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Abstract This study identified smart manufacturing technologies using patent and topic
modeling, and compared the technology development trends in countries such as the United
States, Japan, Germany, China, and South Korea. To this purpose, this study collected patents in
the United States and Europe between 1991 and 2020, processed patent abstracts, and identified
topics by applying latent Dirichlet allocation model to the data. As a result, technologies related
to smart manufacturing are divided into seven categories. At a global level, it was found that
the proportion of patents in ‘data processing system’ and ‘thermal/fluid management’ technologies
is increasing. Considering the fact that South Korea has relative competitiveness in thermal/fluid
management technologies related to smart manufacturing, it would be a successful strategy for
South Korea to promote smart manufacturing in heavy and chemical industry. This study is
significant in that it overcomes the limitations of quantitative technology level evaluation
proposed a new methodology that applies text mining.
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Table 1 Number of patent applications by country

Rank County

No. of Patent Share

1 Us 3,897 51.6%
2 Japan 349 4.6%
3 Germany 326 4.3%
4 Cayman 305 4.0%
5 China 292 3.9%
6 Taiwan 166 2.2%
7 UK 147 1.9%
8 South Korea 137 1.8%
9 France 118 1.6%
10 Netherlands &85 1.1%
Etc. 641 8.5%
Not informed 1,092 14.5%
Total 7,555 100.0%6
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Table 2 Number of patent applications by IPC

Rank IPC No. of Patent Share
1 HO1L21 492 6.5%
2 GO6F17 342 4.5%
3 HO1L29 279 3.7%
4 GO05B19 251 3.3%
5 GO6F19 196 2.6%
6 HO1L27 171 2.3%
7 B29C64 160 2.1%
8 HO1L23 154 2.0%
9 G05B23 153 2.0%
10 B29C67 125 1.7%
11 GO6Q10 124 1.6%
12 FO1D5 113 1.5%
13 HO4L29 112 1.5%
14 B22F3 103 1.4%
15 A61F2 90 1.2%
16 GO6K9 88 1.29%
17 HO4L12 &6 1.1%
18 GO6F15 79 1.0%
19 B23K26 78 1.0%
20 GO6F3 73 1.0%
Etc. 4,286 56.7%
Total 7,555 100.0%
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Table 3 Set of keywords by topic (LDA result)

Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7
material data data wall build system material
layer device image sensor model cooling structure
surface storage sensor beam assembly machine dim%}}lrgﬁ)nal
region system circuit value body tool node
substrate network control layer feature device printing
semiconductor information edge signal signal surface layer
device process system device cell data powder
metal production detection light flow support data
collection model channel surface wireless service charging
additive product signal laser location  communication metal
gate user power output memory fluid polymer
electrode virtual parameter direction chamber module process
structure parameter line article circuit member pattern
alloy layer state information flexible section model
contact gate terminal channel shaft platform composition

Table 4 Top 10 IPC codes by topic

Rank Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7

1 HO1L21 GO6F17 G05B23 GO6F17 GO6F17 FO1D5 HO1L21
2 HO1L29 G05B19 GO6F17 A61B5 A61F2 G05B19 B29C64
3 HO1L27 G06Q10 G05B19 B23K26 B29C67 GO6F19 B29C67
4 HO1L23 G05B23 GO6K9 GO6F19 B29C64 GO6F17 HO1L29
5 B29C64 GO6F19 GO6F19 B22F3 G05B19 HO4L29 B22F3
6 B22F3 HO04L29 GOINZ7 G05B19 A61C13 GO6F15 GO6F19
7 HO1L31 HO041.12 HO041.12 FO1D5 GO6K9 B23K26 GO6F17
8 A61F2 GO6F3 B26B19 B29C67 GO6F19 F02C7 HO1L27
9 B29C67 GO6F21 HO041.29 GO6K9 G11C11 A61C7 G05B19
10 GOZF1 GO6F15 HO4WT72 GO1B11 G06Q10 FO1D9 B23K26

Table 5 Identification of technology areas

. Technology Keywords from

Topic Related IPC codes
P area LDA
Semicondu . HO1L21 (Processes/apparatus specially adapted for the
material, layer, . . .
ctor ; manufacture/treatment of semiconductor/solid state devices),
surface, ) . . e
1 technology conduct HO1L29 (Semiconductor devices specially adapted for rectifying,
semiconductor, . . o . ..
used in devi X amplifying, oscillating or switching), HO1L27 (Devices consisting
evice, gate, ) . .
material lect dg of a plurality of semiconductor formed in or on a common
electrode . ) .
manufactu substrate), H01L.23 (Details of semiconductor/other solid state
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devices), B29C64 (Additive manufacturing or additive layering),

ring and . .
. B22F3 (Manufacture of workpieces from metallic powder
processing i .
characterised by the manner of compacting)
Dat data, device, GO6F17 (Digital computing, data processing methods), GO6Q10
ata . ) . . .
. storage, system, (Administration; Management), GO6F19 (Digital computing or
rocessin ) ) . o
2 P ; & network, data processing equipment/methods, specially adapted for specific
system ) . L .
Y information, applications), H04L29 (Arrangements, apparatus, circuits or
technology
process systems)
Process control, system, GO05B23 (Testing or monitoring of control systems), GO6F17
manageme detection, (Digital computing, data processing methods), G05B19
3 nt and channel, power, (Programme-control systems), H04L12 (Data switching
control parameter, line, networks), HO4L29 (Arrangements, apparatus, circuits or
technology state, terminal  systems), HO4W72(Local resource management)
Measurem GO6F17 (Digital computing, data processing methods), A61B5
ent and sensor, beam, (Measuring for diagnostic purposes), GO6K9 (Methods or
4 recognitio signal, output, arrangements for reading/recognising printed/written
n direction characters/patterns), GO1B11 (Measuring arrangements by the
technology use of optical means)
Manufactu build del GO6F17 (Digital computing, data processing methods), A61F2
) uild, model, o .
. ring v, bod (artificial substitutes/replacements for parts of the body),
assembly, body, ) .
Modeling v . y B29C67 (Shaping techniques), GO5B19 (Programme-—control
memory, circuit
technology systems)
F01D5(Blades; Heating, heat-insulating, cooling, or
Thermal/fl . )
) . antivibration means on the blades), G0O5B19
uid system, cooling, . .
. . (Programme-control systems), GO6F19 (Digital computing or
6 manageme machine, device, . . ]
. data processing equipment/methods, specially adapted for
nt support, fluid o . . . .
specific applications), FO2C7 (Air intakes for jet-propulsion
technology
plants), FOID9 (Stators)
material, three HO01L21 (Processes/apparatus specially adapted for the
Additi dimensional, manufacture/treatment of semiconductor/solid state devices),
itive . .. . .. .
fact printing, layer, B29C64 (Additive manufacturing or additive layering),
manufactu ) ) ) .
7 . powder, metal, B29C67 (Shaping techniques), HO1L29 (Semiconductor devices
rin
. i ) polymer, specially adapted for rectifying, amplifying, oscillating or
echnolo o . .
&y pattern, model, switching), B22F3 (Manufacture of workpieces from metallic
composition powder characterised by the manner of compacting)
gk o] % 7 539 i IPC A=(53] Table 3o AAlH B o] Y3} Table
AAE 559 IPC 5 3 ¥4 IPO)E 4 W) 4o AAE ELE AF9 IPC Z==25YH AR
Atomx EFHEE IPC 2= FAE #Y9T 5 =9ed 7 Ede] ¥ gle Ve #
F oAtk 4 99 g9 IPC mES AEshd okE uwd WEs #2% + Arh Table 5
Table 49} #Zt} 7t B0l sEste 7le EokE A¥Eete Hel
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Table 39} Table 4258 g3 HE
gk Aoy}, o]& &3 Topic 12 =2
Fo| &85+ "=A 7], Topic
A Alzdl #AH 7%
Al o]

Topic 3<&
=4 49

714, Topic 4=

Topic 5+ AZ =248 7|<%, Topic 6=
A el 7%, Topic 72 A= #Ax 7]
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N5 7 7Rt 28 Eoke] oAl Al
B 7lEEolgte= Aol FelHn). o= A shd,
Table 69} 2t}

Table 6 Application and type of technology area

Technology area Application Type
Semiconductor
technology used in
yosy . FA D
material manufacturing
and processing
Data processing system
P &5 FO, FA P
technology
Process management
& FO A, P
and control technology
Measurement and
.. FA D
recognition technology
Manufacturing Modelin
& £ FO,FA P
technology
Thermal/fluid
FA A P, D
management technology
Additive manufacturin
£ Fa D

technology

FO: Factory Operation, FA: Facility Automation,

A: Application, P: Platform, D: Device

52 Aldd Ef H|FE HE 4

o Azte] 56 wE By A7
A B Fig 39 Zth o7]x4 E¥e 7]
51404 &3 Ede EX 7+ 19 1 =

T

O:

ﬁﬂre &-g-8fo JJrWi.; T stk &, 7 B
WA 589 5 AA 589 2 Ywom
}>L1FE‘PJH]%P%§" ATt

2001 2002 2003 2004 2005 2006 2007 2008 2009

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

—e—Topic1 —=Topic2 —#-Topic3 —=Topic4 -e-Topic5 -a-Topic6 -&-Topic?7

Fig. 3 Topic sizes by year

< (Topic l)TJr HZ Ax 7]%(Topic

2010‘:177}X H]Fo] F7Fsth7l 20104 9]
FAE Hol= Wk, dlolE Az
A el 7] <& (Topic 2)¢+ %Xé o] -Ao] 7]

< (Topic 3)2 2L ®RHOIZ AA 7& F

= H]Fo] 20106 ol MR e A Ao Al 2010

5]

o]

>
>
)
.
0

o]% ZF7HAR wWslgk Ao ettt 4
A &g 7]&(Topic 6)2 20103 Hol+=
HlFo] F7Fst #HAE wHEsiort 20109 o] &
FE FEEsh F7HAE Holal gtk

71 (Topic 4), Al 247 7]%(Topic 5)<
543 EdEE HolAw 1 dom FUhet
A7y FUIHoR MRy = FES B

z;(q I:ﬂ o]
L=,

7O

_74_



Journal of the Korea Industrial Information Systems Research Vol.27 No.4, Aug. 2022 :65-79

o] Z T3] AvlEAZR FobdA VEEMNE=T}
2010W & 7oz Wslst Aoz AddE 5 9 us
om 2010 o]FREE ~ntEA xR &=
T v oy A A"l #AHA V=, E-f
A g 7=, 34 A -Ao Tey #Hdg
7l=e] o]l ojdmtt gdiHom szl
Aoz B £ Qo 53] deoly A Al~H
A#H 7)Eo AS, 2018d o]FREE Y& 7V
= okel HuE W PEAQ HFS Hola
Aol FF AH 7w A& galo] o Th
2 Az g85H= W=A Ve 4A
of vl HA 7]zelA AA|sh= vlFo] Bol 3

Asl7)E @ARE H2 doly Ag Alad #
| o) F7ksk ¥ FF oA 0P ke
1oz ol dlg 71&9] 201972020
ol¢} e 7heAdS HojFEh

e a2
r1r S

(&)
w
4
)
H
T3
fm

o uE ulm B4

—&— Topic 1 —#— Topic 2 —8— Topic 3 ——Topicd = ®— Topics — k= Topics — 8- ’upm:i

w7 B9 wEe
S7te] F¢ J% o
Aol A= sulEA
soboliA Az FA
EEC TR
el = uEe

Fo GF 2vpEAZ V)

=
&l

o
ol
x
¥ in
2o

12

PN
e o

Germany

Qoo X
A e Ay
D{g
RH
o

2

T
i I S Mo

-
ol

e ox
Hd
o fo
£ oo
=
o

=

=
o
kol
N

it
>
o
L
X
1

2 o
©
r_%
_I-Ll
N
NS
N
NS
—lN
K
rﬁ
tlo
N
)
D)
X
>
2 o2

T 12 o HI %o
L VR T o e B A

ob 1@
tl o
i
e

X0
o
H
N
&
fm
)
=
o
o
k1
e 2L

do |o
o Hu
Baol
N T
s
~
2

ol
RN
_E
il
e
oo
} oot
lo 4
fr
rx
M

53
2 By wFEe A= Fig 4= v .
=3 %%, %01, o, ghare] 201245 2020

AA 1 Be F FU0] v H4 “
=a7k QAo 50065 et W, W .

1w B o us e Y Edcss)

WO ealsith ZeW Edcol npAs AR o ol TopieE R —Tops e TopicE e~ Topes — A Tepc= A= Tope]
ol 3= 20189 o] F dlolg Hel Alawl #u

71%(Topic 2)°] H& 7| wofRt 953 =

e MEe AL Y= Aow Ueu =

_75_



Analysis of global trends on smart manufacturing technology using topic modeling

South Korea

Fig. 4 Topic sizes by country

Table 7 Main technology areas by country

A 39 dlel =LA Fke A g,
7l& T,‘}o]:ﬂ- 20131 o] H-E 30% o]/<
o2 A AFds EAd =
3 2017 ol?—“‘%ﬁ A A #el 7<= (Topic
6)% HZF AZx 7]&(Topic 7)°] A= H S
o] F7tstal ke AE Fdo EAHolt}. =2
A 2 Q1A 7] (Topic 4) ¥ok= 20173 S
Tt w& HlFS AASIFom AZte &
of wet s 7]sol 7474‘3}3 H| 2] HA7t
A 2 A= UrE]r‘i' L ESE SdeA=

z*- WA 714 (Topic 1)

o] HlFo] R&EAHor A3 o 201849
(e}

a > R

Country Top 1 Top 2 Top 3
US Data processing system Thermal/fluid management Measurement and
technology technology recognition technology
Data processing system Measurement and Process management and
Japan .
technology recognition technology control technology
. Measurement and recognition technology,
Data processing system )
Germany technol Thermal/fluid management technology,
echnolo .. .
8y Additive manufacturing technology
Chi Data processing system Process management and Additive manufacturing
ina

technology

South Korea

control technology
Thermal/fluid management Data processing system

technology
Process management and

technology technology control technology
3 =4 2 94 7]<%(Topic 4) BlZF< ZF7h9t 248k Aol FAHAY. TS HE 59
Az 28 7% (Topic 5) vl #&7F v+ dlole AHg Azl #A 7]E(Topic 2)% &4
o H Ed== AT diEo AT, ] Aol 7% (Topic 3)9] HlFo] S7Fs Ao
2015 ol dolE Ay A" #H-H U= 2 Yeygon t& w7tEd g9y A5 Az
(Topic 2)3 37 #e]-#lo] 71&(Topic 3) H 714 (Topic 7) 7ol HlFo] Agde=z =r}

ol Ax F7tet=
Az 71 (Topic 7)9]
o2 yeruth =3 4-FA4 #E 7]<&(Topic
6)% < 3d7F H9e HaAE Rolal gl
Aog BAEHAT. T g 7 FH5I
2018 % 20199l Z¥o] flld 54 H <
7]§(TODIC 4) Fok7F 20200 HATH A5A

Aths Holth, 5do] A4, & w7l
] o] A Al2®] ## 7] (Topic 2)¢] H]

ZAE woli wr, A%
7

u] =2 Adds 7+A3

= KA

= A AT

npxjEkto 7 gkwro 2016 ol dloly A g
A28l #3A 7)< (Topic 2)¥ 4-FA &7 7]
<% (Topic 6)2] H]%O] ol el wls| AA SIS

Aoz Ve A g -Ao] 714 (Topic

y O
3 woplAE gddow Bud % Aol
ojFofAaL gl= Aow HAM wkd, H &
o] &4 9 24 7]&(Topic 493 A& Az 7]
%(TODiC 7)'1:‘ H Z.% 1‘—,01 Z]—Z] o]—.l_ M

_76_



Journal of the Korea Industrial Information Systems Research Vol.27 No.4, Aug. 2022 :65-79

~UlEA X B

oldel A= 2020 Aol Ve wopd MF

|

YER = Table 75

o
=

TH
[\l

ol

=3

A7E AEAR A -9

=

Az 71E’e] vF

_z#o

o]

i

3}
S-Zuete] AvtEAZR 7|E A =Fo] )

3},

2utEA 2} Bd

bFed QoA 71

HSA ot

3
TEE 9t

KN
=

]
ZS|

Ely
=d 7=

o

ol A b xo}

=

A

=
o

7]E okl A

s
&

€l
=

HolE A Al

440l

2
], 2vtEAze] A A dHelH <

3

ki3

il

ojm g, 3d Fofol
Ho| =¥

13

A7

71
o gk

Aol &

fsig
=

3 oF

7= &

gl

Z

0

84

-based policy)

J (evidence

A

71w

A 2

‘HolH Az

o
AT EAZ okl A 7]uk 7]

15

KX
=

’

#d 7)E

€l
=g

ol

7}

sch. weba

o

g X~ E n]— o]

giojEfel] HiE

=3

Al 0]

ahel A

Far ofell 7]uk

1l

ﬂnﬂo

7P Vle 9%

A
N

4
i

of N
No o

o)
i

3

I EAe) e Sug)

Pk =4, A faurr o e

5|

o HE= o] tf

N

"

) Az
al

A %
]
=

$eluhe}

7F At

o
o]J

ol

ZO

=
T

3EA4

WA e o

<
!

B

7
o
N

Tor

Nfo

0

i
o

i

el
;OO

o

2

o] xvtEAZ 7%

X2
N
el
ol
oo
~

=
)

=K

)

A Z - 7150l

;é]

I 34 AL o] o

o B3
= o°

2F
=

A

el A o] AvtEA

%

o|)
M

;OM

"Hl o] E

R
.

9

At

A ZY

glom elrh

0

A
1
B

ﬁo

Sk A=

71’ Ak Aol

#e]- Ao
Ao vErETh AA, 202095 7EoR 57t

&

A3 b

N

]

OU

A ze] s et

ol
To°
|
A

LS -

7]

_77_



Analysis of global trends on smart manufacturing technology using topic modeling

AdEa o =, e wEE Az
gL 7IRE Vs 2A FH
=2A ‘&EN g HgoF g 7]=olTh
F 7l EobllA 5d Faro] A
S Aststal v A&olrle s,
H A A= ofA HlFo] B 7l Fof
upeba Py i okeld TlE
o] o

N Tl o

L
N

2™ ool fo

o 1o
N
tot
)
T
_EZ
EE
H
s
UV r
i
(d
I

o
=) >
>
s

[
-

RN Ay N O A
NS

2o 22
o

£
=
2
RuAo)

B Al

R U R A

HUOorle e roh Mz
NN

B2
T}
SR
2 30

oY jo
o °

oX ot
o

ol
Ak A9 dee
o4 WaAe M= A
FHbol] gl AmEAZR J]e wd F
web 7 ogelel U@ ¥4 A7 Fad
5 7Hd Fojth ®nk ofy Fx 4

ol
-

\
2
o fH o H 2 g N (o OB o2 of Ao

N

o 9
BAE AU AR v AE 1 AT

A7F E Aol

References

Blei, D. M., Ng, A. Y., and Jordan, M. L
(2003). Latent Dirichlet Allocation, 7he
Journal of Machine Learning FResearch, 3,
993-1022.

Chae, H. K, Lee, G. H., and Lee, J. Y. (2021).
Analysis of Domestic and Foreign Financial
Security Research Activities and Trends
through Topic Modeling Analysis, Journal
of the Korea Society Industrial Information
System, 26(1), 83-95. https://doi.org/10.9723/
jksiis.2021.26.1.083

Cho, E., and Chang, T.-W. (2020). Patent
Analysis on 5G Technology Trends from
the Perspective of Smart Factory, 7he

Journal of Society for e-Business Studies,
25(3), 95-108.
https://doi.org/10.7838/jsebs.2020.25.3.095
Choi, H., and Shim, D. (2020).
Korean ICT Convergence Trend using Text

Analysis of

Mining Methodology, [Innovation Studies,
15(3), 257-281.

Electronics and Telecommunications Research
Institute.  (2015). “Smart Manufacturing
Technology and Standards”, E7RI Insight
2018-01,
Telecommunications Research Institute.

Daejeon, Electronics and
Electronics and Telecommunications Research
Institute. (2021). ICT Convergence Standard
Framework - Smart Manufacturing and
Digital
Telecommunications Research Institute.
Jeong, B., Kim, J., and Yoon, J. (2016). A
Patent Analysis Approach to
Trends of
Technology: Application of Topic Modeling
Intellectual

Twin, Daejeon, Electronics and

Semantic
Identifying Convergence
and Cross-impact Analysis,
Property Review;, 11(4), 211-240.
Jung, E.-M. (2019).
Manufacturing  Strategy, Sejong.

et al Korean Smart

Korea

Institute for Industrial Economics and
Trade.

Kim, S., Song, M., Oh, Y., Hong, ]J.-I., Jung,
H., Jin, W, Lee, J., Kim, M. S., Park, ].,
Lee, J. Y, Lee, D, Kim, J., and Jung A. R.
(2021).

policy responses to COVID-19 Sejong.

Korea SME and Entrepreneurship

Science and Technology Policy Institute.
Korean Agency for Technology and Standards.

(2015).

Standardization

Smart Factory Technology and
Trend,
Korean Agency for Technology and Standards.

Eumseong-gun.

Korea Institute of Science and Technology
Evaluation and Planning. (2020). Preliminary
Feasibility Study of R&D Project for Smart
Manufacturing  Innovation, Eumseong—gun.

Korea Institute of Science and Technology

_78_



Journal of the Korea Industrial Information Systems Research Vol.27 No.4, Aug. 2022 :65-79

Evaluation and Planning.

Lee, K., and Lee, G. (2015). Introduction to
smart factory R&D roadmap, KEIT PD
Issue Report, 15(11), 13-27.

Lee, T. (2020). A Study on Analysis of Topic
Modeling using Customer Reviews based on
Sharing Economy: Focusing on Sharing
Parking, Journal of the Korea Society
Industrial Information System, 25(3), 39-51.
https://doi.org/10.9723/jksiis.2020.25.3.039

Lee, S., Lee, S., and Seol, H. (2021). Research
on the type of technology convergence in
the medical device industry based on topic
modeling and citation analysis, Journal of
the Korea 12(7),
207-220.
https://doi.org/10.15207/JKCS.2021.12.7.207

Nam, D., and Choi, G. (2018). Technology
Trend  Analysis in  the
Semiconductor Industry using Topic Model

Convergence

Socrety,

Automotive

Journal of Korea
21(3),

and Patent Analysis,
Technology  Innovation
1155-1178.

Oh, Y., Park, C., Baek, S, Kim, I, Koo, Y.,
and Yoon, H. 1. (2021). Research of the
Smart Production by Operating the Open

Society,

Innovation Lab (Znd Year), Sejong. Science
and Technology Policy Institute.

Oh, Y.
Supporting Digital Transformation of Small

(2022). Policy Recommendations for

and Medium-sized Enterprises based on
Manufacturing  Test-bed, STEPI
Insight, 283. Sejong. Science and Technology

Smart

Policy Institute.

Park, J. S., Hong, S., and Kim, J. W. (2017).
A Study on Science Technology Trend and
Prediction Using Topic Modeling, Journal of
the Korea Society Industrial Information
System, 22(4), 19-28. https://doi.org/10.9723/
jksiis.2017.22.4.019

Park, C., Oh. Y., Kim, I, and Koo, Y. (2020).
Research of the Smart Production by

Operating the Open Innovation Lab (Ist

Year). Sejong. Science and Technology
Policy Institute.

Roder, M., Both, A,
(2015). Exploring the

coherence measures, I/n Proceedings of the

and Hinneburg, A.

space of topic
eighth  ACM International Conférence on
Web Search and Data Mining, 399-408.
https://doi.org/10.1145/2684822.2685324

Woo, C. W. and Lee, J. Y. (2020).
Investigation of Research Topic and Trends
of National ICT Research-Development
Using the LDA Model, Journal of the
Korea Convergence Society, 11(7), 9-18.
https://doi.org/10.15207/JKCS.2020.11.7.009

Yang, M., Lee, S. Park, K. Choi, K., and
Kim, T. (2021). A Study on Analysis of
national R&D research trends for Artificial

Intelligence using LDA topic modeling.
Journal of Internet Computing  and
Services, 22(5), 47-55.  https://doi.org/

10.7472/ jksii.2021.22.5.47

2 & & (Yoonhwan Oh)

- A3

e Aguigtal 7E7 g
gzt ds2yd ¥

(dA)  HEI]EAz
v AL 3] ATt

14
A}
A7

o
T o
)
-3

[ei3

-
o

yS|
ax

o
=)
[t
2
N
2
2
ol

)é
Jm
e
M

_79_



