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Abstract Smart Factory is one of the fastest developing and changing fourth industrial revolution fields.
In particular, the degree of introduction and maturity level in the smart factory is an important part.
In this paper, a cluster analysis of companies introduced smart factory was performed based on a new
maturity assessment model. The 68% of 193 companies surveyed were at the basic level, with only 21%
being the middle one. Most SMEs cited lack of funds as the main reason for not entering the middle
one. As a result of the cluster analysis, it was found that all clusters had similar patterns but grouped
into one of three levels of high, middle, and low depending on maturity level of smart factory
operation, and process domain had the highest maturity and data domain was lowest among the 6
domains. Through this, analysis of more specific and quantified maturity levels can be performed using

6-domain smart factory maturity evaluation model.
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6 Dimensions | @ ‘ 18 Fields l I=> I Maturity Level l
1. Strategy & Organization 1. Strategy )
2. Smart Factory 2. Investment Level 0: Qutsider
3. Smart Operations 3. Innovation Management Level 1: Beginner
4. Smart Products 4. Digital Modeling Level 2: Intermediate
5. Data Driven Services 5. Equipment Infrastructure Level 3: Experienced
6. Employees 6. Data Usage Level 4: Expert
7.1T Systems Level 5: Top Performer
8. Cloud Usage
9. IT Security

10. Autonomous Processes
11. Information Sharing
12. Data Analytics in Usage
Phase

13.ICT Add—on
Functionalities

14. Share of Data used

15. Share of Revenues

16. Data Driven Services
17. Skill Acquisition

18. Employee Skill Set

Fig. 1. Six levels of Industrie 4.0 Readiness Model

=2 19705 E NASA (National Aeronautics
and Space Administration)®] TRL (Technology
Readiness Level)2 =35t 7|4 =S 249 &
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Aot7] o A=A, EF AA8E Sl
£ AR ] tH12]

oA AR @AY 8FE IFHAPI7] Ak
19809 Hiolli= 7]&o] ofd A= FFof J8=+= MRL
(Manufacturing Readiness Level)2 Z=UsFATH13].

71eS &35t 9% TRL, A= THA QAL 2H

2 AYSHT WA 238 AEsle] FFH HE=

Source: Industrie 4.0 Readiness 2015

H7HE Sk MRL, A& QoA 782 ]l TRLE 7Ts
3 1 dESs BB 9 SRL, AlAEIRte]
T2 57 93t IRL 5 of] 714 S ARLsto] TheF
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2.3.2 Industrie 4.0 Readiness Level (Germany)

EUoAl= Fig. 13} 2] 67) A4, 18EBEE 7|¥te
2 AnEWED FH|EE 7} b, X7t Bt AL
= Este] &Fstar Sl

4 Domains Q 10 Modules =>
1. Business 1. Leadership & Strategy
2. Product Development
2. Process 3. Production Planni
3. System & Automation i Pm uc “;v;l anmng ;
4. Performance - T r0cess Managemen 95 Checklists
5. Quality Management
6. Machine Management
7. Logistics
8. Information System
9. Machine Control
10. Performance

Fig. 2. KPC Smart Factory Maturoty Model

Source: KPC Smart Factory Team, Nov, 2015
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Fig. 3. Smart Factory Platform (KITA 2016)

Source: Guidance for SME’s Smart Factory Implementation

IHHQ017)E 2vtEBED S AL I e
AYE ATEon, AvtEDED) 3t AS B

SFAE[19]

25320192 SCOR(Supply Chain Operations
Model)@+  SPICE(Software
Imporvement and Capability dEtermination) =&
= -:—9:}0}04 NZ=E AMERED 3 g 2 #E 7
o201 AT Hde AMERED] 522 S4S
T 47‘401]/\1 Bkl AntERED] S2AYFo s
A3}, 253} "gA g, 4%} A53HE AlAlskgith

o] Qo= Fff AntEHEZ] o] BFF At FAHA
7199] AntEHED] 7]eZ-8o] A3} FAIATo| 1]

Ae FFH21], AvtE HED 9] AT &8 A+ 15
54 9 Ygo] A&H &8l v|A|= FF22], AVE
Y& A&AREO ol S vl allo] BEt A+
(23] 3 o] TRl wope] AF7F NP QU

Reference Process

3. guH

3.1 AOIEMERD] 2FEsE: T/t 2

£ AFoA AJRIH= RS ANERED] LA

T g7t 22 o719 F8 ErI(E3F, HolE, ZEA|
A, A, B AlaEDE 417 84S EReH, E4
Z](heat treatment), A=A ¥ (injection molding), &
% SPE(forging, cosmetic), 2|2 medical) and }
B2*Hautomobile)?t 22 thFst A= Eofke] 10074 ©]
A9 4719 e s HrIet Aol 7Idtsta ok
[51.

AMEL &= 371 2l 252 & S04 71& 37t
0] shA =Tt [APHARE, 41709] AR 8 4AR
AE 671 =HQ19] B7HE 7IRte g A AA A2zt
A tEE Zol7t Utk

ol Hr} FA|Ho|n FRFHRl &4 ¢ Aol Ths
olujgtct. T3k MES, ERP, PLM, SCM¥} 22 7]
AR ofd 2} HElo]E H|=, AH| QlE|Ho]
o ZEAA 81 24 Y4, FEn
AT 84T HEIL ok FAFA 2L A
J9]= Table 13 ZTHS5).

N[> o2 o
+ I)w =
D =L
n%
tﬁ

)
R
)



6-E0Ql ADIEYER| N4E I} 2 Jji Sl FE2Y 223

Table 1. Smart Factory Maturity Model by Choi

Level Score Baseline Requirement
Range
No ICT Level
1 0.0 ~ « Generally no machines interfaced. Work
0.9 manually with sheet recording and not utilize
MES system (May use ERP, POP)
Basic Level
« Part of machines connected and utilize MES
1.0 ~
2 19 system at least
. + Partially data collection and equipment
monitoring
Middle 1 Level
« Automated data collection with low or mid
20~ frequency and few factors with not well

3 29 defined for promoting quality control

. « All machines connected with MES and adopt
bigdata platform. May use many systems

+ Apply MRP (Material Requirement Planning)

Middle 2 Level
+ Automated data collection with high frequency
30 ~ and defined many factors for preventing
4 '39 quality problem in real time
. * Apply Robot, remote control and utilization of
bigdata with optimization
« Support system integration and APS

Advanced Level

* Operating shop floor with autonomous robot

5 4.0 ~ « Applying Al or CPS under almost peopleless

4.9 shop floor

* Real time feedback with optimized solution for
rapid adjustment when required

3.2 ADIEMER| T S47|Y2| =0 et 7|
284 24

91 31004 QFT 67} £l A4 B mdo] 7]
dete] et AEzae] tet 71z AL et 2
o} Fig. 4% AFEA] Fold F $471900] o]
EQ% AntEdEe] T AAT W& thehd Zolc
MES7} 52%& 7% &9kal, JIths ERP7F 29%, oFF
ASHE E5H S 7190] 9%E AAHe). Ank
Hee) 5ol it BEEE 30| 43%, 47 ool
40%2 ANFHo = wEallr.

Fig. 62 193719] F27]Q0e14 Alze H4E 7t
7% AREA P2 AAHRE ATE ek ol
1 8w, gERA] $7 $4719 B 2/300 Al
68%7F 71240l SNFBAAT, 21%7 BT SE019

k.

MES+ERP+PLM
Extended MES 5%

5%
Mone
9%

MES
52%

ERP
29%

m MES mERF = None Extended MES ~ » MES+ERP+PLM

Fig. 4. Frequency by Adaptation System

5%
5%
12%
43%
35%

EHiEdm2u5ml

Fig. 5. Satisfaction Rate after System Adaptation

4% 0%

7%
21% !
68%

EMBasic EMidl ENo ICT mMid2 &Advanced

Fig. 6. Frequency by Maturity Level with Self
Evaluation
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Table 2. Support Types for Introducing Smart Factory

Governm Maturity .
ent- Experts —criterio E\_/_aluano Total
support support n n-impact
1 7 110 3 2 122
2 13 56 4 7 80
3 48 13 46 58 165
4 95 8 103 98 304
5 30 6 37 28 101
33 A& 70| M2 2E2Y

B =RoAME YgH2019)0] AR H&5% H7t
29 HANEQ 670 Z=H1(Organization, System,
Process, Integration, Equipment, Data)°ll w2} 193
N 719 2-3skt 71 K-means ¥12&5
Z-8ot, etiERl FAE S kikE 302 A
g5t

11

THEAY Aol HIET HERAL] 33
Fa71geld 193719 gk 20, = TrRler &
g Jjes 67H0]E]- F1g 8ollA x5 Y uolEle] H
ol Z=Hjlolx, y&& BEF & 7Idol 2= 4 =H|
Q1 Feolrt, 3709 3 e FARHARE HEo| 2}
o7t U2 & = AUk ol F Hrh 7o' Els]
o] 2 ¥ 7 To|Qlo] gt Wk Foto] Azt
3t Zlo] Fig. 90|t}

cluster0°1A cluster2@ Z% B4 &= 5
o] ZoRlE & 4= Ut ATH o R RAP) S3t 193
N 7192 A&E 2 w2t A, 5, oF 3= 84
= ¥ & 5 Ut

Fig. 8. Multi-dimensional K-means Clustering Analysis
by 6 Domains
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Fig. 9, Mean Values by Domain
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9] 3710 ZA JFS A gt ol XYL
71998 AnfE"EY 4&k == 74
o] 52 9ulgitt.

Eril ==
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Table 3. Relation between Sales and Maturity Level

BCO5PreRevnue cluster=0 cluster=1 cluster=2
{ 5B 55 68 46
{10B 2 4 2
( 20B 1 2 1
{ 30B 0 5 2
) 30B 0 3 2

Table 4. Relation between Number of Employee and
Maturity Level

BCOGEmp cluster=0 cluster=1 cluster=2
<10 3 2 5
{50 26 34 18
< 100 21 21 8
{200 5 16 12
) 200 3 9 10

4. 2oz

AEZRAL BAEA A S471H004 U ATE
HEF A|AEIS MESTF 52%2 7F% =9tal, It
ERP7} 29%2 Fmstch AR E)Jof tigt RhEe= 3
7ol 43%, 47 olgo] 40%= HHrEo R TSttt

A B7RE AvEWER] &' 2] tisiAe A

/\}Oﬂ S8 F4714 5 2/390 Pl 68%7t 7%
o AGSIAL, 21%7F 7 FEISiT dek 5
A7|YE0] S E AYsHA] &3t 7Y 2 olfE e
B2 Hokon, A&k g7t 71& v 7P B2 7]
=0l WaE L),
67l =HQle] wE 3 23 1937] 719 B4
T 2o o2t A 5 oF 3R 2F H, 28
7 =HQlol tiet W2 Process’t 7M1, Data’}
7P Witk 67f el 2 B 23, 67 o
Ql % Process, Integration, Equipment 3702 =H|QI
o] #3& TSt 2RE ITE = AS FqRIT 5
At olE E0] Process’} 30 oJA4°|1l Integration,
EquipmentZ} 15 ool dfgf “oletal wedt 4=
AUt
AAzujEd A4 5 719 BAE &
AdEmfEo] BS5E 45k 50|
g HEo] ZoRlE RIS 5= AT E3L
A&T 2 719 34 £445 994
‘5F(cluster0), ‘B (clusterl) 450
= W, A
A7) A T
7HYSE ANEHED] &k £ 55
%S ovgith

o)

o

ol Y,
o

Bt

rlo

oo Rl
>

10 ofl

2]

e =2

_l
>
N
N
55
flilo
il

b

o o

_] {

o ) ﬂ%

N P e
N

- _]_‘NH

o

L

>

o

ZZ(cluster2) T2 A=
tﬂ-;q 0}01— . o].‘:_ o] Z]

)

ox HE >

flo 1o

9,

5. 28

2 =2ide $4719e 9 AntEgEDe] 22

Aol £ F74o] olelg V& AnfEgER] 55 P
bS] WA F80) 91 AL ASE B B

=
=
Apg3tel ZAEAS Aot

we 3
4 Aok, 2 AR fAlsHR ol ol
et g, 3, 5 302 THEL BT 5 YA, 6 &

el 5 Process7} Aoz H&Ewrt 7HE =9,
Data’} 7F8 ¥ 32 HYch
2 a7 S A 23 ¢ QJ’@ 757415 A
AL slolst 2 9)oir} o= A= o
2gsto] 4, 5, SF 582
< AAREIT} E3E 6 EH|Q1S ThoFst R RAL Bl
79ks}7] wizoll, Sl &5t | 871 meet 4= Qlrh
£ Ao AAE 67 Tl 78 Y2 ATLE
HEd 4k $55 83 §7F HdS &85t B

o FAAC|T FHA HSE 45 24 % B4lo] 7}

W



226 3t=g3etsl=Ex H11H H9s

e HAth 2 Aol AR A2E dse 37
md 7|5 BA e FSaT|go] AnEREES &9
AL 2gohetl loiM Hoh E3hERl FrlE 9
HHES ASE Aoz 7|diE

4 2olEdED] $2 g 2d

2 o At Ag AAES FEITE 24 7dE

o antEmEe geAto] AAUS B A Aok
EdED £ Hord 4 9 Ao Jlget.

B 7o) AHE SHIUS AlPEs BRst

2 15k Qeleks Holw, webd] FF Aol

REFERENCES

[1] K. Schwab. (2016). The Fourth Industrial Revolution.
World Economic Forum.

[2] C.S. Bae & S. C. Goh. (2019). Case Study on Security
Enhancement of Smart Factory. Journal of The Korea
Institute of Information Security & Cryptology,
29(3). 675-684.

[3] KOSF. (2014). Reference Model of Smart Factory.

[4] KOSMO. (2020.06.05.). Announcement on the revision
of detailed management standards for smart factory
supply and expansion projects. www.smart-factory.kr

[5] Y. H. Choi. (2019). A Model to Evaluate the Maturity
Level of SME Smart Factory Operation. Chungbuk
National University.

[6] B. Cornelius & W. Dominik. (2015). Manufacturings
next act. McKinsey & Company, 1-5.

[71 KOSMO. Introduction of Smart Factory.
www.smart-factory.kr/smartFactorylntro

[8] KOSF. (2017). Guidebook for 2017 Smart Factory.
Korea Smart Factory Foundation, 5-56.

[9] Ministry of Small and Medium Business. Statistics DB.
(2020.01.21.)
stat.mss.go.kr:8443/statHtml/statHtml.do?orgld=142&t
blld=DT_F40008

[10] Ministry of Small and Medium Business. Statistics DB.
(2020.01.21.)
stat.mss.go.kr:8443/statHtml/statHtml.do?orgld=142&t

blld=DT_F40009#

[11] B. Sauser et al. (2006). From TRL to SRL (The Concept
of Systems Readiness). Stevens Institute of

Technology, 1-10.

[12] F. Joseph A. (2010). Contextual Role of TRLs and MRLs

[13]

[14]

[15]

[16]

(171

[18]

(191

[20]

[21]

[22]

[23]

in Technology Management. Sandia National

Laboratories, 7-20.

MRL Working Group. (2011). Manufacturing Readiness
Level (MRL) Deskbook. OSD  Manufacturing
Technology Program, 7-32.

C. Machado & J. P. Davim. (2020). “Maturity level
assessment for industry 4.0 integration into Lean
Manufacturing”, /ndustry 4.0. Challenges, Trends, and
Solutions in Management and Engineering, 191-240.
ISBN-13: 978-0815354406, ISBN-10: 0815354401

KPC. (2015). A study of institutionalizing the smart
factory. Korea Productivity Center, 10-200.

E. Rauch et al. (2020). A Maturity Level-Based
Assessment Tool to Enhance the Implementation of
Industry 4.0 in Small and Medium-Sized Enterprises.
MDPI, 12(9), 1-18

DOIL: 10.3390/5u12093559

K. W. Jung et al. (2016). A Reference Activity Model
for Smart Factory Design and Improvement. NIST,
1-31.

Y. J. Cho. (2016). The suggestion of Implementing
Smart Factory System for SMEs. Korea International
Trade Association, 5-34.

J. C. Lee et al. (2017). A Smartness Assessment
Framework for Smart Factories Using Analytic
Network Process. MDPI, 9(5), 1-15.

DOI: 10.3390/su9050794

S. C. Oh & Y. H. Ahn. (2019). A Study on the Diagnosis
Measurement for the Smart Factory Level in the 4th
Industrial Revolution. Korea Logistics Review, 29(0),
149-162.

DOI: 10.17825/klIr.2019.29.6.149

R. Le & S. K. Chae. (2020). The Effects of Smart
Factory Technologies on Quality and Innovation
Performance in SME. Asia-Pacific Journal of Business
Venturing and Entrepreneurship, 15(3), 59-71.

DOI: 10.16972/apjbve.15.3.202006.59

J. H. Oh & J. D. Kim. (2019). A Study on Strategic
Utilization of Smart Factory: Effects of Building
Purposes and Contents on Continuous Utilization.
Asia Pacific Journal of Small Business, 41(4), 1-36.
DOI: 10.36491/APJSB.41.4.1

H. G. Kim. (2020). A Study on the Factors Influencing
on the Intention to Continuously Use a Smart Factory.
Journal of the Korea Industrial Information Systems
Research, 25(2), 73-85.

DOI: 10.9723/jksiis.2020.25.2.073



A & &(Doorheon Jeong) [2F3]3]
20159 8¢Y : SrFist HX|jwst
)

-20199 3¢ ~ @4 : SEHE 4
S PIEE

- TAIEoF ¢ HlHlo]E], dlo[Eutoly,
AfEHES)

- E-Mail : djcent15@gmail.com

ot & S(Junghyun Ahn) [HA5| 2]
-20184 89 : HiAHSIIL TESOL H]
2] 20l STHESHA
-20209 8¢ : FErista HgolE
(FAA

PR} © e, wiAlely
- E-Mail : jh.ahn991@gmail.com

Z| A 34(Sanghyun Choi) EEE)
19984 24 : d=arled 4973
H3sHZlEAY)

-1996¥ 99 ~ 20029 9¥ : LG
CNS FAHAHHE

20029 10¥€ ~ 20119 8¢Y : =
73Sl AFAAIAEZ SR

o
-20119 98 ~ E4 : SEHEgw 4




