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The diagnostic evaluation model for the smart factory operation system, established as a national standard (KS X
9001-3) in 2016, consists of 46 items in 10 categories. The level of smart factories has been quantitatively and
qualitatively diagnosed based on KS for 49 companies in the manufacturing sector, and this paper analyzed the data
of this diagnosis. It proposed the characteristics that could be based on the smart factory construction (specialization)
project by industry, and the priority promotion and convergence improvement areas among the evaluation areas to
improve the level of smart factories. This paper can be utilized in updating reference models by industry for the
development of smart factories, improving the level diagnosis models of smart factories, establishing policies

related to building smart factories, or establishing directions for improvement of companies.
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Table 1. Smart Factory Evaluation Areas and Detailed Evaluation Items by Evaluation Area

Field Evaluation Area Detailed Evaluation Area
. Understanding Smart Factory, Strategy and Implementation Plan for Smart Factory, Organization
Strategy | 1. Leadership & Strategy and Capability Management for Smart Factory, Performance Indicators(KPI) Management
2. Product Development Product Qevelopm'ent procedure, Product de.51gn‘and Vmﬁcatlon, Factory Design and verification,
Product information management, Technical information management
. Standard information management, Response to demand and orders, Mid-to Long-term, Production
3. Production Plan -
plans, Short-term production schedules
4. Process Management Estabhshmegt and Direction for work plans, Management for production progress, Response
to abnormality
Process . Quality information management, Quality standards and Documents management, Inspection
5. Quality Control X . .
data management, Inspection equipment and Measurement equipment management
6. Facility Management Facility operation me.magement, Facility conservation management, Maintenance and Repair
management, Mold/Jig/Tools management
Material requirement management, Order and Delivery date management, Incoming and
7. Logistics Operation | Outgoing management, Loading and Storage, Pick-up and shipment management,
Transportation/distribution information management
ERP(Enterprise Resource Planning)&SCM(Supply Chain Management) construction,
8. Information System | MES(Manufacturing Execution System) construction, PLM(Product Life cycle Management)
System & . . .
Automafi construction, FEMS(Factory Energy Management System) construction, Security management
utomation
. . Production facilities, Logistics facilities, Inspection facilities, Facility information network,
9. Facility Automation .
Energy/Safety/Environmental management
Performance | 10. Performance Productivity, Quality, Cost, Delivery date, Safety, Environment
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Table 2. Smart Factory Maturity Level and Characteristics

Ji-won Choi -

Tai-woo Chang - Jae-Hyun Bae

Level | Maturity Level Characteristics

1 Checking Simple state detected (not associated with external system)

2 Monitoring The detection results are shown to the external monitoring system as data

3 Control Information on detection resqlts is aqalyzed with or without abnormalities and the function is normalized
(compared to the reference information).

4 Optimization ¥ntegrat.ed inforrnatiqn and comprehensive control from the perspective of systen} .o.ptimization .through
interfacing between internal and external systems between upper and lower facilities and equipment

5 Autonomy Artificial intelligence and autonomous control of self-diagnosis and self-repair
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Figure 1. Structure of LDA

[‘IF

LDA EZndgL 93t EY =K A8x7) A A= 5
olfuglu|EH 2, of 2 Mol 4 E8) £ o 5} grolH,
EA gErdo] A2 AZ5 = s i & 4 S —6}—;4
2 =31 perplexity 202 &3} o] gro] A2 EY

do] BAE Z 9t & 4 QITHEum et al., 2019).

2~

T
KN

=
=

)
8

=
2

_ log{p(w)}
D

3y

d=1j=1

Perplexity(w) =

3. 945 2ohETY 47 24

3.1 dlolE 5

T TS Sl e Ad
FEFAA 102 7H’§°J%

AR Skt v‘f‘?%% 71202 127 ¢
$/120% 19 Y30 FEA, U3 9 250}
QS SUSol Y FEFY 719l B
e, B0 AR 5o ol 354 9] 29
4, 7170, AR5, AR, A%, A5 6 GFO2

s,

oy Hﬂulo_ﬂmimﬂx
o BN 4ru

Mz

Table 3. Distribution of Companies by Industry
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Industry | Code Mid Category Company
Metal C24 | Manufacture of basic metals 3
C25 | Manufacture of fabricated metal products, except machinery and furniture 4
Machine C29 | Manufacture of other machinery and equipment 13
C10 | Manufacture of food products 1
Fiber C13 | Manufacture of textiles, except apparel 4
Chemistry | C20 |Manufacture of chemicals and chemical products; except pharmaceuticals and medicinal chemicals 5
C22 | Manufacture of plastics and synthetic rubber in primary forms 2
C26 | Manufacture of electronic components, computer; visual, sounding and communication equipment 2
Electronics | C27 | Manufacture of medical, precision and optical instruments, watches and clocks 2
C28 | Manufacture of electrical equipment 3
Automobile | C30 | Manufacture of motor vehicles, trailers and semitrailers 7
Ship C31 |Manufacture of other transport equipment 3
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Code Industry 3 4 5 6 7 8 9 10
c10 Manufacture of food products 1.63 100 138 1.00 133 140 110 2.00
Cc13 Manufacture of textiles, except apparel 1.69 167 141 113 125 140 140 213
Manufacture of chemicals and chemical products; except
Cc20 K . i 209 142 146 103 125 105 136 142 129 230
pharmaceuticals and medicinal chemicals
Manufacture of plastics and synthetic rubber in primary
c22 1.56 1.50 1.63 140 233
forms
c24 Manufacture of basic metals 2.08 160 148 164 1.65 -
Manufacture of fabricated metal products, except machinery
c25 i 194 170 153 133 141 119 141 158 128 225
and furniture
Manufacture of electronic components, computer; visual,
C26 . L i 238 133 1.38 1.40 2.00
sounding and communication equipment
27 Manufacture of medical, precision and optical instruments, 219 183 194 121 156 125 146 165 153 231
watches and clocks
Cc28 Manufacture of electrical equipment 217 130 117 111 133 100 131 150 130 231
c29 Manufacture of other machinery and equipment 220 142 147 127 113 104 141 152 125 231
C30 Manufacture of motor vehicles, trailers and semitrailers 210 163 155 127 154 134 137 164 143 236
C31 Manufacture of other transport equipment 223 168 154 136 140 131 158 177 140 236
Total Average 214 153 154 134 136 1.18 142 158 136 231
Figure 2. Heat Map of Diagnosis Scores by Industry and Evaluation Area
Industry 1 2 3 4 5 6 7 8 9 10
Metal -0.14 014 -003 024 016 019 008 002 014 012 e
Machine 007 -010 -007 -007 -0.23 -0.15 -0.02 -0.07 -0.11 0.0 o1 || |||I| I | |I ||I || ||| I I
Ship 009 016 001 003 003 013 016 018 004 005 o0 1 I II"' I'l ! L |I 'll II — I|
Fiber Chemistry -0.04 -0.14 003 004 -001 -004 -006 -0.05 -003 -0.09 01 I I| |
Automobile -0.03 011 002 -006 017 015 -006 005 007 0.05 L=
Electronics 007 017 009 -015 011 -004 005 007 003 -005 -03
102 3 4 s 6 7 8 9 10
Average 214 153 154 134 136 118 142 1.58 136 231 mMetal ®Machine mShip  Fiber Chemistry m Automobile m Electronics
Figure 3. Mean Deviation of Evaluation Area Score by Industry
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Figure 4. Difference between Industry Average and Evaluation

Index Average

3.3 714 =] 9% skt

32404 VERd EAE0] 7R %
< To}3t7] 918 <Figure 5>9F %01
RO H[EE EE3AT 7199 R
gk F4719 B W 45 %PJ]
, AF RS

2 7P

ov, hE g
e ske A, A
Q1719 7 B S

&0

R

o, &

-

3k

st 5 71 ALEANME 7t

gQleti.

Figure 5. Number of Companies by Industry Type and Company

Size

b mteks Q8 71dr e SRAS
THHT WM, 2EA TS AT
& shetslith. ofxeol ol 742 570
o} 9 o], 227 56009 o4 71%)E Al skaL
AAS vl A FFHS, 22 o} 2
$-9] AAA 7} 242 0.65, 0.622 71 A2} 21}
A Z v glshe 2 o2 eyt 247} 4471 2]
<Figure 6 (a)>, <Figure 6 (b)>3} 2Tt

FAAR TR} J
S HREAR 42
o B % A2 WA
1% 3

3A

1= [e)

AEH S
7o

~

o<

T
I~
T

9

r® (M o ox

o

=
-
s
=]
pUS

X

o



45

40 °

Smart score

0 50 100 150 200 250 300

Sales (unit: a bilion)

(a) Sales and Smart score

o ==
23R 9T WGP AY 97
45
L
. ®
L ]
40 . e
° . .
L ] .
L 35
g * ¢ |
E g I .
5 a0 oyt L Lo :
e q °o
L] .. L] L]
e ° °
25
L
20
0 100 200 300 400 500 600

Number of workers

(b) Number of workers and Smart score

Figure 6. Correlation with Smart Score
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Table 4. Number of Reports by Industry and Number of Oppor-
tunities for Improvement

Industry Number of Reports Opportunity for
Improvement

Metal 7 442
Machine 13 1132
Ship 3 158
Fiber Chemistry 12 1117
Automobile 7 452
Electronics 6 692
Total 48 4003
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Figure 7. Perplexity for Determining the Number of Topics
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<Table 5>9} 2&& A7} EEFloH, YFEE o= B o, 7IAGFNM = VL, A Sl M= Ve, A r8tet
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Table 5. Topics Derived from Main Terms

Topic Main Terms Derived Topics
management, process, ERP, utilization, activity, unit, system, . ..
V1 g P Y 4 ERP-centric process management activity
mold, segment, enhancements
V2 KPI, inspection, preservation, competency, reflection, technology KPI-oriented inspection
indicators, input, mid- to long-term, program and conservation management
V3 record, standard, automation, strategy, condition Record and Standard management strategy
operation, criteria, order, research, SCM and SCM
system, propulsion, interlocking, BOM, organization . .
V4 4 P p . . g . g. . BOM interlocking System
aggregation, inspection, layout, mobile, inside
process, system, barcode, necessary, operation, production plan . .
\'Al . . Process Operation System Using Barcode
evaluation, warehousing, manager, model
V6 monitoring, occurrence, integration, development, foresight Predictive preservation monitoring
establishment, execution, key, training, status and training
real-time, data, linkage, progress, line, introduction . .
\%i . £¢, Prog . Link between real-time data
acquisition, customer, level, addition
monitoring, quality, information, analysis, plannin. = . . L.
\% . & 4 ,y . .y . P . & Vision-driven quality monitoring
scheduling, changing, vision, packaging, installation
Vo facility, MES, product, time, anomaly, phase, base, purchase, partner, MES-centric facility abnormality
APS management
V10 system, inventory, performance, field, automatic, utilization Material Inventory Management
management, material, registration, PLC and System Control
Vi1 automatic, construction, task, system, registration, design, Automated data collection and
project, improvement, organization, collection Construction of registration system
V12 function, material, production, work, defect Strengthen production capabilities to
instruction, order, element, goal, failure achieve objectives

Table 6. Number of Documents by Industry

Topic/Industry Metal Machine Ship Fiber Chemistry Automobile Electronics
Vi 35 96 16 317 37 54
V2 22 94 16 335 49 58
V3 28 67 15 283 31 55
\¢Z} 36 89 10 325 46 58
V5 50 92 5 318 41 53
V6 27 109 22 358 33 71
\%4 51 87 14 342 34 50
\% 39 80 13 326 35 55
V9 41 86 11 299 25 38

V10 38 98 12 323 32 48
Vi1 38 134 15 408 35 83
V12 39 102 11 369 56 63
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Table 8. Detecting Multicollinearity Using Variance Inflation Factor

3. Production Plan

6. Facility Management

9. Facility Automation 10. Performance

VIF 1.18 1.60

1.58 1.07
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Table 9. Correlation between 10 Evaluation Area Scores
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Figure 8. Strong Correlation between Evaluation Areas

X1 X2 X3 X4 X6 X7 X8 X9 X10
X1 1.00
X2 0.29 1.00
X3 0.30 0.65 1.00
X4 0.14 0.28 0.35 1.00

X5 0.14 0.67 0.57 0.37 1.00

X6 0.06 0.53 0.38 0.47 0.51 1.00
X7 0.24 0.73 0.55 0.46 0.47 0.58 1.00
X8 0.47 0.76 0.69 0.53 0.56 0.55 0.77 1.00
X9 0.22 0.46 0.30 0.37 0.42 0.57 0.50 0.53 1.00
X10 0.34 0.20 0.05 0.06 0.02 0.15 0.25 0.22 0.26 1.00
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