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The Analysis Methods Based on Patent Citation Networks
for the Convergence Technologies Development Planning
A Case of Smart Factory’s ICT Technologies
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Abstract  As interest in advanced countries regarding the convergence technology development increases, a
methodology for identifying the core convergence technology that has a large spill-over effect on the technology and
industry is required for the nation's competitiveness enhancement in the convergence technology field. Based on patent
citation network analysis using 1,124 USPTO patents in the ICT convergence technology field of the smart factory,
this study examined the proposed heterogeneous technology convergence index as a tool for measuring the
convergence characteristics of the spillovers compared to other indexes (i.e. other sector ratio index and homogeneous
technology convergence index). The proposed heterogeneous technology convergence index was used to investigate
core technology sectors among ICT technology sectors of smart factory identified by government ministries. Results
found 6 core ICT convergence technology sectors including the manufacturing execution analysis application sector.
Also, this study conducted blockmodeling analysis using the IPC codes of patents in the manufacturing execution
analysis application sector, and identified that the blocks representing the electronic communication and electric digital
data processing technology sectors (Block 3 & 4) are related technology sectors which can be converged with core
technology. Based on the findings, the implications for the convergence technology development planning of the smart
factory field are discussed.
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Table 1. Observation Patent Frequency in the
Smartfactory Technology Classification

Main class : Application Main class : Platform

Secondary class Frq | % Secondary class Frq | %

[A1] Process design
App.

[B1] Production

55149 bigdata analytics

57 | 5.1

[A2] Manufacturing
execution analysis 506 | 45.0 ||[B2] Cyber physics | 18 | 1.6
App.

[A3] Quality analysis
App. 37133 [B3] Factory
resource/process 30 | 2.7
13 | 12 |[modeling/simulation

[A4] Equipment
stability App.

[B4] Production
92 | 8.2 |[process control/ 155 | 13.8
monitor

[A5] Safety
(Virtual) App.

[A6] Distribution/
Supply/Customer 67 | 6.0 ||[BS] Cloud 45 | 4.0
response App.

[A7] Manufacturing [B6] TloT

application-component | 17 | 1.5 (Industrial ToT) 16 | 14
linkage framework
Main class : Others
[A8] ERP, etc. 15113 [F1] Smartfactory 1 0.1
in titles )
Sub-total of Sub-total of
Application 8021714 Platform & Others 322|286
Overall 1,124 100

%
A8 7)Eo] 71.4%% A g XL, &
8] A YEA ofFeAlelA ZoF 5371 Al 45.0%
o

EdHo] E2 HFE At glom, T tgoR &
AL V)EwopllA AZEA Aoy/#AT V)&l
13.8%°] HFoZ ZUHATS &1 4 Yt

B Ao A= UClnet 6.0 E2 138 o]&3lo] U E
3 A5 AHESEA, Netdraw 2.1602 ©]-8319 HE

2+aaleh. FAES (n=5,72971)2] F& IPC
Aste], 53] Q18-7AE HloJEE ©
58 Em=1,12470)3} ol A&F 5
= 85372 7o BA YS9}
&g 53¢ —Zr SIPC2| 2-mode WIESA HlolE|E

% IPCE %“ O l-modeZ H3Hsleo] VE -°r4
= 53] AA vES AN 92
Mdel 7H¢ =2 IPCoF GO6F(Electric digital data
processing)®] AolFAl UESAE A7) Lfi]r{ﬂ A=
Figure 49} Ztom, ojuff :==0] A7) AATAH o=
FEAEA T

o0

Fig. 4. Egocentric Network of GO6F (Electric digital
data processing)

YENT FZAA & & %ol GOFE o7
WAL el 2ef dAY T2 L]E"Jﬂ EA4s
olal glon o= ]*%HL |42 IPC VI EY =2 UH?H

PE

ity)
Sz 54T F 98 JA8 5

SRR =R S R
AT
3.2.1 7|=8&Xlse
AgATex  HE3k ehtellE  VegEAT
TEEoF 71 EA

(CVindex_Ratio)$} H] & ¢
(CVindex_Homo), 18|11 &
of 71%-§3A43(CVindex_Hetero) 212} o]&-3}o]

.+ GRS EEEREREL e

NS UATE A aﬂ}

Table 2. Descriptive statistics of CVindex and
Corre-lations with Brokerage roles

CVindex CVindex_ CVindex_
Hetero Homo Ratio
Mean .19 .62 36
Std.Dev. 74 1.20 34
Min 0 0 0
Max 16.73 16.73 1
Coordinators -.005 -012 .025
Itinerant brokers 166" 088" .035
Representatives 1157 .058 .057
Gatekeepers 096 041 034
Liaisons 085" 036 063

**p<.05



F871& LA 712L 9T B3 8 vEYR 7|4k B WRE ¢ AnfEZR ICT 7|&g FHeR
g3k A, B U3 v)eRokE e FAAEI = FEH e A AfolE BEEE 9 5 vk
4 A Coordinator)2}2] 4474] o glef, EREoRlE s
YA (CVindex_Ratio)+= fro|n|skA] eF=|wk A o] whaf 3.2.2 ANESE A SVIIEIOF T8
3E& Hole %L%ﬁ](rkam 025, p> 05)7} ‘/}E}L& HHH, ALEALTAN Bl 2opEed o A=y
wo| 4PAE H%i%wmf-mz- Thne=-005, p>05). & Ak o1TEF ZIEFUA(CVindex_Hetero)E ]
53] o]F &k 71EFFAG(CVindex Hetero)v= &% &3 B, Table 4sh do] 2270l Fof <A2>
poke QA B Bope ul el gaga  ATTAS B EUE Wok BI>e] slwder g3

ol ol 7leiof HA4 Téﬁﬁa ”ﬁ o}i 7] PFO]EE et

ZKItinerant brokers)e} 2wl st A o] @A 7t
(=166, p<.05), A2 Tt} 7|&EotE 7t mjjd S
e o ‘j/]'J’]'(LlaISOH)i = s Aol A Al(=.085,

p<05)E Btk w2 Aol Agl o] ok
&g ]—r(Cdeex Hetero)7} Th2 7]%of 7|4
5 ddshs 84 5498 348E AT 5 ok

A|*(CVindex_Hetero)& o] &3] =
(N=1124)9] 7]&-§TA4=2] HiF(m=.19)% 7]F2

EAYANEIES 353 1H(Convergence  group,
n=255)3} H]§-3H535] 155 (Non-Convergence group, n=869)
o= AT 183 53] 18-7218 1-mode YIE
A5 st A FHE AES S UENA F
2739 Aol& é%“ﬁ}@ﬂr

Table 37} o], §PE31E] BE MEYA T4
3 AL ASHE 611—1% B} FofulshAl =A vEr:
o (AZA Mewow=15.17 V8. Muoncow=4.45, z=12.2,
p<.001; 284 Meonw=003 vs. Muoncony=001, z=10.5,
p<.001; "N7HA Meon=2.92¢-08 vs. Muon.com=4.80e-09,
z=5.33, p<.001), °]:= ST L& S 5] MSHLF
o] E315 U] v 557 /e A AT &
ofulsiAl ¥ H=5& ongt

EAR =Y

Table 3. Difference Test of Patent Network Centrality
(Convergence vs. Non-Convergence Patent Network)

Degree Closeness Betweenness
Mean of Convergence Group 15.173 .003 2.92¢-08
Mean of Non-Convergence Group 4.448 .001 4.80e-09
F(1, 1122) 14925 | 11035 2843
Z-score by Contrast test . wr -
122 10. .
(Con vs. Non-conv) 03 333
*E¥p<.001
whebA] B A A AR o] FEoF Vg dAT
(CVindex_Hetero)7} &3 1% H]%q}_j roe =

41

Table 4. Core Convergence Technology Sectors
based on Technology Convergence Indexes

Ccv cv cv
Technology Sector index_ index_ index_
Hetero Homo Ratio
[A7] Manufacturing
application-component 37 .61 44
linkage framework
[A6] Distribution/Supply/ 0 0 37
Customer response App.
[A8] ERP, etc. 28 .56 28
[AS5] Safety (Virtual) App. 24 78 44
[A2] Manufe‘lctunng ‘ 21 7 34
execution analysis App.
[B1] Produlctlon bigdata 18 50 2
analytics
[B6] IoT (Industrial IoT) 17 23 32
[B3] Factory resour?e/ . ' 17 37 37
process modeling/simulation
[B2] Cyber physics 17 .57 27
Total Mean 18 56 34
Table 59} o] 7] 543 Yoz 7 §F7]e
ok UollA IPCRES FHo= 7 58]9] o] F&oF
7&gEAF —r(Cdeex Hetero) Bt gt A3 &,
TA7} 38 9] 270 IPC 7| oS AlABT Al
A€ TPC 7] STokES 7 g 7IsEoklA e
712 7HE & Jrh 53] <A+ HA71E(G110)
o] IAFH7ER VERLIL, <A6><AT><A8><B2>
oAt Hlole A A £ G06Q) ok, <AS>E 34

AH A1 A(HO4N), <B6>E HIE 59 AE(H04Q),
<B2>E FA/AOIA|2=E(G05B)o] 42 S48

=1 \:1'8‘6]—7]
2 glEm, ol e 71eE 1 71eAY] aFeA &
CREREAE LA
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Table 5. Core Convergence Technologies based on

the Technology Convergence Index Hetero }od 1927}]«] IPC?:O]E 2 AEFAAE 1-mode WES]
v a7 TA WA §3F9 IPC MEYAES o] &
Technology Sector IPC code and Technology index e } q— i Rha ,] ] TJ ] ©
Hetero 5ko] concorg o8¢ E5EAS H3gt A, Table 6
[A7]. Manufac‘runng (G06Q) Data processing systems or 145 1]- ZE}O] 67H 9] B 2oz L vl E]% q_ 7_]'_ 2 9] = /g /‘é
application-compone | methods
t linka EAo AT HA| HEA] o|Ate] §EgaEe I
Eanllew(ii (HO4W) Wireless comm. networks .54 Oﬂ % dAl = ] ] © ’] Tl ’] FHJJ‘
Bol= B #ulkA A=) Z 21
[A6] Distribution/ | (G06G) Analogue computers Y IPCoFs HH, b4 oR G(=el)ot H(J7)) 7es
Supply /Customer | (GO6T) Image data processing or 1.06 ofo] FH7|E TAIoE FAEY U3 T = 9
response App. generation ) — _ -
ol= A ZAGEA o] = olA 7)ol & H
0 b | O ARAFR oIl A0l /1ol ot
, etc. o - 5
(GOSF) Electric digital data processing 03 ofg} -2 FH7|Eo| o|FHoFE dAGHE T8 F3VI
[AS] Safety (HO4N 13) Stereoscopic television systems 2.95 2=0] Ao FAE 2= 9]
o5 35 2
(Virtual) App. (HO4N 5) Details of television systems 1.15 e H A Mq—
[A2] Manufacturing | (G11C) Static stores 3.85
execution analysis
o (HOAM) Telephonic comm. 169 Table 6. IPC Areas of the Convergence Patent group
. ) Bet
(GO6N) Computer systems based on 128 IPC Label Eigen- | Deg | Close ween
. specific computational models ' code vector | ree | mess
[B1] Production — - ness
biodata analyics (GO6K) Recognition of data; Presentation =
& i of data; Record carriers; Handling record 8 Block 1 (nodes=1)
carriers Information storage based on
[B6] TloT (H04Q) Selecting 1.26 G11B relative movement between .05 .05 22 .02
(Industrial 1oT) (HO4L) Transmission of digital information 27 recordcarrier and transducer
(B3] Factory ((:::r]:l) Control or regulating systems in 155 Block 2 (nodes=104)
resource/process g - - - HO4N 11 | Colour television systems ‘ .00 ‘ .00 ‘ 17 ‘ .00
modeling/simulation (GOIN 1) Sampling; Preparing specimens 4
for investigation ' Block 3 (nodes=26)
(G06Q) Data processing  systems ~ or 36 Transmission of digital
methods HO4L information, e.g. telegraphic | .37 | .07 | .24 01
[B2] Cyber physics | (G09G) Arrangements or circuits for communication
control of indicating devices using static .62 Wireless communication
means_top resent variable information HO4W 30 .06 24 .00
networks
Total Mean .18

3.23 EEZYE EME St 8EIsE 7IEE

71A Bl %@7}3"3 o] &2 7]&of <A2>
5067H)°ﬂ/‘1 a4 9471
=roks Jet
7] #lstel, 7%3 A A ] %‘1&1&74]01] 75t

3} sk WHER concorE o] 88 EERAS A
thoojuf, 2 Ao A At o

(CVindex_Hetero)E ©]-&-3l9 T3 §315(n=103)
I W T EMN=403) I+ SEEA Ao zolE Hlu
sto @y, o]FRol 7]&E§TA9(CVindex Hetero)2
AElstazl st EEREY B4 A
a}7] oldel, o]Fwel 71w ¢ A5 (CVindex_Hetero)
£ olgste] BMUEESE §H S vEHaTe

2 R,

oo

S e
dade

Block 4 (nodes=24)

Electric digital data

GOGF _ 6 | 2| 25 | a0
processing

HO4M Telephonic 44 | 12| 24 | 0
communication

Block 5 (nodes=23)

Magnets; Inductances;
Transformers; Selection of
materials for their magnetic
properties

HOIF 22 .09 23 .02

Circuit arrangements or
systems for supplying or
H02J distributing electric power; 15 .03 23 .00
Systems for storing electric
energy

Block 6 (nodes=14)

Systems for controlling or
GOSD regulating non-electric 15 .04 23 .01
variables

Electric heating; Electric

HO5B lighting not otherwise .10 .01 23 .00
provided for
Total .05 .01 18 .00
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Table 7. IPC Areas of the Non-convergence Patent Table 8. Density Matrixes
group A. Convergence Patent Group
. Bet Block Block Block Block Block Block
S - e T il sl Il il Rl
e Blockl 00 00 12 13 2.30 00
Block 1’ (nodes=43) Block2 .00 .00 .00 .00 .00 .00
Transmission of digital Block3 .00 .00 .03 23 11 .00
HO04L infoxmatilon eg. telegraphic .36 07 | .18 | .01 Block4 00 00 45 88 02 23
communication Blocks 00 00 01 00 11 01
Data processing systems or Block6 .00 .00 .00 .01 .01 .00
G06Q E:Ll;(;de; esnpteclally adapted for | .32 05| .18 | .01 B. Non-Convergence Patent Group
Block Block Block Block Block Block
Block 2’ (nodes=4) non conv T 2 3 & 5 6
GO6F Electric digital data 36 2| 19 15 Block!’ .04 .05 .03 .01 .00 .00
processing Block2’ 1.65 08 .00 01 .00 .00
Measuring distancesf levels, Block3’ .00 .00 .00 .00 .00 .00
Gorc | O bearings; Surveying, 19 | .02 | 18| .00 Block4’ 01 .00 00 02 03 00
Navigation; Gyroscopic -
instruments; Photogrammetry Block5 .02 .00 .00 .09 .00 .00
Block 3° (nodes=5) Block6 .00 .00 .00 .00 .00 .00
Machines, tools, equipment or
A43D | methods for manufacturing or | .02 | .01 | .16 | .00 . e o mags _
repairing footwear EE 7 Ao 588 BA57] $5}e], Table 894
Steam enginf‘: plants; Steam A T a5 Zzt dx mE"gx 4k
FolK | accumulators; Engines using 0 | o1l 16| 00 ] ] N ] )
Defaal working fluids or (Mediancon=.11; Medlanmm:.oz)g HAR R d}aL,
Block 4' (nodes—24) T ol 12 A|ghEke] ojw) A FES 4% §, 4 &5
HO4K. Secret communication; 08 02 17 00 Z_} 7]%%‘5]—9’] ;ﬂol'?lzﬂg 3—2]'?13]'7] S}]é]—oq ] ]Z] 83‘2
Jamming of communication ’ ’ ’ ) — = -
< 7IHkC 2 Figure 59} 720] &5 Y ZE L2839t
Magnets; Inductances;
HOLF Transformers; Selection of 05 0l 171 o1
materials for their magnetic 0.8
properties @
Block 5> (nodes=1) EL
o 0.23
C23C | Coating metallic material, etc. ‘ .02 ‘ .03 ‘ 17 ‘ .02 Gl —
Block 6’ (nodes=105) 2
0, o
HO4N Diagnosis, testing or \ f“ / \“3
17 measuring for television .00 | .00 | .13 | .00 o1 BL6
systems or their details 011 5/ .
BL! °
Total .04 | .01 | .13 | .00 @
a
FA o MR 1T B2 vy 2
-gisl, 751}, Table 7J+ 2o ] 7H"] =] BRog _I]_%E]g\))\—]‘:} <A. Convergent Patent Group>
- - . BL3’
7V B59 44 B0l MA HA| o] o] Hi= HlE D ..
_ 0.04 o =
FgolE PCROF] 25, Gl H(H) 71% : g
. - 0.05 o
wok o€l 1532] 7]A/<NX(A43D,FO1K) 7 2L 5 e
279 71%0] £ 922 AT 5 ek of= A
A BL4
ZAYEA ofEeAlA Tl J‘?ﬂlﬂ TL714 o
- Bs o e TR
71ee] A5 Far1de] Ziedor U afrsAeR Qs )T e
o HEEEFIFORE BHE Ao 6%“% T Ak o
= _ﬂ ;gl ol xEES %% og 2o 1‘[5_ 2= 1,].] Llﬂ Il <B. Non-Convergence Patent Group>
* Values and Line width are based on relation density
E 2 ~(Density

43

Fig. 5. Class Graph based on Block modeling
(Convergence & Non-Convergence Patent Group)
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Table 9. Difference Test of IPC Network Centrality
(Convergence vs. Non-Convergence IPC Network)

Degree Close Betweenness
ness
Mean of Convergence Group 22.10 .08 .0003
Mean of Non-Convergence Group 17.71 .06 .0002
F(1, 382) 09 398" 55
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