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Abstract This study analyzed the relationship between Smart Factory core technologies and Lean System
tools. First, through literature review, the core technologies of Smart Factory and Lean System were
reviewed. Then, based on previous studies in the literature, the results were derived by an expert group
analyzing the interrelationships. The result of the study mentions that most of the Smart Factory
technologies showed a strong influence relationship and a weak influence relationship in level
3(Advanced stage) of the Lean System. In the case of the Lean System level 2(System-up stage), the
distribution of Smart Factory technologies yielded similar results. But, as an exception, there was no
influencing relationship in 3D printing. Finally, for level 1(Governance building stage) of the Lean
System, the Smart Sensor technology was confirmed to have a strong influencing relationship with all
Lean System tools. Hence, the Smart Factory core technologies will further advance the tools of the lean
system, which at present have slow growth. In addition, it will become a growth engine that can

transform an ordinary factory into an intelligent and smart factory.
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Fig. 1. Comparison of activity items between Lean
System-based Factory and Smart Factoryl[4]
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Table 1. Technologies applied to Smart Factory
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Fig. 3. Smart Factory Core Technologies[16]

Na et al. (2020)—5_’—_ ATLE 27 A4 7]1&S AR o
E(oT), F2H-E(Cloud), ¥ HlolE(Big data), &

A5(AD, E—‘"i(Robot) 7V/E7/ S H(VR/AR/MR),
txg EHDT), 3D ZAYBD Printing) 22 25}

No Smart Factory Technologies References
D@1 |® |6 |6 |0 |® |0 |0 |0|B | 6|66 |6
1 IoT/IloT ®©® | ® | ® | ® | ® | ® | ® | ® ® | ® | ® ® | ®|®
2 CPS/CCPS/DT ® | ® | ® | ® | ® | ® | ® | ® ®
3 Cloud Computing ®© | ® | ® | ® | ®  ® | ®© ® | ®© | ® ® ® | ® | ®
4 VR/AR/MR ®©® | ® | ® | ® | ® ® ®©® | ® | ® | ® | ® | ® | ®
5 Big data & Analytics ® | ® | ® ® | ® ® | ® ® | ® ® ®| ®©® ®| ®©|®|®
6 Al ® | ® ® ® | ® | ® | ® | ®
7 5G ®
8 3D Printing ® ® ® ® ® ® ® ® ®
9 Robot/AGV ® | ® | ® ® | ® | ® | ® | ® ® ® | ®
10 Blockchain ®
11 RFID ® | ® ® ®
12 Smart Sensor ® | ® ® ® O]
13 Energy saving ® | ® | ®
14 Mobile/Smartphone ® ®
15 Intelligent Control ®
16 Cyber Security O] ®
17 Smart products/parts/materials ®
18 IT based production management ®
19 Technology & Process ® O]
20 Real-time data ®© | ® | @®
21 Real-time monitoring ® | ® | @
22 Digital Automation ® | ® ®
23 Simulation ® ®
24 System Integration ®
@®-[B] @-[16] ®-[14] @-[171 ®-[18] ®-[191 @-[7]1 ®-[20]
©-[211 @©-[22] @-[23] @-[24] @-[2] @-[11] G-[6] @6-[25]
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(Autonomous robots), AlEH oA (Simulation), Al
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Table 2. Commonality Analysis of Lean Production System Tools

References
o Lean System Tools ielolaloleololeo o o lolels
1 TPM ® ® ® ® ®
2 Continuous improvement(Kaizen) ® ® ® ® ® ® ® ® ®
3 Proposal system ®
4 Multi-functional workers ® ® ®
5 Set-up time reduction ®
6 Heijunka ® ® ® ® ® ®
7 Pull ® ® ® ® ® ® ®
8 Flow ® ® ® ® ® ® ®
9 Kanban O] O] O] O] O] O] ®
10 Lot size reduction O] ®
11 Autonomation(Jidoka) ®
12 Line-Stop(Andon) ® ®
13 58 ® ® ® ® ® ® ®
14 VSM ® ® ® ® ® ® ® ® ®
15 JIT ® ® ® ® ®
16 SMED ® ® ® ® ® ® ®
17 Visual management O] O] O] O] ® ®
18 Waste reduction O] O] O] O] O] O]
19 Standardization O] O] O] O] O]
20 Fool Proof O] O] O] O]
21 Employee orientation(involvement) ® ® ®
22 Education/Training ®
23 Planning and strategies ® ®
24 TQM ® ®
25 KPI O] ®
26 Quality Circle(QC) ®
27 FMEA O]
28 DMAIC ®
29 Time and motion study O]
30 Perfection(Quality-Based) ®
31 Safety improvement ®
32 Process capability measurement O]
33 New process equipment/technology O]
34 Cycle time reductions ®
35 Focused factory production ®
36 Information system ®
37 Reengineered production process ®
38 Competitive benchmarking ®
39 Cellular manufacturing ® ®
40 Suppliers ®
41 Takt time O]
42 OEE O]
43 Zero defect ®
®-[33] @-134] ®-[21] @®-[35] G-130] ©®©-[36] @-[5] ®-[31] ©-[32] ©-[37] @-[38] @-[39] ©-[40]
9] L AHtE T ARTtel AR HAHRE 508 3.1.2 AOIE 3% 7l 5% it
ofzfiel o] 26708 dste] dufo] FAG HAISHIT: OHA] (Table 1)ol4 APATE Eslo] T&31 247
o AnlE B M8 71&50] e 8-S WA 18
Table 3. Delphi Survey Expert panel composition 9] 9JAL Z=Fslo] Wulo] 1x} BAL Al FES
Division Number Career Ol—ﬂ]g] (Table 4>9]' @01 147H '@—%_O_E E%ﬂi’iiti
Professor 1 32 O]ET‘;]‘A] 17—(]' Tfj__].\‘j]—o] —%—/\]'01]/\—1 /}:Pg% 147“ 63"2‘% @%7}
Smart Factory Expert 6 28 fdEL 53) 22} dajlo] ZALS AA|SHT)
Professional Consultant 9 26.7
Corporate Expert 10 18.6
Total 26 24.1
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Table 4. Delphi Survey Results of Smart Factory Multifunctional workers | 2.85 | 3 | 1.008 |-0.462| v
Technologies SMED 408 | 4 |1.055 0462
ABC 2.88 3 0.993 |-0.462| v
. Remove
Category Mean |Median| StDev | CVR d items Visual Management 4.08 4 1.017 | 0.385
IoT 4.65 5 4.485 | 1.000 Continuous Improvement| 4.12 4 10711 | 0.769
Cloud 4.54 5 0.582 | 0.923 58 4.50 5 0.510 | 1.000
Big data 4.50 5 0.510 | 1.000 Standardization 4.19 4 |0.634|0.769
Al 4.35 4 4.485 | 1.000 Education/Training 3.46 4 0.905 | 0.154 v
Robot 4.46 5 0.761 | 0.846
VR/AR 4.38 4 | 0.637 | 0.846 3.1.4 AOIE 2 7|21} 21 A|AE! 7to| T}
5G 3.58 4 0.857 | 0.308 v N
3L o] 1 kel
Digital Twin | 427 | 4 | 0533 | 0.923 AUtE 3 7lEd © AlLE mete] A it
Smart Sensor 412 | 4 ]0952 0692 dlulo] 33} BAS ISttt ehA dxfo] 23 RALe]
RFID 3.58 4 0809|0231 | v A AARE AnfE 23 97119] 7]&o] H AAHS] 127}
3D Print 4.12 4 0.816 | 0.615 2] Eeto] A5 A o] gk AES 54 Hrg st
Blockchai 2.77 1.070 | -0.462 4 = -
ockchain s gk 2t F=9| 7152 N S9AE 43 ool
Energy saving 3.19 3 0.939 | -0.154 4 Lo 30 1o
Mobile/Smartphone | 3.04 3 1.038 | -0.231 v CVR %= 0.37 0] © o]—ME]-,

o] 4.0 mlgko]s, CVR o] &4 712 3t 0.37°0
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Table 5. Delphi Survey Results of Lean System Tools

Remov
Category Mean |Median| StDev | CVR | ed
items
VSM 4.19 4 0.749 | 0.769
TPM 4.62 5 0.637 | 0.846
Fool Proof 4.27 4 05330923
Heijunka 4.50 5 0.648 | 0.846
Employee Involvement | 3.81 4 0.801 | 0.308 4
Pull System 4.42 4 0.578 | 0.923
Flow Production 4.15 4 0.784 | 0.692
Autonomation 4.46 4 0.508 | 1.000
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A AA”T AULE 34 7]Eeno] A9 IF A=
£ 2 FESI] A5 9F Ao st 7|ES of
29| (Table 6)7 Zo] Aot 738t FF TA'&=
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Table 6. Interpretation Criteria for Results

Division Mean Median CVR
Strong influence over 4.00 over 4 over 0.37
Weak influence less than over 3 -

4.00~over 3.00
less than 3.00

No influence

dnto] 32} 2AF A3} gE2 (Table 7>0l Uelfiglon,
W8-S AmEy ohext gt 3, 3TA(2 st TA)2
FES ATEY, 7HREEE(VSMekE AFEIEY
(IoT), 4 HlolEl(Big data), HAREADT)S 733t J3F
AR Ul Z9E(Cloud), ATASAD, 2R
(Robot) 93t 93 AR Uehdtow, 7M/5dd4
(VR/AR), AFFEAIA(Sensor), 3D ZJY(BD Print)2 A
e 34 71g0] 9T AL gl A0E FERIE:

TPMollA4l= [oT, Robot, VR/AR, DT, Sensor & 571
71&2 73T 9% IAR YEeH, Cloud, Big data,
AL 3D Print 5 470 71&2 2Rt ¥ BA= UEh, &
nlE 34 7le 97 B T viRe AoE FRIEQIh
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Table 7. 3rd Delphi Survey Results (Relationship between Smart Factory Technologies

and Lean System Tools)

Level Lean tools Division Smart Factory Technologies
IoT Cloud |Big data Al Robot | VR/AR DT Sensor |3D Print
Mean 4.15 3.73 4.31 3.54 3.38 2.23 4.12 2.54 2.15
VSM Median 4 4 4 4 4 2 4 3 2
StDev 0.834 0.874 0.736 0.989 0.941 0.908 0.711 0.948 0.967
CVR 0.769 0.308 0.846 0.308 0.154 -0.923 0.615 -0.846 | -0.769
Mean 4.27 3.62 3.69 3.54 4.46 4.15 4.31 4.42 3.38
TPM Median 5 4 4 4 5 4 4 5 4
StDev 0.962 0.941 0.838 0.948 0.761 0.881 0.736 0.758 0.941
Level 3 Advanced CVR 0.769 0.308 0.462 0.231 0.846 0.538 0.846 0.692 0.077
Mean 4.19 3.42 4.54 3.65 4.27 4.04 4.08 4.54 3.35
Median 4 4 5 4 4 4 4 5 4
Fool Proof
StDev 0.694 0.902 0.508 0.977 0.604 0.662 0.796 0.647 0.892
CVR 0.846 0.154 1.000 0.308 0.846 0.615 0.615 0.846 0.154
Mean 4.46 4.08 4.65 4.19 3.38 2.65 4.23 2.85 2.54
Median 5 4 5 4 4 3 4 3 3
Heijunka
StDev 0.582 0.744 0.629 0.749 0.898 0.892 0.765 1.190 0.948
CVR 0.923 0.692 0.846 0.769 0.231 -0.692 0.769 -0.231 | -0.769
Mean 4.38 2.35 431 3.50 4.12 2.77 3.15 3.31 2.35
Median 4 2 4 4 4 3 3 3 3
Pull System
StDev 0.571 0.977 0.736 0.990 0.653 1.032 0.967 1.011 0.892
CVR 0.846 -0.769 0.692 0.231 0.846 -0.538 | -0.308 | -0.231 -0.923
Mean 3.54 2.58 3.23 2.58 4.35 4.38 4.27 3.19 2.54
Level 2 System Flow Production Median 4 3 £ 3 > > 4 4 5
start-up StDev 0.811 0.902 0.908 1.065 0.745 0.804 0.724 0.981 1.029
CVR 0.308 -0.846 | -0.077 | -0.538 0.692 0.769 0.692 0.077 -0.692
Mean 3.62 3.31 4.54 3.58 4.58 2.50 431 4.50 2.85
Median 4 4 5 4 5 3 5 5 3
Autonomation
StDev 0.752 0.838 0.647 0.945 0.857 1.030 0.838 0.812 1.190
CVR 0.231 0.000 0.846 0.385 0.846 -0.615 0.692 0.615 -0.231
Mean 4.23 3.19 4.15 2.62 2.54 3.54 3.46 4.38 4.19
Continuous Median 4 3 4 3 3 4 4 5 4
Improvement StDev 0.908 0.981 0.613 1.061 0.859 0.811 0.905 0.852 0.849
CVR 0.692 -0.077 0.769 -0.538 | -0.846 0.385 0.308 0.846 0.769
Mean 3.50 2.81 3.42 3.12 2.77 4.12 2.81 4.04 2.65
Visual Median 4 3 4 3 3 4 3 4 3
Management StDev 0.906 1.021 0.857 1.177 0.908 0.864 1.132 0.999 1.056
CVR 0.308 -0.385 0.231 -0.308 | -0.538 0.538 -0.154 0.538 -0.692
Mean 3.27 2.77 3.58 2.81 3.46 4.58 4.38 4.46 4.27
Governanc Median 4 3 4 3 4 5 4 5 5
Level U puilding |~ SMFP SDev | 0874 | 1.107 | 0902 | 1167 | 0905 | 0.758 | 0571 | 0761 | 0.874
CVR 0.077 -0.462 0.308 -0.231 0.077 0.846 0.923 0.846 0.615
Mean 3.23 2.77 2.85 2.50 2.77 4.38 4.54 4.12 2.12
s Median 3 3 3 3 3 4 5 4 2
StDev 0.951 0.992 1.190 1.208 1.032 0.637 0.706 0.653 1.033
CVR -0.077 | -0.538 | -0.231 | -0.462 | -0.538 0.846 0.923 0.692 -0.692
Mean 4.42 3.50 3.73 3.19 4.08 3.42 3.54 4.23 2.69
o Median 4 4 4 3 4 4 4 4 3
Standardization 7o 170,587 | 0990 | 1.041 | 0.981 | 0688 | 0.945 | 1.140 | 0587 | 1158
CVR 0.923 0.077 0.154 -0.231 0.615 0.154 0.308 0.846 -0.538

Strong influence

I

Weak influence

L]
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DT, Sensor & 67§ 71&°] 73 943F FA- N UL,
Cloud, Al, 3D Print 5 37 7]&2 2Rt 9% A=
e

A Z5 Heijunka)+= IoT, Cloud, Big data, Al,
DT & 571 71&0] A%t 93 A= YeRHaL, Robot

& oFst I3k 4|, VR/AR, Sensor, 3D Print = An}f
E I3X 7|&o] 9% A7} gle Aoz ERIEHI

=4, 22ARAE A1 A
(Pull) Al&"o A= 0T, Big data, Robot, VR/AR 5
471 71&0] 733t d&F TAZ YErtal, Al DT, Sensor
S 30 7le2 st A IAE JERECeH, Cloud,
3D Print & IF TAVL gl= ZA0& A=A

SE(Flow) AJAtoAl= Robot, VR/AR, DT 5 37K
71o] A% FF TAE YERHL, 0T, Big data,
Sensor & 370 71&2 Rt ¥ WAE YEHL,
Cloud, Al 3D Print 5 37 71&2 9% A7} ¢l=
Zog gl Ut
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FES AEY,

DT, Sensor & 471 7|&o°] 75t 4T FA} A+ A2
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A7 Q&= Ao2 YERFI, VR/AR, 3D Print & F
F AV gl AR YETh

AR, 1DAARAL 15 DAY FES ATHEH,
A2 X (Continuous  Improvement)ol A= IoT,
Big data, Sensor, 3D Print 5 47 7]&°] 7%t 4k
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Robot & ¥ BA7L gle A2E YEyTh

Fog HE I(Visual Management)oAE
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%1, IoT, Big data, Al 5 371 7|&2 oSt 9&F &4
7F &= Ao YeRHEa, Cloud, Robot, DT, 3D
Print 5 47 7€ 9% A7t gl o0& Uyt

w2 WA|(SMED)OIAl= VR/AR, DT, Sensor, 3D
Print & 471 7]&o] 75t 9 A7} = A= YEt
WAL, IoT, Big data, Robot 5 37l 7|&2 oFst I3
A7 Y= AoE YeREI, Cloud, Al & ¥ T4
7t = AR ERIE

5S oAl VR/AR, DT, Sensor 5 371 71&o] 23t
B BA7} = ACE UEDL, ToT += 3% 9 &

L B S

o]
~
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A7t 3L, Cloud, Big data, Al, Robot, 3D Print 5
570 71e2 FF AT Y= ZAoE FRIF

F=9KStandardization)o|41= IoT, Robot, Sensor
S 0 71E2 A% 9F AT A= AoE YE,
Cloud, Big data, Al, VR/AR, DT & 57i& kst 9%
A7} e Ao=2 UERSD, 3D Print + 9F TA7}
gt Ao=Z FRIFALH

m Strong influence  m Weak influence No influence
37%  36%

53%
36% 37%

3% 33%
II | I :

Level 1 Level 2 Level 3

Fig. 4. The Degree of Influence of Smart Factory
Technologies on Lean System Tools
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gom, JF BA 1YL (Fig. 52 UeRit
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Fig. 5. Influence Relationship Diagram



20tE 349 7]s0l & IAEM =rotel @AY HAEEADDE T Y % 3749 2AHE Fot
ofHt P& MAEA HEHAR =33 ARS of  JHAsket /-85 28d 5 Sl
e o] A% 5 Stk A8 ESHHeijunka)?] B4 T4 Fefe] 1

THEE=(VSME Az H EF 45 559 79

oX
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A B8 HUSHE Ao BAoltHs], oleldt meAL g ¥l Holeieh AR el asit £W, 9AE
I B4 WA BEE Hofste] YulE AAN]  EADTIS B3 HA) AL 98 34 doloree
of 3t} AYEADDE Bstel 12 A2 o] @Sk 5ol 8ol Fhssict.

o] ddstel AAZE ARE o A 58S E(Pull) BANE 24 T AHlE AR Ay

solst 4AE X 580 Yz 249 HASE 2 Adstel 34 79 dolHE S4ska, 1A 4R

2% = Stk Hol" £3& AE3letd dolE =1 & BAste] 8T T ()38 BAPIRE H(H)
o 28F= ARG 25F 7Hs/do] EolE0] 7HASE BP0 AR AL o]0, EFF FA 7k 5F
£ FIAZ 4 Slth4ll < 20| BAT 4 Qi

TPM(Total Productive Maintenance)2 48]9] H] 5 E5(Flow) AB4t& Hloff dlole =33 o] Fg
olElE 4, BAsto] AYEADT)E o HH9 o1, YANLEADT)E &9l 374 HA9 555 &4
AU RA RS 0k 20, VR/ART 22 7VF #E 7] @ 4 3L 0‘:“] ATELCRE SEAE F73 &= Sl
&7} 9t v E fAZe |9 xgog Huje]o] Az XFQ(Autonomatlon)L AR QIEY
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A5 A|(Fool Proof)e 2%l Y& AEl 4& A% 7H(Continuous Improvemennol A AHg
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AASKE ACIEE). Avh= A4St Aol B4 58 4 Fof /e s, 3D Zdgow A FAAUS
83to] FARAL %) Mulo] HA2e AFoR 24 5 ZRE HY AR ARTORA A&HQ A4

@ 5lu, 20w Sl A6S AN, VRAR, S AAE 4 5IF

Table 8. Influence Matrix between Smart Factory Technologies and Lean Systems Tools

Smart Factory Technologies
evel Lean System Tools loT | Cloud f;fa Al | Robot | VR/AR | DT SS:;;; Pargn
VSM [} © [} © © o [} O O
Level 3 TPM [} © © © [ ] [ ] [ J (] ©
Fool Proof [ ] © [ ] © [ ] [ ] [ ] ([ ] ©
Heijunka [ ] (] (] [ ] o (@] [ J O O
Pull System [ @) [ © [ J O © (©] (@]
Level 2 Flow Production © O © o [ ] [ ] [ J © O
Autonomation © © (] o [ ] (@] [} (] O
Continuous Improvement [ J © [ J @] @] @] © [ [
Visual Management © @) © © O [ J (@] [ ] (@]
Level 1 SMED o O © O © [} [} (] (]
58 © O O (@] (@] [ ] [} [} O
Standardization [ ] © © €] [ ] €] €] (J O
@ : Strong influence(m= over 4.0), © : Weak influence(m= over 3.0),

O : No influence(m= less than 3.0)
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