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(Industrial Revolution and Paradox of Productivity)
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st7)e ) A7l wlo] A W AR FUE HEs ¢
o} o5 FollA ol ~u2(Adam Smith)7} = 5-#(The Wealth of
Nations, 1776)°l4 33 =F+9e Y= (division of labor)¥} °]&
A3k 2047] 2 X=AbsAe] FAEHAE FE] E=(Henry Ford)ell
ogt Aate}el (Assembly Line)o] 2FdAta] dhdo] Aok &S 5490
W, B3 204]7] Fuke] AFE Wy Aol A EstE 7E Tol A
Ao el Adig dFS A # 4 Ark(Monostori, 2014).
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|4 T7PF AA AAY g 7o) AL I dAEHA] g2
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M= =AML SHor FrtekA Xete Aow yehuar du

(Schuh, 2014).
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& BIT 7ol o3 a9 Asste 12k Abgdeo] 5o ARl 4
of 7]wkek Aikekle] FEjE FASaL 7] wimol SAQ AL 3
oy} = AR E WA

Zeur IEME] RAAA gt 2 2ukd Alge] =g, ofo wE
Abslel Zi]lel W3t T AEstEA S d<9(integration and
collaboration)S 7]¥re. 2 3k Aol A A (cyber society)$} =2 A7
(physical society) & &*8}sl7] 913t AR 7] 7]gke] 7o wil
> A, o3t VleEs TEHLE A&t 7= A Az
gk 7124 ds JAHCR vlE AlmEo] HAANE AAHE T
(Lydon, 2016). o2} &2 7Hda} 282 12} AFd e dFadsE
o dol ALSHAE dAletar WA Aolet 7 glom, ko] A
S 42k AR ARSlol A= A o] 30%° olE AoRE HYEH=
& (Zhou, et. al., 2015) 54 <1 AL 3 B Eo] w2 ALErpolH
(mass customizing), ¥ A ZE-F v =UA BEdo] 93 43 AFgd A)H]
2=3}Q1 A H|E]A| o] A (servitization) o] Alth7} e A o= 7|tist, o]
= 4z AP rEolgt gkt

T 5o w48 BT ARGV =, 53] Zutd - Ve e
AH N (10T, Internet of Things) #H#H 7|=ES M2 B2~
F= AT oy A, 53] AAMEA A YNk Au)
2.0 AHE Hof Enkd 3.0 Althel 218t
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i=]
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(GPTS, General Purpose Technologies)o]lg} #| &3ttt 121} o] H
7EES I 7w AR EHE SA 7Ed &5
Aol FA 71H 7] Hoe o] Z[eEe] MstEHa vgE VEEY 53y

al HEH 77 A = & AZko]l S0 kv (Schuh, 2014).
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A AR S HSETEH AR QAT F A 7wl Ry o
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Mechanization, Mass production,
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steam power electricity

Computer and Cyber-physical
automation systems
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(23 21004 8ok ANR 2 AiEy v g 2 pRe the
2.
14 A e 184710 W E F715e0 FHEY, L o8 B8P

ALl 7)1 A 3H(mechanization) 2 EA A< 4 A tH(Lydon, 2016). =, =
7] AlJAE o]&3t 7[AI7F Babell =& o
Vet Al H i, ke VA AAE €4 4 Ao G Al
A H= gAe o F At (Schuh, 2014).
221 AAAEEE 204171 29 AVIE dUAEe® sto] i
(assembly line)= ©]83F = A4 A (mass production)® 53 & =
UtH(Lydon, 2016). =, 22 AFAEE e F9 7w 9 st
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A7 = AAY A el A g F3dS P AATH(Schuh, 2014).
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& TESL 0B Aol AN 5 Ui BARA BANLY] ol

UE9 e AnfEES 7]ES] ICT 7] 2 AH| =9} A7ste] v
Ae 2~ AANY 7 FY (ubiquitous pervasive computing) AH|=E 4

st th(o] 3 o] T2, 2014). ©o] AH|AE FollA 53] 28 UEHA
(social network)®] &3} 91, & o] 2 Qg A}3]9] WME S s 43
gk b7 ok AR E AT AntEES A AldEo] YR 3
ofste] M=  AEshe Foe=EM  FH[FEHA A9 (ubiquitous
computing)°l Wt A oyt A er IAeta whgd
1S ¥t opyg} F29= AH] ~(cloud service)o] 2 H B d o] € (big
data) & Z-&sto] HA O AU AE AL BE = T, olAZMA &
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TEA o g, A Zhl A =7 gtom FoEa AAE %], A o]
A2 LANS 2 AJFE o] =AIFFTAIG(MAN), 3 FAR(WAN) 22 2
sto] A=o 228 Yo R FAust Ho| ghio] A2 Alo|H —&¢2
Al z=glEo] 55 o] X|aL, o] 50| AA I SFE o] Ahet AlolH —&2
Alz=dle] YESA7F P u = A =TEY A]2~8(system of systems)’
o= s v Aola, ol Z=e IEYlo] W E o wAg ) wzk
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43 A %70l Aolu— B A R Ee] AR R s}
H vt AGSAT, Aol 43 AAHF Y AL 2o F4T
FHAARE AR AlW-BAzger T ASFTE

(intelligent factory) % Zw}EAAF(smart production)¥} o] ZH-E &4
sk =S4 ALY F w2 AxHutol S n|ste @Y u=
3] A}

Feojo] 42 AAHH L VMELA A B AZESoe} B3k =4



A B gAY FFez nrhte Mxys 2 AE 40E o, A

of, %W AFF= A, ‘AFE FHF7](PLM, Product Life cycle

AN}

Management) ZHbe] ZH* 7}x|A}E Z&](value chain organization)
#e] o] N2 7, BE Aol -Eg|A| =80 93] &84 2 M
)

g mUERstel A4 AN TP BARS WED, BAE 45 Y

’

»-e

= ¥ 2 e arE ARy dd 899 Tor Ad 5 v

(Shafiq, et. al., 2015).

A 2 A 42 A9 AF3] (Industry 4.0 Society)

1. Z9tE AJ¥ (Smart City)

421 A g FF3¢ HxEe ke &S FToEA e AL E
T3] 98l
1) 2utEZ Mu|AE AA7te g A|&-3H A (providing smart

services in the real—time),

3) 719 A3 7|vbtxe] &84S =088t A (maximizing the

use of existing infrastructure) ¥o|tH(Lom, et. al., 2016).

2) AL Av]= #4345l (minimizing the resources), B-3F

_/_\_u]__E:; /\]H(Smart CltY)% 4;2]' ﬂ'(ﬁgﬂéo] }\C-)]/\jlg 7%2% 94_}\_] E}ﬁ] ]
TAH A W] mAE FHe, FFHOR 43 Y &S T84S

of ABlE WHAATIAL, &rel de FEAE 7 A= ez A e v
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421 g mE =AIQl AuE AJEl= 43 AR E V]S A 85ko] AL
GE5o] AFS= =A9 3 H S ~AutE A (smart economy), Z~VE O]
57 (smart mobility), 2=vE 34 (smart environment), Z=FLE Ag
(smart living), % Zv}lE AW~ (smart governance) 52 6 7FA &

a7t bsE Foee

riet

=3t x} golar(Lom, et. al., 2016;

-

o
=y
Sanders, et. al., 2016), [2¥ 3]o|A AA]3 v}e} o] AmlE AJE 9
719k Al E FZ(infrastructure) & )83t @AM AL} Ao H M AE

dxst & 4 = AgH} #E (planning and management)ol] 7|QEgH
AU A5 vlgro 72 €17ke] 4h(human)o] = o2 PEad = U=

w3 147 B A Y S AdEFT] AAE FETEA

1) =AY A&E7MsAS BASal(insuring the sustainability  of

cities),

2) ARIE9 ghe] A3 obdS JfAMSal(improving quality of life

and safety of their citizens),

3) YA 288 =3} (providing maximum energy efficiency)
stalz} ek+= oYM E| H (initiative) & F73tH Lom, et. al.,, 2016).
2 E AJE7F B g8 4olal wig Aol a2l ARleA FAH

= ZF7] fleiA = 43k Abdel o3 AR E Yt o] T I asHA
gk 2~utE AJE o] FAAAESQ EAl(city), 719, AIEl, R A Fo]

Weta sty @) dshs PAL HEE, AARL =gl A P

»

= J1E BAE 201E A2 A89TE AL 2AS A8 B 84

p

sttt Aol (Lom, et. al., 2016), o] AlHlIEo] ] oA A&} (user)
7} obd @A o] & B A A} (stake holder) 249 F%S afjoF ala, Ht 7]



o o)A ARl 2PA(static asset)o] ofd T Aol A L4k
ynamic enabler)®] &S EFE 5 glojof &tal, Hl=YXAE 1§ 9]

Fw A (provider)7F obd SFEWY (partner) 2 AA=E 4 QlojoF hH,

i
rlo

S

8 7]¥H(demand orientation) A Z(production)¥ A% (product):E Al
Fo] AAHERE ol e}t an|Eo] HrE wizbA 9 A 2 (life cycle)dl 2

A zvbEs|A ok sk, vhA o R o) AkAE A& FAY w4 78 ®

&

= Qe MEe BE Zo] €npiFE = WAl (transformation) o] &

ol gAalxojoF dt}h(Lom, et. al., 2016; Sanders, et. al., 2016).

Smarter buildings and
urban planning

Government and
agency
administration

Planning and

e \
Social [Hel®

programs N

Human Infrastructure
o, Energy
> T 4 and water
S . &
Healthcare ™ —
-~
Education ' Transportation

[729) 3] Smart City Initiative (Lom, et. al., 2016)



2. 2ulE A (Smart Industry)

ol ICT71=9] 8413 2, 53] IoT 7Ivke] AEH
A3}+= Al Z(manufacturing) 9 A AF(production)ol] &4 &ale] 7]3]
& AlFstal 9o (Posada, et. al., 2015), o]& 7|Hte2 3} A4S
42} A (Industry 4.0)0]2} slH, =2 o= B 4bgdo] 44 443t

= 2ntE Al A Al (smart industry ecosystem)”} 7= ZOo R

s

H ]z

o
")
2
gk

OJAA FetA T Akl el AFEH IS S A sk Al Al

PN
goiHt BEAYAT FIHoRE ATl AFH HE AAR

AP Az RS ATH A AR B2 S Atol W —EE A 283 [oT
s #2 gAEA2ES &kl 4 B A5 A (intelligent) Sl 7] 2f
A A QAo R dulnAld Ao g 7|t)skH (Lydon, 20165 Zhou,
et. al., 2015), o]= 4z} 2AFd (Industry 4.0) T ~ArlE 2 (smart
industry) ol g} g},

428 AL 1459 AHFY 59 (the power of advanced
computing), 2= (analytics), AH]-&<] A1 (low—cost sensing), 2
IoT T AAAHY T3 22 =L 759 AHY A4 (new levels

of internet connectivity) 7]% <& %3] A9 1A 53FE o]F At



|

¢

St o] UME|EE 7[Hko 2 st (Posada, et. al., 2015), =% Ak
238 Bl olygk(Lydon, 2016; Zhou, et. al., 2015) =&
Sl M EH A8z A g A A

A A &g st AlEe] AR JiQ1Sk(the strong

o

o

o%
ox
o

A 552l 7]
l

individualization of products),
2) M= R A RE TRAs A e AA was =y

BEHe  #He3 =3 (the extensive integration  of

—
N
=
o

customers and business partners), L& 3l
3) &9 FolBg]= A= (hybrid products)e] M Esh= AE3 13
Z Mu]~9] AZ(the linking of production and high—quality
services) &=
e WA Ao w o AdEA 7]l 43k b2 kR A=
Al2~®l (complete value—adding system)S A3}l A|ojst= A3 A=
= A AR S om] gtk (Monostori, 2014).
1A asle) WAL AR AA, 4

I = =]
2R AaE, 0 dske

: 2]
(work—in—process) 52 7247} & 14l (communicate)stal &=
(collaborate)3ro. 2 T A, 84, D A&da AL T4
2~ (self—managing production)E ©A<S H3XZ 3} (Lydon, 2016),
A AL Aol AA Abg, AlE, R A B AR AAZE S Ag
= &8 HQistE "A"E AE 3 AMu s AN
Ak ik 2dlS =35} (Zhou, et. al., 2015) A 53 ¥ (intelligent

factory)¥} ~uv}lE A2b(smart production)S T&SFALAF $ho|t),

sl

A~ = [e]
A AFEE A

4

olgh e wHw BEE g e 3Y AYAxE AAE B

(Posada, et. al., 2015).



1) A& (self—aware) 2 2585 (self—learning)¢] &S B3
A5& 7|7 (intelligent machine),

2) Bldolg et I A5 (AD T &8st AXrFtor AFeka ou =
At gAAA S AL 7 e aeFY F249 (advanced
analytics), %

3) As® 7IAER 78E AAAFNA Aed JAEAE dRE &

(people at work)

421 kel A gk S [19 4]9F Zom o] ofge) o] A
2 5 9
1) MEY A T4 (network centric)@] AAF T 2|2~ AFFQIE Yl =

L oTE 839 71xAE A FAAHe nE ol AAA

(stakeholder)®] #*+of(value chain participation), £3] 1274¢]
STFAES S22 ¢ JEE RS, [oT AINE FEH 4
T AR

841 (context information)& FH3te] o]E 1

(high value information)E % o= a7 3sh4

(customer intimacy) A4+ 84S Fd g

2) a4l AAF 714 (manufacturing technology) #-&: Hld]o]E]
w2 (big data analytics) &= &3 1259 AH(high value
information) & WY o2 F7%d A (argumented reality), 2543
2H(additive manufacturing) 7|8 & &8sl AERE
(autonomous  robots) & &&3to AFFEe  Asd)

(automation) = °]Fo] THo=z AMAHY FHES Y

(improving quality)3Ft}.



3) At -z=EAaEe] FES % d A yxAHEs)
(digitization): At —= A =H & & s}

N&s FHRE @

B~
il
o
&
ol
offt
?L‘
b
ofX
(AU
)
offt
z
ol
K
vy
do

=~
T WY RE )5S £8 FRFORA FAT AN AS

Manufacturing  /
technologies /
/

.-/

L
oy
Digitiza- ®
tion
t Network
N centric

[29 4] Industry 4.09] 7%=
(Lom, et. al., 2016)

+=(Monostori, 2016)

D) A8 9] 2 7AGS oldle] hFgAe] Bt RE 5 Y

S
2
>
e
1o
o
A
)
[JO
l=l:l

5= w2~ A ~Evlo] 4 (mass customizing)S T+ sFaL

2) 22, AlE, 4F 1A AYE, 2 Al2u Fe BRE AYE
o] Am}E (smart)dtal, AA 2 o2 A3} (self-organized) s 4
RaL, ol 7Y e 24 3F Y ¥(cross—cooperate) = & T



Q= FEL Folste] WAFH el Aoz HAsE xH
27b Hel BRE 5 QRS Aolul-Be-AxA2Y

(cyber—physical production system)< F&3slo] Aake]l A 3
Aol "AdststaL,
3 FFHoR Ane vZUs RUe FHa ARE =4 T

o AujAaE ZAEete] AAY N A &7bsdS Alastaat ol

3. Aol —E A2 T Alo]H —EF - A4 Al 2E
(Cyber—Physical System and

Cyber—Physical—Production System)

42 Aol WAL Aol IFke] whE AJZEIQL &4 1
(physical space)¥} o]& tX|ds} 9 FX|g}sto] A4 (computation), #
A o] (communication), R Al (controD T F U= FIEA AbolH
& Zt(cyber space)S Fdg AlolH —&E 2] A]2=HI(CPS, Cyber—Physical
System)o]g} & 4= lth(Bagheri, et. al.,, 2015).

=, CPSv= TH9 =84 AMA 2 8 F2Q Z=Z M 2=(on—going
process)®} AlEAHow AAE AMXES & 7§ A (computational
entity) 2] @< (collaborating) S 913+ A|2=El o 24 Z2H9-=(cloud)®l
A AlEE = dolE Az Bodlely 2] AH]~(data—accessing and
data—processing) & Ao &83F= Al 2®l S 2 (Monostori, 2014), &
2] 4 Z}4H(physical asset)¥} Al4F7]5 (computational capabilities) ZFel]
o dd" Al="Es dgskrl AF S04 7] (transformative

technology)ell &3k A| ~®lo]t}Lee, et. al.,, 2015).



Abol B —&-2] — A AF A 2B (CPPS, Cyber—Physical Production System)
olgk CPS7F Al % A4 Fitol 53txo] A&EH= aF97ide] A~
o=2X, Halel HFHAA 7iey AHIZTAVE 2L Ax I

£
iy

7]
43}

»2utE A Z7F 7VssleE A Yt A A~"E Zskt(Monostori, 2014).

OH

(manufacturing science and technology)”} ZAdEo] A %53

loT Service and VE abstraction levels
loT Svst Example
Virtual entity-based model 10 ysiem
Physical World el i et Irugger:titinns_
Physical World preiy moll m“q““”'
autdoor
temperature of
Car MXD - 123

19l - : ViRule | ARie
Virtual Entity Pt
p Functional Group Entity —::,.-'E-'d"—
(FG) Level

Temperature

Resources exposed ks aduagen

as loT Services measure,
observe and actuate
on Physical World

loT Service

Level . -
loT Service msr“&&?“ze:ﬁ?ﬂ.
Functional Group to “on”

(FG) i

[29 5] ToT Al2=Ele] A 7/WE % (http://www.iot-a.eu/public/public-documents/d1.5/view)

CPS+= [2™ 5]el alA= niel o] =e)4 AAE F9T IoT 7]k

Al~"o|t}h, = B8] 4 Al A (physical word)2] ZF 7HA] (entity) E-& AlA]

2

(sensor), Bl L(tag), =+ 253 =] (actuator) 5= &2k [oT ©Eel o
st2 7Hd Al ~El(virtual system)®] 7AYo R FoJst, [oT Al&~ES
7} e E] (virtual entity) 7Fe] A3 Z8-(interacting)S A 43t}
(IoT—a). [718 510l A3 [oT-AS] [oT Al=®e] MdEs B84 AlA
o 71 M A (virtual world)e] AZAARMS 23 9hd CPS+= IoT Al



o] x5 E3tetHA A" 7he] T3 vldolE ot Al &8 AH]
29 Algol F7HE 9 Jid ol

CPS¢} CPPSE &3] dAAMAE
o] F&= Ala"lozN PolHog= Axde FJals 9d CPPS7t T4
o] ¥+ ~AwtE ¥ A|Z(smart factory & manufacturing) ¢ A~RE
A3 (smart product) S T&3SF7] 913 A2 FGo, Fe| 2= AufESH
e #lal CPS7F F4lo] ¥ AvtE WY (smart building), £PHE &
(smart home), 2"}E3SF AlA(smart facility), Z=vFE3ZF 1% (smart
transportation), Z2~PFE A=# (smart grid), B 2HFE A E](smart city)
E T35 $1% Al=Hlo|t

CPSe} CPPSE= 33| AlHET AE5ES 53519 (integrated people
and integrated things) A2 AL FAT F & 7MI3E F=E
3tar, o] 2REH % do]E(integrated data)E FA1sle] HZA o] FH
S ZAEotal 8o 2 FAAQ AAE AP~ (integrated service) &
AlFst7] 1%k Al~wlo|t}, w3 CPSeF CPPSE AAAALY A3 ALE
o] % s oA & A=FH 2 e 93 (operational)ll,
A Al A (systematical) &2, 7154 (technical) ¥ 2]7|o] Br=(semantic)
gAdgsts  FHEsESE AlolH Al&FE FHEe] AT EEA
(interoperability)= = ths}er 4= flofoF b, H A (accessability), TF
Ao (multilingualism), H.¢F(security), 2.4 (open source software),
2 T ARzE &4 A (multilateral solutions)2 AAIS 4= A= FF S 7t

o2 F3FojoF gt}(Sanders, et. al., 2016).



4. 42 249 ol A<

(The Nine Pillars of Technological Advancement)

ANA eulell A 4x} AF]) B 43 Ak AR WA E(TeT) 71e
& 7o s Az &4, A #d e A @4 e AvtESHA 7 de)

7] 918 CPS &= CPPSE 753t 43 Y, == ASE e
T U AEHY 7R AH2E FEetal 8ok A e AR A Y
8 = 9lth(Shafiq, et. al., 2015).

=2 wEANAY 42 AS AEAde SdE, 2 A3
(interoperability) ¥ <A & (consciousness) 2] A1E FFstal doH
(Qin, et. al., 2016), T=4o% AT FHAI4 YHAE Fst7] 91
Ae 22 84 Aol msojobtt t(Schuh, 2014),

A4 (collaboration) o] gk AP A oju] 2 s|4]st wj= Q1zkwte] 3ttt
A oy AlolH —E Al &Hlo] Z3bo] = 43F ARl A= 1%
I 7IAIZRe] A, == Z1AS 7A@l hesiXith @Y e
AP S dhl st 2z A sl AE oAt aTEaL, &
, &5 HRE 2A4sr] A8l gt Aotk e A

< [29 6]d  dA]gk wRe} o] A F(communication), X7

;

o
= X

ol
ol

FaL

(coordination), 2 &= (cooperation)©] FA]el o] Fo]z]of 3+r}H(Schuh,

2014).

il

AFold ARE TRt 744E vE I e FEE Ay R
3 (sharing information)@ EE d

(sense—making) o] & B33+ AFsFS o]dfstar 1o wEl 73k xXe



oy 5
4"0 e 0 .\ \]-\\
Tunctional 2"

[18] 6] ¥ < (collaborative practice)
93 (Schuh, 2014)

A olgk &5 (activities)ZHe] EHAE #A s+ S waiH, =

(o,
ok

fr(resource pooling)el& HEES fla] o S aHF o= &

2 7 A X (Goal—congruence) & A ~H 9]



Aol ograAe 47 A EE A%Y AvhE

w

N
o
1

T

ol

B AxzE Ue

4, ¥ = 7}4AtH(Posada, et. al., 2015; Shafiq, et. al., 2015).

D) AASZRH A% T 718 8+ Al stao] Atkd o= 3l

Z AFe IT 7|9k w2~ A 2=Hwto] A (IT —enabled mass

customization of manufactured products),

2) 27AL Wl FAsH AsHdoer AT ¢ = ANIA
(automatic and flexible adaptation of the production
chain),

3) 7IAISH b ARSI AT wAE ¢ e FE A &

o

=0

s
i
XY

e

A1 2] (tracking and self—awareness) 7]%,

4) gAd HMI 32 v}<d (improved Human—Machine Interaction
paradigm)< A&l AJA7F NN 2R3 3& B S A
&3ta ke 2R MR W AT

5) £UtE T IoT 7Nt AxyAlo]d o gt Bike] 43}

L

(production optimization due to ToT—enabled
communication),
6) &4 o2 7}xA & (value chain)oll A M@ 283 WAl &

gomm wEAe Aze §¥9 Az 2 w=yx

gk
>,

ko
e

(radically new types of sevices and business models) #|&

iy
rob
3
f0
m

< oo 47 A E=e= ATy e AvtE A7)
o= [29 7]oA AAIgE nie} o] CPP =+ CPPSE
AL JsA 3 97el A 7]Le] wbdo| 7|oldht)

N
(o]
il
)
2

ato] 4}

2

(RiiBmann, et. al., 2015).

47 249} or) 7% e AAAEN] THRRER FF e T4



QA2ES B3 2 AA S (Horizontal and  Vertical  system
integration), ©]&2] 4k IoT "(the Industrial internet of Things)<
23 789" F2$= A~ (the cloud)olA Bl dlo]g S #2(Big data
and Analytics)stal, Al & @ o)A (simulation)?dr ZFAHAHE 25 A A&
st A& E X (autonomous  robots)3Fetal AR A= SHAA
(augmented reality) & Al&stal sHE o] 7Hsstes b, Az
= A=A Z(additive manufacturing)©e] 7Fsstes vy, A 24 of A
AeJA HHY Ax~®le] HFd(cyber security)<S  Z3lgtth(Lydon,

2016); RiiBmann, et. al., 2015).

%)

Autonomous
robots

Big data
and analytics

- Industry 4.0
Augmented Horizontal and vertical
reality system integration

Industry 4.0 is the vision of the

m industrial production of the future g
-

Additive 3 The Industrial
manufacturing )\/:

Internet of Things
The cloud Cybersecurity
[Z28 7] 42 AF) A=Al 97kA] A 7=
(Lydon, 2016; RiiBmann, et. al., 2015)




A 3 A CPS¢} A8 T4
(CPS and Intelligent Factory)

1. AXNA #HY 42 447 CPS
(Macro perspectives of Industry 4.0 and CPS)
Ak Azt AbALE oF RSt AL 7 L EstE WA AL AFESiAl 2~
o] B3y 840 7 S S BRE olYe AEUE U

Hol o= AZE9o](embedded software)d 7|9} E3A w3l
‘g_ =

w3} v go] A& oz Frs gt oleg =L AAsta, ul o}

A9 1T 7142 g=atel Eobdolm nek Jud A&TH A5

S

| 2~®l (effective, finer grained self—configured automation system)
TEHetaAt AlEst o, 1 Ay [oT Adel fztste] MEYIE
| EAHE o]7]F AlAES AAISte] AEAAE FFE AbolH &
A 2=81(CPS, Cyber—Physical System)?] @< dHstsla, ¥4 2
CPS(distributed industrial CPS)¢] 784 (availability) % &-&(use)2]
S7hAlE Ao 248 AA Mk ol 43 kel 7R st A
& v+ (Harrison, et. al., 2016).

o
J{Tl'
R

of
ol

AAA B Aol 42 A (macro perspective of Industry 4.0)2

[Z2& 8]ell oA whe} gEo] o] o] Akqiol Ao Aatahid o] 5 H 5 (raw



material acquisition)®} #|Z(manufacturing) < 9¥x7lo] ojjeg} 31740
G AFES AFE3FaL AU 2 (use and services)dHE 9 S X EEte] @
T AFS] 7ol x5 (end of life)d wW7bA], & AARE-(reuse), A4
AH(remanufacturing), A& (recycling), 3)<F(recovery) % #H7]
(disposal) 5& X dsl= A Mo|F7)o] A An|2sa A 8

o, 2eed 9@ CPSHF A4 de @)

Raw Material
Acquisition Use and
services
(
)
)
"\-_____,.’

End of Life

R—— . = —_—
() () @ Smart Logistics () Water Reservoir ( ) Product Life Cycle
o

th: Smart Factary (;__‘) Smart Grid Energy Supply
@ Mining Smart Home - Water Supply

‘j) Cansumer 9 Renewable Energies

[ 8] AAA e 42 24 (Stock, & Seliger, 2016)

CPSE FAAAE Fosts A5y wxdd 9 t]« 98 (intelligent
cross—linking and digitalization) ¥ 3. A}& 74 (self—organized) %
AHHEAl (decentralized manner) 2.2 QW= A|AE O 2 HAlo] AR

N3 FANEE BESe]l ARASIIARE  AEFFTEAA,



end—to—end EFA S A&at7] S8 AlcH o2 A= AAH o] HAAES
2 FeEet - 7 UMENIE S ASH R HolHE wghsit
(Stock, & Seliger, 2016).

AAA Aol 43F S sk el s Al A AoiFrldd 2
X 7HA & XE(value creation modules)ES HEYAS S 34
%3%t(horizontal integration)o] 3&|AoF 3w, 7IAHE EELS HXH
(equipment), A}&H(human), %2 (organization), XA~ (process), 2

A& (product) & ©ES 7Mx| &= Q4 E (value creation factors)2] 4

FE REES AF oL Aol 2] AA AN AR AF BT
719 AR LA AN GE RES A 45 AR F, ALASY
§ AES el FnEE A AolFolel A 17,

S e tFd ols) B, B 2E Az F& CPS e A&
HEE TEsa, 4 golFolel A Felsht 7 A i /Y mi
4 5o 7 2o CPSE F@sL, 4 CPSH ANFE

=] J
- =
A AFE We] BE CPS7F SeF9-5 oA +37 T3
_]

o
ofl
ol
o
g
>
N

Seliger, 2016).

2. A58 33 ZHLdYa

(The Framework of Intelligent Factory)



Asd &4 opIg A= [17 919 o] &84 A A% (physical
resource layer), 2FQUE L A AS(industrial network layer), =&h%-
= Al&(cloud layer), ¥ = Ao] ¥luld AS(supervisory control
terminal layer) 52| 4719 Aoz Aoldn. =24 A AT 7|4
(machine), A3 (product), ¥ <=A(employees) 592 Z2untE F4o]
A E (the smart shop—floor object)e] A&l AEAAZ F-& 5] o
AAUEYSAE T B3 AwdAeldsty, Sk Ase 294 &
A A=Y Wogt HolHE st HHeoly 4 Sl o=
= z&FA(self-organization)S, A== ZHE=Ao] (supervisory
controD) & A Hste] FF=AAHuE S 3 SEA=H 5285t 9
3 SAAREA LTS T RN FPo AR AFEA sEE UE
A= AZE 77 sk, &2l A (physical objects)<} JE <AE E
(information entity)7} A% SUAl &3E CPSE FA A ®tH(Wang,
et. al., 2016_b).

Wang, et. al., 2016_bo] #AA& 42} 248 A58 34 Zedas
[ 9]oll o AIgH uie} o] 5191 =24 Z}(physical resources)¥}
SE-=(CPS), %2 A91el  #=EAle] Hud(supervisory  control
terminals) ¥ ZEH¢-=(CPS)E Qo= 7o w4 F2 A28 (dual
closed—loop system)°|™, 7+ A2 753 4L va3 g

7] Al(machine), A% (product), ¥ <ZA}(employees) 52 AnlE ¥
Zo] MA) S (the smart shop—floor object)S A&A o= FA%E [oT U
EAE dAd5te] =214 A AlTe A6, 24 AAES AHE A ol
AFS A 7s s ZteT

As8q T2 2 AAEo] A4 (autonomous) 7S =ttt



sbE A 222 AWS Weln BE AA EE AUt S A4
of W A% WEL AT F ke AL dviSh E=F AA

(social) 7]%5olg} g2 AnfESE AlLE = AXEo] &9 X2 Het

Supervisory control
terminals

Cloud

Big data analytics assisting
downstream self-
organization and upstream
supervisory control

Industrial network

Physical resources

A self-organized IoT
network of
machines,

products, and
conveyers

(23 9] 432} 298 A58 & TP ALY (Wang, et. al.,, 2016_b)

weps] ~utE QHAE ke AdHHE A ARSE S 244
(self—organized) o] ™, 24 (reconfigurable) ] A ool
(humanoid)3tx AntESA FAE 4= 7)o vf$- A3 4%
(a highly flexible manufacturing system)?] T-%o| 7}z3alA ).

47k 1Y Aol o A dA A9 S ese CPSolth. |, A5 d



of
3
o
—
"
ol
rr
N,
[>

ZF 2~mtE A 5L A28 A B3 (a system—wide
goa)E EA37] S8l st Aol A 2utESHY| ] AH4le fss &~

22 24T A AW QA A29e] 4L Ho] ofd F7b gi=d], o

el

© &WE AA7F ARE VRt w SAMAA S S17] ufmo]w, Al o
A Hes Boled ZF 2nE AA|5o] XA Ak, 2 Zhol
2utEsH 8Eet7] Sl AAHA 0w sk g3t o] tig-st
= HA gAEA S St BRIF AT o2 A Eofof &17] ol

CPSe] 75 59 st S22 AlSolA Bl o] B4 (the big
data analytics)= T3 2 788459 dFS A= =4 A (the
coordinator)®] 9T st Flo

S ZRAXL SO AH T, At

By
o
4
oX,
N
=
o
=
[
1o
&Y
an
=
D
w
@
sy
|
o
=
0q
ay
B,
N
D
[N
=
D
@
=
o
=
)
rlr
R
i‘—";
>,
[»
jatit)
Lo

optimization) & 93 o U4 &3 A& o 4 s A
3. Al 74 39 =% (3 Types of Integration)
Gy oAl Awd e @4 ololtold  AsedA

(interoperability) = ¢34+ ToTeF CPSe sl E3H(integration)©|



o] Foj A of gth(Qin, et. al., 2016). =, [Z1¥ 10]° o|AlE npe} 2o
7t =94 AYE (physical resource)E<2 0T AX9 7|55 71 A&
WA (autonomous  object) Z4  IoT 7]¥Fe]  AFFUIE R A (industrial
network) & &3l k92l YX§ CPSell € FFHHE dEsha,
CPS+= HHolE A A5 &8st HAA| Al2=¥l a8 A5
Sigtete] 2o RE de HAsE 9T F J=eF 74 =94 A
S AYsta P 2t ARE AFsto] 7 ZE A Aol 2x2
sty e HAstd gAEAA Y dess TS =S

et. al., 2016).

Physical resources Industrial network Cloud Terminals for supervision
and control

[1§] 10] 42k AHY &~rtE 34 Z#d9a (Wang, et. al.,, 2016)

& A A~EE 9] A AEl(system of systems)E ZoE 4 =4, A T
= A 34 [29 1113 2ol v A 7H4] Aoz Sjshe A

o] t}(Qin, et. al., 2016; Wang, et. al., 2016).

Physical
_ Vertical artifacts
Sntepraton Corp.1 Corp.2 Corp.3 Corp.4 Corp.5 Corp.6

[28] 11] 37FA #&89 5% /Y@= (Wang, et. al., 2016)



%4 F3(horizontal integration)©]gt H]ZUZ 7}X| A& (business
value networks)& st Aoty =, Hl=Y 2 7FAALE S th9] 7]
S} T gEYste AAZ FFH 7]

TR A Fioldt 7 7199 CPS7F B0l 49l ATl s1AlsE, sty
o] CPS=E E§3ate FFate As Dt 34 3ol o 435 944
H 7HAAEW e VIHES e @Y AAE Sk AR, A, e
Aol ZHAALE Wl Bo fdstA 5 g e $4S S B
o &84 A e 7 (industrial ecosystem)S T538FA S, o] u}
2 2L 7FA YEY A (value network) H+= H]ZU 2~ B9l (business

=% = A Aok

o

model) & %

224 FT&(vertical integration)o|& 3dupe]l F& Uo] Al zA]2H
(manufacturing systems)= T Ho=z T3t Ao=E
AskE v B4 A3 thgst ARA A" BE fla e
CPSE FFsote= As @3t =, Fdstr A48 7Fed AxA =" (a
flexible and reconfigurable manufacturing system)® %< & Z
Zkol A A"l ES AAISHL EHete] w52 o2 AAA A
Ze] A ~®(ERP, Enterprise Resource Planning)¥ %3tstozx 2w}
E milojug AlFEe] S Wst, e A WA, e AR UE AFEATE
of Agste] T4 JAAAR A 55 AT/ (reconfigure) & = Q)

],

sl

N
o

Z 2 A 2~H (self-organized system)2o.2 AFE 4= IA AL},
gk o] FAgoll A FE o] FEQl ¥dolHE &8ate] AT EA

£ v (transparent)3tAl TEA 3o}

HR

>

npxjeo 2 FHgk qXYyoly  F3H(end—to—end  engineering

integration)©] @ A=A 2 (product chain) A IFAHS E5&d3= AL 9



ngtth =, A A= stue] AlEe il Alxdke 3t
A e ZrAZ bggo dEridee] FoeA He slo] Izl
Axoln, o] HAFoA S AFAIA AFTA VHAFHE ZEAM
(product—centric value creation process)+: 21 Q- A}l ¥
(customer requirement expression), A% AA 2 s (product
design and development), A4t 7] ¥ (production planning), A34F <17
Yol (production engineering), AAF(production), *J¥]Z(services),
A B4 % 28 (maintenance, and recycle) T3 £ t}ksk g

HIE] &2 Aoz vehd,

b FEE X Yo F ol AEA
=

w3 A FE ZEAAE ] CPSE E¢sto w2y e W e
LA AEHol dad  AFE  E9(a  continuous and

consistent product model)= AAFEE = A 3Fo] 7F=H 3 AZE o]
£ A<l (the powerful software tool chain)< -8l AEAA 7L Y4
2o MH| 2 wR = FES d 55t AXEeleld  #H AlSE(the

customized products)®] AAHS 7sA S

4. AHE7EX &} AP Aul A, 2 G X9 AN #E
(Value—in—Use and Before Service, and PHM)

Ho] 2ukd 3.09 AltE Fd@eHA 7|l tigk sl o] nby
o S, AFAHo=Z 7FA] (value) &t 28| A7F FFulap A of] QoA FRAE F
Hkok=7}(get)oll 3l %] Z}(perception)ol 7]4Fal A%<

Fd wmE f84d o@ Awded @Fw gelHo] $rh(Zeithaml

kl
%0

=3
)
<
\J
-
X
fllo
T
>0



1988, p.14). FrleAol A 7o) o5 A EFo TN wstE A F 9
584 (utility) © & A %= Zo] w371 (value—in—exchange) o] 91 21t
HT 5o S ATl Z71H AHE o] Abgel mE B ZEAA
o wet 7kAE Bkt AFE7HA] (value—in—use) ol 3 SR %=7
Hear glom, dapsh o] wTIAE FAShH MdS AdEA =
(GDL, goods—dominent logic)®e]g} slal A5 AJH]| =X u]+=2] (SDL,

i

service—dominent logic)¢lg}  dH(Gronroos &  Voima 2013;
Sandstrom, et. al., 2008).
53] A54 #HANME 7HA =3 (value creation process)’} AlES
st 71dell 98l Al e 7T FEEE 31k 3Rt
&7 provider sphere)olA gt Hgkovr AMujax|alji=glo] 2|ahH
A e A28 AleAs Aol AH| 28] Ak} Ales Fall A
7FA((potential ~value) & =a] A0l A AGsh=  7FXS31 2K value
facilitator)©] 9&o] 4
o] AZHH T o w 2 dF3rel a7 FIH(customer sphere)ol A A
F5 AFESAA ZHAFE A (value creator)e] S st o

(Gronroos 1997; Grénroos and Voima 2013; Vargo and Lusch

o
>
olr
ok
=l
rip‘

Pse), 14 =E A4S TG B0

o

2004; Vargo and Lusch 2008).

ole1gt AF&7EA o] gt o] 2-& 1990 ) THE A7 o, Zudd
AT 7E NS A A ZF 71 elut Au bl Al ZHQ1H 7] Al ekl e, H <t
o] JToT Al = 42} AFGAIH7F ZdfstiA A= Hl=yawdd e

Mz 7IA3E Btem B45 3 gn. =, 48 AdEs GHE oT

NS5 0TS B8O wH Fep9 o] Ealats A2 AEEE A
Aol AFEALL AL AF] AE 9 AF LAY 5L AAHA



o® RUHIPE g UA HALL, o] ZHE FHEH = HHolEE AT
1 S BAste] AE9] AlE AEE B0lEtil o] 2R E ALE i
(after service)7} obd o] AFARE st TA7F EAYst7] o]
Aol PHHgow EAZ 3
Aled o I =H3AH

WY AES LS RE e AN F o F4

3,
1o
e
ofo
fllo
()
o
&)
30,
ul

>~
>,

N,
X
[
il
2,
of

st m=e] AHE ey 2
o] sup=ALe] wjEo] FAAsE AW, W= g A<l st=dlo] 7Y
%l GE7}F 791 9] 75% 5 EYH Y -4 AR =0 d 35 A=
AZEOF-Tll A LA = AR ey gl
471 Ak]de] AbR7EA] i = [2E 12]¢0 AAE e, dEA<l Al
Z(production) &3+ Ab&(use) B 4H] FZto] 71EHA 53

5
S-S5 yehfa, AFAAS] Al (production innovation)&  FHAF
P
T
ot

¥9,

(supplier)®} 3278 (customer)S AA|S}aL, 3178 9] ALEF-7FHO 2 HE

¥ dlgolge] BAS B3 Zegso] EAsHE CPP7F AR AH]

O
fu
£
J::

o B 2 Aske]l EAESI QA SRt 75t
NS A gtsle] e dtH(Schmidt, et. al.,, 2015).



AREZHA Al atek AHE 7kl e M E Y — A - AR A E 2 S
eho]Abe] F L A S WA Bl Ei A2 NS FEEE A
4 gl 43 kel melolehw wgdX el AUA # e CPSel

oja] ARG B ol Absw WA ggRokd & 5 gk

Production Use

Process

*

Llfecytle

> ) ) >>>>:)> ] ) )
a Q)

(29 12] 42} 4Fd 9] AF87FA] 7IE % (Schmidt, et. al., 2015)

Al B e CPSe A 7R Tlsel AlojEAl
(control—orient) H+= Al E# o] F 4 (simulation—orient) 2] 7ol 4] Al
AR 72 FALAES AEAAstetaL o= A AAE A
Ao & 5 JrF A sk AolAT A7 gl #d daeES
Abgeto] AAl AR AAAIY] AA" = ZAIEY A As
(machine degradation) %2 A 3}3 5 (performance behavior)S A4
S g WolsiAYy e 1 #elE Adete g & = glon, olF 1

FelA ok Ad4d et o



i
o
lo,
-llﬂ
)
ofN

71 A12H5 (machine operation) 2] A7), #lof, & 2]}

o st FmEAol ENAY AWAY W fHu

s A]2® A5 (system performance)S 7HA3H7] e =

1) A=A F2 Al2=ge] 7hss @ AlXH(unscheduled downtime)
< HAageld &9 a84dS Aaske 5 AL B (the
mitigation of production uncertainties)< <+3}s}al

2) HEALS fiels AXEX W EE (bottleneck components)S 714
ste] Al 2=Ele] FQ o o (critical sections)ell E=AstE 3 2
o] &&% Z8%(the efficient utilization of the finite
resources)E AlaLd|oF sth(Lee, et. al.,, 2014).

CPS Z#H < gaoA g x 2 A-dAAe(PHM, Prognostics and
Health Management) A]2=812 A&k 7 71X Ao Ot o4 75
< AlFote] A2Hle & a8 AAE Tl A2E AsS Jidsta
2} 3tH, PHM 83 &7 553 PHM A4S AF83te] =2 AlZd 3
7Hds Edsty] fls A Alo] B A e dA 9 A YA AF
7Ie e At A

PHM®| Foid<l dxd E¢9 eedw4l(time machine) 7Hd&
[72% 1310l AIAIS vhe} Zoh(Lee, et. al., 2014). CPS &3t o] 7} 7
A= CPS el AAAIE a2 9% txd EQC=E Yephdt. TA
g EQS CPSE &3l & Hie AejAlel #3 tolHE FHstal 58



gk 2~y sF A2 (snapshot collection)& PAJskal, H A3
dol o= &83to] 379 Bl 7153} vlalste] 27 oF A A9
1 Al E B aste] f-ARY 2% (Similarity identification)
= W3t HFTHor FHAstE TFAA & E ol (synthesis

optimized working regime)S Ao 2H Y AXHES uH-& A}

= X
(o
fr
ol
)

Y
>
e
ofo
ki

2)

Aol BAE 5 9l o2 2 ga) sl FE2 AMFoRA 1 ATA

B
°of ARAS A 5 S

Syntehsis Optimized Working Reglme

SPINDLE SPEED 1000pm | 1100rpm | 1050rpm

Snapshot Collection
PROGRAM NO.

PROGUCTION

4 . 3 i 1
180parth | 180partth | 170 partth Active Time Machine Record
2100h | 2000n | 1700R

REMAINING LIFE|

ADDED UPTIME 900 h | soh i s00m

Similarity Identification

[¥ 13] Cyber—Physical PHM®] B} Al 7id &=
(Lee, et. al., 2015)

OAY Egdel Ulg BAnAl Ade HgFomm Al el fES



g (remaining useful life of assets)S oS3 O 2 Az 3ol A

X
>

¥2,
)

A A BE] A2 (just—in—time maintenance strategy)< -4 4=
H, A sk (asset) 59 A% GAE A 9| B o]g€ & &
o =M s Ak digk v &8 Ay e} sl kel A S

Hoold & e ARE AT 5 JA Ak

OFO
ot

l

A 4 A Aol -8 - AL A 2" AnlE Ax ALH

(CPPS, smart manufacturing system)

1. WA BAEe 43 2443 CPPS

(Micro perspectives of Industry 4.0 and CPS)

AN B9 43 44L& CPSol &) MulaEe d8HE &
ANMFE AFS] BAAAS 1A ARSI AR B ARS ARl ghA 6 )
A FAR AF FHol FERHE AHAZA, AF A BT A3
A AEAIE oughthd, wAA R A o] 43} 4F S AbolH —E 7] -
AL Al z=Eol o8 A LE = el Aed v AvE S A A
28E THoE T8 #elgt & 5 dor, 2 ldEE (19 14]
o ol A8kl th(Stock, & Seliger, 2016).

= mA A BHY 4% A (micro perspective of Industry 4.0)o] &
2utE o] Az e AL TRARE Ader] fal [ 11]A
o+ A4

A S A Ao e F9etal, &5 A (supplier) 25 9854 FES T

(m

AR 37HA wE ] EF Tl AvtE 2 e BE Hxd



=2
o
o
p
&
2,
>
i
o
[
i
2
i
filo
n
ot
ol
o
rlr
DX
=
EN
o
3
=
w
=
=
I
=
N,
X
1o

o 2vlE  Aik(smart manufacturing) S = Aed  TH
(intelligent factory)< T3t Aolgt & 4 St}

Aed e 2vtE o] A HE9 T DA(the highest
aggregation level)ol|&= 7}Fx|&=X 5 (value creation module)©] ¢ *|3s}
ofof 3}, o] MIAF =R EL a9l EAet= A= HE 7ls9 ¢l 7t
&R EQ A|Z  A(manufacturing cells), #|Z3 74 (manufacturing
station), ¥ A|Z2}l (manufacturing line)S F 3ok s, z+ 7} %

= Rao EAes RE AXUER A, A, 23, 9 A7 = 6
g

AF-E=A A 75 A (renewable energies)®] E8EE =Y +
of atH, Y& Srvwe s A-star 243 AgF(adequate and
) 71%5& 7hA ok @t

2ulE o] A4 @ 71¢l AvlE &EF{(smart logistic)© 2go|u &
o 71A F3k ARdel RAHSHA e = lojof sk,

A}g o) 52 (AGVs, Automated Guided Vehicles)¥ e A&3E &

intact water reservoirs

X
e
oty
olrt
A=)
Y
rlo

47FH] (autonomously operating transport equipment)S 83t &

2FslEl =4 (a decentralized coordination)S 438 = J=E 7z} 713



ANA o7 AN i
Askm 2vtES] YEP 5 QRS Qs A 20 S Aol n - Bel -4
AF A 2~El(CPPS, Cyber—Physical—Production System)e]@} 3t}
Smart Factory
Consumer
I“‘ Outbound
Logistics
HiH Fioa
Product
Water
Reservoir

Inbound
Logistics

Manufacturing

Marketing
andr Sales

Organi-
zation

Supplier

Value Chain Activities
(2" 14] PAA #AA- o 42 4] d =
(Stock, & Seliger, 2016)

ZHEFARL [ 1518} 2ol A= g 2

ol Aol Apg Az W Aol o B el 4 BAle] 2y



Mgt 7 3l
o A|~Hl(System): <. shops as autonomous profit centres
o 319 A]~El(Subsystem): <. A& Al(autonomous cells)

e 71 A (Machine): . A& ZE(autonomous robots), AGV

e 71X E (Component): ¢l. dexterous grippers, artificial hands

System

Subsystem

Machine %

Component

[23 15] =¥ Al=¥e AlF(Levels of an assembly

system) (Scholz—Reiter, & Freitag, 2007)

X
olr
ok
o
o3
B
[»
o
=
[
o
2
o
o
%
>
Ir
o
R
o,
o
o3
Mo
o2
o,
o,
>~
>
i
2,
o,

T APEA ©ele #4ksE dol 7 Zto] Ax® ddetal Psdd
AE A& JAEAANATF FEFEH AR oF S

= 1613 Zo] Tdollv= $4 A5 o= 55
A JAFAA 7155 Q1 Alo](control) 7 S&A 0= FAFSEE o A= 7}
840 ZE 4 Q7] wiZolth. A& A (autonomous object) 7} 7Hs
sHAl | A ToT 7l Hdol weh e JHAIE IE Yo HAFHE A

=
gt 4= 9= #AAE 7579 (ubiquitous computing)©] 7Fsal® A} t]A



g EQy} Fol Z84 Aol AlE AF ol o] A E(artificial agent)oll

o]3] Az (intelligence)= F-oIski= Ao] 7Faal A 7] wZolt.

Centralised Decentralised control Autonomous
control control
-
i
Hierarchical Heterarchical
control structures control structures

Caption. @ Control system 4 Product  [JJj Resource
[Z27 16] Ao (controD o} =24 A 28] &9
(Scholz—Reiter, & Freitag, 2007)

g F-3F(autonomous  parts)@ A& F-IEZ YA (autonomous

(transport) ¥ ZHAA

o
2
o
fr
Mo
opy

sub—assemblies) AA|4, A
(assembly resources)s FE = glojof slal, o]& F3l =HALH
(assembly system)?] A ZE(route) S ~2s AAS 4= lojof st} &
FEY s FEEHAEY
A @A RFIDY 2 AHAAE  EAv(tagging) WF
(embedding)dh= Aot} o]ef 22 A8 7ha3dk §-353 ERP A
283 AAste] AlFol| #ek dlolH (product data), ¥7gAE
(process plans), % aZFE o] (data of customer
orders)7FA| &= &kQ1gk o= $)

T HA 9A = RFIDE H(chip)oZ AT ZH HolH S 2HA Z



npx]ul Gl = A 2E F35(a complete autonomous part)= A

oy

ks, RE 9% (transport) ¥ ZH-& A (assembly process)S
%A (coordinate)st”7] #1af th& FFE B ALEI AFHAC
A ¢ Qe AXEQ o] ool E(a software agent)E &%
(integration)s}+= Zl o]t}

AT EY O] oo]HEE AHZE ThE Jo|HE 7l oJAlAE w2 2 1

23 dlolg e o wEl =534 HFE9 W (embedded into the
physical part)3tAv T HEo Ao] AlAHo] 9 X|(could remain in
a separate control system)AZ 4= At} FAS AR (A flexible

solution)2 oo HEZS Aol A|A®I Egd A 7ho] AT ol
(migrate)E 4 A+ EHFY o o] A E (mobile agents)®Z F&3= Z o]
th dE 244, HF AFol AAdEY ANaEs TRt Uit 9o
HEE =84 /AR oAl o]sste] AFS v Z=A 2~ (distribution
process)E AF&% 02 Aol (autonomously control)$ 4= At} dHEHA
o7 Hutd ool HEE &4EA & HlolH(its data intact) @ z}4l 9
e (state) & g oA & g o= dF(transport)dtal, A =2 gk
BolA AHsHA 3T 7 JA=F Tk 7Eolth Eutd dojdEx=

3k oA, oJt]&E o]%(when and where to move next)d ZQAA] A~A=

o

il

AAgtt, Bt ofo]dEE olvg AAstd Al
state) & A7&3stal, o] & tha T 2~E(the next host)Z2 AFste] 2 4
Ejoll 5B 23S A7) (resume execution) & YE=

PN L

Z}-g& A% (autonomous product)S A& F = #

21 (Identification) (<. RFID), =+A]3} (Localization) (<. RFID



reader, WiFi, GPS), #Af YA o] (Communication) (<. WiFi, UMTS),
2 dlolg A 2] (Decentralized data processing) (9. software
agents), 2 AA U EL T (Sensor networks) (4. visual sensors) 5=
AT o+ Aok

ol¢} o] A&4  A¢(autonomous resources), AHEEH  FE
(autonomous parts), aF¢l oA E-2](subassemblies), ¥ AlF 59 =
(combination)& &3 &% % o9 JAEZ7F Ads @ (allocate
resources)stal XA o2 oAl E2]E ZA (coordinate their assembly

by themselves)d}l= A& T2 A|A7F 305 = 7 o]t}

Autonomous Autonomous
resources products
(e.g. cells, robots, (e.qg. final products,

transport systems) sub-assemblies, parts)

a_a 3.3

Autonomous processes
(e.g. transport processes, assembly processes)

Caption: @ Control system @ Product ] Resource
[18 17] A& Z=2A2 (Autonomous processes)

(Scholz—Reiter, & Freitag, 2007)

& AR, AHE 53, 8k oA EE, 2 AEESY Z3(combination)
o] F& W 519 oMEY I} AYUS T (allocate resources)dlal ARA|

Hog olAEZE ZA(coordinate their assembly by themselves)3d}



|

A& 2 M 2~ (autonomous processes)=S [23 1713 #o] AdAZ

At olgld AL TEAAE LER Fdsta 2] FgHo] Holt

&

Z YA 2"l (highly flexible and self—adaptable assembly systems) S =
ojol A thekek ARE&AF GO AEFS RHE o, QIzFe] Yol A
gAY A8 e WEtsle .8 AT ¢ A doh

AR Ao A sket [T19
AshE B9k AR st skl e
g8kl Aled ddd A EAS Y F A=F

oF gt}

Autonomous

Processes
in
Assembly
Systems

Reconfigurable
Manufacturing
Systems

[23 18] A& ZEAA T =

(Scholz—Reiter, & Freitag, 2007)



2. AFH A T2A|2sh 2vkE Y X279
(Traditional production process and

smart production system)

A FgANAY T4 H5 4 (centralized) o] L A (static) o™ 74
H(fixed) BAF ZRAATE A0pE YA Al AF o2 SAlste] 25 7]
o, Ao e VA=A S Y] EYY FEE R e R E4t
wHa, FAeH, #Fd3 AMAAFoew "ulbsmo] JhbestA " A

CPPS7} EA57) wolt.

1o

47F Aol = 7HdEzel CPPSE 153y e AA =83 A
2" 9 B4 AFEHe FHES AT
THO R AFstE o] Wl A 2AE vhEo] AntE YAS JhEEt
== 3 (Zhou, et. al., 2015). 5, CPPS+= AJAak T2 A 2o M HE YAt

ol

o =M A

ol F+A 849 39 Al~H(autonomous and cooperative elements
and subsystems) 2. 2 A F T}

CPPSe] SA42 tad Zo] Al 7Hx= g 5 SAth(Bagheri, et.
al., 2015).

1) A% B AuE $=F(Intelligence, smartness): 7 3= T4

8471 T FHANAM ARE S5t AEH R ALAA S AL
A
2) 924 (Connectedness): & % T 534S A &8 7153



A Aol MU AE FEb-EollA 3zt A
TALASt A4S IAHsHAY E&ste Y

3) W-9F &3 W] diF 3H/d (Responsiveness towards
internal and external changes): W-¢]% 37 wW3ale] gt o

[e]
29

+
o
o
|
o
o,
>,
[
g
lo

AES7E Aok9) BE AW A RE A4S AR Qv A0 S
5749 AFom THY £AH AFS wAZ PR Adrhd, 43 4]
A'sw gl 2oE A2 AAL CPPS o BASE A&, A
g Ae B A4S, 94, L HEAS FoRsaA S Aol

t}(Monostori, 2014).

5-layer architecture Cyber-physical
system (CPS) based automation

Enterprise resource
planning level

Plant management
level

Process
control level

Control
(PLC) level

Field
level

000000

Automation hierarchy CPS-based Automation
[2% 19] CPPS 7]qke] &4k Auj2 7id e

(Harrison, et. al., 2016; Lueth, 2015)
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How ole] vl 71Ash Aol opd
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ak7]oll ARk
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+2] (PLM, product lifecycle management) &2 2
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A e Ao FEHEAL, Gd AFFE e FAelM BA
B AAIAE el vere] TEE VIAVE A4S 5 Aok oo 22

of A g o A v ALEwRol o] e sk AL theFd Al
F= A7) A8 AES Ale ATAsH] Hel ASHeR 94
skal, 2k Al Al e W8S TAIshs & tdd ARyl dol 5
et

B

i

\
| \Conveyor belt / >
1 !
@ 3
Single route: 1 -2 —3—4

‘Traditional production line

@\
f/ onveyﬁr system
/ § -' [
i J I"
?ﬁ / ‘-"l‘ .‘"‘
B2 A3 / B4
/ !
'I’I .

Multiple routes, for example:
Route A: Al - A2 A3 5 A4 A5
Route B: B1 - B2— B3 — B4 - B5—B6

Smart factory production system
(%) 201 AEH AT v T Az A2H

(Wang, et. al., 2016)



et A5 FA 43 H4E A5 T Agrkekele] Aol A
=35t vle} @) e ¥ t=F A4F(mass production)©], *
T4 v~ AxEHulol o] FH ALE e & 4

N
of
o3
&

Do
'
2
£
>,
rot
jud
=
s
N
9
N
)
Ry
o
T
ko
B
il
R
lo,

(Bagheri, et. al., 2015; Lee, et. al., 2015).
Today’s Factory
g Sedice Attributes Technologies
Component Sensor Precision o —an
P g Fault Detection
: - Condition-based
Machine Controller i Monitoring &
Performance . 5
Diagnostics
) , . Lean Operations:
EaR  Networkad | ductivity & OEE || Work and Waste
System System 1 .
Reduction
Industry 4.0
DataRoiiee Attributes Technologies
. Degradation Monitoring
Component Sensor Ffdf-‘_\_“ - & Remaining Useful Life
Self-Predict i
Prediction
Self-Aware . sl 55 s
Machine Controller Self-Predict Up Time with 1?1 ef!lcm ®
Health Monitoring
Self-Compare =
Production Networked Se]f-Conlﬁgu're 2 4 3
&l Self-Maitain Worry-free Productivity
System System iy . /
Self-Orgamze

(2% 21] @A) T4} 42 k]

T HWaE

(Bagheri, et. al., 2015; Lee, et. al., 2015)
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A (precision)S A gro] &%}

WU E (component) @S A KM
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AAE Y FIE AL BESES st Aol FE Aolg & F drt
71 Al (machine) 4502 H WA HEHE A 5dHo|E TE 7]
= AEZ7(controller) 25-E T}kl dlolEHE FH3} AEH THL

YA (productivity) B=5 A5 (performance) #E]E 93 259

olgtd X538 FFL 7A 2xRe ASRA, AEdS 7|58l o}

2% B3l (self—compare) ] 715 7bA ©dke] Za}9-=9] CPPS7} 1734

A g2 A B o] R A AlwEs Aol

npA]uko g2 ZHk 9l AYAA| ~Hl) (product system)S AHBEWH F 7}X|

FEY TF BF T U RE AXUES NAES YEYaE 44
g Azde dgshd, dEd e HEAIAETES A

st a5 (OEE, Overall Equipment Efficiency)<
3] &8sl B A5d S UMEY A A2"E &8st 3 A
A7F 22222 Al & AE7A (self—configure) 8, 222 A4t
2l 714 2 AXIE F=F74R] AA|F-A B9 (self —maintain) 7] 5=
7PA A spar, FFo]l AA A 02 A4S A (self—organize) & T U= 7]

TS Fostozn AA = A (worry—free productivity) | A|2]

WEs Aol #e uath Z, olAdzAel e
(management) NS ~ntE Avd X~ (governance) 7|H o= &

gojof ahi, FEY AR el JFAE BaAe A Az

=
(i3
R



gAlel A HAEESAES obvEs B ArEAA (smart

lo

economy) ] #HHANA FGsof slar, v A FE AntE stHolgE ©
Aoz FAEoof star, 53|y W

sl B23A 348 Ay, A4 T Traditional factory | Industry 4.0 factory

Employees Smart People
2= 0] o] 3] = =0
T 9/\7] “AOH 7] 1_9] TEANS = XH Management Smart Governance
Tos gk 9= smlEF T Transportation | Smart Mobility
ot g 2 F Ordering, ERP Smart Economy
AF(smart people)e] A& ojoF 3+ Manufacturing | Smart Environment

Working hours Smart Living

th o]} 2o 3ol FHEAAH
A4 AR Fo .a9 &
At QA8 ot HE 2t
EF How ®istd Aow 7|y
3 tH(Lom, et. al., 2016).

Ax} Aol digk ZitfaArE A5 AUAA H3Aolar s 9]
A ot dubxor 7] g Hls] e dAVE Bok o Hdx

rl

=% (Lom, et. al., 2016)

sl

(robustness at every level)3tal, ZF 7[X &A= FAHRALEL A& XF

7)
(self—organization), A& A B4 (self —~maintenance), 2744
(self—repair)E XE3ste] RE AEA (self-X)S 7FAA ¥ a1, <kA

(safety) & AL & Jom, YA A (remote diagnosis)©] 7153l
Ao, 52 Azt gigk AAIZE Ao (real—time control)E e 4= 1o,
sl Ask Al AEj Aol A& ¥ (autonomous navigation)©] 7153

v, B2E BA tigk FAd (transparency)o] =olA oS 74
(predictability) o] A% 7)o, &S (efficiency)= EE3}o], A4k 24l
A g4 (model correctness) S SEE 4 A= & ©dd MAE 7S

4 dtH(Monostori, 2014).

—



3. 2u1E 43 A28 o719
(Smart production system architecture)

12 3 AP B ATA AdEE (19 2315 2o] 4 AF

TAEH(Wang, et. al.,, 2016).

rlo
ol
ox
=
1o
td
rln
>
©
il

524 29 A<= (physical resource layer)<
3 71 A
s S8l 45 7Ry AAeld & ¢ e &vE
TAETE AntE fAEL AAM(sensor)E F2HE] A~az o] e 3
o "3k ARE Soh=d AFstAY, Bl (tag) 7t FAEHAA A4
AEe et AL, B 5o o] F (actuator) & F&tel] w2 oA P
& g 9= ALY [oT HHbolA 75 7t o] &

Al UJEQ I AlS(industrial network layer) T3 0T A< Z3] ~
ntE A F AgU Aol st AY e SR AH 29t Belfle] A

Ao dolHE At wilst, dEH

3 %A AT AETA 2@ BE Ase] A
74 A

™

Physical resources Industrial network Cloud Terminals for supervision
and control

[18] 23] A58 349 MEFd Ty dYda (Wang, et. al., 2016)

ZeH9-= AlF(cloud layer)ol= CPS, CPSS, % ERP & X3 o}
e AEA|2Eo] fix|stn, HdelE S 8% wg @HA L5

(vary elastic solution)= A|&3gtt}. ®dolg B4 753 Ao



(supervision and control)E& 3X3tste] Al2~®Hl 8] 2 H A3} (system
management and optimization)E A3t} =9 ¢ X3 CPPS
© 2FE Alx Foke] TR A" ARkS A% (orchestration) ¥
=, CPPSell= &7 W] RE &84 Adsol ds) AEAA gAd
EQor F5stal, olsc FH AHAY vE ASAA I wlskar,
A4 % s AAd e T8l 22= gA sk, ddsta, 2aw P 9
Al sk Areld Aol S E T

npxgto 2 7 9 Aol ©@d AlS(supervision and  control
terminal layer)= APRE Alx9] 7 ZES 7dsh] 9l Azk-717
Qe o]~ (HMI, human—machine interface)& A& 3%tth. =, CPPS&
4 AEAZE 725 9 Ao (supervision and contro)E 4= & ARE
G (terminals) S &3l FUGLo] ZE2AAA A1 A HRZ A A $HO 2 A
T RASE AFERE] 23R E Y3t T ESSHH, 54 0% Avd ¥
ol =S Sk

Asd FFY  2utE A Ax"He AP AE
(communication) — A& (autonomous) — &< (collaboration)’o]lg} &
T At =, 0T %E &l A&de] Sdistd MAlEe] s 9o

2Z2M A5Y3GT 2vutE Ailo] 7hsal A= Aol WEH FFdl= &
AsHA]l kA AF—AE-H Y o] 42} Aol A TSl € A
FE23 A WA [T 7)%0] 7]¢lste, £3] 0TS CPPS 7]4:0]

I
o
N
=
Ir
D)
olr
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o
o
&
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=
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[
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s
l
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oo
s =
B
£
o
Smart Smart Smart
machine line factory product
-
IT enabling layer
<
I § & o & ;
£ <« > «> «> n
E @a
L & 2
IT enabling layer
= -
2
3 e Y%
k=) - /
< £
] i
Qo
&
Human-machine Connected Network Product service

cooperation machine network value chain network

(2% 24] 2=vlE AL A 1Tl 9k A3F—71A] 3+ s 28
Nd % (Posada, et. al., 2015)

Asd & dAAAJ] A AAd e AEAA 7ss B
71 A& (smart machine)©] w2 # ~Eulo]d 53} o] FaA3dt A
o] & 2utE ArEel(smart line)o wiXEH, ZF A5d FFE0]

CPS & CPPSE A% AZAHY A= AvtE T (smart factory)< &
sk, Abd A H] 2= (before service)7 AlFE F UEF AwtE FE
(smart product)S AAkstc},

A, ZE 4 AAQl THY BE FALAE A& Al U
o2 FA%, AdF ] Aol MAIA CPPSE UZF—71A 3+ 1E9e] ¥
(human—machine cooperation)®] 7}sstE= stH, AvnlE
I o gele] TAEe] BE ARrUAldE Sl AvtES ALks &

T A= 71A dZ2 UE9Y A (connected machine network)ES A|&3}aL,



AEH 2vE FFES 235 AAlet] 7RIS MEHN DY Ve

o] & A FAldl Abg(human)o] &4 AAIS}E Atol¥ Al x
A A (coordinator) B A 3] A} (conductor)?] 9GS & 4 L= 3

CPPS+ o] B& Aol dojA IT &3} A5 (IT enabling layer)2] 9

g5 AlTete 5, TAFLEAY Jss AT
[28 25]= 2ntE A A2/ 9 7id s o A3 Aolth(Wang,

et. al., 2016).

A self-organized IoT network of
machines, products, and conveyors

AR
@o\‘,o ce® © ™

Temporary route: 1 - 2—3—4—-5

Feedback and coordination
based on big data

[29 25] 2=ntE A4 9 7HId =
(Wang, et. al., 2016)
2utE AAA| AL H i3 —F3E A 2~Hl(closed—loop system)o] 2} &
4 Stk control loope] FAldl= A& 58S EHA¢ 717 (machines),

A E (products), L ZHjo]o](conveyor) 2] TXE EQ AnlE o}E]



E (smart artifacts)”} 9] %] 3t}

2utE olE M ESL thgd o]l 3C 9FI dEo AEA
(autonomy) @} AF3] A (sociality)= 7} oF o},
¢ 3C 9%(3C capabilities)o|& ~wtE OlE|HE ~x27F A4l
(computing) &%, AFYA A (communication) =, = Ao
(control) 58< BG 2 383 = glojo} 3trji= 7 o]},
e oy ek AFPA o R ~ulE o}y
o

e A&A4 (autonomy) o] &+
ks 71E ¢ glon, AulE ol HE Ak

HE O] oJALAA
27F AEAA gAEA S & F Qlojof & 9wt

« A3 A (sociality) ol gk APFE ol HETE WAl TE A4 (a
common set of knowledge)& ©]3|slal ~utE olE|HE 71 §
AF(negotiation) = 913+ &2 (a common set of rules)=

FF 5 e GF v

2ulE olE|HETL o]9f T S H {3 OZ M AulE ofE|H E 9]
A}3](a society of smart artifact)® & ™=°]=(humanoid, U7+ &

7IAD) = 2ntES AA Y Hol= A& 74 ¥ (self—organized) ¥ A+
A (reconfigurable)o] 7Fs3t fFAg Alx Al X=®l(highly flexible
manufacturing) = 78 F YA H+= Aot}

2utE ABAA| '] H 4 ¥ - F 3 A A~El(closed—loop system)ol] &)
Sk 2utE olHHES (V] A, R AHolo] F)& iR, AEA S
B2, B gl sl 72+ ALl AlFel dig Aikepdls A o ®
A& — %2 3} (self—organized) 3t A~ntE A el 3} A~ntE 25 AX
st & 2vtE AAS st

0_1_4



2utE FAA|2~Elo] ThgE o] AT AntE olE|HE S W2 49| T
olHE A Hal, o5& Fef-=9 CPPSol Bul, CPPS: 7
AULE olE|HE} 7} VA HE Q40 E 3k o]de o]y TS Ee3h
HuolH & &8st 7Ix3= 24 a4s 1o d9AA- S 2nEsH =
A (coordination)d}al =W O 2 A AntE Ajbo] 7h5el s st

2ulE olE]|HEEL H|E < (collaboration) S F3f A|~E] A uke]

E ¥ (system—wide goal)E EA3st7] Y3l &S A3 A W, AnlE o}
E|HE = XA H (local information)oll 7|wtale] oJALAA S s}7]o A
P

g e It or HAAGEIE obd = vk =, F-3k(load) 7t
o~
T

oje} Ze AlE [11 25]0l oA g nief o] SEk9-=9] HHo]H
43t 24 & 913k 3 =1l (feedback) o2 3|4 E

M
1%

N

olr

flo

e

oo

_orgl

£

J& X
>~1

AFEf (the global state of the system)™ &

o] AAZF Al2~¥l A H (massive realtime system information)ol Al 3

= F don, AXTE ddeoly #42 thgo F 7HA 4ol gt

1) ¥4+ ~nlE o}E]# E (distributed smart artifacts)2] 9IS 24

(coordinate) s}l

2) AEx2 3 (self—organized)® A=vFE A Y EQ I AHIAE
(performance indicator)E ¥ =3t}

ole} Zo] M4 = 3}(global optimization)E &3l AvFE o}

Ao RHA AntE AMA AT a5 s 7HAA "

mim

ke A gl g Aueloi A sEle] Al (17 2613 2t



(Wang, et. al., 2016).

Branch loop

o | | \
Main loop )
: O
® o] ® o0 g
] © Storage loop ]
© o
O
O
& -/
0 [0 © @ @ | ® o o] O
Green circles: Red circles: Green circles:
empty AGVs to loaded AGVs empty AGVs to
be recycled

be loaded
[2% 26] AsolE5 2 (AGVs)S o] &3k A3

Ad|o]ojA| 2~Ele] o (Wang, et. al., 2016)

4. 5C +% (5C architecture)

13} el Asd B4 AvlE Alxe) F4 A2H9d CPPSY AW

L= [29 2713 Z2H(Lee, et. al, 2014).
dwbH o ® CPPSe vaat &2 7 7HA Zles 7Hth
D) 2214 AAZFEH AAZE delgE 858t Aleld gito 2
AR S BAsts XY A2 (advanced connectivity)

deolg #e, 24 % Axrle

ogh
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&
>
o,
=
of
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—
e
o
o
rot



Physical World (Machines) -

el S A U I PSS I P S R S SO S A
: 1. Cyber-physical interaction ‘
{ | teama mmrm'ze,ﬁm Feedback to physical world: | ¢
H physical world: : : H
: Knowledge extraction & Production scheduling '
H : Maintenance & adaptation '
' accurmulation el

2. Madhine
Health
Awareness
Analytics

Cyber (Computational) Space

(29 27] A& A (self—aware) T A& FAHSFT
(self—maintenance) 7]WHe] Alol¥ —=2] Z YA A

(Lee, et. al., 2014)

=, CPPS+= &9 717, A&, 9 dHjolo] T AuLE oty dE=R
TAE =82 AT 2ntE olHHES] tA Y Eddow TAE AlolH
F7F 7ke] Alel —&E7] A5 48 (cyber—physical interaction)& ¥k
th o] 5 98 CPPS& Ut #o] Atolw] A3t &4 Alde] dazt

‘= AT 5 SlojoF gk
1) 84 Aol #4e 5 2 %4 (knowledge extraction and

accumulation)st] &84 MFS 8535t &7]3}(learn and

_l

synchronize)&d 4 & 7|5,
2) A ~A =9 (production scheduling) ¥ +# H.4*(maintenance)
2 WAt gk 43 (adaptation) Tl BAg AAS EE 4 Al

Az dEvEE & 5 s 7l



CPPS& AlolH Al &84 Al Aezgs 98 os 3 22
T 7HA A 7sSs 7 oF st
1) 714 A €12l A (machine health awareness analytics) ¥}

(
2) HA JArAA A<D 24 (optimal decision support analytics)

 Self-configure for resilience
tion * Self-adjust for variation
» Self-optimize for disturbance

* Integrated simulation and synthesis
., *Remote visualization for human
8, * Collaborative diagnostics and decision making

wZo0--H0ZcT
omMmHCO—0-H-H>

* Twin model for components and machines

* Time machine for variation identification and
\ memory

* Clustering for similarity in data mining

* Smart analytics for
* Component machine health
* Multi-dimensional data correlation
'-‘-.\ * Degradation and performance prediction

* Plug & Play
® Tether-free communication
= Sensor netwark

[1% 28] CPPS T@& 91§ 5C 7%
(Bagheri, et. al., 2015, Lee, et. al., 2015)

Seju} (228 271014 AN @ CPPSS] QuhAel @ FANG u)$ A
ololA] CPPSE T@3] 918 ARAA LFA o RE AgeiA ek,
oo ute} 27] HolEHEPRAN AP, EAGAS AA AEANFE
ARA, AR AE A (

a sequential workflow manner) o =
CPPSE TAT 4 Yt $WS WHa 4eld 5C T2k (29 28]%)



ol

ArEReH, 2+ dAe] Aol= v Pt (Bagheri, et. al,

2015, Lee, et. al., 2015).

1) 2~vtE A AlZ(smart connection level):

>4
=

m
9
iR
)
ol

S CPPS7} & (process), 7] A (machine), =
P

A2 UE ¥ (production monitoring) 59 dlo]gE 538 4=

=, CPPSE HolHZ= ¥49 AXUE T ~ulE o} HE )]
J

ANES B3 A3 SAAAY, A= wE 7129 719 B

=

Al 2~®l (enterprise manufacturing system)$¢l ERP, MES, SCM,
2 CMM o245 E 58 5 glojof s, st 74 840s
o] fA AA WES A(sensor network)oll FHolst ¢ = &
] 21— =—F o] (plug and play) 7|5 o] A& ofof &tar, ©]o]

H F=HAxE dysta HolHE T A2 dEsh=d ofwet
[e3]

2) dole—AH W AZ=(data—to—information conversion level):
O~

ntE Ad AlFelA FHE veHE AL EFEY
BEHiy A AdH & &3 (situation), *El
(status), B Z1(log) &9 AHR=E WSst= Aot

o] dAlAN = HAXIE 7[AE9 “Hi(component machine

health), ©x=}d  ®oly A3 A (multi—dimensional data

o

sfetd 4

rlr

3

correlation), 9 AMeAel 2 AF o= (degradation and
performance prediction) 59 AnlE A8 Fsir},

Hol= HETE 9 AvtE ol Eo] thdh o X 2 AHdA



oy o=y Aol A (prognostics and  health management
applications)©] Zo] @A o] 7A7}7}4] (health value)E Al4ts)

o] o] Fa3FHE F4(estimated remaining useful life)3dl=

5, 71AIE el A& A (self—awareness) 7} 7 BEE QA th
3) Abol®] AlZ(Cyber level):

Aol Tl dAH BRE FAXUE, AnlE ofg|HE Fogy

H dAWF %9 AK (massive information)7} FHHA 4G

(fleet) el 718 71A1S] Aejol wigh o U2 &2 (better
insight) & Al&at7] 9 54 24& dsth= &, 5C 729
4 X 3 H(central information hub)9] 938 shr},

o] ©A= CPPSol € "Ad Edd sl FAF Abel
(similar cases) i 7 dlo]E (historical data)E 7|9t =
A gste] AE7) TS fg AHE FEIE SAEN, dd
71A1e] Bee 8B (fleet) WO 7IA=H} vl H H7lst=
L o7 2§80 % (self—comparison ability)< Y-oJ&}A =}

=, AXHEY 7| A5 EY 29 (twin model)d] thal] ¥
A 8 719s 9§ EFgdm Al (time machine for variation

identification and memory)S 38J3}al, H|o|g wlo]do =z FA}L

H(clustering for similarity)= 3etst= &, FAY FA

= &3 HAY EAY & AHE gotsta, v E oS3
4) 214 A5 (Cognition level):

AA GATE FAEHAAAH REUHHE Al ~El(the monitored



)AL A A (correct decision to be taken)S 3e 4 YE= A
stogm HAMe Mel(selecting the best alternatives)S 93h
OAPA AL T A o] T},

WE 71A Al 2 B34 B (comparative information) 55

l

g8 FA =Z=2ZMA FHA3Hoptimize the maintaining
process)E 93+ 2ol 49 AA (decision on priority of
tasks) = A HstAY, e AREAM A g5d9 HARE 4H e
Agstr] el A Add "X 1= (proper info—graphic)o] &
Hojob gty wEbd B AlEdolAdY FF(integrated
simulation and synthesis), AFHES 913 YAAZFs(emote

visualization for human) o] ;A 7<= BZhEC)

5) t-& A% (Configuration Level)

T4 @Al= 5C AT v ATz AlelH EkelM & F
sRterel vEwol Tles S, TV|AESC] A&

(self—configure) ¥ AF&4-2(self—adaptive) & F AE=E &

A o] (supervisory control) & &= AlZo|t}.

AN

, o] AlEe Bd&E Ao] A]AEN(RCS, resilience control
system)8] 9GS ¢t AToE, A e onr oAAA

(corrective or preventive decisions)=< ¢k o Zg|Alo]H o=

2 AHEGE Ee AntE ol A ES] ©F QA AETA

(self—configure for resilience)@ 4= AAY, Wslo] dl A&
ZA (self—adjust for variation)®] T&8<S ZHA stAY, ==
oo thaf A A 3}(self—optimize for disturbance)E 3§

T A g



CPPS9] 5C AT Fx< ZF A v, 53, 2 FaA 2" 3
= Ayt [29 2919 2o (Lee, et. al., 2015).

Resilient
s : R ired Control
Configure HpEmVIsory EEIE System  |Actions to Avoid
Control Actions RCS
(RCS)
Z Decision
» - . Support Prioritize and
Cognition System Optimize
A [ (DSS) Decisions
Fleet of Machines Peerto Peer Monitoring
(. .'-" Cyber-
Acapive Aralyshs :% v\ -9'5’ Time-Machine Snapshots ;ly-lfy“isell?r:‘.:
Cyber \;’- (cPs) Self-Compare
t}.’-" L
Machines b Prognostics
“ and Health
Conversion 8 Management | Self-Aware
(PHM)
Components m
: | Condition
Based Condition
Connection l—? ‘\ -~ : Monitorin itori
= ¢} Monitoring
\ﬁo “e ‘ (CBM)
Sensors Effective Sensor Selection

[29 29] 5C AZ(5C architecture)™ #-§ ofjZg Aol A
71%2] BAE (Lee, et. al., 2015)

1) 2vtE A4 AlF(smart connection level) AlA (sensor)E S
o= ‘A4 (connection)'s F3l AXHE W AulE o} H
Eo] AHl ®UYE ¥ (condition monitoring)S €3] Z77]HkRy
B ¥ (CBM, Condition Based Monitoring)< % $tt},

2) dlolg -4 W3 A5 (data—to—information conversion level)<
AEHEY 7A T4 Z2vE ol HE ta] ArF-<1A
(self—aware)®] 7|5 F-o& 93 W& (conversion)'s HEE
oz 2 A7 #eE A]~E(PHM, Prognostics and Health

Management)S 753 "H3F(conversion)'?] EXE GAI S}



3) Atel®l AlS (cyber layer)> ‘Ako]¥ (cyber)' A= 7+F3dtaLat &
A9 (fleet) WO AXHE T&= 7| AIES X 3H3E 2~vlE o}E]
EoA A58 4 (Adaptive Analysis), T3 ZUE ¥ (Peer
to Peer Monitoring), 2 E}IHA  A2WAH(Time—Machine
Snapshots) &= &3l A&H] 1 (self—compare) &S F-J3}17]
ukl Aboln] —= 2] — A4t A2~ ¥ (CPPS,
Cyber—Physical—Production System)< 33}

4) 21A] A% (cognition level) ‘21 %] (cognition)'e] &3
2HQ) ATt Al el stE HHE HAeste] oAbAAge] ¢4 E
9] A1 = HA 3} (Prioritize and Optimize Decisions)Z 9A] 3}
I A AA A A YDA 2~E(DSS, Decision Support System)S -

=3

% A% (Configuration Level)™= ‘74 (configure)'?] &% ©A

Hy
rot

5)

=

1

}az} 7= Ao} (supervisory control) S A& st o2 e =
Sk 5 (required action)S s S, 3o 2 HF

(actions to avoid)& doFst7] 9l &2 Aol A|=®(RCS,

¢

o

rok

A, 5C 7% CPPS7F 73 A dolH ot FRrO S5

[Z29 30]o oAl¥l wle} Zt}i(Bagheri, et. al., 2015; Lee, et. al.,

2015).

1) 3 WA @42 AA(connection)o| X+ AXLUE = AntE o}
gl Ee] Al dHolE7F Ay AHUY E+= [oTE &3 =4 b
o]¥] A" (local data server)el %2 %t}

2) ¥ WA GA S M3k (conversion)d e F8 AFUES =3

]



Z=(vibration), %% (speed) 5©°] 72t dlo]E (sensory data) B

A=z SowiE 77 dule] doles} 44w,
3) A WAl @A Abol Bl (cyber)ol A= 7 HAE E9le] 223

1
s

A

LIS

7 H7}(adaptive health assessment)®} EFIH Al 7] = (time

machine records)”} A €}

4) ¥l HA @Al ¢1%](cognition)d A= 714 HAEHE Z2 3} A

g<l(machine component quality and condition check)¥}

#4 FE(product quality reasoning) A X7} &t}

i

lll. Cyber Level IV. Cognition Level V. Configuration Level

* Machine components quality ! | | Self-Optimized Machine Tool |
& condition check for

ive Health A

P

. M08

* Time machine Records

!

I

|

1

|

1

I

]

i Twin!

Spindla Cybar Twin Blaching Cyber in |
Bearing Gyber Twin [ :
‘. |

=1 i
I

|

|

|

* Quality requirements
« Efficiency Requirements

» Self-Adjustable Prognostics |
nd Health management i
* Advisory suggestions fcrr'I
improving asset life time y

and product quality 1

u o

* Sensory Data (from eritical :
| components) : :
* Vibration :

* Speed |
1

1

|
|
TECHNOLOGIES |

[Z19 30] CPPS 7]t 3ol A9l dolg e} K o]
B E % (Bagheri, et. al., 2015; Lee, et. al., 2015)

1
'
1
'
1
' N
'

" Machme Level Data [Controller, ...) |
. iMS®sees;
|

5) vl 5 @ASl A (configuration) ol &= ZF 714 &

Al

.?_

(machine tool)9] #4 QA8 (quality requirement) 2 &84

PN

QA (efficiency requirement) S =5AZ 4= A= AE—-F 4

S}(self—optimized) A X} Z4F 421 (asset life time) 2 A&
=z

A (product quality)S A 4 A= oA X 9 AHdAd #= A

it

]



¢F(prognostics and health management advisory
suggestions) AHE AyAste] A& —-F4 (self—adjustable) G&F

= Al

5. A& AXVE 7Y

(Autonomous Component Model in Industry 4.0)

HZo] AFH A 3 ARV (T)H ARFA7]=(CT) woke]
A s+ T sturt Alol¥ —=2] A|Z='H(CPS)ell o3k 42} AFd 3} Aol
H—=g —Ax Al2=glol o3 A58 343 AntE Az A|~golt

Atol®] — &8 A]~® (CPS, Cyber—Physical Systems)& T 9] &g
2 Al Al (surrounding physical world) 2 F& FA ZZAA(its
on—going processes)et JAEHYUE Fd ITHo=2 AZAH(intensive
connection), EAlel  HlolH -4 & (data—access) R Ho|E —A g
(data—processing) & A& % AFEE = Q= AHINAES] FodH A

2Hl(systems of collaborating computational entities) .2 Ao =

UTH CPS+= "&o EE WS WS & e dHG AAES Bast
a2 den, A& 38 A= (autonomous cars), = = (robotic
surgery), A58 7= (intelligent buildings), 2~PFE A7) 18] = (smart
electric grid), ~"E A Z(smart manufacturing) 2 o]28 4= 9l&=
o]& 7]7]( implanted medical devises) 52 7f@2 oju] T&3F A
At & AR Eytsitiielar & 4= At (Monostori, 2016).

AbolH —&E2]—Alx=  A]2EI(CPPS, Cyber—Physical  Production

Systems) & FHA19] = 7M7he 1@ (the newest and foreseeable)]



7136 #3HCS, computer science), ZH =4 7)< (ICT, information
and communication technologies), R Alx #}38 7] (MST,
manufacturing science and technology)S #&3dle] 43 2Hddw T
= 4} A S sk Aladleolgt & ¢ vk 2, IE Yl ofs) A
A AASY 7RFAAZE A T kA v IEY(ToT, the Internet of
Things)o] FAHI A= AFAAA, wge] A4 AiH(Industrial
production of the future)®] 532 wl$ A% (W2 Alg]=) ik
(highly flexible (large series) production), H| =Y W F7l7px] T2
M Z=(business and value—added processes)ol|Ae] 17} W H| =X~
WEY ] I Q3 E3H(extensive integration), ¥ A% dlojEE = A
% (hybrid products)o.®& E#+= AEFy mEFF Av]29  AA(the
linking of production and high—quality services) SO & T Eo]%
= AEo 7HE3k /3 (the strong individualization of products) %
= HEdd 5 A=, ol E 7HeA sk Ao] CPPSolt.

CPPSE Tdst7l A% 7FF 7124 a7AEe Az AEA
(manufacturing ecosystem)®] 7Fx|F=A|ol] EAs= e HEVE,
T = 2ntE ol ANEE9 7HA A (virtual objects)oF A A 72 A 2

Z M|~ (processes with real object) % A|F X =Z A X~(processes of

[d

production) ZFe] HAF YA olA 9= (communication ability)S H s}
71§18l AFUAlA 2 (the conform communication)S A4 k=
Aolal, olE Aeg RYS 4x 4y HAIEXUE Edolz It
(Monostori, 2016; Zezulka, et. al., 2016).

4z} 2+ AXUE Rd(the component model in industry 4.0)

=
o]&F RAMI 4.0(Reference Architectural Model Industrie 4.0)°]4 7}



A s AlolW A9t =84 AA ED ZZ M A(virtual and cyber -
physical objects and processes) 7Fe] HAFYA oA RS A 2]s}o]
Abolv] — &2 EA(description of cyber—physical features)S H.t} 2z
Avdstar, 4xF A A" JREaE 9l A28 S AI( producers and
system integrators)”7} 4z} A€ HW % SW AZXTHEE 7)idt=r
Eae 7] e e HAEPE e Edoltt

42 A HFEAE RA2 [2% 3119 oA of o] A=A Al A

3= HEE A, =, 7lA(machine), HAXYJE(component), HAEZT

(controller), &~ E gJof (software) 52 A (object) 55 42k A4 14
AF YA o] A (Industrie 4.0 compliant communication)? F5E %3

AryAeldel RAEE Hekstd Az dHely  ZE o]y (electronic
container of secured data)® TFAsH7]  fdl #E]  A(an
administration shel) 2 %21 tHwrap). o] 2/ o224 itz &
E J)AE(all components of production)< 353} (standardized) ¥ L,

Hok(secure)o] Hm, <FAd(safety) AAIZF AFUYA ol A (real time
communication)©] X &¥h(Monostori, 2016).

Industrie4,0 compliant communication

Administration shell Administration shell Administration shell

Thing, e.g. Thing, e.g. Thing, e.g.

machine, machine, machine,
component, component, component,
controller, controller, controller,

software software

[1¥] 31] 14.0 A¥XJE 24 (Monostori, 2016)



(29 32]= A Al EAsk= AAES 14.0 AXTER F3sh=

4 7FA 5389 F& Aldl(4 examples of implementation of I14.0

functionality of the object (thing) to become the I4.0 component)
E AR o 7 Al sk Awe u53 Zuh.(Zezulka, et. al.,

2016)
Not an 14.0 component Thing, e.g. Example of 14.0 components
‘ Machine*
Administration shell Administration shell
r———o
(Unknown) Things Thing, e.g. Thing, e.g.
(Anonymous) Machine* Terminal block*
(Indvidually
Known)
Entity 5 X
Administration shell Administration shell
———i——
Thing, e.g. Thing, e.g.
Eletrical axis* Standart software*
*=|nterference/ data format
14.0- compilant | l
(Thing provides access to (Higher level system provides
Administartion shell ) access to administration shell )

)

2)

14.0- compliant c;mmunication
[2% 32] 14.0 AEHES] 4 714 §3 78 A
(Zezulka, et. al., 2016)

71A A (an entire machine): 7]A1¢] A A28 (the control
system, e.g. PLC)% A=, 7|4 A ZAF(producer) HE+= PCL
2317](PLC integrator)ol] ¢s 14.0 AXVER 3= 4

A or  FQ3s ZHEE(A  strategically important

assembly): T A7} F5ste AHFHFHoRE T3 2HEE(J9:

R8s



H71%, electric axis)< T FXEWE A FAF(the component
manufacturer)®] 93l 14.0 AXVE=Z FdE 4 v} i F

Fo HER 52U 5E QAW A 2 A9 K29

%

(asset management and maintenance system)ol] =%t}
3. BHuyY EZ(a terminal block): #7] <A Yo (electrical
engineer)dl ¢l3] 1d 2 4 9= BHuld E2x 40 A¥XUE

| & ok Hulg BEe o A%

Yol
=
rx
o
do
>
o
@
=
5

N

the wiring with individual signals)3s}al $HF7] &2 Ao
2 A (keep it up to date throughout the life cycle)dt= A
o] T83}

4. WH A2ZE o (software supplied): AAF 7]Al(a production

®

to

machine)®] Z 8.8 AHiH(important asset)Q! W7dE AZE S| o
(the SW supplied) = 14.0 HEXAEZ} & 5 o, it = 7|7
MES] 45 o] SW EFo] & 5 Ut ald 7A 35A= &
Z 7' 2rolB# g (a library of extended functions)E H:=
sl = 9l
A7} 2F]) ofeldefe] A who] T sfubrl RAMI 4.0 BLilel A A
o] o] (information layer)' & [BASABR 7Hd3Ed (virtual
representation)’©] ™, o]& YElH+= 14.0 AEXIES] F2+= [19 33]9
oA Al gk wlel Zth(Zezulka, et. al., 2016).
HE= S =94 2A(things)E 29 4 Ao,
olE YL #A st AP A (resource manager) 9t =% A A
3 HolHE Basta = Wy 2E, 9 B A EUESS] Ay Ao

AL fsl sld HEAE | s 7Hd A (virtual representation)? 7]

1
=~
(@)
ol
e
¢



=2 7|54 (technical functionality)S gstx A= HAE A

(administration cell)® A ¥},

24 AA (real entity)dl tist 7 Ed == gxdg EALS AA /AL

T

E-(object/thing) 9] HolEE E3tsty, o] Hlo]H = 14.0 AEXTE =A<
HaEo] 14.0 4 AFYASIA(14.0 compliant communication) 2. &
A A AFEAY == [T A28 (CPPSE 33 Agatate A ~H

52 ERP, MES, SCM, ¥ CMM )l A&=o] 14.0 74 AFYA A

o7 QX AA A 2 F o

14.0 component

Administration shell I@

with: virtual represetation "
with: technical funcionality o i
manager
Things
Thing

[28 33] 14.0 FEXUE

(Zezulka, et. al., 2016)

7PEaEdel dod FTagt FE T sue MEA PEEE 24

=
A EZ (a directory of the individual data contents of the virtual
representation) ! ‘WY ¥ A~ E (manifest)’ =4  ®WE A H(meta -

information) ¢} 14.0 AXJES oJFA do]¥ (obligatory data)ES >

I~

str, 7R el ek F7HA ]l HlolH, =, CAD dlolE, Eud t}o]o]
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>
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)
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nt

Ogxgsty A5y 342 4.0 AXETE vl X (deployment)+= [19H

34]0] A vlel Z2H(Zezulka, et. al., 2016).

N iy
.

ey
Reposito
y aiad Wnction \/

Instance
Acc
A -

Life cycle of the factory

Shopfloor

‘ Identification

Thing, e.g. Thing, e.g. Thing, e.g.
Machine 1* Terminal block* Machine 2*

(18 34] OXY FF A&A (Zezulka, et. al., 2016)

A& (repository) ol = =24 &4 (the physical factory)e] 2Fdd
% (shop floor)ell = 714, Huld &3 T 7 =24 7WA(thing)=
7 1d1=2 g == 38 4= (administration shells)?} o]o] tjglt &
A4 (mutual connections) s°] TXE FHE(digital form)Z, JAE E
Qo] dgto 7 AT

gAY T (digital factory)ol® =& FFe] FHSF7](the life
cycle of the factory)ell W&}l &% A& (dynamic actualization) &= A
Fael = 4 AxdES #e] 4d(administration shells)? A2 (=

% )(connections (respiratory))d o 24 T}



ZF AAol digk 7P EdE-e Fx3E dlely(data - structured)® U}
Elvjol st} = 14.0 HIEXVEE= HAg 4z A o(%](a proper
2 ARl £ (an Industry 4.0 format)
o= gdsool i, 7} AXHEE 579 HHo] b EH57e]
e ds 7k oAk =3 4
Hgk dolee] dF-iEo = ved +5 ot 7=4 75l @3 o]

Bl o & EXH 3l A (object B+ thing) @} ##HE A4 ALES

Industry 4.0 vocabulary) % 4

N

|%<4 7] (technical functionalities)<

st AN EQO(SW for local planning in connection with the
object (thing)), Z=ZAE AFS 3t AZEQO(SW for project
planning), 74 (configuration), =< *} #|o](operator control) = AH]
2 ol sigEna & 4= 9o, V€A 75 RAMI 4.0 E9| V)%

A% (functional layer)el & &%t}

ek 4.0 HEXPEE 7 HAXVES A3 ZE nx d9F
(cross—connections)®] 7Fs& 4 =5 Fds= Ao UAE E
A58 &#(digital or intelligent factory)e] A|ZF(initiating) T+ Y&

(entering into)o|&} & 4 Ut}

CPPS$} 14.0 HEXVEV 74 X 5d 349 Al -84 Z§ A
2eje] Abel= [29 36]°0 <lAl| wkel 2o (Erol, et. al., 2016).

Al —&8] & %7 Al ~®l(cyber—physical assembly system)& Ut
o] HEQAR dZ2d mutd oJAEZ ZHolM(mobile assembly
stations) &% J-A H U},

AL 242 (production worker)w=  A}s o]l &2 (AGVs, Automated

Guided Vehicles)ol| o] v = olx]= A2HslE RS €83 &2



AA A=} 2bE AA A RS HolHE | AsES A o
A" AY A~ (digital assistance systems)?] A Y3} o] A]AHElo] %

Hol+= A58 ZH7]% (intelligent assembly technologies)¥ HP=E

Al =¥l (collaborative robotic systems) &3 HYGstH HZ=Evlo] A sk

Z 9 (customized assembly)S 3}A F T}

o e . s g e e

1 Assembly Cell - I

Motion-Capture Intelligent
System Equipment

Intelligent & = Collaborative
Containers L\ ’ Robot

Digitally
Assisted Worker

Autonomons
vehicle

(28 35] =9 A /MId%E(Assembly cell

concept) (Erol, et. al., 2016)

53] Zdxbs gAY A Al 2o 2 e 2§ A3} Ao (assembly
planning and control) % XY= Zo] oy} FHAAA(AR) 55 &
g3l Aol At FUAL Ans], £F At BT 27
e Aysta AAF, AxF, D Az ~Edx A3 physical,
cognitive and psychological stress situations)®

oA A,

¢



Al 5 A 2147 A B

(The Core Competency of 21" Century)

—

. 99 A9 (Definition of Competency)

e
rob

degetors] AFad o2 = o2 (competency )< ‘ojH &
= A49s FYs7] g8 Hes sEeR HojArH(HAEHY o]F S,
2015; Gonezi & Hager, 2010; McClelland, 1973). 92 A5 $3
BAA delgriivs 54 Foko 548 3y, 54 AR, k= &
A A a7He sEE dvEt IS ek Hd &, o

g FYshs A WH TE, L Wfolehs A A gz PR

rlo

AQ

AojdEnt & o glth(&74 3], 2007). =, #4S T A3 347t o
WAoo ojd S 53T A2 Hofu Fud vl A (£3) oA



o 4+ ICT 7]

8 o]} Ab3) A Apaka)

Ny

¢} o]++%, 2011; Ananiadou & Claro, 2009) 7]

27

aol A7

9] A2l (practical

Al el wek (227 8], 20065

1

s

Pt

)
=

know—how)’&] S o]

-
s
i

2015).

=N
1

A AZF (Three Core Competency of

Al 7HA

7 o]F%, 2015; F53|9} o

(flipped class)oll of
2. DeSeCo9

DeSeCo)

wr

2574 of

)

]

Z

of weh Ak, AAl, A

il

o7 W3l }(Rychen et al.,
23l Qe 5o &

2003).

o

o

o] Az

o

LN

PR HstE = S A AR

A

71 98 AdES M2 7
A5o] gkt (Jerald, 2009).

Sl 453

)
S

AFE 73 A

p==h

' O
=

) (skill)

o] A=

=
=

AVA|

1
s

Aol A A

o



733t Aol A ke 9] AAAE ol el BAwA, A
1E2 oAl wsshor @A) o

PBUHEREREELEIOE
AAQEC] BEAT ARG 43 4B, % A B AN ozAe A
Qe T Qe 3 AP A1Fe AR UE HAAN AT
AR AG(AATI o] F S, 2015; G435} o] F S, 2015).

OECDE 19979 =%5%¥] AJZE DeSeCo(Definition and Selection of

Mo
"

¢ 1o
2 o
4 X
N Lo
o (B
o
S-S
= 5
Ly
:?L_‘,
=2
[‘ﬁ_t{o
& o
1%
;zg
ﬁ“‘nr
JINO

o\

Competencies: Theoretical and Conceptual Foundations) 2]
INES(International Indicators of Education Systems) ZZHAEE &
3 @At mefo] G HJS At HeyHolae F&F It A
37F a9t 9Fe ZF7] M= Fadsel 7] (reading), 2471
(writing), A3}7](calculating) o]9]ol] oJw gk q=ks ztofof HE=AE

AT H (A 3], 2007; Gonezi & Hager, 2010; Jerald, 2009).

= DeSeCox 21417] 229 MA 7 895t ‘49 vhekst wgtky) 2
ofol A A7|HE 879 EHE SHAVIE T iAY AEA &
742 A= AE A 7o 3 ¢ e, (EE JiRICA F8ska 28

g AAS Ad 7" ol dig A5 aAg Ay A A o ® o] A A
ol Ak ol Ao A3 28 59 (interacting in socially heterogeneous
groups)’, ‘A&ZQl d%F 5 (acting autonomously)’, @ ‘o LT
o7 383 = ol FY(using tools interactively) =
21A41717F Q98 9% (21 century skills and competences for new
millennium learners) &2 2|t wl7} AQop(H el o]F%, 2015 &
3], 2007; Y53 9F o]F= 2015; Gonezi & Hager, 2010; Young &
Chapman, 2010).



Al 3 F 4z A AAGH ZadAT N

A 1A ZYIdYIY A (Definition of Framework)

ZY I A (Framework) & ‘=] A<l 4 = 29 7| Eolgkal

AP A QL o= Ao 4 A RH(Merriam—Webster Online), ¥HH4]

2E 54 54 US5A1717] S8l ofg Y B3 AAd s e
et =AstE 2 e (5% AAY d S olslsty]l A

=
SFHoR JERAYL FEE BDSC] F837 BET F A= B

T3k 2] FaskA Agd dd ol JidE Y dAE
Fztstol yeidleE ZEdYaE Nd4d =z g9 A(Conceptual
Framework)2tx |33, /id 4 Zeddas 5313k a5 &
&3l oA AR FoNdd ZH A A8 ALY FSAAE

E47 oraE® Adat ZaNae) AF B A B2 4o

%0,
ui
1 K
E
0
&V
i
=)

ot

X
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v=
u2
JAJ
b=
rlr
b=
vl
i
o
of
1o
I
v=)
jules
29

A Ak e HxE
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o
toar) mE RAER 2En Fekstel 1 ouE 9x 2 W o
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Sho] 1 A WA H3E7F Hojof gt F WA HEe Al

A8, = 7|E SAlskE oA H e delxl Ao
=& st Aeste] A=A dfeusle] 8 55 o
Z} gFo]tk(Kochen, 1986).

il
i
N
K
il

%
N

A2 A4z A BE FL Z2HdYa

(Previous works on Indutrie 4.0 Framework)

1. 4%} A+ (Industrie 4.0)

42} 4+ (Industrie 4.0)2 FH 3 742 = Al ="S FdskaL Alofst
= AN2E H24S 9u)(a new way of organization and control of
complete value—adding systems) $FCh. =, 4%} A2 A7 EA) 3t
= R AbE(objects) ¥ AMRES AnLESH eI, o5 Thell AAIZE
ARZS AR o w AryAeldat ddol olFolA= Alde Fdstaat
gt 43k Aol e B3V Y A4 BlR o R NE uAY aqE
=ZAl7]1%= ZA(The key objective is to fulfil individual customer
needs at the cost of mass production)o]7]ol =& &, A5 L 7
W Az, A, BE R AR A Rol o]277HA] BE Fokd] 9T
= 1A Bew oAy Jvk(Monostori, 2016).

421 Ak o] A 2E 713] 9] T2 Ateld =8 A A Al2HY] EE o
= LS HA"stets Aol whebd S EAR, A, A, 2 A|2E 9

2o e AH AP X5 3H(smart), AHA ZA 3H(self—organized), 7]



1 ZF(cross—corporate), AAIZF H zL&Ho 7 HAHst H

el
(real—time and autonomously  optimized instances)® =3

(integrated) ¥ o] ofF &ttt}

ion in regl.s:
(\‘O_t_m.a-t + T ea-’ t’m@

| | Individualization
- | .
g ~.._ of products

: and services
Industrie

/ New

business
models

‘New organization and
control of the whole
value chain

05 humans, (;1’1.»]@"-"'3

[Z2¥9) 36] Industrie 4.0 (Monostori, 2016)

Hl=o] 75, 2uE AR A =EC] 4 SH(the commercialization of
smart manufacturing systems)®} #HH¥E M8 £ (the costs and
risks) ¢ wAE Ast7] fla 2ntE Ax oA 3 (SMLOE A
3t (Lydon, 2016).

SMLC®] HF-(mission)= At Fi-e] #HAl(the industrial sector
transformation) & TE38to] AZQAE FAAF LF-717FA] o ZE] Aol A

(real—time, high—value applications)= A9 4 U=

rr

WA el 2~
nfE3SE 72| % ZWZ(open, smart manufacturing platform)<l HES =
7lRke]  AFw F4 #FH(a  networked, information—driven
environment) &2 A3 == FE3F= Aolth. = SMLCE AAF A~

Byl 71x] ALES # 4 3}skal(optimize production systems and value



chains) A& 7Fa/Ad, A, §Al, 2 1 AMu|AE 7|2 08 A
71+ Al (radically improve sustainability, productivity, innovation,
and customer service)w HF=E gt} o]E 93] SMLC+ AFAA, g
A, 83, 2 AFEE o2& Y E9 Ax F=(collaboration of
manufacturing) S Ea] o= 719ke] /e o}yl Alx Q=)
2 Al#(a  cloud—based, open  architecture  manufacturing

infrastructure and marketplace)< 7&¢sla ¢l

o BY FFe) A2W dolgE B,
(integrating plant—level systems and data)

o AN H5E $§ TR AR 2 WES sHEshein,
(accelerating the development and deployment of reusable
applications)

. BRI} A @ 5 gAY

aho],

(providing an open and secure infrastructure accessible

ba el ob g

T- L -

ol
(0]
[
)
il
2

ol

and affordable to all)

. Astehe MEUS 2TAE 2 RS ARYEE P 58
(embracing evolving business needs and new market
opportunities agilely)

e Aom MAYsa, 4% A TR WE s W
o] Sl A% SMLCSH frAFSE 75k BES 44T olUMEnE T

detar, 4xf AFd @l BhakE 7hekar

_,d
ol
R
facs
o
2
=

rlr
i
o
o
o



2. 421 A #F=x 7 249, RAMI 4.0

(Reference architecture model for Industry 4.0)

2016\ 3€¥, 599 alliance Platform Industrie 4.03 w®|= FE9]
Industrial Internet Consortium 37} 292 FHEs|oA Eof T

ol 2709 o}71el A 2] A4 AA (potential alignment)ES FEA3}RA L, 1
A%z [29 37]3 #e 42 Y Fx 7 EH(RAMI4O, the
Reference Architecture Model for Industrie 4.0)3} AFAQIHY FHx
TZ(IIRA, the Industrial Internet Reference Architecture)”} ©A3}
A H A Lydon, 2016).

L . I..
. .o y

Layers

Business

A= 2d (RAMI4.0)

(Lydon, 2016; Zezulka, et. al., 2016).



RAMI4.0 42 2k} ofpel]l tiel] 724 WAoo HId 5 s
e 3 oM, BE [4.0 JEAESHFAATEE 48 A7t

(unified model) o], #|3&2

(i

Z]) o] A5 % (interleave)S 93 28w
A gholZ Abo] o] HAA Ayt dHlo]E K (consistent data model)&
frAIBHAl stHA] shue] ERlolA {33 ¥ ~(type and instance)ell
gt 7FxAk&2] A3 (combination of value chain)< YERE Edo]
0. Z, RAMI4.0L 34902 43 Aele] TA QA5 ta] ZEe T4
Q429 AF(AISTZF 5, hierarchy level) S, X5 A4 849 o]
I Afo]lE 3k ZRA|AL

U2 Ee gglA

y

o] ZE(life cycle & value stream)S, Y& H| =
78 7849 Als(layer)s HYEFATHLydon,

2016; Zezulka, et. al., 2016).

>

Lo

Z Axis: (View) Functional hierarchy for Industrie 4.0 components

ife C L
IEC goucle & oty i
Layers 6289 = Valug o le i/

Business

[Z18 38] RAMI4.0 329 mdle] 7% AST% < (Hierarchy

Levels)



[29 38]] 4 A|E RAMI4.0 33 ®do 7=9 A=Fx% &
(Hierarchy Levels)® 42 A AXUEES AFES e W, A%

(product)oll A H¥, €= ZX|(field device), o] =] (control device),

ol
FN

A x4 (station), 2FAAEH (work center), 2 7] (enterprise) £+ &
F(factory)ell o]27|7k4]e] BE Aol SAlst= HAEXAES sl Al

ol MEE QAR Al o]277hX 9] BE 4.0 AETES It 5

of

o 9 (unified model for all 14.0 components, from product til
connected world)& AAIStaL, IT deoloje] A9 dloll 4.0 AXHEE
A& 7bo] A5 #8-(14.0 components can interleave)©] 7}s3F HRetrS-
Al A e,

32k 2 FAFA Y AEXAESLS [1§ 39]9] F= o A9 ol A
32 (product) o A F-E] 71¢] (enterprise) ol ©|E277HA] FFE& FA 5= 7
7 7|2 ow Ft=go] 7Rk FZE(hardware—based
structure) o™, 7]TEL st=gojol] AlgtE o] 9o ™ (functions are

bounded to hardware), 3% T+ sge] AF7|HHe] AstE ARFYA

—

H:l
r 0

hal

1m

=
=

o] A (hierarchy—based communication)®] ©]FX|H, AF F49
TA 8 A9t E2](product is isolated)® AFEfo] ATt
gy (29 3919 59 dAjef o] 4xF Aol A= ~utESE 14.0

AEXGES] IT #olojo] A 42 2o 34, 44 A o

2} AntE AR EE Ad® Aol o277 744 7 14.0 HEHESS
do UMELAstE Axruleld 3 d]le] AAE 7HAA "u =, 43

<
Al FAgk A ~"l3} 7] A (flexible systems and machines) &9 %
7F =Y, 752 UESYAA AAH FAFSH(functions are distributed

throughout the network)®™, o] AFTHUEEL ASTXE Holyds



A} 5 A8 (participants interact across hierarchy levels)& <+ o,

LA

i

AXVEES A5 ARFYA ol (communication among all
participants)©] 7FsalAm, AFE AntE JAZAN HEYT FAALLE

o] A (product is part of the network)e] # T},

Entreprise

Connected

E_j f D @ (& World

__/

Work

Centers am ‘.)%Ek
o A

Station @'G’C‘ ﬁ‘b
Smart
Control Factory
i
Field Device ; -él Iil |
Product = 2
~ % B O @ .ok
The Old World: Industrie 3.0 The New World: Industrie 4.0

(2% 391 33 A B} 43} Abg) B PEE

o
N
=)
L
|
A

19k 2ol AEe] A AejFr]ol A3 BE 14.0 HEIET; A& 3}
19EeE EAF M E A3 7heebAl 2 5 e A [ 4019 2 70
Algt mpe} ol 7]E9] MES(AAFAEI A 28] manufacturing
execution system)”} shbe] Tl (site)d] Assle] %
of Whafl 43k AFd2 AFe] A AejFr]el 2 BE 7

Z AxdEZ 97 2 ¥ 9% 5 e 7=

N

H

=
=

£

73

o

S [k
= =

&9 7443

A g,

i

-

2| A

b

il

=, 7159 MES7} shvbe] @91 349] AsstE 98k [EC(HA|d 7] %5
3] 9], International Electrotechnical Committee)2] <NE]Zg}o]= o]

Al~"l E3lo  #3dk A FE(an  international standard for



enterprise—control system integration), % ISA(=A|A}EA]H 3],
International Society of Automation)?] <EZg}o]=e} Aojr]~= 7
o] A3l <lE|#H o] ~(an international standard for developing an

automated interface between enterprise and control systems) X

Qtoll 7Rkt 43k A2 71 Eoll= 253 Alo] o Feofl wijAEAA
A3 (product) ¥ L= #AX|(field device), 2 A|o]&=](control device),
2% (station), G AH (work center) 7FA| %= AH&2Q1 14.0 AEXVE
3talo] =274 23S =3 @9 dE Eglo] Z(enterprise) X 39
2 ESLS FASHA AlFe] A Ao Fofsts B dE Ztol

=z 9 FAES FEHoR Fsle] AAE A (connected world)S

]

N
lt

FAske] 43 2hle) A5Y TP 2vtE A2E T,
= Enhancement Industrie 4.0 B Connected
4% A0 2 FHEE FY = T B World

Technical asset of IEC and ISA 3
71E EE0| IAY YRS A2H iy
|IEC 62264-1:2013 Enterprise-control system integration

Part1: Models ad terminclogy

= |EC 61512-1: 1997 Batch Control “
Part1: Models ad terminclogy

= ISADraft 88/95 Technical Report “
Using ISA-88 and 1SA-95 Together

I: | Pmciswll " Pmduc‘t;:numt " Produclonlme “ Storaf:zone B

Wc_;rk I: I Unit " Unit ” Work cell ” Storage unit I

units

B Eqmpment

Equipment used
for storage or
movement

| Equipment module " Equipment module | Station

ﬂ Control module || Gontrol module | Control Device
| Il 1 J -

Equipment used Equipment used Equipment used
in batch in continuous in repetitive or discrete
production production production

= Enhancement Industrie 4.0 ki
AT

[212] 40] RAMI4.09] A 29 AEE 3)gn)=
A A (Zezulka, et. al., 2016)




RAMI4.0 BEe) X5 [17 4113 o] Al3& (product) ol thek o5
719} 7Fx] & & (life cycle and value stream)S YEFHTE A &2 Aol
71k Aol gk A ofoltjolol| A HE AlFo] ABAHEIL LMt o g
ARG Aorol= #1712 wi7kA] (from  the first idea to the
Scrapyard)®] A AoF71E on|gtt. F, XH2 A AofjF7]o AA
w4 e 14.0 AEVE dolg X9 (consistent data model during
the whole life cycle)= Aelslar, T3k sffe] Eelo Yy A6~
of ™3t 7}XAES] Z3H(combination of value chain for type and

instance in one model)S YEFIATH Zezulka, et. al., 2016).

X Axis: (View) Life cycle & value added chain

IElfCQSCycle&v ''''''''' o .31,3 EG
Layers 2890 . aly "ea ..... PR | i 4l

Business

[1¥ 41] RAMI4.0 32+ 2] X5, AelF7]1¢ 7FxE & (Life cycle

& Value stream)



718 AE] AefFrlel wek QA2 [1¥ 4219 1ol dAle uket
o]l AeF71E IEC CD 628900 7]¥ksle] 7l (development), vl
(sales), vl = ]9 (after—sale support), 2 7| (obsolete) &2 T4}
A Z2A R QAT RAMIA.0 A= [28 42]19] 2)¢F Ze] A
o A 7ol FE HAZIZHA, B3t A"} AEe] o] F

s A e o ) o e R = i AR

1) IEC CD 628900] 7|gst 7| E2| Life cycle

= 7|
Obsolete

g
Development /<

Development Maintenance of type
Manufacturing )

Standard Service

2) Realization in RAMI4.0 - Product Life Cycle
The product: From the first idea to the Scrapyard
(3 7120l =72 W)

| Dot YT 3 roducin Hlie 4
sage ¢ Usage /

Facility anagement:

Produion:

Construction plan: Construction plan:
Development Software Updates Product Usage
Construction Instruction Manual Data Service
computer Maintenance Cycle Serial Number Maintenance
simulation Recycling

Prototype Scrapping
[ 42] #1824 2 RAMI4.09] Ao 5-7]

B} Y (type)ol &k oJ¥ A= (product), 7]Al(machine), =+ HW/SWE
%7] ofolt o] (initial idea)E &v|sl™, AA 21 #vlX|(the placing of
design orders), A& TZEEFI7IA 9 /4 @ H AE (development

and testing up to the prototype of production)E ¥3tstH, EE )



~E9 faA AAFall tests and validation)”7} €55 H EFYL AE A
a2

AH(serial  production)S 8]  FHjEY. Ax Z} A& (each

o
ins
1o
[JO
>
il
>
9
=
=
%
v
ay
=
o
l¢)
@)
—
—
=
&

manufactured product)> 3T
type)et atn ol H|EA i1f3F Y-S (a unique serial number)”f
Fod g de AErE U, ol& =" A (instance) gt gk a1 7
AN AF 271ddl= Brdel |, 54 Al 2go] AAd uf JAFAT}
Hrh o]H X BjolA A" A2 WAL ofy] ¥ HhEd

RAMI4.0 22e] 7FX] 35 (42} 4F§) ofolt]ol ¢t €&, (in the Industry
4.0 idea and praxis)o] HAIEs}H L AAHH BLrHE B7Y Y 7R 7
gol v AA 2 Ak ks HAEstE ALke] TR EES ),

2 AFT 7HA FE o]l BElEA Za A4 B 4 A "ok
RAMI4.0¢] x5Fol A¥ e A2vA 559 o] xlo]&2 ¢
A A|Eol| th3k gfo] TAlo] F kS owslx] FErh = RAMI4.0 x3 9

ehol I Abol Fe AFLW ohjel AXHFL THSE RE AL mi
9l

AAEol et gho] Alo]Eg onstH, R MEE = AA ] gt
gho] 3 Alo]F HolHE #stal dss F3l 4 AEE L= AA
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[29 43]2 AxdFe 7} <lEE e AAEZ A

W ORE So] MR Hold ARA vhol L Aol TS Wt
AHoRE QzEsst Y57 ohel Bed WAL FYHE Ax"

s EAE 3 e Hena g,

Utilization/ . Utilization/
Development Maintenance  "TO9Y . Maintenance
Type (Model) tance
[ Type 1 Instance—
Planning Rapid : . .
Product dpkiomen - akitying Design
2
o Conﬁguratior?> Order Planning
- Order : production
% & ordering pmeeasmg?f e ,,f
= Virtual
(Investment) 2 Com- j
Factory  pianning S e mia‘:?::ing missioning
Virtual ‘\ »"‘%i ;
o wachine | S8 oo ) o)
- %z’
]
e . : Virtual
=: Supplier Planning Com-
2 part development oo mis:::ing missioning <
[2% 43] AEE/ZAA B 2fo]Z Alo]F ¢ o

o,
o
X
=2
_)L
N
©,
o
o
ke
Ir
a3
2
il
il
o2
ol
ol
N
=2

18l 3 A A} (stakeholder) 2
PO E s AAe] digh Bl A"l AT JA e AAHEHE AF

-



Supplier part
-> Part model in the selection

Planning with possible part model I Delivering part
Machine ¥

-> Planed machine model
Planning 5

a machine a machine
Factory
> Possible factory

Planning!assistingI I Delivering
v

Planning

upx]u o 2 RAMI4.0S 7SS Y5 [13 45]9F o] ApAloAH-H
H ZY 2714 Alistd Als4 IT AlSS YERAT

Y Axis: (View) IT Layer

Layers

Business
Functional T =
Information
Communication

Integration |



%, AH(asset) #oloj= A, AFofolE], 7]A% H-E(mechanical
parts), =4 (documents), ¥ IP 3 £ 3% U =S YERHY,
%3 (Integration) #eolod=  AAA(real world)2}F IT FHAT
representation)& AZAsH= A3 Zp4bel|l ik Q1 71AITRe] Q1H | o]
2~ (MHI of assets)E ez, #H YA o)A (communication) @ o]o]&

ARASA st =23}=2F  ARF YA el (harmonized communication

—

towards the information layer)¥} Q& 75 (o, A7k wzHsk &
2779 time sensitive application, &) AAIZF WEYAE T3 A
A 75E EFE

A H (information) #|olo]= 4.0 HEVEE F3l= Hlo]Ee 1 Eo]
U N2~ (14.0 compatible data representation and access)E w93}
H, 7]%s (functional) #@lolol= ZA4te] Wit 14.08 &8k 7%
2~(I4.0 compatible functional access to the assets), ¥ H|ZYXx X g

Alzel Bigk 712HQd AMulAE "HEetd, mhA AT Hl=y A

N
X
12
=X

(business) layer= H|ZU2A T E2AAE 3 (realization of business

processes)dhi= Al 0|},



Al 3 A 432G IT 19 JAQF Zad 9= A

1. 4z} A IT 189 A G=ZF 7|12 ZgdHa 7=
(The Basic Framework Architecture of

the Core Competency for IT personnel)

(e
re
4
2,
>
rlr
S~
24
2
2
a
r o
)
o
e
>,
12
ot
[

goldas MEar] 9
A 12 AR oA 43} e A1E IT
 xydea FxE A e o), 7]E
s AlEstete] A st WHES &85kl

42F AP R ITA B o2 g8 = o AAA AL 525t o] &
e = A FE-= Al2avEo] B8w A AHI(A cloud system of
systems)Ql CPS=E zheFs] Aojet 4 glal, CPSe H9A 7HA+= d4Y
(collaboration)©] 7]ell [1¥ 8]elAl A|A|gE nle} o] CPSE FA 3t
o2 7 AFYA) A (communication), & (collaboration), ¥ ZA
(coordination)e] A ARl 7}x]g} & 4= Q). o]} o] 3CE 5=+
421 Ak AbBl o] 7HAIE SHA1717] flElA = 2141719 abe G 9lsk] ¢

s 7 7lele] Wew sh= 1A R4S Gl e DeSeCoo] W4 AP

=
N
)

>~

[d

B wg o] gl
web B ATelA WS 43 A IT A Aaeie] B S
(2% 461914 A A% vle} o] DeSeCo®l 21417] &l4lefare 7249l

don ARG ol g e HECZA 214719 A1F <

o3
Sritwt ofy gl CPSe dlAl7Fx]e] 3C(communication, collaboration,



and coordination)®l] thd+ oldle} F8 HASEo] YL HRo 7 Futs)
AT,
ATl A Jhste] Al A ) 2
T 43 A 7EA A S EA S TR olsRAAE A% BnuA
3

zmdo] oz E4W J1% Y9l IT Al ygFe 7

rir
&
>
12
off
[kl
=
°
i/
AV
Ir
o,
rJI.

ole] mel [2¥ 46]o AAIS nle} ol 4z Akde] Fx mdl
RAMI4.0S #z3}E, o]& IT o] 7]&% 7|ut iAo 2 2 7+

& ‘RAMI4.0 7|9k IT a4 =8 7asgdch,




2. 42 A2 IT 989 JA9H A=
(The Framework of the Core Competency
for IT personnel)
B ATellA TR AN B A 42 AFd e A% IT 1= e 34
Aol =9 V& Zeld A 72 [29 46]& AlEstele] ==3F 44
A IT 8] A9 A9 A(The Framework of the Core

Competency for 1T personnel)’& [13 47]3 Zt}.

[ 47] 43 490 IT 919 A Ze)el9)a

IT QI¥nt ohjeh 214718 Mol BE Aol naK o 714
ok o] DeSeCofl ATAN 1) A3 H 02 o] a5l Fek ol A

o] #3528 59 (interacting in socially heterogeneous groups)’, 2)
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‘2492 5 T H(acting autonomously)’, 3) ‘Y E=TES H5 A

ofo
a2
o
fr
e
ofo

0{|

A)
st = o}l % ¥ (using tools interactively) 59| 37}A &
o
o

golH, o] Al 7HA] A7FE 2 Al akEske] [21 4713 o] 7]+
7

Fo= Aot
AT 4z ARIAI ] IT el g A S AN, A As] §
& 71A o 2= RAMI4.0S 283815, o & IT <1 e] sy Aol Fets

Bz weolzlo] ol& 54 o] IT =] F-astes Az e
FAE oo & Aot Arjdn. olHd AN tat &2 dA= 4

2k Ak IT 18] AAAs 2 dYas M 9 AHossiu

RAMI4.0(Reference Architecture Model 4.0)2 42} AFJALS] H= A
Td e THS] AT HAxEdEA SdAF ARG F-
(Federal Ministry for Economic Affairs and Energy)9} w55
(Federal Ministry of Education and Research)7} Z<¢Fs}ar =A% 3%
F7]18¢1 IECSE 10S FeollA FFow =oual e Kol

2 AFolA rE e RAMI4.0 7|9 IT AN AZFS (13 48] 2t}
RAMI4.02 42 AFie] B ols]dAA7E Fxshs Bz Bdo]7d
A= ol & IT AFolA 875 g =Est7] A8 7
o] Aojot FHRAE IT 7|&4 B2 v} Zo] A 43t

RAMI4.09] 7252 IEC 62264 % IEC615122] %o =& 42 A
o] FAHaA  AE(product)o]EH 7Y (enterprise) T
(factory), B Hol7} A% A}3](connected world) E YEFH oL A

To T AdY A= RAMI4.09] ASH 25 +dE & d= [T9
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Components Hierarch)#} A 2]s}3i ).

Lifa heoty)
e (0 1*:,1
fEC 6 Vele & )

2390 l'@ﬂ;e
m

ASojouyday 1|
)
siaideq

RAMI4.09] X552 A5 £33 43 Y BE 74 849 AofF7]
M B ES vEdTH 2 A7 AQtets A A A= thge ol F]
HAAES A4S Yepdl= BEA AjZbe] opbd 54 FJuel IT 1¥E
Ak Aol F7]ek 7P EES vERoF ®rh ek HA A o] ok 7}
AZ 52 73 IEC 62890 7|wke] AofjF7] ok A5 55 43k kel A
EUE AMofF=7]9} 7}x] &5 (14.0 Life Cycle & Value Stream) &=

AAGesiint. &, B84 AAdAE tgst S84 JAEe] Aolg 7t
A 2 A9 T4 #-H )& CPS T CPPS ol 14.0 AXHET A
15 7kA 3 327 gk wegha 2 AgeA] s Zadae] X
‘4z A AXFES AeoFr]ef 7Fx] 35 E(14.0 Life Cycle &

_1

¢

H
o
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Value Stream) = 77 kot

upx) ko 2 RAMI4.09] Y 2} A (asset) o A5 H] =Y 2 (business)
THAL 4xF Ak 7ol A A = ol 94 2 =2A A A
(layer)= YWeEFHTE 2 Aol A Al A8k 2| a0l = 43k A4 &

el AT 4= e =24 v =24 JhAIEe] obd old g VA=

s
rlo

%9 uish gol 43k AHY Frre] WE osl@AAE] FEY & I
= 4z A e R A Zy 9] A] RAMI4.0S IT 7I+=4 #-HAA, IT

Q1eo] waol & A ZaAdAz A Felsgon, o2 [ 49]

s o] Aol

T 4.9 o0e
if, L, = % N
Technology £Q ﬁ\ R

[2#
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3. 43 A4 IT 949 4 9%F ZHAHI FF
(The Core Competency Items of IT personnel in 14.0)
421 A IT 189 A9 239 S EE Fol7] HelAeE
(19 4719 [2§ 49]e A A A T AFH FAStE IT 34

AFe =E2d ool AVIHM, e 2 AAR olE skl

)
2

2% 4919 RAMI4.0 7]4¥F IT Al eF g Q= dal [

5017 &2 Al 7HA 1T 4l A= Al woks vhetsigi.

IT 140 e
£ R
Technology Va < Cyelg &

ol
i
o

[29] 50] 14.0 IT I

RAMI4.09] Yol Adold 4z A FAH 849 A= (hierarchy
level ) 1 Atol| A ITA #HoZ [40 AYXHE Fx2=2 9593, o

ST old B T4

2

2 7THY TS 9¥eR 1.0 HIEVE
2 (The competency of understanding and implementing 14.0

components hierarchy) 2.2 “2]s} 3t
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RAMI4.09] Yo AolH 42} 2] FA Q249 o527 2 7X &

(life cycle and value stream)+= IT% #HHO =2 [4.0 AXTUE Aol

—_—

7] R VM EE R TPl aL, IT 1ol olafalof & w42 B =<l
Aol 71 o) 7hX] S50l Bt 14.0 AXTES] AoljF7] B 7px|ALEo
gk o|a] A= (The competency of understanding 14.0 components
lice cycle and value stream)’ .= 3}oFa}&it}

mpA ko 2 RAMI4.09] Y5¢1 Z15 - (layer)= ITH #3dollA Hl=y 2 &

= o el 2814 % =24 AEY Ass €4+ U= 1T 7=

A% (The Competency of IT Technology for I14.0 layer) = 2|38}
o} o]& Kokt Aestd [1 1] 2.
<¥ 1> 14.0 IT 9% &Fx%
14.0 AXJE At 14.0 AXJE A3
=YLy oF IT 71€4 9%
i e [4.0 AXUE
Z = ) o 4.0 HEXYUE T3 =
AZET29 ol B
. 140 AEUE
. Aol =710l gk o] &
X =
. 4.0 FEUE
7hx| E 5o gk o]
| UEHEEE SR L Lanas Azg o
Y = AlST2et 75 gk i
o1l o 14.0 AXVE 7|53} 9%
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weba] 43} 4ke] Aloje] IT e 43} 2bglol g vl=u 24 P o
o} o] 43} g} AARE TAY F ol (17124 928 B
shoF sk,

2o BE 43 A4S IT A w=Uxg sRe [H 1]
o)A AN ukst o] 14.0 7
3) AABE, 2 4) =Uxs EE FH ASTE} A% Sol tig
ZUsd Sge maslor AT 1T 7124 #49 d%e [ 11604 A
A% wpe} o] 14.0 AEVES tja) 1) AZS, 2)
SR B

ul

:OL_‘,
_o|L
K
%
)%
_0|L
Ho
Ko}
>
I
T
o
2
g,
oy
K
-
to
o
N
i
fru
=2
o,
ot
(i<}
ko
oX,
o

AN, B AFdAE oS 2o Axz W3l

Industry 4.0 Characteristics

B 0 =0 ST, B B W7 4 B
segzza [ emex Famoz ¢ﬂa R M2 Aztsh
gjoj g 2] Mg HH 0 EEl= 4 HlojE{ 9| e HS oY sd2
MAZE7IEY | wXEEE | 22T A2 iHs ZEE HMI
A0LE HE ALY d AHH A2
i Man-machine
Rgai—?t_me Smart products. Permanently Automatic Context- interfaces with
availability of to be identified | updatevisual pre-processing sensitive novel
all relevant and localized at| | representations ofcollected provision of visualization and
production data anytime f physical system | production data information : ; |
\. | W % ‘A /) \Jjnputoptions

[29 51] 42+ 244 714 A3 ¢ 54 (Schuh, et. al., 2015)
421 Aol gk IT 7|4 #dY 542 [29 51 A2l vief &
o] 1) B& Alx ## dolg e AAZF 7184 (Real—time availability of

all relevant production data), 2) AA=A A¥HHEHIL HA|s}lE= ~uf
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E A3 (Smart products to be identified and localized at anytime),
3) d&EH o7 dYolEN = 584 A~ A ZMA % d(Permanently
update visual representations of physical system), 4) ¥ Ak
dlolg o] #s AbA 22| (Automatic pre—processing of collected
production data), 5) F27|¥F A H A F(Context—sensitive provision
of information), % 6) M=z AZtg 2L g FHS ZAE
HMI(Man—machine interfaces with novel visualization and input
options) 2.2 ] H}(Schuh, et. al., 2015)

Aol e [229 50]90l4 A4 gF RAMIA4.
939 Y %< IT Technology®] 84 7]<3
Ao IT 714 545 49 [19 5119 I5S cross mappingd}o]

[29 52]¢F &2 AN 7ed5s =30l 5, vy 2 B 3739

_ll-EI o
o
ol
e
_O‘h
N
do
:?L_‘;
.
2
£

2) 2AFAAEYI(1IoT), AFe] ¥ H.eF(Cyber Security), % [4.0 AXUE
Td 7e2 A T 2 AFUAeld Aol A 7lsolH,

3) dldlol g, , ¥ do]E &4 (big data analytics), 2 ¢lFA 5 (A&
deole AgaAe] A7]e= gofsglon,

4) dvlolE] AlZ}ts}(data visualization) B 13b=7]7] V¥ 7 o] 2 (HMI)
© 42F AFQdo] AbgrgAlol7lel 5o Axsa 9loH

5) AHAM RIS A% el x] B %

7R EEE T

r_u

Adye] A" (PHM) O] 2
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T} 2vhE A2E TAS] ANAE AT Yol Folo] Bolshe ®
£ olslalae] Azag Fehese BHekel A 2RRE 249t

GAFE) Ay 2] ol 277hA BE AL AEsksa, 2vlge) )

7= SHM 9 4z 2t E AAJHUAIT) 7lEs S8l A=A

FES A B ofygt 4 FA4A MAE st o, &

o 2= AxPY T, A, FF, #l, APd E ARE M| 2o o2&
A AN S 7 AAIQL CPS =& CPPSE Faste] 78 =y
M E FEet A2 HZ2YA BEg Este] aARSS Su3}st

o Wz se) A% bsHS ANEE Ao st Yk,

YR Ax HATES 42 WIY A5Y TP 2vkE Az 29

B 3= FRHEE Y CPS T CPPSY 93 71 A7F +34 21
M7= AtgHolu 7[EH o2 M2 gE ojdA Hdoly JAES] A

Zgo] Akl 43k AFAARS 7 e s kst B sk = AlE
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<ABSTRACT>

Development of a Competency Framework
for Intelligent Factory and Smart Manufacturing in Industry 4.0

Mun, Jin IL (Dongguk University)

Recently, Industrial revolution 4.0 has become a hot issue in global
world. Especially, IT competence of IT personnel is becoming an
important issue since the industry 4.0 by the industrial revolution 4.0 is

expected to be a society led by IT technology.

To guide the structured IT technology roadmap for implementing
industry 4.0 to industry and IT personnel, the framework of core
competency for IT personnel was developed in this study. Through the
developed framework, required IT technologies were identified as well.
Interacting in socially heterogeneous groups, acting autonomously, and
using tools interactively were identified as the basic competence for IT
personnel. The five clusters of detailed IT technologies based on
RAMI4.0 model were identified as follows.

1) The cloud technology to implement CPS or CPPS was the most
critical technology to implement all aspects of the industy 4.0. Industrial
Internet (IIoT), 2) Cyber Security, and I14.0 component implementation
technologies are Kkey technologies for the asset, integration and
communication layers. 3) Big data, big data analytics, and Al for data
processing. 4) Data visualization and human—machine interface (HMI)
were  particularly  emphasized  because the  fourth industry 1is
human—centered. 5) Lastly, Prognostics and health management system

(PHM) for before services was identified as key technologies.

Key words: Industry 4.0, CPS, CPPS, Competency, Framework
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