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Abstract In order to implement a smart factory for manufacturing innovation, more digital twins will be
developed and applied gradually. In particular, simulation and optimization of digital twins makes it
possible to support critical decision-making like a predictive maintenance of the equipment for
manufacturing. In terms of a user perspective, this study suggests the conceptual framework of Digital Twin
Management System (DTMS) for supporting the analytical and managerial activities for Digital Twins. We
integrate the methods and structure of the area like Manufacturing Engineering, Decision Support Systems,
and Optimization for developing the DTMS. The framework suggested in this study shows a typical DSS
which consists of dialog management system, model management system and data management system. It
also includes Analytical Digital Twins and simulations & optimization module. The framework is being
applied in one of the most competitive and complex industrial sector. Also this study is meaningful to
suggest a new direction of research.
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4AAYE Y F83% 7|9 7id 9 VleE fAE
Eof| ozt BAilo] AR Stk L ICT 71&9] ¢4
02 ¢lste] tAE EYL tefet EofollA FA|HeE
TR om T /o] FA AXIL UL

Az g4 9t AnE HEZ|S] L3S fsih =
OAE EQlo] /= & AGE1 Qi 53] A
Ego| tisto] AlEHold H M35 AARICEH I
Such =2 Aul9] oxulet 22 Fa% AR E
A AL 4= Utk Afo|HdofA Q] of=jgt EA7}t AF o]
TEA] Afo]¥ E2] AJAEI(CPS: Cyber Physical System)
9] E94 A AEdEogN AntE HEz9)
AR FH#e A& 2T 7t e Aozl

OAE EALS toftt EY K4t Hloly o= uf
5 EotA A4Eo] Qioh web ARtE "EZ7E A
FE4E AA "R E EAY 759 HolE 9 Afo]=
7t AR B 7] fiEe] o]&Z AAZCE &
g5l AL w583 FAo|th. S AIAFHA XY
o] glol= oS E&FoE H/T & G Aot

Rosen¥t F&2E(2015)2 HAE EQOf tigt 245
71&9] Algdlold o R o2 4= gl BETE
9] A|AH] QXY o] (MBSE: Model-Based Systems
Engineering) O & #3351 A28 TAYFYo g AF
SHTH2). o]2gt WA Weyeret 52E(2016)2
TAHOE s A27]GolA dH] YA EQ] of
o EAEYPS AASHATHE] 13y sid AftollA=
AR, 2t gAd EARFS SHARI d9E 5ot
2ARY 719 FE 58 FH2 dAFEAY Aol
of#igirt. &4, #ARFL HolHEFS AAKRE
ot o] 7SIk webA] APARE d 29
4 Boll oA ofEzo] qdth 12|31 Kunath®t
Winkler(2018)0] 2z & A& DSS(Decision Support
System) A4 A8 ET £ izt PHES
AAsTt. 28 o =RolA= #A1Z<Q DSSY
TZE AXBHAE Ba19on E3] dulsls 95t =4
AYFA e =27 FUTHAL

2 AFe AR oA olet TSt A
BolsHA AAIBIEE A Yst= AAQ HAE EY &
ZAAEF(DTMS:  Digital Twin
System)®] F+ZE XSt}

Management

2. OX|el Eglo| H2|

2.1 CPSEHHEOIAMS CIXE EA

A FFE digh CPS +d2 tEAl
g A3kE A% 94 &0l & 4 Qi dRkdo g
CPS= &84 o] AtolH a4l HERA 7l&=
A AlA"o|ga Hojdt MY B 294 3
A2 FEEE, 7MY 32 AR 2Ol ThE
AIAZ dolg g st A5t Aitste HAE
AES Tt 28F A2 A7 55 oA 28§
= 94 2o osf AHE B AAT} AFY
A" $3E HIH3,5]. AZTHA CPSE 2ut
E 9EgE Hdotes A484R AR, 34, B4 A
H] 5 ARAIAEE o g & A4 22 AAL 7t
& AAL S AAEE Db, ARAoAE ol
7HIEE| RAA ABI(CPPS: Cyber Physical Production
System)°|ZLE St} of7| A ETAIAFT THFAIA
g9] oozt EYAIARICRRE S JHEE 7t
BAILEONA A4t B A sto] EEAARRE Aofst
11 o] Aif= HA| 7HFAARIC R HilEo] ZAjE|st
£ T olEet IS ZAglol ETAIART THIAIA
do] FoA-gsHHA At Y §lo] AR ¥
St 23E TEote AlAFE TEtHel

Oxg EY2 A AAE AE=E mdste txE
AIAZ EAIGE Aolt}. &84 4|9 dAd HACow
JAAHL} gAd EYL T<dt B4 2HY-E HolA
HAL} @Al AHE AAHE Mot v S
A& & UATHTL

el gAE Efolgl= &ole FawokollA Az
o] HAAN, o= W2 EopjA HAE EYY
TS TRk It} 53] T E0] AREokfA=
Ox g EAS CPS 1@ At d4l7s& QAL
Rom Hetrle FHo] wol UEhtal ITH3l.

Fig. 1914 A¥ dAE ELL A2 P4to] A4 2
o|& Alo]F A IS A|Ysto], CPPSE &3t A2
A9l FATAQl BEd) A4, 1183 AZ4S olF
g & QiTH2l

gxg EYLS I AAZAE 9ul7t gt OAE
EYE Bl A7 52 AATE 7|9ke] QA EEE
fgt EA4Jo] Fasith I 9S4 HAE EYE
A Eojof 3ttt & HAd EAE tAFCE A& 0l



ADIE mE20] N JHS3 CIXIY SR BRNAY D20 Het o 3

H3t 25t 71ME0] 289 Bast ek

Closed-Loop
Optimization Demgn/

Production Digital P';:;:ﬂn:”
s - = Twin Enginaaring

/ﬂ‘\\\;

Connectivity Product

Modularity

Production Preduction
Execution Planning

Autonomy

Fig. 1. Lifecycle and Digital Twin
(from Rosen et al., 2015)
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g E9 29 Hd(genuine model)o] oM, &7
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7t YA g EQo& EXoh= Zloltt. wetA] 3 S5
o] Al tigt gAE EYL shto] EdF wdo] 9]
on AA| & RpAlo] tiste] Zzto] QARESH
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AA, J83 Z2AA0] o]FE x3eHA Hrt

Uhlemann ¥ 583E5(2017)2 4719 3lojA
OAg EXE 53 CPPSY N3 A& Fig. 2414
AMA A Q== ARAARR E2F EY, AE
o} FHslz 1A4E dAE EY, T8 o5 9F
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Fig. 2. Concept for the realization of the CPPS
through th Digital Twin in SME
(from Uhelemann et al., 2017)
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943 DAY EUL 715G bt o] HeSITHl
%, A Ele ABdolag 9% 5 9b Y
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representation)®|t}h. Alggo]4dE Foto] AEY A
A GAPRIA dSstto] 7kssHA gt HAE EEE
AAZE HolHE AL o guo]EV} 7hsgtt, oA
2 A|A”9 @A A RHstH, AAIZE 2 A3 ot
A%, 183 Au|9] A HE A (predictive maintenance)
T 7FsSHA gt
O]L tAd EYE SAE AlEold IHdA B
U= ALE, AlEE 09 75o] EAE ] TAA
@ R&D F-ZolA AAE gt H-&st= Zo] of
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7140l Ae1A1 Alge]

A 71&9] WAy g0 A" EQL 5K ¢ 29
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< BARNFE oA B v 2 & 294
AR HolX= 294 EY BE2 AAQIAEHA
Ql tAY E9RZ A3t o7|A HAd EUL A
AR 1018 W= Aol & & F57Y A7t
ofg] 7f Q1o 24 fA g HE2 shfoln QAE:
291 tAd EY2 o] 7i7F A== Aol o]
S YAd EQ] 138 &8-S oAl Table. 13}
ol 5744 F8 &0l gk 127t B asit

Table 1. Main Activities of Digital Twin Management

Task Description
| D | Linking a digital object with a physical object and
Establishm | assigning an ID so as to recognize the actual
ent point in the whole lifecycle process
D a t a | Managing the data generated in product lifecycle;
Manageme | applying to big data process and summarizing
nt and saving the necessary information
Digital Modeling various aspects of a product model;
T v% i 7 | system model, functional model, 3D model,
Model physical model, manufacturing model, use model,

etc.

D'v%'}anl Records related to a real product, which are
Information used for analysis and prediction
U s e r . . . .
Interface Offering user interface to a proper digital twin
(HC)) user

Communic | Supporting communications between HCI and
ation distributed database
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o} 53] CPPSo] TolA B tAY Edlo] 4w
271 Basit OAg E9e BT BE SRE
o dhat TeEE Wag Holch

A E90] d3e PARY, £92Y, 191 3
sl meo g TEY 4 =y(10]. UAY Edo] A
2 4%8HA CPPS SolA] HHske A steinl AlE
dold 243} Y mdto 68 0% AdE ¥
23t} 2 e 29| thorst 4ol st o
473 A7) 9to] AAH o Felslolop gk

3.2 CIXE Ef ZZ|AAE TMOA
2 Arolie 2AM HAE Eds AAHOR

sl "gAE EY BHAAHDTMS: Digital
Twin Management System)9] 24 2E-S Fig. 3
AY ARttt CPPSI9] =491 Fit= AR&3}o|H,
Oxg EYL olg :rLa'aV] fIet A4 4 aRloft
tAd EA B4 4 S8 b= AXH CPPSY
E4& DAs] flsiA qx] 2 EY] AAHQ #e
L/AE & F2t d Aot wEhA & AFoA= 7]
£9 CPPSl HAE EYE AAFCE Feoal £4
517] gt DTMSE Z33ich oF AojA etd AAd
DTMS+= HAd Efo| tisto] AlEdoldx} 243k
sto] Z2d AFEAE Adske Aotk mEhA
DTMSe SH238 0% DSS9 f3os & & Qlth. &
ohget 48 md} AlEFeold Rdo] AT} T,
HdojA FQagt Hlole ] e, 1181 AREARY] 9
AAES A YsH= QAEA A YA A" o[}

DTMSS] ZHYYIE Sprague(1982)7F A|orst
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& SHAARC R St
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DTMSS] 7+ SHAIARIS] 7|52 B thai} 2t

sl A A"l(Dialog Management System)<
AR} HAE EY BE 7hof| gk} o] fojR= X
ot} oj7]A AR&AR= DTMS A & gAd EY
o AFAE 2 & Aot ti3te] 8 F92 IA Al
N2 FEE A4 dAE EY 2do] 24P, =
3], £4 ), A AlEF oIS BE9] 24, AR 3D
Oxg EYY #soltt

RA#RAAE(Model Management System)
tAd EY BARES 7 A Y. EAEES
AE 52 Aul9 go]matolF A Ao LI oAt
249 ZAof whebA] thefet BEo] EAg. Hdd
YAAFE HdHo]A o AY] JPOoR AEE
=, 2EHolA= BA EE BEE Act= X
ol REAPHL 7|& HAS o|gstAL 2L
EAEEY TS N Hole 7le2 EFRI

glo|E|#|A|AEl(Data Management System) &
A8 Ogxg EQox TRE 3= HolgE Aich
tAg EgofA == Hloly {32 &<l HlolH
o 522l Hlojg&E FEH. F&Ql HolEE tAE
Eg 2dlo] &Auloleet £41Z flsiA BAE L, e
H1, ¢ dolEEelH, 532l HolHe A4l &9
A mdofx A=) tAE EQoR AEE HloJ§o]
o}, glolEBAIARIE QIEHo| AT Boto] A&H
oF FAof| Fast HoleE gHstoiof it

E48 tXd EY(Analytical Digital Twin)}2 9
AEREAS Yo AEA TEoAE HAE EY
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H3S HEHo]ARRE Zopi AlEHold RS
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Si=t}. ojuf HQstH At 9t nd 9 Hlo]
Eof tfet &0l 7ottt o & AlEd ol BY
< APAA HH9 AFE TE3T) ol Zopd [}
g E 9] gEs w48 HAE E] H&sto] &4
7F §i2o] ASHY HE HAE Eo] JHE AlFst
o} olggt AH= fXE EQ Z3E E94 EY
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4. MHE2A

1 1538MO0E {8t DTMS #X
taZdo] g ARAAHL 9EA AR AAH
I} B Eo] AxYolA A3t 0] 7P w2 HA
&5 ofu] iR FAo] AEtE|o] Sl ol
taEde] $id Ax3Y F AT sl ZE
g 418k (photo lithography)a73ol At

3T FAolA= =E A= Slayer, oFFEE 2
olojgt Ah o FYAsh=d] ofu FloJoie} Fojo] 7t
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Flojoje] HEL A HA(First) Flo|AE 7|E 0= it
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e Aol7] wizolth. ©]F Second FlojoiREl=
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FHE wetsiA I Fefofl 2A e 9=A "ok

olg|gt XE 4Tty FA AEHe= 253} Al
AHlo] APC(Advanced Process Control)°]th. APC
NAEL APAQl CPPS 22 Wil Qlth Fig. 4=
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3T AME HEE FHsks WHOE CPPS7|&
9] AgS AIHo= w#sta 9} CPPSolA Al
9l #4247 tgAd Egolt}, B Ao AE= o]y
3 gAd EAS AAFCR #He E E4S 5] 9
3t A A9l DTMSZ Alotstc}.

A2 YAd EQY] et Alo]27F AR L ERYsHA
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