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1. 7HQ

7@ A(Virtual Reality: VR) 2 3748 4(Augmented Reality: AR} 7189] 7|18 AFE EHE
IOl HlATE AFES} FE AFE, AEES] 2 Al 71EE F5Z W3 itk AR/VR 712
ABA T A2 (hyper-connectivity) 2 HHE== 43 AFAE Altfol] 7]29] 2219 B HAET 0|2
olojAUH YA AV 7Rl M2 R AZdsle FFEA dde & AR 7|diEar §l7] whze]
G& o 11 F87d0] Rzt dAAAR} 7PSAIAE AHA o g SotE = AR/VR 71EE 244 914, AlA
04| &5 QlAa) 7RO ATl AREAL Z3(User Experience)e Aladlal, 2114 FA4 41 9 0132|152
2 42} AR A VleSd Aol 7129 Vel o A w2 aE0R AAAY E24
S ARG WEA, 1 A, O, HEHQIME F of2] ool S tefsll 3 £ 38 ARIAE
AlEshe 2ol 7hssit. of=et 71e59] dile Tt St F2 SERARE, 77k vl
YIBZNA EoHA S+ Qe 7Ieol € Zo& JdEn.

AR/VR 71&Z ARTEET} iRIZIA| =, vldo] 2] 4Ee] S43% WskE 7HE AoR 7|diE,
AFeo] Aol ARSIl S0 FFE & AR AVHh AR/VR 71€9 S-8AE 3T A oR
AP, T1g Q1% ARTHA] ERE FASH skl ATKTL™ ). olet 7IHeRE A9 25t Aol tE
AUEE AR Hol Az mle AR ARsh] flsiA, vlo]A=ARE, ofE, 12, Ho|ART Z2
IT 7165 AEsh e 224 f7IdS0] & tFol AR/VR ¥4 719 7l& 2 &8 7I&o A3TA
ofal glo, W FAV|Y U ARENS0] SHH0R 52 Agsio] AeAE £Hls 242421 AR/VR
Aol dE Aol gk £HlE okl Jrh 20194 2¢¥ AHQl viEAZU oA iXE mHpd Yt FadA
(Mobile World Congress: MWC)olA= & AlAS] 24l HHIY 7]&0] A==, o714 7P 52
HES. 70| mlo|ARATEjS] 2A|) ERART= HE AUEEY] APFofA] Yoj2iE(wearable) 573EA
7171 Ao wigtheio] Halith= ZE AJARITH
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AERT, 5B StEglo] 714 o] AEHel 98 s ol I4ET 7129 g sushs
gk E3F AR/VR 71452 590 48T 4 9k 58 AHASS Ak, 1o Ui e nEee
Apjsav, ol Aol SRAE RS 712 AR/VR 7149 THE21S SIoh ofmlt 84 714S0] ol sz0m
Egrsjolof stex) QolnuA} e,

VR AND AR MARKET FORECAST ACCORDING TO GOLDMAN SACHS
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AACIA ASHe Al AEobe B EH 5] 7MIAIAIY EAke HolsolA He dS Eohd,
SR B A HHEOA g (augmented) 7H 9 AEE SO AT 4 A=SF sk MES
a3t
A Az AEet 7MY A HEE SAlCl Alsts WL ol 77t Yt IS0 E 33 33
WS S BT 7MY e 3 4 optical combiner)E &3 FEE FFE F2 ulolA
SAEAR olopr|sh= A97E Ur. ol#gt EA2 B3 FA(optical see-through) WH o= Ean,
o9} thulsto] ZHHltiIA 5 Bot] A PAZ Yot olg AFE YFAYE St 7H FA
/gsto] AREAOIA G Aol B HH L FAl(video see-through) B o= EdT}. & 110]A4]
ANeRe SN 7168 B ok BAIE 7o R 3 7[&Eolt) IR A2 9 SKE0A olop|sk
U= 28 (Mixed Reality: MR) = @ 4(eXtended Reality: XR)T 22 /9= 5451 Q=
o] GA| FFAHI} vt /g o R A 4 Qirk B9 SHAA 71e V1% NS sk SR mARA
HHo| w2bx] AR/VR 71&d S8 397 UAT YEHO R AR/VR 7l&o] 59 8 Q14 9 AR
A AT} T FEAR] AREAL QEEAe] HafAls T1es YR ET

J3 2 AR/VR/MR 7HE Z3=
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A 24 718 7FEY(Gartner)ol A S 20184 7I&4dsk IS AWEH, 20179 45HA
2712 Fole VR 7]e2 EROJA 7o HYUL, AR 7Ie2 VIR A%t 7F o] E01ea B4
FEEFE St AN DAl ot Ao dE IR I3). SVIEe H2 20189 S 7leo] Al
SAstel 7MY B dE el B Fa3HE el Holth ole B3] 7MY 9 HEE
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72 3 20174 ¥ 20184 EMI|= 5l0|Z(Hype) AIOIZ

Au

Conversational User Interfaces
Brain-Computerinterface

Neuromorphic Hardware and Ontology
Deep Reinforcement Leaming Management o™
Soware-Defined Virtual Reality
Artificial General Intelligence Security

expectations

Deep Neural Network ASICs

Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5

Blockchain for Data Security

Artificial General Intelligence,

Conneded Home
Pt ssistans - | [—GzeBLeaming 2017
A Sl Machine Learning
loT Piatform Autonomous Vehides
B Snz:an Rolzlots Nanotube Electronics
dge Computing Cognitive Computin
gmented Data Discovery Bl%ckmaln puling
SmartWorkspace

ommercial UAVs (Drones)
O Cognitive Expert Advisors
Volumetric Displays

Quantum Computing
Digital Twin

Serverless PaaS O
5G

Human Augmentation

Enterprise Taxonomy

4D Pnnting

Augmented Reality

SmartDust
As of July 2017
n ~ Peakof
Innovation gh of Plateau of
Trigger Exlnﬂa\e_d Disilusionment Slope of Enlightenment Productivity
time =
Years to mainstream adoption: obsolete

Olessthan 2 years © 2to 5 years 5to 10 years A morethan 10 years @ before plateau

Digital Twin

Biachips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots
Smart Robots

2018

Deep Neural Nets (Peep Learning)
O

Al PaaS

Quantum Computing
5G

Volumetric Displays
iving Level 4

Edge Al
Exoskeleton

Neuromorphic
Hardware

Knowledge Graphs
4D Printing

Smart Fabrics

Flying Autonomous Vehicles Augmented Reality

Biotech — Cultured or Artificial Tissue

As of August 2018
Innovation Peak of Trough of Slope of Plateau of
= Inflated St - 5 i
Trigger E Disillusionment Enlightenment Productivity
Expectations
time
Plateau will be reached:
O lessthan2years @ 2to5years @ 5to10years M\ more than 10 years & obsolete before plateau
o 2018 Gartner, Inc

(X : Gartner)
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(B : M4, Oculus, HTC, Sony)
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F7FTE Aol AntEZIS] 71 2 Aolol=tal & o A ol#et 289 FA9| 540 BEol 71
B2 QlEFo]AoflA 522414 B AR AE o7l glom, To mE Az ARSA FH
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71&9] B gaEeololMe o 37 84 FoA shd 277 AEF 0|9 855 & Ale M
8% 848 oAFARE 289 SATA 7)7olA= 9 ARBARE AR 3P| wheoll 87l HAET ]
o] /5ol digt 7ige] gt iAo & S4dA 717104 tasdeld] &4 271+ 284AT
91y YRS HollA |48} Fojof sEA|NE AdH o2 ASHA H= A9 2719 2ty Dl
TE0E FTje} Fojof gkt I1%7] wieo]| thiEe] ST TI7eS A8 P S 249 S
£ gijAA HESH He FHE 432 oH, ot F24 EAOE st 7|E9 $4F 9 diY
Bt gaEdo] 7lee ARAoR 28357} oAl

SIEA 71719 27] N DARE dA7EA] de A8EE gadde] Ak V1€ HERAE A
g2] AREEY LCoS(Liquid Crystal on Silicon) & DMD(Digital micro-Mirror Device)?} 22 &7+
34 ¥ZX7(spatial light modulator) 7]&olt}. o]2fdt FAF FoHAI= 22 3719 AAZHE 2 s
RHEof ¥ & Stk Aol S4AA 717171 FEsaLA Sk it vt ek £ 27| e B
SIEA 71710 AEHAH. E3t o= = AEs} VIer AEE AHol] weel AHA oz 4419
7HA0] AFstal Fik 710l niEofRlof 35 AP 1 &4 fiSo] &olsith= o] 7 2 Aol
SHARE, B0 FU} o] S et Wl FA B a7 E= A, WA AAE f 2 o A=
Hg FeHAPE F7tE daste] gu fAEY 0] giv] 372 AR/t A, Feol AlF R FsE7
Tzl iAoz W2 4 tulez Qlolo] ST A 74 Al G FHo] HolRl= 3 50 Hler
A&,

2oz TiefRl vlolHz HaEd o] 7leo| s A HxzAlE 7t Zisy) 92 Sl JekAt
Q9 = micro OLED(Organic Light Emitting Diode)?} 22 249 B fAZHo| 7|&S F&al=
457F BoMA AL itk OLEDSF 22 A #38d B tAEd ol AT &3] o2l £ A4
HAY, vl 2 vl % 22 215 YR EHS 41 ] digo] @4 7MW 9449
AL 2945 F5k= Aol 753tttk £5] micro LED(Light Emitting Diode)2t 22 71&9] 7
& gaZo] Bh4lof visto] 1=} 10,000cd/m* o1de] 13w o] golgt EXE 27| ufEo,
A 8 710l A8E AFE ARt ARolAN, S4EA 71718 et she 22 H719E0l

7% HAS I8l & THEo] 5AS BT Y PASYo] 7% HofolHE 1),

Jlm

N
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mols / EXt QX
O|A E (%]
ol / EXt 71 Ojo|32 LED3 71y 5

Apple LuxVue 20144 Qs
Facebook InfiniLED, mLED 2015 Ol
Google glo 20174 EX}
Intel Aledia 20184 EXt

R 2 34 Bl A8 ciASd] 449 S8 TR HeI Aolc @A) g
221] st YA HpgoR Qlstel ozl $72) taEaol g wio] el 485w
ik ShE BHORE e Fugh WSS 2 HUY qASdolel gHz Tt 49T 4
st

7g we | wil | oes | o =3
LoD @5 | dg | w8 | 8
LCoS g Uess w8 | w8 7t g2l e
DMD ©s  oess  Fw | & 7t g2l e
micro OLED 4 = e =2 =9
micro LED £3 =S e =5 JHY oA
Voot el w2 52 Mess &2 40K B2 22

FAB 71014 ot 1S tiEeo] 71t ool 7Kg SRRl Flgolek & 4 lor, AdAoz
SR 717} dhgsteln] M 593 482 Stk 4 9l 34 Bop14e 49 fasdol
SfEow Age] Aokgele ik EE 4 UUES 1005 ol4e] Aokte ARsh, e Ee A
9] Bals (oF 1/60) S50 TAuw, 2ol et jZo] glojofeict. oo FAlo] FAle Bt
22:5}5j0] Q73 A WRo FobAeh tlaBolst wE m3twol WIS 284S F 4 Slolok Tk
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SHARE o2t 75 ES BT FAl BEAP7Iole @A19] 7ERe Tkt AT e, tAEd el
71€3 gE0] A&Hos AFEA itk

A M e SAAA 71719 Bt R A WAE WA E2O9/31E B9 4%
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TG AR 2 9len, | HE(Pin Mirror) AT 22 2L 7Iek 54t $434 71719
o 5ol Tt W49 7]&0] AEH Qlth

HEAZ A GAekes WO ke Fafsial ke BT E AsS ARSI dAT 7MY Ade ke
HHAjole}. ofi= 7K 712491 A2 AF o= FHo| idstl, AZE 9es] HAEF 0] G WA
W] whzol 3= Qo= tAE 01 JAF FHol thet Aokt A9 glow, @A A7k AHof gt
Rt Hast Hrks A 2t sHAT §E Aloktke Algsh] fside A=Y 2717F AAoF s,
T0] webA dAaEde] WA FeA9] Hulw F7tekal, Eet FAE F7sto] Het 284S AlS5h 17t
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HAE&0] BH49] BulE £o]7] foto] o]AZAS] Lumusitolile ¥HASE o] 22 2702 o]
rf=(waveguide) POl PIAISHES: 5lof 338t PRl FAS 4 mm o[U= £°1 71eg HHSITHHTH 0).
LOE(Light-guide Optical Element)2til &8 T 7|&2 HHALC] JAEE EAS IUE GAsPHA
o2 FA9F 0% o9 W Alofke Aled 4= ke e Zheth s of2fdt e WA
o=l SsfoF sk FoHa] 25 2L ] W], Mo Fakeo] J/dol Eutz Qlo Aol wekA
FAHA HasHA Hoh AukEQl G40 B7] #4=E H57] flsiME AR e 449 Wrldl
U] Fi2 gieolof s17] wiizof, ZdubARl 3 ago] WobA Hle- 3%t FeE Agshs HAEH 7}
Aoz a7,

J3 6 LOEQ 7= ¥ LOE7} MEE LA 77|

d o
Out-coupling Duplication of
element rays
K X
. Vi ! Collimating
Waveguide i ! optics
—_— !
Display module | !
\ 1
— 1~ Display

COUPLE IN
OPTICS

(EX : Lumus)
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d Duplication of In-coupler

/

! : Collimating

| H Waveguide /_‘J ! optics
Display 1 ;
module 1 :
—————— Display

Out—coupler/ |

.||||\\\ \\\\‘\N A\\\\“\

w3
US 2016/0231568 Fig. 3B

a) EOZ X0 M= OflAl, b) E2A=0| M8 DOE
(B : Karl Guttag, ifixit)

02 (pin mirror) 714 Aol SAHOR UG 7142, B Bpin-hole) 2719 ALE B3
7M st @A A7 ARE TSHs AL BA0R it Wjelt SRRT 2 3719 vk 2%0)7]

el &9 #Ha 23872 oldel AAsHA HE &9 24 F 245 A2 er He Ao] ofHY
T AR A} vistt aE die e ol8Ste] Fot AR S Y §). dujFe 7EAes
#AE 718 2x0]7] fiizo] WHAE WA v 2 fAsee|d B4 g fAT 4 glof ui

AL 5 glon, 22 a2 27|12 ]lste] muz Vgdk A8E 4 ] HEo W2
AoRte Alsste A% Bl & mm o9 FAR Fok YRS 7T + Avke FHE A=t
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v 7led 7Hg 2 542 9 & 208 AR8st] 7HE 9499 AdE(depth of focus)E BHEAIIHE
Holot. ol SdAUM ¢ Fa%t 84|, UAl Sk 7MY Ak 24 E9A), Al 7HEEA 9
2RGEL} PRE ARF HES EUA= ARAA Al H|2E op7lsb] el AR Held Tiie AsiM=

o sfasofof sk ZAlCIH. olgd E4S HiFeR dvE Zle2 SHie] t7IdE dE0lA
T FEI EAe T o ST "njE Vel 2 719 SR Vie]d A ope N 27
Alo7] wzof o] e 7ol A74E B FEd] HE0l =R Rsdtke Hol el 2 FEes
B7HE AL Sl

¢
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b
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Virtual Image
Display » M g

Real Image Augmented Image

Pin Mirror

-+
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3 32 3B 7171 L= 8 W 7IEE oie Vel 54 | oS B85l Als Aske
71902 BEfRt Aol Hefl el g3} 7l ol HeRd 7k, 7MY Ve 22 et el
RIS AL 9loL, 7] 79 doli 8l A5o] AR Qlso] thgsts ffet 7le2 HHsE dole o
T2 A7 ko] WAt Ao AZH:

SHH bileizs ox oa o
A0kt M Yo 4o Ho us
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7= e IS 33EA 717100 dist 1 7FeAS TS woSal QloH, Xt S4EA 7)71E0]
Hgoo] de] ARSE AYS ST 4 JTE 1 tHIE 9).
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Frequency {cycles per mm)

a) OEt BZ9 JHEE, b) ZL Yz XS HERIZ E4 OAl (EX : Harvard Univ.,, MSTHEIL)

2.2 MM A QIEM Jls

HA[E717]0] thet AREARS] AH P WAL TFE rEw WAl 286l HAA 0 E AlRte] AAAHE:
BES 71AVE QA= WRko® skl Qi ofds] VR Ale|golAl= of2] HiE E FolAEo] Yl
AY et 22 AES7 LEHA, AY Aoz Aol AlAet Ao AlMESo] WdE o ARGA]
=AY dsH AYE 2AT 4 e FFoE TAskL itk

o|9jo & mpo]FZAILEO] Kinectt Leap Motioniite] & Q4] AlA 22 QA 7]Hl Zlo] Q4]
AA= AN diE £AF GACE 334 EA9] HEet FEE 1402 RISt} AR RS WA=
£533 22 12E moletal ol Y $HoR 83ttt o T4TA 77104 K AdAse
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& ACE o B A 34 7|5k 4T 7171904 1 F840] RAH Qitk AlA 42
AREAZE BESEL e JAY] HAI9E Zlol AE 55 EshEd, ol AREAE S of8stel 7Y
HEE Aofsles & 4= k. &9 ofyz}, ARGARY o W 1M 9 B8 2719k 22 AEA A
JHeL HEo] ARGA} QAIshE Zlo] AE|| B0l M) 9 AEE oA 2 2 EYA A
o= Qe Al g2 sjdstet me $8% S & 4 7] hiZolth

Z73A4 717]9= 32K A9Y, F£323(structured illumination), ToF AA(Time of Flight) 5=
2-gsto] ZoA s A/sh= 7Ieso] EE AL Sl ofHet AlASo] X3t ST 717 AT
ZF9 317 QlAl(Simultaneous Localization And Mapping : SLAM) 7|52 v o2 AREA7L 9%t
ZHe sl 7Y EAE0] @A HAe] el 2HANE AA™E HolA oY, 7] 247t
A9 =A FHoll 7hAl= A 22 avE FAsket E8EH0 Eot AAAHA A S 7MY
A7} g2 4 JEE gt o]9} tjEo] Ajo]2 AA L Z-S IMU(Inertial Measurement Unit) A4
2 oS GAl 7HZtE 283t ARARY ARAIeE A Yol tigt B A2 ARAR] 2| Yof G0
Herst 32 Y B FAoH ok=dl vl T8 92 I

ol2fet ¥ A B A Q4] 7|e=2 AT BEH AFHAL U= AFAS R VAT A5E O]

Azl digh ekt ERet ARA FE] AU 24 B d5S St AREAR g e A

OH

2.3 20EQN 7|=
ALEYo] 7142 TEHOE BUE /1%, AN §3 71%, S A2 742 RS 5 Urh

7l Al 3t 71E2 F2 Stede] /PRl A om Fofstal glor, o 7|keE SDK(Software

=}

o

=X

Development Kit)Z 7150 24 tjofst /iEo] S8 AHlA 7]1&S LS 4 Q=2 sl Qlch
& AR 7Ia TE 7IaSel vlete SI=lo] 7ol S5201A] %L, A o] W) wize] o7 |t

ofet FatEe] AL A0 A AHTAE A AlES ThE 4 Tk 2Eu 22 3 S8 Avlas
AR FE 2HAE HoH| He AFeE RE AHA Tle oM 7P 2 99l AL, AR 71€0]
g AR BaEed 7P 3% 922 sH =M, AR 7]l ok = <7l oeEA =Y
A R ESE stedofits F851d Aow ddEHIH 10).
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Augmented/Virtual Reality Revenue Share 2020F

AR games AR theme park
AR consumer
AR adspend
Enterprise
AR

AR film/TV AR hardware
Augmented

Reality R
AR voice $1 ZOB

VR niche markets

VR theme park

VR games

VR hardware

«Digi-Capital

(& : Digi-Capital)

TAEA 71e2 FAY 3 Tl B AEE RESP] 2o, 7129 T 23 JERO R

1%7] wj&of Unity Technologyiit2] Unity F+=
Epic Gamesiit9] Unreal Enginet 22 33+ A AA 7]5He] $7F E2HE-S vpgo 2 w2 AH|AE0]
7N ofet BEo] 37t 1A, BE AT 2 stEdo] AlAete] g9t 7|&o] Aol BE, Appled]
AR Kit, Google2] AR core®} 22 AlA €3 7|8t E24E 7|& 3 AFE Ut} shAg @4 ol
v o & e SEAHIASS AR AAHI7E 3710)7] WlZo] VR 4B YAE AREE, HES AFEHE
7HEO 2 A 02 AT 4= AR 11 S0 28/ AR Qlste] 3-8A9t w2 AAl ARVIVIE
A&k Aol HIste] W A|%Fo] Qi

2.4 CHO|A Tl=

B2 MRS WE7ReE 3549 AR HHbol A ZHERR = 712 E 7t Hojof &
A0z B Qlnt ARt 227] Y e B 71ed G SESforst, ©&s] AR Td 7|E o]
offet 24 AN, IEE HiEE, U &4, 2HE 34, I I3, ¥ Fokt 22 7| xaste] Akl
Hofe] Wxio] ZA|=lojoF gt
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o

ol AfE, 5 % Y] Ho] AA dutolA FWE(form factor)= BHF, 12F, BB
Al 7HIZ FA] 728 o= 3low, ofigt FHElo] mf2bA AR tHle]Ao] A TR Aok s HrH1E
11). gitdog F717F 2 FHEE 2 HHlo]2gas B2 st=fold] 7152 Zds |7 st

olE &8st 1ok YA H 5EHA ARSA AHHA AB|AE ABsh7]o sttt VR Huto] 9]
e diF-E s AlYE 5071 Hloted, Bk, s 3Akd A 7, AARE ARA 239
T4 75 o2 AP Heid AP AFS] FHEE A8SHA ™ 12). AR Huto]2] 39- of2’t
AFozE folaRAnE] Zedl=e} mjAemite] Ae|id 52 & 4 A Y AFE2 AT
FA7IaT SARIMNIA 52 28l Qlo] AIAHA 7HE Yol @4 311 ol 5 EE Fcke
20| 7Fsdit.

Smart Glasses: The Race Is On

Microsoft ODG Google Glass
HoloLens R-7 Enterprise Edition

ILLUSTRATION BY CLINT FORD
FROM “THE BATTLE OF THE SMART GLASSES,”
BY MICHAEL E. PORTER AND JAMES E. HEPPELMANN, NOVEMBER-DECEMBER 2017

(X : Harvard Business Review)
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a) Oculus b) Vive (EX : Oculus, HTC)

3F HHtolae 718 8 22 FUEE FASIEA ST 7se Facke Ae FHE I

2. mee) o] tlamdlo] ul ek, okt A W ek L EasloloRsp] i), ek Asolut
P A2 Aol B Aoko] et 17 thEe] B B tulo]ago0] Frster 2 HAo]
SHOE AZH(ethered) FHE 22 F97t BoM, AU G4 EG Ut A F97

Tt olgt A5 FAR tutolAolA] AFEE AuA EFF A, GH] Y|, 2hddt HAA] A9
22 AMTEZA AFEE AHIAS BRAQ GOoR el itk

/Het Northit®] Focalset 22 A 7129] QFazt 5Ye Fej9] BHES Fdohs 2 F 4oz
5o, A= Qlof] HOER FHEoldl fI2E Foll nlo]| 32 X AES tAZHol& AR AAES AH Girt.
olg vl 7|E k3t wle- FAIRE Fejo] ToME A ANIE FHAS TG on, Ut ok
dlzot SIS 2 A8 WS A AW 7152 Y A BT /K50l HS Vuzixitd Bladed] 3%
HOE ¥ =mt2 & 7|5to 2 AgeiAst FARE Fejo] AntE FHAE HAEATE ¥ Digilensiit] 45
HOE ¥ 2119] =32 1XE H83lo] &2 ENEe WS 2 o FH9 detd AnlE FHAE
AEAT} o] A|AHL HEE} 7he Qi A} AAE Fsto] thed] tAZH |2 Tgahs WAl
Aeisto] TEAXEES AQJoilal, AH 0 AAGC] Kl 4l BAES &7|H 07 Z9irt. g9 HEd
AA] 9 7]7]0] AFE: P TohE SHEA AntE FHPAE AEAET, Wl 7]&g 285t
Focal A1F3} np7HA 2 Uk QFET} v ZARE 9Jihg 2101 QloWAME Heh 188 1EA9 Y4
AT 4 Qlo] & F5Z W Qirt
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a) DigiLens, b) Vuzix, ¢) North, dHEZ (X : Tom’s hardware, the Verge, iMore, Road to VR)

[0)

129 AE) A9 AT e SN oR, AR Skof Yo] g0z si=go] 75

371 e AdeRte] 284S w1l AlEelt A9 ARE AdshEA 755t AT g FIAPI

=0 02 T v

fJsto] oA AZH ZEAYEE wE ARgshs T Wol ARGEAR 354 0s s A SAE 59
HAaEolet ZRAYRE Eeske Wie] 288 Aos aiHrh

=9 Rokidiit= G= WaveOpticsiite] HOE 7]&& &-8olo] AutE 12 AR vl= ODGite}
359 nRealiit= WAE F29] A 2851 thar ALEQ Ful= IATH 9F &7 Q14 A S
F71s5t0] AMIE 129 F8AS Y & UEF SRl VI Metait?] B¢ FH WAL F25 Ao
Tk Fole IR W2 Aokt Haet ARGA 324 9 2 Q14 7152 ERsto] AFdE TRl ZofollA]

284S =Y 7 Ue AES AR B A
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a) nReal, b) Rokid, c) OD d) Meta (EX : Engadget, Cnet, Road to VR)

o[t AollA| AmEERo], 279 SHAA 7|7 @G 80| W0l 75 $AHY FEHE HA
g 7h54g0] et Aol Aol Wby 37484 71717k BRERL 7710 Akael o) ] et
AR B 7)550] shte] Hulolx QN B FAE0] 4 Ao apEy, ol 3784 779
284S UL wolgal oldHr:

2.5 838 MH|A

Harvard Business ReviewollAl& S84 71719 --8AH| A= SA4- 02 AlY] Hopojx] &8 Aoz

S IHIH 15). 248 7S TRE AR 9 A9, AR v 2L R ol ARl
QS B RA 205 18I Ak F7|H 0 WSHE FAlo] A R BLAE Fehst
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A2 % 92 AR T, Ee A4 A0 it BE% ohi © 2.8, B ) SolA 1 2840l
9 A% dguln), AEe] e UAY EeEeoly, 9 9T Weln B AE 44 L 718 Do)
B4 B TR A0 Atk ABolnt Aulae] FB, 8 AET 2L tHgEel SeoliE
2 8 RS, A, Fsieh 2 AHINE AR o] Be AEASS Srsta et

J2 15 L Fopd SZUM HE FO0F GA|
Enterprise Roles...

Percentage of surveyed developers creating AR experiences in each use category

Service: Manuals and instructions,
service inspections, remote expert
guidance, customer self-service

Manufacturing: Quality assurance,
assembly instructions, performance
dashboards

Sales and marketing: Product displays
and demos, augmented advertising,
optimization of retail space

Design: Collaborative engineering,
inspections of digital prototypes

Operations: Heads-up displays,
digital product controls,
augmented operator manuals

Training: Job-specific training,
safety and security training, coaching

Other: Surgical guidance,
quality assurance for buildings

0% 5 10 15 20
(N=107)
FROM “AUGMENTED REALITY IN THE REAL WORLD,”
BY HARVARD BUSINESS REVIEW STAFF, NOVEMBER-DECEMBER 2017 © HBR.ORG

(X : Harvard Business Review)
AtQ] Fof olQlof= 9=, AR} T2 AEHRI oo A9 SEA 7|&9 &84 E3 HES AR
L, ool R ATE L u7o] 1089 E2A=E YES|Z Actigion], et w8 vje

5802 AEE At Yste] Y 9l Aoz By vyl Qlok. ol $74FA 7|&0] FAF
g AL 2 59 5o Qlofa] = EeAde 7] wEel Zlog 2 4= 9t 20184 10¥0l= ]Sk FDACYA
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a) SN U M| h)BLHY K19 89 MHA ¢ 2 ZX : Microsoft, Z|E]Z, Thyssenkrupp)

2019 April vol.5 no.4 27



01 ST CHPIA Vi S

A7 S7A4 71s W 5% A A9, $484 71e ST v distoe] A Egith
SO AP B4 Athe AeR B 7IdSe] TS Aa AARL glon, AP Aie
o] A5 0= FARSRL Qrt. 71949 o] TARlo] AukaRl SATA sf=go] B AZE e} AH|AS
AEiAS) 52 A8 FEsial JloH, Sl 7IYE: ATEE AN A TIeds Higlr ARgs
28371 915l A e o7A] L Qitk. = SAEA 7199 AFFAE JIAER ODGitH Metaiit=
g2 ofH=L R sl 201949 AR AElohe 5 8 2 Ak AT, FARE 71es HiglR
=9 nRealittt DreamWorldit= 22402 EAE {5k Qlth

B2 Ae7keo] A AAAE o= lsto] 7129] A% A} 71R|he HIRESto] B ZlE0] HalE L,
A, A2, 8k AubARl ol 2 FF= 71 AR qASHL Sl ISASS FE Sk 4
AAsshs et s Y-S tAldl] SAE] FAE 7HARL i1 e -4/ RAIsks Al 2 H|olE
A9 7|& PR Qloto] w&, og, BX|9F g2 B2 Ar|ASo] ZiRlet E Aog dSkal k. ShANE
42 A SAols 4 Aol 7] hieell, AR Hutolas AlEA Sdthe B UAIE AlR|A9t
A olojF= Sl AAE SE(hub)EA ARl 935 1A 2 Aotk

FAl= AR 7ol 24408 HAS W] AR 27] dA R, AREARl 71t 7]s9] A A =
JAto = QIeh w2 vlE, tHola By AR B S&AN|IA RS BESA<] Hojo e 7%
THz 5o ?lste] SHTA 7lwol Gl disatErlol= AHo] w2or Azt § 48 € Zlo®
AdEt E SHEA HHfolA Y AH|AY ARRO = <l
Al o] SaA Hufo]A9] Bol| wet o E= ARRlA A tiet RARE ju|gt RtolH, o=
QIR S HutelA Hgof digh AnjAE0) whedet Fieat AR T3t sfEsfor & dAolt. 13
91, ST 7IeS P4 379 Aok dofsid, Hoh ARt vlgor FHo AHAE FE
g QU stod, AHe] ASER AlEE BEY HES sfdste] ANkl 49 d S TS ¢ e
Zlo]tt.

L
r (¢}
__>|4_'4‘
=2
=
L
AEZ
d
o
H
r
S~
e
z,
o
o)
=
lr
[¢)
-

28 Convergence Research Review



LUPEZOIA 28 FY HHlelaz 2 2ol Hoks @A Al-eIA, = 719Ee] i #Ht
APgelA BAEE 253 S 71471 st A=29 7ie el Hid FAe AVle T2 Higt

A% AE7 B5AY Aol

(1]
==
z
o
H
ol
b}
0
A
7]
&
=
c“él

XXt k7| (Soon-gi Park)

NSUISIT FIIHEE A ) FABA HElD YT
As|sti BROASH0| A §) BIRfst|Seine HRel/MeTe
Zelystn BROASO| At

2019 April vol.5 no.4 29



01 =2t54r

ooLr—=2

| DA T 53

o

- o=
Hiz2d
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element," SID 04 Digest, pp.310-313

Amitai, 2005, "A two-dimensional aperture expander for ultra-compact, high-performance
head-worn displays,” SID 05 Digest, pp.360-363

Khorasaninejad et al., 2016, "Metalenses at visible waelengths: diffraction-limited focusing and
subwavelength resolution imaging,” Science 352(6290), pp 1190-1194

Lee et al., 2018, "Metasurface eyepiece for augmented reality,” Nature Communications, 9, article
4562

MM https://www.samsung.com/sec/wearables/gear-vr-r325/

AR Smart Glasses Go CPU-Free With New DigiLens Crystal, https://www.tomshardware.com/news
/digilens—crystal-ar-smart-glasses—augmented-reality,38300.htm|

Augmented reality in the real world, Harvard Business Review, https://hbr.org/2017/11/a-manag
ers—guide—to—augmented-reality#how-does—-augmented-reality—work

Digi—capital, https://www.digi-capital.com/

Focals by North promise to bring smart glasses to all of us, https://www.imore.com/focals—north-
promise-bring—smart-glasses-all-us

Hands-on: LetinAR Brings a Larger FOV & Depth of Field to AR with ‘Pinhole Effect’ Optics,
https://www.roadtovr.com/letinar-pinhole-effect-optics-larger-fov-mwc-2019/

HTC Vive, https://www.vive.com/

Karl Guttag on Technology, https://www.kguttag.com/

LetinAR, http://letinar.com

Magic Leap One Teardown, https://ko.ifixit.com/Teardown/Magic+Leap+One+Teardown/112245
META Raises $50M in Funding to Accelerate “Groundbreaking” AR Tech, https://mwww.roadtovr.com
/meta-raises-50m-in—funding-to—accelerate-groundbreaking-ar-tech/

Nreal Light are mixed reality glasses in disguise, https://www.engadget.com/2019/01/08/nreal-light-

mixed-reality-glasses-sunglasses—hands-on/
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18)
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21)

Oculus, https://www.oculus.com/

Rokid Project Aurora USB-C smart glasses could be a wearable Nintendo Switch display,
https://www.cnet.com/news/rokid-project-aurora—aims-to—be-a-nintendo-switch-compatible
—pair-of-usb-c-smartglasses/

Sony, https://www.playstation.com/en-us/explore/playstation-vr/
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Vuzix Blade AR glasses are the next-gen Google Glass we've all been waiting for,
https://www.theverge.com/2018/1/9/16869174/vuzix-blade-ar-glasses-augmented-reality-a
mazon-alexa—ai-ces-2018

Why | still don't want to wear smartglasses, https://www.cnet.com/news/i-still-dont-want-to-w

ear-smartglasses—not-now-at-least/
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1. X1 27t  o|0jX] EAIIE R

T 43 AAEE AHA EFES} A 3702 3AC R 4okl 33te Qe i Aldske
ATASA 3 71EE9] F8A40] FAHL Sltt. A AT A 53 33 HAE0] 71EE AP
71e/doIA Ago] Brofal & 4 Sl 33 faEFeleh FHl2 A2 I AAte 2= AAIFQI ]
A B4 o WA, JASAS 7S] AntE, Wk Ve 3 /HE o2 AglstEA Mz 44
e Altie] A Ve ofolZoz AxFEIL Ut olek A 33 HaEdol Ve I A=
AR A A=olrt g4l tigAtg oz QA EIL eE HR7le BT 89 7Ise,
o] whE AHe] Gzt w=A| o] FofAaL L.

o2tk Aol 3AMd £1t st ofulA] B4 ZIeo disiA AmELL S Al Flolw, o sifEsh]
A3l Aol yoprtok & Higo] FRIA] BRlsE s 2 Al dsitial dEn. S| 3Akd
Hagdoles WEAS] Il 42 te Y& Alseoen FHARE /st dAlde Asst, =2
24 285 FA9| 79 JHE A 5 YT 24 2 JHE A=A AAEE T hioh g2
A HEE ARshe 71eo] ol 8EAL =H, £ AolE ol YRR B4 79| 3A HaEolt
oz, AAR 33k FZHol A H 02 st 3D YA B olvIAE FEote Kot S Hola AH<d
32 33F st olwAl FAd71e HishA ohRaAt i

S22 ol2H 0% 3R S0l EAlhe 3 2EE 7P oM Alofd = Sl V1ol g
7o 2 she SRy 3A dAETole AR B EAE dd IHE ARY 5 e M
IR =] 3 Y20 7ol BRI, ofutef, ofo] il 22 STt Fojef e E=1w

T 33 faEde] Y7l HEo] ol27 7 32 HaEF o] 7led] AHEHC] YolRt =2 I%t
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T2IWE T 28 37 F ME7|(Spatial Light Modulator: SLM)2] F-A4], H33t st A|2H]
Aadeet 2 AlokzHField Of View: FOV) 59 thefeh 714 Alokzzio] wet,

SHATE APAEL o] ARRASS didol] Sla] B 33t ¥z i, 33 Evoxe)) HAE o],
Zg 089 27384 (Augmented Reality: AR) ARIE ZHA 717] 5 thipdo g A7t sjox ek
B3t & SR T 7Ies AARE Tl HeiAe o Za AskE Aol FasHIA R Ad 7RsAdS

T4 Volumetric 3D HAZH o], 21 3D HAZF 0] 5 33H SHol AA= 232])
32 33t 33 oln|RIE FAote 3 31t 35k ofn|A] B4 71 EdlEet S ol IEal £ AR

2R 3309 B2 % olulx] WA 7140) FRA WA ol e A&t et

2. 3xkd 32t F OJ0|x] Yol et =&

32+ B3t B olulRIE B/dsH] S1gt W A thet o] RRErh A, light emission voxel®]
7t B3xof| oI5t 37t 3% o|u] x| Aot Z7HA] light emissive voxel®] HEE 2% 0= THEo{Ujo]
ZA|9] 33 37 oWIAIE B/dh= HAlolth ofsiE =71 1%t 7P 71 ARl WAl o 3310 2 LED(Light
Emitting Diode)E &5t HAZd ol +8g A2 2 & & =tl(@™1a), ol=dt LED ¥
A AR Q)] oJsf FMdel T ZF LEDS] At RS HEotHA 334 A/ T
9] Ao 3A AAE 2HIH. E(voxel)2 33 S0AM A AR EHEH, volumetric
3D HAZEd el 7|24l 4 8aon T DsHA A=l St LED =¥ FeAY 22 14
z o] gl A Sl B4 B91= 33 EAIE Mol 345k 71EE0] AAIEAL itk #lojA]
E2nt 334 HAaEH ol 7RAREA 3 0]9]e] 3 Al E &Y IA FolAE £ AKolA
37] E2AE A7), o] SFRAr ol osf WEHE WE AR Aot EAE T8 &5
Ha&do] 71e(dd1b)E Y¥eth
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(a) point cloudt4! (b) polygon4! (c) depth-mapt}
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£33 35t 2%HHolographic Optical Element: HOE) 718t $73@4-8 HMD(Head-Mounted Display)
£ = 7tk ol e RO Ve HigeE AA, =4 9l HAo) S Ak get 4419
L2 5 olE ©]85}o] See-through HAEF IS Fste] S4ELE AAT = = 7I7I°lt. ol
nfo]Z2AREjO] ZEAA(Hololens) AFH= G, AT A 2T o It vikol Aok
E27#9 AR 7I&olth. E3 of2|XWKArizona) Wiet A7 AR Ee FFVIOA AREE=
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olu|Z1E Aol 371 S22 3 HAZE0lE R = etz 7HE 334 "gAE ol o[-
U-%(nanosecond laser)(Kimura et al. 2006)2} ME% F|o]A(femtosecond (100fs) laser)(Saito et
al. 2008)& AM&sto] AFE AT Et2At 74e] 33k HAEH o] At HlojAoA] TAYsHE 1129
g ol AREANeE S7HEE oln|A| Ftofl AeAtgo] E7Istal w22 el it wAIRe]
A71E . 2T Y2 st Q0] @x|ofo] HAl AR HA Z|EAJTHo] 30-100fs H 269fs?]
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et al. 2016).
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2. Photophoretic trap 3D C|AZ|0| AJAE

22 vl Beld 9§ defaBrigham Young University)olA HAEF 0] $7H30] 10me] on|#] ZAES
B/JA171i= photophoretic-trap 7€ 7|92 & 3 A FZF Volumetric 3D HAEH0|E LRSI
(Smalley et al. 2000). ] AILR9] A4 7&E A S7H0lA vol22 AAUS] njH AT A4S
gsHA o0& &40} = photophoretic optical trap 7[&24], 405nm T2 oA Q] 1 9 v HA}
220| oJ3f A7 l= RS 2 2AEE Y o 90l viAl R 7E E5sle @Al viAl 21E P
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15333}t 78t photophoretic-trap AIAES 17 99} ZHo] LCoS(Liquid Crystal on Silicon) &7t
F HRI)E o83t A|lAdoltt. 1At 3]d FH A AF F5H ERE opy| Hof ALE Y E=2TH

WL YU ATFsto] FH 379 oln] XIS FHe] TRk A2gol
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AREAZE HAL Qe AAL 3730l 33K 71 3de LM 24 (See-Through HAEH0]) T4 783
7P3ePATe] Sio] RO A R itk Fee] S4EA HMD 7)7lolxe S48Hs T35 s e E
tjuto| Ao) A EF0]9} FSHAS HAHA 7= WS ARSSEL Itk Lumus, Hololens, Google Glass,
Epson BT-200 & @4 W2 &2 HMD Hulo]A7} glom, oj2jgh A5 wult B9l9] AR FeHIE
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Tt A9 SAEA 71710 dRA R vo|A2ARE ] E2 W A(Hololens)7t At Y¥HA 0w
foB7to|=9] o] SJ-AR7L ujA| = o] Qli=d, HA| flojBrlelE= dH, g, &9 Al 7119 Y9
SEAAZ o] oA U}, HlojE7to|= B4 O] AR FoF A|ARRS thit Tt ZEAEA U2 Hlo]
A AL P25 5P Yol & A% 72 WHFoR ddo] "k, 34 | YE2 Y AA 729
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oJsto] dn} BEAS WHESHA E1, &9 AR 720 JARN HE2 JE da} Bt URFo g Eeo
He}. o5 B3 shfo] o] $Ee Hlo g EAlFo] SYHtt S8H WES B9 AMAR: ZEAE A9
ojuA & W& Hrt. flojBEIo|E A9 FAAA 71719 B, 57 @A oW A7} 22+ o[m|A &
Far field ¥l ==, 22H ARt o[ § ARE Kol HHalo|ug, 712 QF4g 3D HAZHol7t
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Olo]A2ARE ASLEof|A Fo]A 3] 1H4de ol&s S Z=T1H 719t HMDE E2139 HAEdo]
AN2AHQ] 7|2 A¥ZATE ‘Holographic Near-eye displays for VR and AR (Andrew et al. 2018)}
Zro] B 51 +=d|, DOE(Diffractive Optical Element) & ArESH E2dl29M= &2], HOE(Holographic
Optical Element) Y= n|2iE ARGSL, 24 AlokAd} 2188 gAEdeld] E48 1=/ 2H5=%
5131t HOE®= QFol F&tE o] Aldatele Z2AHAY CGH B3 SHURE st Qb WiofA
3 B % oAE BAste, EETIH VS & o QA A 19 19 278" AR HAET el
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Uk &2 AlAFol} o & Qv ERE, wlo|ARAREE A 34 NS A 55 A
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G MRH 91032 A $ol] S ANe] o] 47 BAE 23 UeRIE D 43 1 7151
BAo] 48T & A NS bk A8AY] BTS A PO &k 24 4 FRIWL
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