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The goal: R<1
Starting with a

TEST, TRACE
ISOLATE

If not enough to get R<1,
Supplement with

Masks For All and/or a
“circuit breaket” lockdown,
until we can

VACCINATE

If immunity doesn't last,
Do regular vaccinations.
If no vaccine, chane
behavioral norms until
we can treat or cure it!

10
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0lo
ot
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0!
J

R=1

S0 we geta fresh start
& buy time to switch to_..

Contact

Tracil

hand
washing

Mask
ng
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50, Z2U-19= SALE o3lo] #esE vl &2

Luca Ferretti(2020) &% 7A

S} B4 ool AEIs)

L a7 A3t glov]

A0 etk 4] 4 5 @i o))
olol et 71 ool thsl 2710] A71eioh

22 olFAAE S5l FEA WS 27100 A= Aol ZEU-19 S A f1et Fa38F Wol
J8 3. I=U-19 YR o) ZFE= HIE
0.4 l
Pre-symptomatic transmission
|
% 0.5 Symptomatic transmission |
5o
2
@ Ro =2.0:
g Rp = 0.9 from pre—symptomatic
@ 029 B R. = 0.8 from symptomatic
UE, Re = 0.2 from environmental
E B Ra=0.1 from asymptomatic
= 0.1+
= About half
of all transmissions
are pre-symptomatic!
£X : Luca Ferretti(2020)
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CityDataHub
Data Hub Service Ul Data Hub Management Ul 3 Party Applications
1 AP| Gateway

Data Service Module Semantics Module Analytics Module Infra Security

Data Set Management Batch ML Repository Mgmt Module Module
ndbox

Data MarketManagement

EX ¢ KA D QBRI ST

Hlo]E3E o] HEe bt o] FAE

* glojg £4 BE : AEQAHYI(oT) Z3E, 2E API(Open API, Open Application Programming
Interface), BF APFEAE] E34% & thro] TA] Q1w 29 EHE2] HlofElE HlolEsER +551]
Flol ZRESS S 4 e ofdE ZHAYIE Alsole] dold #E 2d ¥ A% H AR
BUEE 715 59 ZA 1z Holg 4 AAE ASRich

* glojg Fo] BE : 794 H5S} 7|94ETSI, European Telecommunications Standards Institute)2]
NGSI-LD(2-Z APIO| gt AFAE 1E(SG, Industry Specification Group)Q] 71& £4) QIEj#Ho]A
7REo =2 7= ik HlolE s EojlMe AlSshe HlolEEe] titt 28ds &ol7] sl Hloly 22
ESF 43S st HlolE 3of BEoflAe A3k tlolH K F3f QE oA AlE3ith
ol= 913 Hlofe] o] gt HE ¥ 7152 AlsstaL HolelEe] tis 25/01¢ HloleE st
Hldoly &%e] AA 752 AR

* HojE9] B4 BE : Hlojg 24 A2 85 B HlolEE A5 S1sl ElolE FE(extract),
H&Htransform), HA(load) 715-Z Asgtet. AE HolEE 7|02 A2 Sl Hehs s,
ok el 7|9k Wix] $2E ste] EAshs T R Al AARE 242 A%t 7lek
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* AW 2E : gofEs]Ee] YA HlojEl(Linked Data}s T50H=t] B3o] glon, AME 2E25
7[5ko = Hlo|E|5]E.9] Hlofejof HEFYRES Flshal HE HolEeE AR Atttk S3HolE(LOoD,
Linked Open Data) ¥A8|AE &3 F3E d|o|€|(Linked Data) A28} AH]A & o] wjE,
ZERA 5F AHIASS AlSdh

=23

1.3. FelZAF XEA 2 FR IS

oAt APA2HY F8 71502 o SEAN U FkEA oA It SARE 4, BAAR B,
AT 78 SRR B, ANEUEE A 7 SR BA So] ok

SRS B3t TR ST QARle] BAHE A4SH SR A JHloR 4E0R BESHe
TS Y AP A o ok AFOINE BtEAS 2UT 5 YIS AP AvHEA
HolE3IE0] Hole) 44 BES JNLoR ofSEAN, FHEA, AAEUER A2 S AAS st
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1.2. ofie| ADEE SRFA 7|8 BRUY 7Is

EFEA 7 HE2AE 7|4 2AR-EY(centralized) T BAF(de-centralized) 2714] BFAlo] ZAj51ch,

STRTE WA AR Sl digh Be RS AFolA wefolo] W v & W ZiQlgEo
tigh Ao 24T & Atk Y- EFH0E = PEPP-PT(ARIY), BlueTrace(d715), NHS contact
tracing protocol(¥=) 5ol Itk BAFY WA R FH7} B4 S} Fof HExn, YYo= ofmgt
HEE HUA] gl Re RS tHlo]Ao] APsio] QI ES] HiRE Hek HAsh W2 AP Zoid]
SJRJafof sh= EAJo] Qlt}. BARY &340 2= Exposure Notification(742+o1Z), DP-3T(A9A), TCN
Protocol(7]=), Whisper Tracing Protocol(?]=) &©°] It}

* Fraunhofer Institute for Telecommunications
* Robert Koch Institute
Pan-European Privacy-Preserving s5 moppzssy * Technical University of Berlin
Proximity Tracing (PEPP-PT) project = ©°5°9S 1 «TU Dresden
* University of Erfurt
* Vodafone Germany
* Coalition Foundation
. _ * Nodle
Y ; ; i
Coalition Network - * French Institute for Research in Computer Science
and Automation
Google / Apple privacy-preserving S * Google
tracing project see * Apple
* EPFL
*ETHZ
* KU Leuven
Decentralized Privacy-Preserving AR :TU. Delft
Proximity Tracing (DP-3T) 24 University College London
* CISPA
* University of Oxford
* University of Torino
* ISl Foundation
BlueTrace / OpenTrace 22 SUESSH | - Singapore Government Digital Services
Privacy-Sensitive Protocols And « Microsoft volunteers
Mechanisms for Mobile Contact Tracing N/A « University of Washinaton
(PACT) / CovidSafe Y g
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* MIT Computer Science and Artificial Intelligence
Laboratory

* Massachusetts General Hospital

* MIT Lincoln Laboratory

* MIT Media Lab

* Boston University

* Weizmann Institute of Science

* Brown University

* Covid Watch

* CoEpi

*ITO

* Commons Project
* Zcash Foundation
* Openmined

* Coalition Network

PACT: Private Automated

Contact Tracing N/A

Covid Watch / TCN Coalition /
TCN Protocol

A
og

* Nebula Ventures

* open source community
* Quantstellation

* MLM Holdings

* Evocativideas

* 1Checkin

HT
o

OpenCovidTrace

EX  7|Z|C|oHwww.wikipedia.org)

1.3. 712 04Z2| Exposure Notification

Exposure Notificatione 723} ofjZofA 5-5°0=F /st oH, Ad=20]Ee} i0S 7H AT S8% =
F2H-19 HF oFE wlclkes 5§ T2 2 ey QIEH|o]A(API, Application Programming
Interface) #42 AS3th thE AELH ZAYYALY BF I oA EFFA ABA7] 50
E7I5HAY HiE 2] Ango] wrhe 59 Al Aeu, =3t oflEe] A LGAAC] FASHAA
g EAES sIZJct. Exposure Notificatione A48 EFFABLE) 7|&S &-&afo] tulo]A 7+
ABA71E S5k, A7} o]l A 55 Al ZR1Y A 1497 A &% Ao g i
AUEE ARAA Y 7S FA EHoE AEE.

T8 EHomE O AR HAg=T F2-o120] A ARl At AP A4 771 g 7h9
et 7hs), @ ol8A F7F W% -FE-QOpt-in) 4], ® X|Hlold, MePiD 5 /NI E 7t A4 =|A]
oo} ZLetoHA] Hoof fEfsith= ook
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( F2-042 Exposure Notification ZIEHI2| )
@ O|2X19| ADERS = SEXN ADIEED AU53lE Tracing Key(15%2 92 AAA)
F QH0I| S AMM S2 A] ¥ B2AZ=0] TIEtAH(Diagnosis Server) 01 0I2AtC] 1447 H HARIIE Tracing KeyS M4
@ 2 ADEEE2 MH{9| 7| gig F7IMCE ChREC510] A0l B0 7| it YXsk= 0| U=K| 2401
@ & 7| 40| Yxlok= ER ST ADERN Y HE 4G /sy LY BAl
SH0|

)
- YElie SR LERE Ttsd, SLRet SMO| AT A, FE AR S EF

flllﬂJ

Srilot] ADEE0N Ny

AW BNTL ZHO 2 Ot} M= 3= Ltg OFAl BHA] IpA =
O it et B e e
= = ZtE BT 0| Ao S

i&% =
J g -
T Ao ADEES QYMER pxm @ BN E0I2 XU 14U7i0|
MEEEF 22)8 Az ast =i 0|2 (key)2 22t EZ H&

=) 3 ——

ANl =4 AR X} 59| 7}

21" =4 Slojoper 27t
e = =30

A T

IZLH9 FHXL O
70| 9= Mol 9

I * | srmerascaus
— |99 === | smnazs
|

g =3
cte=c & Google

(X : 72042 Exposure Notification Al0|E)

20209 549 20€ 72 fE2 Te2oE AR HHY JAAR] a8 EFFL Y
H5Y9 715<] Exposure Notification 1.0 M&a B sig T UYL= e, AAHE 2
+9 S sl U==o|=09} 0S| A=, ofF 7T &2 U LS Lol
Sololes Ho ARt HEE Algohs 1.5HA £F482 /6L 202049 7€ = =3 20209
9d 2 fE2 B Y flol= €752 olgT & A=x 2FAAP] H5LH 7se UAsRl: dulolEs
108 13.797410] 28 4=t 722 SYAA] WAlekshes tiAl 24 7idet Fuds de 28372
27t E Folrt.
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2. SREA Tt HEU S2M B HY
21, ADIEE SREA T8t BEUY S3M0| FUY TR o7

G5 SAE cietmold BEEA FN AEUY £249) ipgol dhel T A7 APk
Itk 20209 4ol A7 60%7F B AGIHE TI-19 hRPS FEAD 5 AT, A AEE)
60% oJstel= At APt 58 ol B Ego] Brke A7 FnE BET.

EF, G 2o|E 4 A9 TSN 95 54 o}ZeAol 32 MEI olF TT}-19 TR ulgo]
oA AT AF A+ A THEFPHK. Michelle et al., 2020). =&ellA 20204 5% 5Y
HELY WL olE Aol MET o]F B 20 FANIIASNRIE FAFSL HHh

12 - .
! Testand Trace launch
104 '
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EX : K. Michelle et al.(2020)
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2.2.

Exposure Notifications 7[9Fo.= 71t HEde A A AlA 5578=(m1=9] Fstate)e e =71=
eI iE 9 SAE gRFor, 6779 7ol AE Folot.
APIAEAE EA18) 9 A5 Sl ol

King County: total infected percentage

Pierce County: total infected percentage

TF A7E AR, T1F 949 79 3 LS tow
M8 W2 B4 32 Rajo] e AT ZE FEHYHM. Adueg et al., 2020),
w5 QPgEl o) 3] 7hE] T 917 ofse B B the, BEUY

SR TS 1) SR o] iR RIS AEA o] 1]
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Snohomish County: total infected percentage
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Exposure Notification 7|8k

% 3%

AL AT} Qo] AL AulEo] H=oF
o] 1,5005F THE-ZEE 7|E3c}

ol gt 717t 7 EA1

QAEZ|O} Stopp Corona EA| -2, 02
CES COVIDTrace e = -
&710f] Coronalert EA =,
SIS Coronavirus = SUS EN 2, 0=
HEL{0| BruHealth et = -
FHLATE COVID Alert ZA| 22 0=
IZ0}EJ0} Stop COVID-19 = 2, 0=
F|mEA CovTracer-EN AEHE BT EA| =, OIS
HZ eRouska (eMask) EN 72,012
Hiot= Smittestop ZA| 2 o=
[l AS ZA| B
O AELIO} Hoia ZA| B
mRic Koronavilkku EA| =, 02
=9 Corona-Warn-4 EA| =, 2
NI=ES, Beat COVID Gibraltar ZA| 2 o=
OrUHE Covid Tracker ZA| 2 o=
EEI Immuni EN 2, 0=
U2 COCOA 0 T2, iE
FIRSAE Sagpbol ZA| =
AL = et = -
2tEH|O0f Apturi Covid ZA| ==
2|E0tLof Korona Stop LT EN 2, 2
UE} COVID Alert Malta EA| =, i
4= CoronaMelder ZA| 2 o=
e = NZ COVID Tracer ZA| 2 o=
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S0tYHE StopCOVID NI ZA| ==
Zaic ProteGO Safe =N ERIES
z2g4 STAYAWAY COVID ZA| 2 o=
AL OfZtH|Of Tabaud EA =, 0iE
ATEHE Protect Scotland ZA| I o4=
SEH|L|ot OstaniZdrav ZA| =

2ozt COVIDConnect = =

AH[Ol Radar COVID ZA| = (1F=3
AQA SwissCovid =N ERUE]
g NHS COVID-19 EN =, E
= RSIN Jersey COVID Alert EN| ERUES
221)0| Coronavirus UY EA| =, 0iE
0|=-=2fdiot GuideSafe ZA| ==
0|=-0f2) XLt Covid Watch EA| =, OIS
0|=-Z2|ZL{0} California COVID Notify ZA| ==
02-222% CO Exposure Notifications A ]
0j=2-F4EZ COVID Alert CT =N =2, HE
0[=2-2zteof COVID Alert DE ENY SR
0j=-Z&H|0t DC CAN EA =, 2
o=-g Guam Covid Alert = ERE]
0|=2-5fRL0] AlohaSafe Alert ZA| 2, 2
e MD COVID Alert ESY 2 o=
0j=2-0jA1Z MI COVID Alert =N =, 2
0|=-0|u|AEt COVIDaware MN ZA| ==
Oj=-LBtct Covid Trace Nevada =N ERIES
i[E=REY N COVID ALert NJ EA| 2, S
0j=-72 COVID Alert NY ZA| 2, iE
0|=-2712210|Lt SlowCOVIDNC EA| =, 0iE
0j=2-2y2 Oregon Exposure Notifications AR B EA| =, i
O =-HIA|Ljo} COVID Alert PA ESY 2 o=
0=2-Zo2E2|2 Rastrea el Virus BT EA| ERE]
0j=-g7HE2t0 (Lt SC Safer Together ZA| ==
a0 Care19 Alt = 22, ofg
Oj=-H{X|L|of Covidwise ZA| 2 o=
0|=-AYE WA Exposure Notifications AR HE EA| =, 02

EX ¢ A A
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2.3. oll2] F2-0i= Exposure Notification 7|t H=

T2} ofE2 Exposure Notification A 27101 3

A3k}, o]= Exposure Notification®] @sto] AR QI E S 7|Hte] H&2AY 7|5 Algof 28

U HTM IR 2 N
59 ol ofmEt ALYR S A7

SRS o} QPR o= Qs de Wy adde] SHED PR 7E A9 711 o

ofRIet sief=7te] HAE A
Pl AR8AF SCTatell Fohe IR ol HishA

HEUY WoIHE A B2 HH A 484 St HIE

LN =]
SEEEE

9k, e 2R-19 SV A S0 e BRNS
S ARt 3 ek efEnlo, of=o]
S Soggc Bk ohet W] R

W ulelee] A9 HELY 4 A AASR Boste] Mehno ol o8k 4. Al

AR BRUlA BAIT HEUY U] 29 AUAS

B USSR S7a

X9 o 01g Ft 28 HE
2+EH|0t Apturi Covid _ | Az
B=-HA| Jersey COVID Alert |- M3 - UHE WO A| G2 25| s 2T
ofdHE COVID Tracker - HaltHs DI Al 30 BY BE
- HREYTRL RAR Check-in 715 &M
&= NHS COVID-19 - QEHS U= - X998 Z=LH9 St H MOkg st LTS
UL 2
- - R8 W 02 L2IZ 0|5 o oy Lzto|
EH _ = o = o= o
O[Ek2|ot Immuni = x| CAEN 91 oz X
- HEYY 2K 4
ATEHE Protect Scotland - Of 7|Ht SRl A 2
- U AR 2
Oj=-0jARZt MI COVID Alert _0) U FEE - %Ez_:‘s Tt A| 7§01 S0J5H0) 0|2 2 MakHS
0|=3-LyHICH Covid Trace Nevada =3
0=-7& COVID Alert NY
Oj=-HAMLof  [COVID Alert PA M Lol £ - UEX A Al Eﬁﬂﬁ M%BEI Slalf 7HO!
L 7|ExE SOt 48, U40| § 7|28E H
O=-kAl_|COVID Alert N =e - olg, Falise 22 iRt 4o 2
0j=-2291o COVID Alert DE
- 08
- Mais
S0l BruHealth - FUSEAS - HWIUS B MM Y B 4
- FA%|
- 0jHd

SX A Ay
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3. #=-0lZ Exposure Notification %} &4

3.1. & AL
Exposure Notification 7|¥t9] &L o] 4 ste A= et 2t
1. AR&ARITE AH419] Huol Ao HEUH B AXstH, HX] o]F tuto]A9] Mol Exposure
Notificationg E/J3I3It}.
2. AEUE BZ AR ARAL T HE Al AR EFRAE o839l AR EFFA ASHEE wekslo]
HE olgdS AHA9 tufo| 2o ARIT
3. AR 5o 219 SRRk 1 A], Beigso] AHE of8sf| FEIRoflA Z=(VC, Verification
Code) #tZ ok, SAE EAY WY, 4 5= o ALYk Z=5 4ol Y3tch
4. Yolr= F 1497t AT #4419 7] 32 AHE AStich
5. BE HEYE e 71308 Auo] &sto] FAL 7] gk theRtsk=t|, o] W AlEA 7K
SR 717F A 7S, FE 1497 AR ol AHO] ARAEE Hisie] k& 19/dE Aklso]
B A olFY B ARGAA FA g ATk
0. AR FEYE 4 & SZQ1 ApHA et oA Rl XY E Y5slo] N 742 HAIRh.

<ol AMe> <EN AfH>
o

APPStore 5

=X A Ay
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3.2. H= 0" o4 4y

Exposure NotificationoA & o8 $£82 A 274 7|502 FFEHH. 1 5 ofk= A7|ARA0
sl gk 7] g2 F71H R AAsl= Aoltt. 7| e 10~20&nHt MAst] 5 7] gt Bl E
Sl NS ST 4 T Stk OhE she] 7152 HERL tHlo|Aet oislH 715 welshl 5FFA
AT A71E $85k= 2ol 7] 18 A tHle] A0 H|X|= FRRS Haslsh] fl8] AdE EFFAY
Advertisement 7|52 ARSI, AE AHeE 7= 555 40 WE BERS/HAESHH, oY 715

A% grtolAe 3 7o) Hit EFFA AT AVIE AR

3.2.1. ABSHE 7| MY Jls MM 24

r

YA k=& 7|(TEK, Temporary Exposure Key)= Exposure NotificationolA] A3/dsk= QEsie 715
BHE7] S1%t 49l9] 7] o g 24ARtek 4ol9] grow WAHEY dAl kE 7I(TEK)= tHlelA 7o
WA gom A 55 A AHE ASECH AR 10~20801 WA= tHlo] A9t weksh= 7]
E%) T4 AEAHRPL Rolling Proximity Identifien)® YA i 7I(TEK)E 7|§O& THEojAH, 89 <4
AMEZKRPDOIA UAl keZ 7(TEK)E At = Qi oeidt 2= 78RS Hojta) Sl AH=
ARE H& boE ] 2 aslsto] AH 9| HolE £o017] Aot & &4 AEAKRP)7F 10&0R
AL 7Pge B9 skl oF 3607119 9 4 AEAKRPDZE ABE . X Al 149719] HolHE
ARE sfHE, 59 24 AEAHRPDE HIE AHE &3 4 5040719 9 24 AEAHRPD7}
AZC Hr} o] ff B HELH P2 F713 08 AHojlA A9 7] gk the=E shet, At o]
HELE Be AT B AR 18 7B oF 5HTE 19 HlolE7F theRE Hrh ofi= Ao F51E Eo]
T, 29 HES T7MIAIT BHE A ke 7)(TEK)= 24417kt 1707F A= EE 1497 14709
A k=eZ Z(TEKRE AGHh ol2fet 25 &3 AH a5 °F 3008 o S7H1Z 4= U

r

=
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01 F2LH-19 2ht IXIS ffet ICT 88 89 7Is

a3 15, YAl & 7|(TEK, Temporary Exposure Key) 7H2

< - - )
A RPIK
*
- TEK o
Every 24 Hours
@)

p T s B
£3 : Exposure Notification OZ HALO|E
J8 16. 28 2™ AHIKRPI, Rolling Proximity Identifier) 72

)

£ fy

—_—

- RPIK RPI

Every 15 Minutes

9

£ : Exposure Notification 02 HAIOIE

32.2. UHslE 7| wet U EFEA NS A7| +H M 24
Exposure Notification A8 SFFA9] Advertising 7152 183l 59 &4 AEAKRP)E weRIH:
Advertising AHE EFFEAS] EAAQ] 7)502, tjulo|A7} ZRAl9] 24 LAY &2 Y31 HlE
oJap9] HlolEE tpo] 1 tirlo|AofA] M uf ARBE) §3] 71& EFFAE HlolH 54 ffeiie
FojgS 53 101 A< ghof A YskA] g vhA Advertising H|o{d glo] glolg] Z<o] Mo,
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Flags Complate 18-bit Servies UUID Sarviee Data - 16 bit ULID

Length Type  Flags Length  Type Service UUID Length  Type Service Data

Ol Ol | Ox1A faziie] s OuFDEF 017 016 DFDEF 18 bytes 4 bytes

[Fiag)

W amplete {Exposure Mabficaban [Sardca [Exposure Reoling Proximity Assooiated
18-bit Service} Data - 18 | Motification Identifier Enorypled
Harvice bt LI Service) Matadata
i

£X : Exposure Notification 34! 2A

Exposure Notification®] 2+ Hj719] QJuj= o} 7t
- Flags: 354 LE discoverable modes= AWHA bits 12 44
- Complete 16-bit Service UUID Section: UUID+= OxFDGF 121 AH|A Tlo]EE2 F14
- ServiceData 16-bit UUID Section: 16byte RPIO|H, WHZ| 4byte th22} 7o) A9

(1)
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Lt
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£
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St
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HOI-
(o]
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A
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- byte 0 : HA ‘
- bit 7-6 : Hlo]AHA
- bit 5-4 : wlo]YEA

- bit 3-0 : @A "ARE:
- byte 1 : B AT AI71ZA] o] g ol&sto] 71717k A<
- byte 2 : @A HARE:
- byte 3 : @A WA

o
Y
rok
v}

4= Advertising 370f thsl 0x03036FFDE e A] Exposure Notification®] 43ssl 7]7|E0114
BRo/iAgshe HFlE A7 7Rsst, sig dlofElE &Rlsto] Exposure Notification®] &4+ SRl

g Utk off= 9] =7+ Exposure Notification 4 & SIS AAgH & wzlS A7HSE ShHolT
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N/A
45:41:C1:65:08:33
NOT BONDED

Device type: UNKNOWN
Advertising type: Legacy
Complete list of 16-bit Service UUIDs: OxFD6&F

service Data:|UUID: OxFD6F |Data:|0xD280456697C
77E664BB87C2C1DOACS5H0F3A886C

- UUID : 0xFDGF

- Data(0~16) : Rolling Proximity Identifier

- Data(17~20) : Associated Encrypted Metadata

- 158 949= [Rolling Proximity Identifier], [Associated Encrypted Metadatal, [Mac address|=2]
glole ¥ ¥E 2Rl 7ks

R YRS AR ARET A9 FAEe HELTo] WAT 4= o] o & WAsk] s BAag=olA
I B4 4ol 2AHVC, Verification Code}g HF=A] HELH ol U=sfopt SA} R 7} AfH=
A=E Hr}. IF9] Y& HIH2(OTP, One-Time Password) Ol FE£AH Polile= A F=5
AHE B, AHoA SHRE FEAS ERIGH o] iofl Q1T EF ¥ HE W RS Adgich it
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FURo-S Care((F)RENMZL) [26]

LG B2B MRS JliEt NSFHE Wel 2%

c UV-C I ZH7|gt o

- DHlelT} HSSH0] A AEf U

+ £214 Y 2JoIct T[goz Xig
vz

i
0% =
e
o
o

LG 20| H2R(G T [27]

1.2. 9 22X iy 7|

>

A i) Wl 2Rl A8H 7]eolM AuFRe] BE WY 2R AQAS AR Y WS
g5tal ik &2 oM AL W 7leo] diste] AR} fih
1.2.1. Xe[M(Ultraviolet C) ¥ 7|&

(1% 5y BA] AHEYS Rolzth AUV HA7] AHEo)A Reb mo] Qi Al

SUCRE & 5 Y 10nmol|A 400nme] oM YA Zh=tt Ao w2 TR da,

XATRCKS 7] 5ol 913t olefet 71 o] 4)He UAE o] 287170l ofuiA7t BESHAL,
sxjo) 315t AT el BAS uggA0R hgaHA wEn) o] Sol, ol Ao] ¥j%v} ] e

A2 A9 oAl FFoz s WS ol IR F8 wklo] "k
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Penetrates Earth's
Y N Y N
Atiospheis? [ Y ] [ v ]
Radiation Type Microwave Infrared Visible Ultraviolet X-ray Gamma ray

Wavelength (m) 1072 107° 0.5x10° 1078 10710 10712

Approximate Scale
of Wavelength

Humans Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (H2)

Temperature of
objects at which
this radiation is the

mostintense 1K 100 K 10,000 K 10,000,000 K
avelength emitted ; b !
W g : -272°C -173°C 9,727 °C ~10,000,000 °C

EX : Y7|LC{OHTAL | AHET) [28]

A2 oAl I obg ti el wet <™ 63 2o] UV-A, UV-B, UV-C= WAL W 2¢fof] 2ol=
UVHEIZE UV-CE S0l 27 9 AR, HFdeziy ¥Ese UV-As AR 5 7F A
SIS 7AW I glso] Este] ot 9l 50 WA ]le] =t UV-Be wi Rl A7kt 9Fe
Fe om dEA St wiol Sty s, Akt Beolke mReke] @jlo] H7|E it viARie s
7P B 3Pl 100~280nm] TgHo] &sh= UV-C= BE F4 SolAl 7P 1Rt thgs]=
q718S St &S] FaHEol ARl ZEsH= Xttt of2fet UV-C= &, #7188, 35

AT 22 Fd2 75 #Fa Uh[29]
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02 HILHH YAt TIEHS ffet 2= 2% Jie

© O3 6. ROIM MR e

UV Spectrum & our skin...

uvC UVB  UVA

Troposphere
Skin Surface

&4 : simplysunscreen [34]

UV-Coll et 3% A= o3t 2ok UV-C7F A1 1i9] DNACY 2AREH DNAS] 971 5 €Tl
VAR AR mjEn A4l et Bl o3t ERlofu ARAN AjsHA HIL o=
?I%t DNA9| EA7F &7Fs A ArgAl=A 2l 71%s0] A ojelofe Ao ARk ojF e IR}
A AetAA Alitee] Aol QEA S5 et EeE, Aleksrit DNA <0 2ehd ERlo]
ol t=7] wizel A2l izt viz/ge] o7k drt. ol UV-Co| 542 #83to], Az ez
UV-C 35 w0 ¥ 21 ARgsitt.

50 Convergence Research Review



(@& ol B8 2HY, F el we BFL 915 RTEE UV-C Aakgeo] Aolste] g
ole) Wt HA UV okl 125 m W/em? ole, 2914 Exber} 10]8 AZoA] 0.3%= 2751
ggo] 1u]g 71 4 UV 3= oF 40 m W/em” olth,

NEL=P]]
(Blologlcal agent)

¥227l0| 57

(Type of Biological agent)

0% dzs gt Atel

90% 122 9l Kok ZARY "
o ARt
(UV-C Dosage(uW sec/cm?)

for 90% sterilization)

T

(Sterilization time(sec))

Penicillium spp. Fungus 224,000 1800
Aspergillus flavus Fungus/grains and legumes 24,900 300
Aspergillus niger Fungus/fruits and vegetables 31,500 250
Yeast Fungus 4,000 30
Influenza A virus 1900 15
HIV-1 virus 28,000 220
Vaccinia virus 1500 10
Escherichia coli Bacteria 2000 20
Staphylococcus aureus Bacteria 6600 50
Bacillus subtilis Bacteria 6800 50
Mycoplasma spp. Bacteria 8400 70
Pseudomonas aeruginosa Bacteria 2200 20

* Using a UV-C intensity of 125 uW/cm?
EX 1 QEQ{st 97]221A(2016) [35]

1.2.2. UV-C Z¢ gt S8t
QA Al vje} o] He] 29| A4 7l& F shhe UV-C 3P ti9] s A7l 71&clth
UV-CY TS QA 71€ole 2(He)& A UVRHEE o] 8ol AT, Wgtio] Q =(LED, Light
Emitting Diode) 71%<] B]eFAQ1 Wbz} tjeist A 02 Qlef Holl= el Wgrlo] R =(UV LED)E
FE Aok S0t (I8 7)2 2 UVRHIOL Z4ejA Hgtio] R E(UV LED)9] Aol & s
=0} A9 T R E(UV LED) = Ale]27F 2L, Ao g 2-80] 7Rs3tH, AlAEE AREsl| 1%t
AlE AZHE Z.
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=
+ ?%jw ]l?- Structure }m;: Compact

Bulky%
n;.'__
. e
C High * ng.aeurmption o Low =
< <
— . . 1
QD —
3 Long Standby time Short 8
©
Heat
High e Generation a Low
Mercury Environmental No mercury
used burden used
Spectrum
Broad i: — Narrow
1. [/ — !f N wem
= > e

£X : Y. Muramoto, M. Kimura and S. Nouda(2014) [9]

Ao Eegtio] R=(UV LED)= RHeA| o] 44 Hohe T 28ET UEH =% AV} 7Fssitt,
webA 2(Hg) UVAZS} o] Juplo] Z4to] HA| ot =2 X ofjn] &go] B4 H&8T ofyst
AEizQl mpgo] 8ol 7hsstet. GRFFCR UV-C ¥i=(200~280m)ollA Al 2 Hiol2jio] thgt Axtawrt
7P Siet drt E T Aol Tl 2=(UV LED)] g3 71 2 UVEZeh= 28] 2E 032
HEIA|7|A] ) Q3iERl AR Z(RoHS, Restriction of Hazardous Substances Directive)Q] AR =5
Bl A2, $8% £ UVEZZF 27 AREQI WHA, Z1e)Al ¥gtto] @ =(UV LED)= 7t AIREe] 82
FAE & AL 2717} Aot yARIM L Ho] AfEt T 7|E UVHZY] B9 BAA =R Qlsto] A7}
T ZAFES] L7 stk wAE R wEbA] UVEISE RARE 7+ 9 A od= FAY
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FAPH 2of gt 2o Hasirt Fednt £AF Ho| HolAH gFo] F4sf a8o] AskEARE A4
o] R E(UV LED)2] 7B-9olk= EAldo] o] FUute] ATl 7MgA F= Aol 7Fssit. ARl gl
QE(UV LED) 282 wH3l On/Off7} 7Fs3ll =& UVRIZAE 7hs-2 ol ARSSHA] 92 Hle AwS
287t Qi

A UV-Ci= QAo ZAF Alofl A8AR1 AshE 7Fe 4= 7] whzoll dAgH b 42 wetof sh,
UV-C A& 7142 2EAAYFFI(ES, Mluminating Engineering Society)2t = ARAE3(IUVA,
International Ultraviolet Association)o|lAl A4 Foltt. @A && 73t RSt (Harmonized

Standard)2 o3 2t} [30]

» 1SO 74 : I1SO 15858:2016 (UV Ho] AlollA] =& 3% Fdo] digt 7|

» [EC 74 : IEC 62368-1:2018 Part 1QFd 27AIY), IEC 62471-2:2006 BBESRAE A,
IEC 62031, IEC 62035, IEC 62838, IEC 62776 714 & 7Fs

» UL 74 : UL 867(2&AI1E 2), UL 8750, UL 1993, UL 1598, UL 499 59| 12 24 7Fs

123 X25d 712
U % =ololA AREEAL Sl iR Y 252 AT Vs VIR R BARIL Sl AR
71e2 AFEAE Eoboll 2= AJE7] AlFsiio, 14ds Btole AlA 9] A7keh 3l A9t thegt 3D
7k i 5 AlA 71€9] HiekQl g vigo g mHty 25 Fopojw to] WAl 285
Zle2 A BE, WY g, Ao LES I A HEo| M= JeAEsiH Aol Fadm
QR HEL TRt A HelEE 7HEes o 51 Zigel (1 8ol AR oA A <&FgellM
ArgEE tEAQ1 AME 2D/3D Eeltet Zhiztelt. (O™ 8)2 /438 2D/3D Etolnet 3id Fide
UERdTE. 2D glojths 252 S22 A7 A2 ol9] 22 Bdoll EAlcke e Al
HAE 2 3D 2olvte] 9= Al A2k &ol9] 221 R ofdt AlA AR 93] Aste]
94 A 1o EAtke EA19 A7 YR F5T 5 oA diEA 33 34 F=0] 7istt
ol it el 3D EelthziE S5H g2 tlolH A2l e ARt £17t 2 Jolie® AR,
T GPU 71&9] ez o] Hlolg A2 7IssiA tiitie] AL+ S-8&&okl 3D 2lolto]

20| 7kt FAole
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(a) 2D 2iOICt 3 H& (b) 3D 2fOIch & Hat
=X : (E)Yalcin, O., et al(2013) [14], (R)clearpath robotics(2017) [31]

AT ML E GE 3 52 7HlEtels. AHEL FiERe] A diidEe] JA R oy,
A ERE] F5k 7hssl| o] el HA FEE a0l oA Bl S ERRl: &t
ofz}, ABAT 715 )14 71&9] S B I Foet BR(Re, FF, AHR)ONMY 7S Ast
TAE ZAF 14 s 2dge] AAE Ay ol =R AR 74, B4 A HE
5ol B8 && ZoflA TfsiAl 8L U

2oz (™ 99 o] 7=t Eoltte] 7|se Rt Fee] AN /i 9 SAEAL Qlo] AReY
g5 ol 7Idid.

©

ZX : (Zbelectronics—1ab(2020) [36], (£)Intel Realsense [37], (Rouster E271 [38]
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EX : NVIDIA(2019) [32]

Oh2o® e BE2 QA BEZ 33f Q14)H 23o] XT A S0l et JE, =5 R AlA
9 2% AH HolEE Fslo] At Yt} e BES (T1F 10)04] Eol= 229] 914 Q14
9 2FA3kY A& ZH4(SLAM, Simultaneous Localization and Mapping) 71&, AolE2] Q4] 71& 52
LRI ZHo| 2R&2| 0= ofFsiHA EATH St e Ajde sl fIsiA 2= Bagt A
250] ¥ AAS D ol tigh Ao AAgolet. o]FA AHdH A=E HYA%=(Global map)ztil
5tH, olF 7[Hte® 2R o5 et F=E A Hot B A}l g3to] fA] 14 o ARieH

A= ZY(SLAM)e] s} ZHE HAX|wot thEA vFE 4= Q7] theo] 7 BRE FAR MR 2
o3t QAT 0 mE oS Hte B oR o Btk olE S0, 2Rl WY A ke F9

AAAZ(2Ho] ANE Fol A 7Fs? A9S UEdls A%) ol EAH o4 Aolgne] $55
YRS ell, A HEols ARt thE AE AT 4 3= 7150l lofof et #at ofyzt,
o HEE A 4] 9 AeR A= AYSLAMIS 3 g A 37 A=, =50 A 31

ml
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50) A9jEno] Aols g
HpuLo R A BAES Ushe SN SAo]A) she Aol mEo] ERHEIk o] 25 AL
Aol BES mue EdE] 485 RHE Aofsis 7142 7|29 wHd 28 Alo] J1&v sl

2. HIHR §17) SN PAICH 22 AlAH

=" =0

gditzos AR A28 YT 548 Asle 7Ise 4= 74 SAVI7IE ol 83l &9
T FA9] GARET} oA St FHE e s FilRht AAS SRS st Eel,
g9, AR} 22 AT Sk, AEgde] it I B B4t Adshe AL R o]FofA]
Ik, e, 28t 22 SR MRS vigoR sl A HiEA] Ao gl AEHYe] o)
dfeisto] AIgke 583t St Q. 53] 0 AT 49, Awol] et gk 753 R} e,
tojo} stz o)e] &eiEo] g ojEHolekz Eo]
et 2|, =AM AR Agold, AA] IR 53 22 2= FHeRlole o2t 250t et wiRlE |

ot Ao o $E9 2u YIS W] F5iM A2 BeEE A Hdste el fle Aol

ro
24
P
o

£l
I

re
of,
o
tlo
o,
>
ol
e
>
N,
uu
Ho
P
)

HtfH 44 220t QG 25 AL HA9E, u-health, e-health A[H|20)4 shte] REZH]
Z9 7|¥9E==+= Robotic I+ robot-assisted tele-echography AlAHo]2k= o]0 & tioFslA A+

3 8ok Sl
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& D= °F 19909078 27| A7 H 8ok 94 230} A9 22 ALES e,
223 A 93 ossfer she 72t E Aoz diiEe 2 Y& 7R w71 1 desde ot
A&l et Aes Hlr

BEE ALE2 7|2 0s 97 22 AT vaE-golE ALY 28 Ve Ae ¢
ES A FAS VIR R 1) S¥°lE S0 2Ry S AF diHclal 252 A 94 2tk
A, 2) 252 A& A A mAlo] &of S ek e 190l viA|sta, nhAES HE o7t
uet 22 H0) F2%d(Fine probe motion)& T & =S She W4, 3) SAPIA &dolE 2E&

Usl3, PAoR MuE EASHE A0 Lol A 4 9tk

tlo

)
P
%9,
i

d|m
2

7 £ FNIE AL
=1

- I8 OXIRE 2 TS 0gst ¥ g
= 32 270 BUEY TESOIS 3 20| 53 (39

+ B2 5(Probe)0fl 7HHK 0

* Medirob Tele2t= AAROR Y82 ZidkE
* AZICUHI0F i S7150] ML Ol X0 7 [Xel ZSmIYTIt
OISt 947 KTk AJARIOR J [5]

njo

=2

- URBEH= A8 9l 28 T2 0/250) YHEST SAKIC 285 o
+ N2 22 AAHIS 0[2510] 62 £ST} B AT A| Haptic controlS &3t
%7 Al 8]

S22 King's College
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02 HILHH YAt TIHS ofet 2z 2% Jie

A8 ER AAHL 22 1L 0|30 WS ZRIE HAGHHA low-force,
long-distance ¥4 Z3T FATIHE ZE manipulator”? |2t HAZST FTIT
NESC

L0 20 &

ne
4o
r
njo
re
My
Q,E
=
=
Ho
10
=
1o
g'y
0z
(02a}
P
ojo
=
0
0%
A
r
>
re

*FIND AJA%, U 222 Robotic ZST} SAFICH C2l510] 52 MTo| 21}
R MR} ok e AR [13]

* 98 2F= ESAQ ARTIS(Advanced Robotic Tele-echography Integrated
Service) AlAE
* 019 RF HE Al YHH 4 QU= 7ISdEE £330 FUTIHOZ BLER0|

2lof 2007E0] Z2MET} AR

I2tA AdEchotech

* Hand-held EI22] MELODY AJAH!

* AR Spherical Wrist 71X 7|8t 912 x20t 258

* 1990 FTHEH H417F AIRIZ|0] TERESA, OTELO, ESTELE 2%9| 25 4835}
HZ [10]

Slave System Master System

* QS FOK| AR Q2R VSIS 2Ist 2/ 1HIE Sof St/ AT 0N
iS5t RADIUS(Robot-Assisted Diagnostic UltraSound) AJAE
* Handheld typeO|t{ OAE-S2|0]27} 22 FX2 E0] U0 FAZX0[ 2K

o= Sl Ofet

i

« U= AN CHEOIN S5 =T YR FAST 7|HE LSo | S8 28y
HAZZM XH 22 FASTele
* SR LY HRIGIH EXIE 0|EF ¥4 23 YAXITS o17| /5t AAE! (6], [7]
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2.2. B 230 QYT =2x ALY StV

221, CRIQE 2 2% W 7I2
D) A2l A SHYS HAE Y WA B2 Ak o 205 Y A HEF 283}
n2HE g B ofF 2 SIsks UL RS 1 A 1H(130] 1M YB) e 1S
HOIE, UH0T ofefil S0 RAYL FHI| TS| It ZRY| FEEEN TEE ANl Uk

2) 28u} Z2Ho| 9Xo] AGE T 295} XzHe] 99 ARIEE Aek 29 vlc} o 5+ YA,
%2 2] A9 7129E v xenol 7129 B4, o] ZK5EE S 4G o)
A=t BRGS 4 Uk oI ] o thio] 12 of$7H Baskhd 246z
91%] of550] Z7twlo] GAAE ol Washl,

3) maEn BE 78 200 JYASL L WEA] 94 9 olgel HERloR TN e nen
WAR BEBHS G718k acoustic window ST BR7} Ik, o} 91t 7% A L mEn
Qz7ze] H nebt Basih

£) o59] Woly Tef: U7 AHS 97 IR HPAL FT ol5o] ofee R BEo] AT of5o]

HHse s &9, ] Alade Agsfor ot

B

=
o

olelgt B4 aaSe] T Sl AvhEl 2E FRES BE TS0 JHES T Ytk A%

oby BE 7|44 A WSS HAo) 97 295 g 2o] A okka & 4 Urk

222. oz FoMX| 24 HZ V&

A 237} ek 2R AAHLE wpAE-&Fo|E 7F 2R0] A4 Alojigt ofet o HoFA|o Y=
SARe] 24, G SAlol St ofof SRR SPFEAle 91Rt Codec 712 Ee B9 Ao dAE
Az Wglsh= FE9t 1 itz |eiA F= HIH| 75 W 24 719 dsHolok et 53
250 2 AR R Adsfor SRR 71 SPFEAE A%t B4l IS ol9jell 2aut G Z5A0]
AT WSS et mrEFo| e HWeshtt 22t Y9 A¢ el EER s} Vet HtE ook
Qe E3E oE FHOFAIRF 22 ARkEA IP 7|5k IEYl S} 4ol nRAE Alo]EQ] o] golsfof
stedl, F2 =9 A HFAE fA AEY 922 E7FEARE FA LTE 22 HiFE 7hssies
ol 24l $Al ZrEFIe| dZo] aFHojof Jitt. off I =7 AAFEoA et SFol2

2 20 PG ALHS] F2EE HolFal gt
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<Slave site> <Master site>

Slave
ShveiRobar }7 Controller
‘ Robot Data ‘
us us

data data
ush?;i%?noestlc Slave CODEC EHSI;?E —( US display ‘

IDC Center
E Rebot[Data
Master

STUN server Controller

NAT

Master Device

1

EX ¢ KX} AR QIB(EH7 2 R)

223. ¥4 =30t JE 710[EHA Tls

AT 94 23 Ad 8 2 SlsiA Y= FHA O Sl At 98, 244, 25 AR
oflgl 271291 7to|d A FH(Guidance Information)7} B R5H}. A& 0] T2 EHYV} 3RS 5
HAgeke 9 AEERAA], A SAF AA) AlAlo] et ATl Z2He} =59] 93] 50| 2RE FASh=
ZHEO] oA HA mleto] Zhssfof gttt §3] ] Ao Be= AR uiAE FolA 2 5 s T
= 9= 9 =HA(force feedback) 7]%0] FAEH A, ths TEA 1 @AZQI gHAo] HisiA
Attt E3 FHAQ] A of2t Zlo] RS M| Yo AL S ASTUTEA], A=
HoFA]9] Eelo|E & S-S 33 TMIRAAR FLAIste] Adsie ZHIRA(VR, virtual reality) 7150]
Zzo]o] Aeto]] A8 2 4= = Aot} 53] AR 22 Wk Zg FeP7t 9l Aol i FkA|o|
U TR 71291 ABHE 2Rt A\ A, 1L F9E v QA0 % = Flo] oy} o= olkE

+ e A UEAClA 7leol A& 7FsT Aot

S

4

2.2.4. 3 =|H2(Force feedback) 7|&

9 HHA(force feedback) 712 ¥4 &3 AlojolA HE=E SH5Ks W7IE0H. pEEES XS
AZ0% 85 25 FopoflA] oF2 3 EH<(force feedback) 7]&0] 488t ol QEX] Eok= 7MY 2
olf<= o] 7|5°] ¥4 AlAE] ERMIAS =olE=E QPR A K S Wslioke 84t E & 97| wizelth
E3] ol (O" 12)E ¥ 7} 54 ZREZ0|A nfAE-&e o] 7+ 2EA0] 459 G AZHRTT,
Round Trip Time) 5% 235 WetlaL ol=d, A Hel7F 279 SAIB(LAN, Local Area Network}e
Hlous 7t B4l Aol Soldit ofe} 1 Al AR A= e & o qitt. ol A-ollA
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AP H41 Ao] 7KUAE Abie BAE 5 e 3 Helelforce feedback) 7140] TR
of] ofefe] BTk, T4l SIo) SiRol ¥ ARE AlAel R Age A7 HEHyisual feedback)
WA1S QIS Zlo] BAAY Zolck 2 56 7] WA ofeft 7eo] Fo] AN Akt

Wireless (LTE

RTT (ms) network)
80
(B) s (b) {c)
Wired Internet
60
40

,,l i il — | LANEw
£ LR ﬂ"z’?ﬁf‘*‘;:gﬁk_ ‘-55'*-;*:‘;'.-1 ; z@":ﬁj‘ﬁi‘i&f{ﬂ&‘*&&f’i
YRR PN FRPY IV JORUORT W WOR| S Wiy oSy, AP PREA Y |

0 100 200 300 400 Samples

3. HIHH HHMHF 22 AAH

FE Hloj2|ARl TL 7= 57| Agte] FERt AtkS Ploiil= I U2 B8 AN BrAolnk
UM 1T & HQIF BFolA wEo] AAIE 26 Ule HARE Adsh=t|, Hee Hold=
AAE F18l Qlmzlo] ATAIE 7] HiHS o] §ls 2AI7E AR wbA AL g SRk
H]'go] HARo] &A7F 22 == A2 971 Yo Level D 7/Q1 ©5 AH|(PPE, Personal Protection
Equipment)2] 2-&0] B4Aolch. F2U-19 A 27| tivtEe] SR A5 wf oj2fet 7%l Ee
FB|(PPE) #50% oo 2292 BS AR, S0 HE5S Fastelr] fJsiA HaxF:
(walk-through), E&to]H 22(drive-through)®} &= ®Ho] =U%7|%= Jirt. shARt HARRRE o435
i1 2 AW|(PPEYE 2R&stofok shar, el Ui Mups 97| flsf AFAAALE tiFi B o] SRAA
AEZQ o (o35 FH 9, A=LE F90)0l AP Q= Aol ol2fgt ZAIE AR} o HgkAte]
FEZ 9] A8l 2R2 ol 8% AAAF HA9] "ol tiFEaL, ofof iRt A7t &ds] o]FofA| 1L

At
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3.1 =ZUe o7 Y S

(ES5)oIM A7 A 715t AARF 25l Hish Aelstgith. Awlols M2 ofdl AlAgEe] R
20209 19 Wi 7= o] 271 Al2dlolghs Holoh AR =5 Aladel digt #2409 ERE siEd
1) & A48 RS ol 8et AlAE], 2) =59 KA BES ol8St B, 3) WERR, ARy
o] PGS 1T FANF FEor MEE Blor wro] A 4 Sk A A3E fs)
ol"d #x7F F2Al= thg X A4 7IedM & 8 FAFoR 9T 9olH.

ES @A) g 2Ro] aF 9ARAOR AF HeA| Be AsoR HAAFE sheAlo] Hiet o=
Mg IgolM F7HE & Qe 71e & ol BRsHA sl B, A7IE=29] Swabbot®] 3¢ A
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