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Abstract With the growing interest in convergence, there have been various attempts to measure
convergence, but the definition of convergence is ambiguous and consensus on appropriate
indicators has not been reached, so measurement of convergence is still at a rudimentary stage. In
this study, using the KSIC-IPC linkage table developed by the Korean Intellectual Property Office to
analyze the correlation and impact of patents, industry, economy, and population, we propose a new
evaluation model that can evaluate industry convergence from patent data. In addition, it was verified
whether the industry convergence derived from this properly reflects the corporate convergence
characteristics. As a result of classifying the convergence of 39,740 patents owned by global major
automobile companies, and evaluating the degree of convergence of each company, it was confirmed
that the industry convergence derived using the KSIC-IPC linkage table better reflects the corporate
convergence characteristics than the technology convergence classified by IPC co-classification.
Therefore, the industry convergence data of automotive sector derived from the new industry
convergence evaluation model using the KSIC-IPC linkage table is expected to be widely used for
future convergence research.
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g A4 Ves ATl AT sHeR o
FAoH2,3]. ESF ARFAES ATl lojAl, Al
714 71E8%E Boto] Al BAIAPHniche market)
oA $-9E AT & U, 7|E 7192 AL thgst
Al 4 SlTH2l.

SHH, Curran, C.-S. & Leker, J. (2011)9] 39
w29, gk WA wet Beked 71esd AMER
2 Ao E FEEEH 4], R0 R VesdE
24517] YallAle BAIEFEA (IPC co-classification)
o] de] o] &= [4,5], AAEHES S5 Al
A& SIC-IPC concordance Atg-71& wiA £A4[6,7]
o] o]-g4 H} Ut

SAEFEAL [PC ZEF AME OE ZHA E=
ANBZHAZE 1709 E5]of 271 o]d]] HS o=
woet=26], ol Y7t 5% ZHo| Y
ol Etstar[15], YRkRlEo] SlAlshe 42004 g3l
ofd Zo& wsE= 7&k §FO=E HriEHe AY
o St} sHATE, 7199l 45+ fsto] 7 Ee
o] 851 Q= FAEFEA (IPC co-classification)
OF 7 7I&gdol 7199 FHELS AHE Wg
sk=XE ST A= gl

2 dAfoAs g4 5 7IY9eE 4Rl HewE
Zoh= T8 AEA 7S IR BAEFEA
(IPC co-classification)oll Jgt 7|&-83S S793t 23,
7199 §HEAEZ AR FrgdotA] itk AL &<l
sttt g, AsAl= 3Tel7) oy FEoR 14
H AoR d#HA ed], ol 2ol 7IA, AR, 4AA
T Ot 71eE59] o] et dojus= wokelH

SHH, ARS8 B7HE flote] o]&ESld “IPC-SIC
concordance table™2 17§9] IPC7} 271 o]/d<] SIC
o= BEREC gleug olF 7|Eo = WY E5i7t
S Bt AJAE B7lek=tl of#zo] AU

S,

olo] & AL SFHESHI 319t A, 4
o, A7 579 JFT Y 4VVAL BHT 5 U=
£ Pk ARI(KSIC)-S3I(IPC) AARE o] §3fe] 5
3 dolg=Re 3ol YU Lot 45 &
ofe] AUETS BT 4 Uk A B 2FL A

3o,

2

ri

A A

2.1 88 HY

200099 o]% 7|& HoHRE 9k oflgt A AHF
A & odet EopollA §8HConvergence)©] £
=37 Qie} o]e} o] thfRt Fofofl A g olet &
7b g2 ARGE I YARE AREA] mE tRE TE o R
Wolzoi2]7] wizo geet g Hol dasit

oxford AFHo| A= 88K convergence)E “the process
of moving together from different directions and
meeting; the point where this happens’® % 2] o}
%0, Rosenberge 18009t o w]=9] 7]|A T+
(machine tool) +0F Atgjof| gt TH7gZ dgote=
Aol A 7|48 technological convergence)o]2}
£ 8o1E T2 E AZ AFSIH8]. 1= V&
S3Htechnological convergence)S “o8] A} T4
0] gHgt 7led ZAIE shasks BolA st
71e9419] A7 A5ttt

o] @2 AFAE0] AR MEs AU
(9], g¥rao g Rk X4 270 o] ofolglo] shta
A= A e i 271 o9 228 #g, 71,
A, AFY Afo] 9] A7} Blm|sto] EHstA] @A He
Ao&E Ao ArH10].

Curran & Lekere §&olgt 33, 714, A1 9 4
A WollA 24 27) olike] E=ld FAAtel AL
SHAE AL Yuigttta ZostoiTH4l.

ShH, A]2)7]8F §419] S50] FolA] ¢, @A
& 3Rgith= AAstol|A, F4lo] AEe dAER
g3te 2HE . o= W

Hacklin (2007) ¥ Curran et al, (2010), Curran
& Leker (2011) 52 8&& A¥3 T4 (Sequential
process)l et Bekge, 718, AGEY, AdS
stog FLES[11,12,4], Karvonen et al., (2012)
5°l 1 MEE AN LHEA, = HHFCE A
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Curran & Leker (2011)= §&o] d&5E i<
E4 4 o]F9] BA o wt Table 1 9 Fig 13} Zo]
| 4THAZ FESIHTHAL.

Table 1. 4 stages of convergence

Category Description

science

Convergence between different science areas
convergence

technology

Convergence between different technology areas
convergence

market

Convergence between different markets by new demand
convergence

industry

Convergence between different industries
convergence

712 kS grto g Si= #5kgSH(science convergence)
2 OE 589 7127t He 27] @AY ¢, 7s
B (technology convergence)> HeHg3< 7|qtog
sto] A& o 5249 7|&E AfoloA] AlE/AH|IA7F
4ol Hol APt

AG8Hmarket convergence)2 Al $=Q0] 2l
A5 A Bdo] BEolY 4 S, ol 714Ha
23t IR0 BYAOR WA 4 Slov, AI8T
(industry convergence)= AlE/AH|A F419] 7|&8§3t
T A Hdo] FAIR1 AEEol A AdEo] o]F
oAt 2% Al gl

olF AHAdEHZ 71 AejA L} A Fxo L24
Al W3S o7|AZ £ Sl 8RI0E of7|a glom,
949 1 S AU FFS LS Hindustry
convergence) T4 o]Fojxicta FefFrH14].

o

New products/service
Science convergence

Technology convergence

New Business models

Market convergence

Industry convergence

Fig. 1. Sequential process of industry convergence [4]

Sh= TS Al=E0] o]FoA L o, g 49
7} 2551, & A3 gt MM A(consensus) 7}
o] FojA|A] kol 9] o] tisii= HE B A
T+7F 9 a3t Ago|t}15]. §& 4ol tist AFA+
ANES FYHEE fAF R g 42 dAE
%Y 30 wet AR EE AR B7F Bl et
A= AFS Bdotie)l

HegEE SH] 95 2o EE =5 o8
sto] Al e ©olE Hlash= co-word 243
AEohe =29 S 7HH 12| H]WSh= co-citation
40| iAoy, A £79 ths BEEE 0]&t=
Ad 5 co-classification 4, =589 35 AAY
4247130y AF HHE 0]&3l= co-authorship &
o] AdHA Ut

71482 E51E 0|83t Co-citation 4 ¥ IPC
co-classification %4°] EAH|, Co-citation &
AL E5] AR2REH JAEIAE £45t 7eEe
AL ATYS &t FEHOEA F 7|1t A4S
5ol Ut A8 5949 a0l ¥ AR wddt
th. SHARE Co-citation #42 183} HAE 53] A
ofof Alzt# zto|7} EA T

E thE EAHQl IPC co-classificatione 17§9]
E5]o] trf 9] SR AT S FAEFIEE vt
FOo R ESI7 fAMIS Tttt WO R A, 7eg)t
EHo] g o]&Eo] gt [PC co-classification

2 2AYE B JEE SYsta BAsk: As 4
A & 4 o, AeAolgk= Aol AUTH1TI

Curran & Leker (2011)2 IPC co-classification
£ &85t NFF (Nutraceuticals and Functional
Foods) #oF2} ICT (Information technologies,
Consumer electronics, and Telecommunications)
2of E59] BAIEF REE 008N, AEL 7F
9] FFHEE HrIstoiTHAlL

Geum et al, (2012)= patent citations %
co-classification& o]-8sto] BT 9 IT &0} 7]&&
S BHh & E5] IPCE o]-&sto] ITEoF 874
AlE, BT®0F 97) AlElE Aok, Adgete] al&H
TR 7E8Y 52 2A6IH5]

FU et al, (2012)2 FPFEok At A%
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A5 %2 Hefstr] flsf 591 IPC AESHAE 7]
TOE 5fo] 55 6LY oIS EHLE EFoto] EAlst
Hal, st Ajof == IPC sub-classs 174
ol HAotHA BAlol 7|AEA e B2 ThE #obo
IPC sub-classE E83}11 = AL o]Z§gto] T4y
1 Q= AdEes HostArHis].

294 (20152 &5 FEE o]&sto] &3 T4
% AN ARES $E0IL olE B8Y AF

7189 7], At 59 thfet oA g &
= Jerd & Qe Skl old, 7esd

_QL

do o3 m i

IPC sub-class =04 17§9] IPCYF E{ot=
Y 73, 271 ol IPCE EAdl=
Fole 8 P8 FESUL, FYECF IPCE
A 2 &, AR OE 2of IPCE ERA oI5 &
gos FESHATH19]

Son & Cho (2020)= =29 solar photovoltaic
(PV) industrye $40 & 7|& % @AY 1 EXS
H4517] flote] A 5] 5 (IPC) ZE9] BA] A4

YEYI(Co-occurrence networks)S ©]-85}H20].

l-EoE

Table 2. Empirical research related to convergence by stage (Reorganized by Jae Young Choi et al., 2013)

Stage Data Methodology Case
- : Callon et al.(1986)
Co-word analysis Palmer(1999)
Zitt et al., (2005)
Co-citation analysis Leydesdorff (2007)
Science Paper Porter & Rafols(2009)
Co-authorship analysis Porter et al., (2007)
) I Tijssen (1992)
s s s ot o 3. 2009
ieatt vs! Schummer (2004)
Curran & Leker(2011)
IPC co-classification analysis* I\ia—hn %hOI Et aI.,((22001152>)
Technology Patent oung oop Rum

Son & Cho (2020)

Co-citation analysis

Geum et al., (2012)

Market Product information

Analysis of product characteristics

M. Lee et al., (2009)
Han et al., (2009)

Industrial classification

Industn
ustry and patent

SIC-IPC concordance analysis*

Pennings & Puranam (2001)
Athreye & Keeble (2000)
Fai & Tunzelmann (2001)

Curran et al., (2010)
Karvonen et al., (2012)
Karvonen & Kassi (2013)

Input-output analysis

Xing et al.,, (2011)

* = Including the use of separate similar classifications instead of SIC or IPC.

1=, A AA Z2+ =719 Es|oA= S5
9 AAZ ZHHsHA Aty fote] £ B
E5EE ez FAESER(nternational
Patent Classification; IPC) ZEE o351l 9l

IPC Fig. 29} o] 5319 7|l w=t A4, S22,
MBZEHA, HRITE, AEIFOE FEEE ASTR
E Z=t211

IPC] AL A4 ASol sidsl= A=, 874
o] MHos FEEm, 7zt ML Table 33} Zth

iy j]n? N

HO1F 1/01

section | _l:.
class

sub-class

sub-group

main-group

Fig. 2. IPC hierarchy
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Table 3. IPC code classification

IPC code
(Easien) contents
A Human Necessities
B Performing operations; Transporting
C Chemistry; Metallurgy
D Textiles; Paper
E Fixed Constructions
F Mechanical Engineering; Lig.hting; Heating;
Weapons; Blasting
Physics
H Electricity

AFEES tHE gl Hlsto] gdstA A7t o]
FO|A A= & o, AEHEE o] 83t “AlF EA
H4]70] o] &F 1 It}

Pennings & Puranam (2001)2} Fai & Tunzelmann
(2001)& 7190l B8 5519 IPC 227t A EF
SIC(Standard Industrial Classification)ol| sjgsh=A]

HE v o® AAEHES F45+9U 6,7, Athreye
& Keeble 2000)= = AFH AdIAY 71&6F,
=243} 9 oE B457] o1, Cross-tabulations
of SICP and SIC datag °]&3FirH22].

SEA|9E, Table 49 Zo] 7]& AgPALo)A o]&H
“IPC-SIC concordance table2 17]¢] IPC7} 271 ©]
49 SICOE HREHo| QloHE o|F 7|Eo= |7
9] E57t &l e AUXE Hrisk= ofz&ol

olo]
oSS

Table 4. MERIT concordance table: IPC-ISC example
SIC IPC

Electronics

G09B 50
Paper, printing and publishing

Metal products, ex. machines

E21B 45
Other machinery
Chemistry, except pharmacy
Metal products, ex. machines
E04D 25

Other machinery

Stone, clay and glass products
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£ g7ollMe =ESAol SACIM AlEsial Y=
uARtES} QAst] S5t BA|, At AT e

FHE L AVIAS BAS T 5 UES L 4

-E3|(KSIC-IPC) 9ARE o]-&sto] Ed]do|E| =R H
AHAEES Hrlole EdS AQtehyl, SAlEREA
(IPC co-classification)2 ©]-83dlo] E55 7|&g3

3ol BAS Sttt

3.1 Az4H

71U E(www.keywert.com)?] DBE &&3lo] 9
AAZ|FES] 2007~20199 &Y E3] Ho[HE &
Haploh

Table 5. Patent data

Major automobile companies U @

patents

Bayerische Motoren Werke 2,530
Daimler 1,347

Ford 521

General Motors 700
Honda 14,142

Hyundai 13,441

Nissan Motor 4,208
Renault 1,352

Tesla 988

Toyota Motor 511

3.2 IPC co—classificationS 0|28t 7|88 &H

E3] dlojgole &YH3, IPC 5 st HEIL
ZoEo] 9ty B dFoME= Curran & Leker
(2011), Y et al, (2012), 94 (2015), H&=x
(2019) 59 A+=& EHZ IPC co-classification
= ol-gsto] ZH7t9] E51E HIgY 59 7IesH &
5= EFot3rt4,18,19,23].

Fig. 204 A& viet Zo|, IPCe AA, 4,
MBZA, BRITE W AETIE0 R LEE = ASTEE
Ztet), olF ABZHA(sub-class)E 7IE2E 1719
E5]o A2 A& [PC7} 274 ol Fo=d 7|&sgo=
e

Table 62 Tesla E35|% 4HE U=
IPCY] sub-classg& 7|&202 7]&83 E9
of| o]t

US 16-673464+= main group 7158 digit)22&
M2 OZ 4749] IPCE EFSIATE, sub-class 715 (4
digit) 0.2+ & HOIMO| SigE o= vggos &5
STt HHH US 16-662702+ sub-class 7]% (4 digit)
O HOIM ¥ CO1GE Z3lotER 7|&gjto s SRHrt

(nt
o,
-
2
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Table 6. Examples of technology convergence classification of Tesla patents

technology convergence/

Application No. All IPCs non technology
convergence

16-673464 H01M-010/0587,H01M-002/26, HO1M-004/62, HOTM-004/04 Non-convergence
16-662702 HO01M-004/525,H01M-004/62, C01G-053/00 Convergence
16-660666 H02J-003/38,G05B-015/02, GO6Q-010/06, GO6Q-050/06 Convergence
16-659432 H04L-029/06,H03M~-007/30 Convergence

H04L-012/927,H04J-003/16, H04J-003/06, HO4L-029/08, H04L-012/40,

16-659374 HO4L-012/925 Convergence
16-569461 B60B-007/08,B60B-007/00, B60B-007/04, B60B-007/06 Non-convergence
3.3 KSIC-IPCE 0|8¢t MA8E =8 167, A 2AEFEM), &7 HEHO7)
SR E A BE(KSIO)E 2 AR, A S Thof 0}01 AA 61719 AGEF| [IPCRLES A4S AAAI
3 2ote] BA4A, AR (tabulation) L £4E g AT

A 27| Ho] FEE R ANESIES FA K olA
vzl on FRAAES o5 AMJEA ZHAA] Table 8. Example of KSIC-IPC linkage table

ATy A AR o g Bl a-EAo] oljt Aol Industrial _
o] Industry name classification Patent dlassification
ATH24]. e (IPC)
g s A21D, A23B, A23C,
Table 7. KSIC classification table A23D. A23F. A23G.
) — Grocery C10(C1000) A23J, A23K, A23L,
KSIC Industrial classification manufacturing A23P, C12J, C13B
. _ C13K
A Agriculture, forestry and fishing
B Mining industry
C Manufacturing Computer GO06D, GO6E, GO6F
Electricity, gas, steam and air conditioning supply programming, J582, J62, ﬁégigt) %0066'2’
D industry Informirautjlsgtrf/er\/lce J63(20000) GOBN, GOBO, GOBT,
E Water, sewage and waste treatment, raw material G09C
recycling
F Construction
_ _ £ dFolAE ARIKSIC)-E5|(IPC) AAEE ©]
J Information service - — ° _
%OJ Algt AHIEY B7HRES AAlskL, ofof whet
AABTE 25,
SHH, E351% A= IPCet KSICE AAIste] E35i2t PA AR 71%%%34 Zo] IPCY AEZHA
A, A, A 9] IFT P 4 BHS & (sub-class)E 7|&02 A& tE IPC7} 271 o]Ao]
/\ 0

L% 20154 KSIC-IPC ¥AEE HHIGOH, WA, olF IPC7} 5L AdEFO SdstA] g2 7
Table 83} Zo], KSIC-IPC A E= KSIC AZYA 5 2 AQdggor Bt
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KSIC (industry classification)

KSIC ( C) : manufacturing

C10(C1000) : Grocery manufacturing — | Patent 1
C15(C1500) : Leather, tng and shoe

20(010): mdm substance > Patent 2

manufacturing

device manufacturing Patent 3

KSIC ( D) : Electricity, gas, Steam

and

air conditioning supply business Patent 4
D35, D36[D0000) : ): Electricity, gas, steam, /
water

Fig. 3. Example of industry convergence classification using KSIC-IPC

Table 9=

283} djo]t}, $HH, US 16-659432% sub-class 715

US 16-673464+= sub-class 7|& (4 digit)o.& HO4L ¥ HO3MS 3R
[PC7F B HOIMe|H, o] KSIC &74 g4
2 SAA] Azl sigEHER HgHoE ERE

Industry
Convergence
NO E A21D,C13K
YES é A21D,C12C
i
YES E A21D,G06D
______;I_; ________

WA HAHZ Tesla 5515 Y75 A R AR 9 AR Axd 71zt A
3t A2z A, KISC-IPCE 7IELE AAsH E3lE Zoll otz Atdgdor ERHt

ml

HHH US 16-662702% sub-class 7]& (4 digit) tion A-EA] 7|EgFToRE B
o2 HOIM ¥ CO1GE x3lolH, o]l&2 Z+Z KSIC

Table 9. Example of industry convergence classification of tesla patents

(4 digit) o=
1% KSIC B84 B4

g vkE A AxYo EHER HgFoRE BF
SHAT}. o= 7|&gd B 7|19 IPC co-classifica

BRr

Industry convergence/

Application No. All IPC MERHIEISEY EEmTRaEiEs
16-673464 HO1M-010/0587,H01M~-002/26, HO1M-004/62, HO1M-004/04 Non-convergence
16-662702 HO01M-004/525,H01M-004/62, C01G-053/00 Convergence
16-660666 H02J-003/38,G05B-015/02, GO6Q-010/06, GOBQ-050/06 Convergence
16-659432 HO04L-029/06,HO3M-007/30 Non-convergence

N H04L-012/927,H04J-003/16, H04J-003/06, HO4L-029/08, H04L-012/40, _
16-659374 HO4L-012/925 Non-convergence
16-569461 B60B-007/08,B60B-007/00, B60B-007/04, B60B-007/06

Non-convergence
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F9 A& 7199 20079~201949 E3]dolH
oflA] BAIEFEA (IPC co-classification)& ©]-&5}o]
7l& 84EE B7RE 2k tedt 2o, VesdE
2 A+ ST L 3] AloZ AEEIA

FARFEA ]

20073 — 20193 A A E3 A5

E?‘J

s

KSIC—IPCAAR 7= 5& 535 dT

S oSl —
HHETE = 20074 ~ 20193 AA =5

Table 10. Technology convergence of major
automobile companies

Major automobile companies [ o diezsificaion
(Technology convergence)

Renault 56.1%
Bayerische Motoren Werke 55.5%
Honda 54.7%
Ford 53.8%
Tesla 53.9%
Hyundai 52.2%
Nissan Motor 50.0%
General Motors 42.0%
Daimler 38.5%
Toyota Motor 24.5%

Table 109] 227, 2pHolE HP¢-9] dHo=
FEATE &% AlUA FE9FS HAToEN
27, HEAQI 88 g4l 7|4z 4#A Teslal] F-F-
TE8H W2 LI HE £EOEA,
OE 7193 EUE Aol7t gl AoE EAESIH

o= 7|1& AsAAAYE 2 AZE ] 7AH
A AEL e Y= Aoz 47 g&ate &
FEAR5]E AR=E "HIsHA] Zoksich

QA A Hie} Lol " @A we} s}
%, 7188, A D AYERoE FEEAT
[4], o]F 7le8dS SAEFEY (IPC co-classifi
cation)2.& 43, A¢F o7 &4 £ Q7] W&o,

7199 S} =E HHsl= AHE g o]&HI Qirh
SHARE AAZE 7199 4EES AldE wrgstA|
ot ZA0E ERIF I

HtH, Table 119] 232 HE, Teslall 3% 54

B2H2M (IPC co-classification)S 7|&02 BE&H
71&6E == T2 A ARI(KSIC)-E3](IPC) ARE
71202 ERd AAdGEEs 7MY w2 A0 E9l

At

r

F

Table 11. Industry convergence of major automobile

companies
Major automobile companies SHICHIFG GoEeities
(Industry convergence)
Tesla 48.1%
Ford 46.2%
Renault 45.0%
Bayerische Motoren Werke 45.0%
Honda 43.5%
Nissan Motor 41.7%
Hyundai 41.4%
Daimler 30.8%
General Motors 29.4%
Toyota Motor 20.7%

T AnzEE, B Aol Aokt 49l
(KSIC)-E3IIPC) FALES ol 83+ A7f AAE W7t
zdzvy =28 4Y4Y ARE I SRAT
29 289 4 92 Aow Jlar.

5. &

I

A= 7199 EEA ARE E o]8H
%A]-‘f‘%—‘?‘«&} (IPC co-classification)’o] AA|
9] FHEALS AHE §HFA7IA k=
5tal, olE AT & = MEL 5887t
AratHct. “KSIC-IPCE ©]&3d 4483
7t 5T A E5I9 AA|, A, QI
79| JF= 9 FHAAE BT ¢ U= L
AFA(KSIC)-E3I(IPC) AARE 0|83t ACEA, &
T dAS Aded=s Bt & Aok

2 AFoAE 5ol 7H s dofvk= AFsAt
Hok 10719 22¥ F8 AFA 7I9E°] Ea
39,7401 £35S g RE 27 75, 7 719
9] =5 Hrist 43t KSIC-IPC AAEE o]
sto] =EH ARIEEE SAEREACE ERE 7]
S5EHET 7|9 §REALS Kt & wgdith= A
< 1T £ AU

o rir FlF Fl'ﬂi

J%_

P

ofl
rulo

—

o o I . HI %O

F
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