CG,AL HCI): ~ 50ms (SKT?)
and tracking

* Wearable AR (CV, CG, AI, HCI): ~ 1oms (KT?)

KAIST esbigdad 2012-2021 @ Woa, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea fane

15
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e 22 Tt FAEA]?

o573 EA EHF [Woo '19]
w7] & el =3} IoT, 5G, DP, Al DT, SC, VR/AR
=<3 3}: To Monitor, Plan, Simulate, Verify, Operate

Edge/Cloud | . Digital Twin | > VR/AR Platform

‘5 Context-aware
Augmentation
|| (2D/3D)

Modeling
(2D/3D)

Active Participation
(Citizen Science)

KAIST E@ladas 20122021 © Woo, KAIST ARRC & UVR Lab,, Daejeon 34141, Korea pAane

e 22 Tt FAEA]?

eDNA+A7H/A Z 3314 YA HEY
*#) & Planning, the most important aspect for Smart Citles

*in its own way, with different ecological
climates, economic structures, land use, etc.

=*3kA) Monitoring, analysis & simulation
=48] 2 A-City XR services

*To integrate all the urban, social, economic
and government systems

o2 E9YE DNA+DT+XR
“A @ Experience the existing (or existed) city
"4~-% Use as a social communication platform ‘

2 A, A A/ E I} ] &3

-
KAIST Etbladad 2012-2021 © Woo, KAIST ARRC & UVR Lab,, Dasjeon 34141, Korea fane

e
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o A 3] @2 SA...
ol EfH) 2, Fo1E 3 of 3h}2

sv] E}w] Zof] of 3 A Z} w7 ? ERl = A A FHF!
o5 A& #}A: D.N.A.+DT+XR eco-System!

wQl Ao v b 22 T EA] 8] F7FAIH!

ovE 22 A7) o]y SREA FFs A
sx|mlo] R A3 TAE REsAL, YA EY S 53 o %
g FASAY, A7 dAely, 714 F)°l Fef sty
virtual verification< =}z ¥, real worldel] 2 3}& ut<d

o} A3] Fe S

*Metaverse 7| §t T3 EA], 772 AU §3F A =2
"534 7PRARHNFT), el B SAEA A& 7He27R?
*Pataverse 573 =X 8] Alul- ¢ PE3H7}?

=E ! oy = : : ee .
KE.. '_“gf_Jl_?EHF_E_,, o 2012-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea f,ﬂ,ﬂ ':}?

U-tact A ], $-2]2] Ag2?
eUtopia or Dystopia? XR or eXtinct?

2o12-2021 © Woo, KAIST ARRC & UVR Lab., Daejeon 34141, Korea

KAIST Ea|adgs
1 et g

17
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29 783 Q&A

. ) €l 2= (Metaverse) 7} = o} o} |

. o) t)2]2 E9 (Digital Twin) 2172 |\
. 8] FH ] 2 7H4-3 4 (Ubiquitous Virtual Reality) ”
. ARzo T2 ANz AT |
.:Le,e.' 92)= Folg dlop & Al |

KAST v 2012-2021 @ Woa, KAIST ARRC & UVR Lab. Dacjeon 34141, Korea Fame

Bt e ol by

KAIST ARRC/UVR Lab. 2020
o ARRC / UVR Lab_ Mem be rs The Ubiquitous VR research aims at

the development of new computing
*Director: Woontack Woo i fi;:fhjﬁf,f; "
=2 Ph.D. & 4 MS Researchers
®12(1) Ph.D. & 12 MS students
=1 visiting student

=1 administration staff

eInternational Collaborators

*T. Kim, Vincent Lepetit,
A. Argyros, K. Kunze,

M. Billinghurst, S. Feiner,
S. Kim, T. Starner, etc.

I

MEET P 2012-2021 © Woo, KAIST ARRC & UVR Lab., Dacjeon 34141, Korea pAne

Bt e ol e by
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Welcome to UVR Eral!

eMore Information
SW

=Woontack Woo, Ph.D.
* wwoo@kaist.ac.kr

* http://uvrlab.org SW STOR LAB
* http://arrc.kaist.ac.kr w haa
eSupported by | Qs KAIST e

=}7] 4 §4-(MIST) IITP/NRF, KAIST,

= 3}5-(MCST) KOCCA, GIST KCTRI, DCC k oCccC a 8

=Xk} 3 (MOTIE) KIAT/KEA, ®i A 4] DICIA Ot REAXAIT %igii
eRelated Events

=KAIST CT-AR Program since Sep. 2020 K1 dT ?i’"’t""‘zl" """"" R

'tT‘IPostMed|a ZFVirNect, FIAST, EIMAXST,
EXTriple, , G3Victoria Production
NRF )or%q?xncr

“"The future is already here. It is just not uniformly distributed”
by William Gibson (5F writer)
KAIST gwiadas

Lt by

*9,
2012-2021 © Woa, KAIST ARRC & UVR Lab., Daejeon 34141, Korea AA "E

19
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HIEHHA S et SESO] 71& - AR/VR 7/7]
L

-

of = o
=
(=]

LGEASHO] &

Joon Young Yang
LG Display

April 30th, 2021

20
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@ LG Display

£E Outline

—

. VR/AR:--?
2. VR/AR Device Component

3. OLED Display for VR/AR

@ LGDisplay

VR/AR::+?

21
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1. VR/AR::-? We Display,

VR in the cinema Ready player one (2018)

1. VR/AR::-? We Display,

AR in the cinema Iron man (2008), Iron man 2 (201

CONFIDENTIAL ) LG Display Ca., Lid 2020 @ LG Display
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1.VR/AR:--?

You Dream,
We D|spla&

VR (Virtual Reality)

AR (Augmented Reality)

Q Realizing virtual information through display
- Realize 3D virtual environment

< See Close Type >
Mobile Dtspiay
Magmfwng Optics
[ Oculus Rift ]
Mobile Display
g
L3

COMFIDENTIAL c! LG Display Co., Lid. 2020

Q Qverlapping virtual information on the external environment
- Link the real and virtual environment

[ Microsoft Hololens |

< See Through Type >
Micro Display

-+

Projection Optics

Micro Display

@ LG Display

@ LGDisplay

VR/AR Device Component

23
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2. VR/AR Device Component W Dispigy. "

VR Device Component

O VR device is composed of display, optics / sensor & controller / wearing part

Mobile Display
: LCD/ OLED(5~6")

Wearing part

VR oplics
(Fresnel Lens/Pancake Lens)

Sensor & confroller

CONFIDENTIAL ) LG Display Co, Lid 2020 @ LG Display
2. VR/AR Device Component We Display, "

Mobile LCD/OLED vs OLEDoS

Virtual Image
Mobile LCD/OLED Pixel
Mabile PNL
Conventional =
Optics _
Ex} —
Oculus Rift S (20194 FOV : 1100
culus Rift S (20194) PP 14— Mobile LCD (564 PPI, LG G6)
LcD = i
Size : 4.9 inch —
Resolution : 2560x1440
Refresh Rate : 80Hz =
Pixel Density @ 2f 600 PPL =
S0mm O]
_ _ _ Oculus Rift S (2019, LCD)
Virtual Image
OLEDoS PixeE
OLEDoS PNL
Compact
Optics
OLEDoS PNL = cree-door effect
OLED FOV : 110°= T
e T = OLEDoS (3500 PPI, LG Eﬂésplay)
| Resolution : 3000x2720x2 =
Refresh Rate : 90Hz =
Pixel Density : 3500PPI =
2 30mm =
z CJuFO| & s}
5 Panasonic (2021, OLE
CONFIDENTIAL () LG Display Co., Lid. 2020 *PPD (Pixel Per Degree) ( m@ﬁﬁﬁay
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2. VR/AR Device Component W Dispigy. "

VR Display

O Need to apply high resolution, high ppi display

- In order fo prevent “screen door effect” with magnified VR image by optic system
- 5,6" Mobile display (LCD/OLED) or individual display for each left and right eye

Oeulus Rift W1
JDI 1001ppi LCD LGD 1443ppi OLED
CONFIDENTIAL ) LG Display Co, Lid 2020 @ LG Display
i Yi
2. VR/AR Device Component We%ﬁ'sg@m'
VR optics

QO Optical lens: Magnifying display image and transferring to the eyes, Spacer: Ensuring the “working distance”
- Generally Fresnel lens is used, but Pancake lens is recently developed in order to decrease “working distance”

Lo

Wolume difference as optic system

Fresnel Lens

Fresnel Lens

LS Patent US2018/0120579 A1 Pancake Lens with Large FOV Ocubus VI, LLC
https:/ fwwaroadtovr comfces- 2020- pico-vr- glasses- prototype-vr-viewer-hands-on/

CONFIDENTIAL €) LG Display Co. Lid 2020 @ LG Display
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2. VR/AR Device Component W Dispigy. "

AR Device Component

O AR device is composed of display and optics (Collimator + Combiner) / sensors and control units / wearing part

Display

Collimalor

Wearing part

Vel

Sensors and control units

Combiner
CONFIDENTIAL ) LG Display Co, Lid 2020 @ LG Display
2. VR/AR Device Component w;r%?sg@m,
AR optics

Q AR optical system is composed of collimator and combiner

+ Micro display : Display virtual
Image

q + Collimator : Collimate the image
ﬂ on the micro display and pass it to

the combiner

« Combiner : Combine virtual
images with real images

- Reflective type : haif mirror
- Waveguide type : DOE or HOE
film

Real Image—»

CONFIDENTIAL (€ LG Display Co., Ltd. 2020 @ LG Display
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THEE 2. HEHA FHS 2ot

. You Dream,
2. VR/AR Device Component We Display.
AR Display
O Thin / Light weight, ultra-high PPI, high brightness micro display
- To reduce device weight — Thin / Light weight , To maximize the user experience — ultra-high PPI LCoS : Liquid Crystal on Silicon
. : : : z e ; DLP : Digital Light Processing
Consider use environment{external light) and optical system loss - high brightness DMD : Digital Miromiar Device
- Under 0.7, over 3000ppi LCoS, DLP, OLEDoS OLEDsS - OLED on Silican
LCoS(LCD on Silicon) DLP(Digital Light Processing) OLED0S{OLED on Silicon)
c Display s Micio-miior Individual -~ oF .
Technology /L } implement with ' . ' Cor]\—terg?cotflol:l)-lMD I-I\{-'ll '/- OLED deposition
overview Biiili _-. e liquid crystal en e VR T VAV Tl unit composed (AT AT VY

Si Wafer Panel si 5l

of micro-mirror

1]

Display module

Sicle: view Top view

LCo! ittar Projecth y. g $ iator
1 X on - i
. ~ Ofptics / o sy Projecti
Module detail N Dichioric Filter OLEDaS O
Oplics

______ Light Polari
0 o arizer % Preject
rism e 03:;&8

Ref} Qptical Engine Reference Design lor DLP3010 Digital Micromirror @ LG Dlsplay

COMFIDENTIAL c LG Display Co., Lid. 2020 ol
@ LGDisplay

E
=
=
=

OLED Display for VR/AR

27



SHELO| O|2H7 K|

1863 SHEIMEERZS| MEH]A(Metaverse), M2 71 5 S
3. OLED Display for VR/AR we Dispiy.

OLED technology suitable for each application

Q Need to select the appropriate technology according to the application
- OLEDOoS requires high ppi > MOSFET on ¢-Si Wafer(TFT) and WOLED(OLED) technology are applied

]

Wearable Mobile VR AR
{vinal Fieality | |wgmentad Reality)
>
&
OLED RGB FMM ) WOLED+CoE )
r &
TFT LTPS TFT on Glass (6G) ) MOSFET on c-Si Wafer (8", 12"])
T T T > (ppi)
500 800 1500 2000 3000 5000
CONFIDENTIAL ) LG Display Co, Lid 2020 @ LG Display
. h(
3. OLED Display for VR/AR We Bispiay
OLED Display for VR
O LTPS TFT on Glass based WOLED display application e):éﬂmpieLr 443ppi OLED for VR
am——— Specification
= (= Panel Size 4.3 inch Luminance 150 nit
- - Resolution | 3840 XRG/BGX |conirast Ratio|  15,000: 1
= Sub Pixel Size|17.6 um x 8.8 um| Refresh Rate 120 Hz
—— Short
L Backplane LTPS Persistence 1.65 ms
FEEES Ilumination

[ Conventional 538ppi ] [ Proposed 1,443ppi ]
Reducing screen door
effect :
CONFIDENTIAL ) LG Display Co, Lid 2020 Sip2als @ LG Display
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3. OLED Display for VR/AR

You Dream,
We Dlsplg_y_f}

OLED Display for VR

QO Need to apply OLEDoS display for VR
- 60 PPD or more is required to avoid “screen door effect”
- Next-generation VR devices need OLEDoS displays
Mobile (5.46" Visual QHD) " Monocular Mobile (3.16" Visual 1.8K) (" Binocular

14PPD(538pp) [

20 PPD (806ppi)

5 Dy | - :I.7
PPD (Pixel Per
Degree}

FOV 120°

Number of PXL
The number of pixels G
that can be recognized Fov
by the eye per degree S
based on Fovea

PPD=

OLEDoS (1.5" Real 4K)2 Binocular

67 PPD (3,310ppi)

The human eye cannot recognize if it is more
than 60 PXL in 1 degree - 60 PPD

(1) Visual : 2/3 of 4K PXL number
(2) Real : real 4K PXL number

CONFIDENTIAL ) LG Display Co, Lid 2020 @ LG Display
H h(
3. OLED Display for VR/AR We Bispiay
OLED Display for AR
O OLEDoS based WOLED display example 3500ppi OLEDOS for AR 31D 2020
Specification
Size 0.42" Luminance =4, 000 nit
Resolution l'zﬁge;rﬁ%g;ealCGor Gamut| DCI >97%
Pixel Density] 3500 PPI Frame Rate 120Hz
5";;2;“' 2.42 x 7.26 um?| Backplane | Silicon CMOS

3500PPI OLEDoS display

15x% close up
CONFIDENTIAL @) LG Display Co., Lid 2020

Size and thickness comparison with coin

@ LG Display
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3. OLED Display for VR/AR We Display,

OLED Display for AR

Q Pixel size comparison by PPI

G6_Lcp V30_OLED OLEDoS

564 ppi (real) 538 ppi (visual) 3500 ppi (real)

\
l
'
i
\
I
0

)
¥

o

X

-
x500

CONFIDENTIAL (116 Di&la}%ﬁeﬂpgr?l 45.0um (5.7") One pixel: 47.3um (6.0") One pixel: 7.26um (0.66") @L.c Display

4K VR 1{'d_Key Issues We Display, "

4KVR I{j'2 7 &S Io 1= 0]0|X| ‘84 5L TS 7|2, One-Chip 4K D-IC 7| = A Foveated Rendering 7 7|
il
=

4K 0|0jx] cfjo|E] One-chip Foveated Rendering
MM el & e 4K D-IC 7|& 1E J|& Applicati
on
Processo
v D2 4K A E O|T)X| « 1 5/XX| A Foveated
AP Rendering 7| & Repdesing
o[ojx| 48 2=
D-IC
Source L =
= Foveated Rendering ?|s Driver o
4K SiA T 12 Inter- LiE D-1C 2
D-IC QI O|x 7= = 4K ot D&/ HEE D-IC
e » Fovated Rendering 8
« 4K O[O)X| AU 71 Inter-Panel 2I& ﬂ = X
ZEE g i
= 4K D-IC % Paneld| Hg 7t )
S8t PAD = &2 Module 7| Pixel Array @
= ) _ (4K sfias) | ©
Pan = Foveated Rendering 7|s
o L=t JHEr
' « PAD % M7 9/¢t D-IC 1= GIP 7=
Panel0] ®& 7Hs% 1:N I
DeMUX & 7|& ==
Panel
CONFIDENTIAL (€ LG Display Co. Lid 2020 @ LG Display
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Q & A Thank You

@ LGDisplay

www.lgdisplay.com
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XEEE 1
MH|A SHO[AMQ] HIEFHA — SKT At
.
Mg

SK El3Z MetarverseCO%

SKT?t J2|= HIEtH A2| O]z}

SK&!2|=Z Metaverse Company
HE HoLE
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H|EHH A pioneer, SKEIZ

SKEHZ2L2 2013WHEE AR/VR 2 J|&ag

T real

T-AR far Project AR O
re Telepresance

Tango (Google 1/0)  Play Adventure

2017

SKT Soclal VR

al VR Studi -
LR T real Space AR

[Goagle 1/0)

Ht0] Cret HEHZ HIEfHA

SKE S 2| HIEHHA

Virtual Meetup
83*"\5 HE L0 Mu| A

OfHIEIRt It Z S

Jump AR
AR content H|E/ 7 MH|A

ofttel/ 52t platform
HEH A MB| A0 A Q&

aﬂaaﬁg

L3 Lials dd

T L I

Jump Studio

H|#| £| 3 £Z9] volumetric video H|Z Studio

A ﬁ.“'
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XAIZFO|C|0] M|ZHS Q|8 XFA|CH & Studio

Jump studio

." y - s \\
Jump StUdlo > Volumetric Video®t?

Jump Studios OrJ\|Df H|EpMixed Reaht\,r{apture Sttﬂﬂm 2ILiEf, 2= 2 30| 2ot oo x] 14

1 Volumetric Video H|Z 1}%
P!

\ I i “‘:'HI‘— CtE 322
N 1
\

s
: &’%_.’i UIET“%;N

YR CAEH G EUM
IDRWHE SR8

|

D 2K TextureE Y
&
Volumetric Video 444

—
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Volumetric Video Processing 17

Mesh Mesh . .
Smoothing Texturing MP4 file

Camera Point Cloud .
Generation

Results

Z8 Reference
=, QIERAN STt CHYTH ZIH S SISt

Jump Studio= 204 4% 2 0%, 2L Q17| O}0|F, AEXXAEY,

/ T
/amEL o] (a2
sl2c ey
Jump AR P &3
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J

AR & M|&tC 2 CHE0| Jump! Jump!

Jump AR AH|A JHR

Jump ARZ Y4t £0fl ADHE AR 7|&ES FESI B ZHUXE

Jump

2E2 00U ARE i 3 =z e g
solENtR?

o oM
B
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X1862| erEHE

Jump AR 0|2 At

Z2|0|Y 3D H2E{Lt X AEHS 3DZ ST 80|12

Vampire
Watermelon Past Life Shooting Star

Jump Corgi

J

A.N!C’.IEZI

Ol.HI.E_l.E AIJ'I-L_|-7-” J45 0|-
Jump: Virtual Meetup
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Jump: Virtual Meetup

Jump VR njo| Z0IA, RO ML AUBOM, SILIEMR)

OfHIELZE HZLEA
FHst=248E!

Virtual meetup 7HR

o U= OHLEIRL 22 213 CHAT Ot 328 MB e 28 HRLIHO|E AfH|A Lich

24715
v OHIE} QHS7| (uext g@ely z8uz) v ROy Em, 23, 3, W S v Ble| 4, Ay, &of 7]
v CHFEE HAEOO|Y (22 8/uM A2 Pet) v 7H event (o M o) v A37 0|3, =F, 00[XE &
v HE| OHHIEL Z| 2 (5128, 248 5) v B 7|EE YUY meetup (532, E128 §) v HO{ARbois) MY, 24 gled

HEHELE H[X|L|A AEIUNIX|
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[# 1] Jump World Snapshot

9|5 3{njA o1

Jump OfHIE}

Jump ZH AL 28

End of Document
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EEto 27l S8 =

witip|

Mixed Reality Laboratory | Hanyang University Atom & Bit Corporation

AR/VR/MR/:+ XR (=) 7.

Atom Bit

Mixed Reality Laboratory | Hanyang University Atom & Bit Corporation
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XRe| £tHSE A2t 21t

HE =g AYxtn=

£ kpn

Vision Picking Remote A/S “Remote Expert Instruct and guide Final sign off Vascular procedures
oY T2 A4 2kas 22 Ax|Lfo] x| 2 Y5 DA R R B “EAHE Algotole

25% A 76% V 11% V¥

ABARA] BEAF CI2EFY 2hA PR ER

9%6% V¥V 45% V

saoipiis | 2aazzs | sgenas

AR Z24/Ho| St Of[H| 2 E mA| 24 A o=g oA
0 QF/ZMARM 42 Adx|LjofjEeY Brf T MMt 2A

(Harvard Business Review, 2017)

Atom & Bit Corporation

Metaverse

Mixed Reality Laboratory | Hanyang University Atom & Bit Corporation
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Utopia vs. Dystopia

Movie: Ready Player One

https://www.youtube.com/watch?v=cSp1dM2Vj48

Mixed Reality Laboratory | Hanyang University Atom & Bit Corporation

Universe/Digital Twin/Metaverse

AbArAd ‘/
imagination

Metaverse

0

[_k e /.—p

sald  Universe JAHA
reality virtuality

Mixed Reality Laboratory | Hanyang University Atom & Bit Corporation
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A S0| 7|tist= AR 2438

2Al: < 40g

A=FH: <3mm

M3 7|: IMAX ESl2 o] &
(AlOkZ} (FoV): >60°, VR: >120°)

ol & : 4K per eye

817|: Ef S of2f A&7}

M 2 92 gl

Contrast: > 1000:1

3D Y H|Z: 30cm ~
HiE{2| LHE: Sl & S Al
7|5:5G ADIEE LA

7t4: 302+ 0|3}

Image: https://voutube/WN59hgD4Cz8

27: 5669

HSHETH: ~ 30mm

3H37|: 80" TV@ 2m
(MOFZ} (FoV): 52°)

S A& 2K per eye

7 AL AFE H|et

ME: st o= B8

= g

Image: Karl Guttag

Contrast, Uniformity ??

3D YH|Z: Stereo @ 2~3m
H{E{2]: 2~3A| ZF

E4: WiFi (56 ADIEE EQ)

714: 6002+

h

Image: Micresoft
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Ll I 40 I

2

A 1009 + Az Contrast: > 300:1 ??

HSEH: ~ 30mm 3D M| Z: Stereo @ 2~3m

3tHA7|:85" TV @ 2m HHE{2| 81&: 2A| ZH(Tethered)
(M OFZ} (Fov): 55°) EAM- 92

ol & &=: 2K per eye 5G ADIEZD &M G

HE7]. AlL

277|: AU AME 744 ~708+S]

M. s ol 9l

Image: UploadVR

20214 = A|/0f| A AR/MR/VR 7| 7|

of] &F &= (pixels)

4M -
(QHD) w4

Qualcoaan

M ﬁ)

(FHD) “ vy ‘Q ="
M Lenovo IC 4\ L2
1 o oy B
(HD) W‘ ﬂ MediThinQ

LetinAR
e

0.5M i

100 200~ Weight (g)

Image: Google Image
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2021 = A|/0) A AR/'MR/VR 7]|7]

of] &F &= (pixels)

30 50 100  FoV

Image: Google Image

Device Roadmap for AR/MR/VR

PPI

10,000

6000

!
4
:

3000 U U

=S C

1000 E =

TR EYEY 2

2020 2021 2022~ Time

Image: Google Image
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Display Roadmap for AR/MR/VR

_ ﬁ i
PPI 3Y == E wm
AMOLED  Lcos uOLED  uLED  LBS (MEMS)
10,000

6000

3000

1000

2020 2021 2022~ Time

Image: Google Image

AR Optic Technology Advances

LOE (Light-guide Optical Element) DOE (piffractive Optical Element) BB (Birdbath & Reflective Prism Optic)
E e - =
= = - >

Q e .“ 'E”:

Image: SPIE, Google Image
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AR Optic + Prescription Lens

Light engine

A Consumer AR
Module

= For first time the electrical-to-eye
transfer function can be defined
= Multi-purpose role of Luxexcel
encapsulation
* Ruggedisation

*  Mounting scheme for light engine

* Custom pre: n
*  Other potential optical functions

* 25mmx 14mm Eye Box

+ 18mm eye relief

= 27 FOV 4:3 aspect ratio

Total mass just 17g
Prescription added to
inner side of Luxexcel
encapsulation

Waveguide

Image: SPIE AR/R/MR fire chat, Waveoptics

LBS (Laser Beam Steering) Projector

OSRAM
6RGS 3-in-1 : 71’

Demo Specifications
FOV (diagonal) 30° 24° (H)x 18° (V)

OSRAM Brightness 1300 cd/m?
RGB Laser Module Image aspect ratio 4:3

Eyebox 10x10 mm
Color RGB

Resolution 33 pixels/deg
Refresh rate 60Hz

dispelix
MEMS Mirrors

Waveguide Combiner o 3
Image: SPIE/TriLite, Ogmented, Osram, STMicro
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VR/MR Optic Technology Advances

Cl2gEajo) mg
FHz % 32t
(50 mm)
=
ZEAZ EY 8
10fnmithick b
z 3.3@hmithick I
=——————+ ——— /3 TIIEE)
dl= HiE 2 gl = HHE + 232 BEY ZEH &= H: Facebook I'cldedllolographm()pncs

SPkEf’leoak

VR/MR Optic Technology Advances

= H: Facebook Folded Holographic Optics
HEL 0EE s
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AR & BE: MicroDisplay & Optic & Sensors

2 Micro-Displays 2 Optics 11 Cameras

5.8 ]

- Front Stereo: 2
il Front De pth: 2
Eye Tracking: 2
Lip Sensing: 1
IR Rear Stereo: 2
wesmze  Rear Depth: 2

Image: DigiLens, Compal

Qualcomm® Snapdragon™ XRI
AR Smart Viewer Reference Design Qualcomm

snapdragon

it fourr
} Image: m
Quocarmm Snopdragon KT AR Smart Waewes Rrbeesnce Detign = o product v i mage: Qualcom
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< T o

Image: Qualcomm

L e
2021 AR SHE
Qualcomm
Smartphone OEM Viewer OEM Operator
2 o A o
- ' D i C“mx..
L\' € 18e8 ddcomo
Qi Nreal
e m | 8 mwo «
i @ @.cut
0 vivo Panasonic Pico Shadow Creator SK’P SoftBank
Y ) P T
VAW Oppo verizon’ () vodsfone

XR Viewers: A 2020 Reality

Image: Qualcomm

55




H1862| HHHUERS| DEHA(Metaverse), M22 7Hd &' 23F2| DI2{7IX]

Semiconductor Process Technologies
-> Photonics: Metalens & Meta-Surface
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Why refractive index?
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Key design parameters

VR
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Appears at far distance

]
Virtual image

Display

VR platform based on meta-optics

Human eyeball

1

Displays: small form factor; high resolution; high brightness;

high dynamic range; wide color gamut

display size, and the distance between the eyepiece and the
Eyepiece: high NA; good imaging quality,

display
O Adesirable VR system (small form factor and large FOV)

Meta-optics-based VR platform
O FOV of a VR system is mainly determined by NA of its eyeplece

U Form factor of a VR system is determined by eyepiece size,

Optic Technologies

Retina

» SEM image
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Image: SPIE/Harvard Univ.
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) RADNTECH

hitp://RAON.io
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AR/VR Display Requirements & Solution
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Emerging AR/VR Display Technologies

Meta-Mirror 10K ppi OLED (SAIT, Stanford, Hanyang) Nano Wire LED (U. Of Michigan):
Meta-Mirrors Convert Blue to B, G, R Selective Growth of InGaN
' ' . Dia. 200nm: R, 400nm: G, 600nm: B

. G
ETL 600nm 400 nm i
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n-GaN:Si

%}c’u,, ol su“m\ﬁn“

TriLite: RGB Diode Lasers w. MEMS Scan hMojo:Lanes Corat Lans w. u-LED Display
_ And Sensors
Gomin

Commen prckage

Red LIy |
Blue LD} 4

Green LDy §

Non-coaxial
ROB besms

Callimatian opics:
FAC and SAC

TriLite integrated RGB LM:

/""f APSholdings Confidential.
Do Not Copy, Reproduce or Distribute.
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