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Abstract This study analyzes the characteristics and change factors of technological cooperation
networks in the automotive industry. Using Social Network Analysis (SNA) of 112,009 autonomous
driving-related patents filed from 2000 to 2017 by major automotive firms in the world, we investigate
the structure of the technological cooperation network. Network characteristics such as density are
analyzed through structural characteristic analysis among the network analysis indicators. The structural
characteristics of the technology cooperation network are confirmed through analysis of status
characteristic indicators, such as the degree of centrality, betweenness centrality, and closeness
centrality. Results show that car makers such as Toyota and Hyundai Motors, as well as parts suppliers
such as Bosch and Continental, have high-performance technology developments related to autonomous
driving. The structural characteristics of the network show that companies participating in cooperative
networks for autonomous driving technology development have increased in number and are diversified,
and all of the status characteristics indicators have decreased. This can be interpreted as an increasing
number of horizontal and complementary forms of technological cooperation between firms. In addition,
it was confirmed that the number of participants in the field of autonomous driving technology has

increased, and the networks have become more complex.
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Table 1. Network properties

Index Meaning

# of Links

Link quantity

# of Components Component quantity

Density Density of Nodes link

Average of Nodes link
Probability of Node to Node
Probability of Node to others

Average Degree

Reciprocity

Clustering Coefficient

Mean Distance Average distance btw, Nodes

Diameter Shortest distance
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Table 2. Network Centrality

Index Meaning

Degree Centrality Centrality = Link numbers

Betweenness Centrality Centrality = Link distance

Closeness Centrality Centrality = Link closeness
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Table 3. Patent ranking of Applicants

Table 5. Network properties

No Group Applicant Quantity Index Total 2000yr 2010yr 2017yr
1 Car maker TOYOTA 25466 # of Links 1,206 170 288 235
2 Part supplier BOSCH 19,215 # of Components 30 14 17 33
3 Car maker HYUNDAI 12801 Density 0.016D | 0.029D | 0.026D | 0.019D
4 Car maker NISSAN 10,861 B 3 v 758 22 640
5 Car maker HONDA 9,483 crage degree 3863 7 273 -
5 Part supplier CONTINENTAL 7598 Mean distance 3.086 3.465 4.671 2.919
7 Part supplier DENSO 6,166 Diameter 6.0 6.0 6.0 6.0
8 Car maker RENAULT 3,725
9 Car maker KIA 3,494 - o =1 ool LoL Ess
10 Car maker DAIMLER 3,494 & 248719 =T ERIESlET], 4 kEe 53
11 | Part supplier HYUNDAI MOBIS 2,428 ZY3t 1) 719S =3t &, AR5 ]s ESE &
12 Car maker PSA 2,246 0_]‘?1. 7]@0] 2487H 7]% r:]—' 5] 1;}
13 HW,SW LG 2,031
AA = 7o, A 12
14 HW,SW SAMSUNG 1,853 193 5= 1.20678017, &4 A8 a5
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Table 4. Patent status by Application Group

2000~
2005

2006~
2011

24,377
13,070

2012~
2017

Application

0,
Group 9

Sum

Car maker 14,967

9,858

30,182 | 69,526

43,045

58.9
36.5

Part supplier 20,117

Autonomous
driving

7 11 481 499 04

144
536
25,512

HW.SW 955
110

38,523

4,145
876
118,091

Joint venture

Total
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Table 6. Patent status by Single and Co-application
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Table 8. Co-application Patent properties by Group

Application 2000~ 2006~ 2012~ Sum @ Index Total 2000yr 2010yr 2017yr
type 2005 | 2011 | 2017 ’ # of Links 23 12 21 21
Single 23,111 33,247 44,842 # of Components 1 2 1 1

ne'e . : 2 1101,200 | 903
application | (94.3%) | (91.0%) | (88.0%) Density 0.9D 0.4D 0.8D 0.8D
_ feati 1,397 3,283 6,129 Average degree 3.60 1.60 3.20 3.20
Co-application 5.7%) ©.0% 12.0% 10,809 | 9.7 :
Mean distance 1.10 1.33 1.20 1.20
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Table 10. Network properties by applicants L 7IE9LS ¥ 4 ALt 2o w JE BET|9]
Index Total | 2000yr 2010yr | 2017yr HA7F 692 U=t 200099] 592 & Bk gl
# of Links 1,178 169 285 235 oIt} 7919} 89 =9 23} 7|90l BMWE} t}al
#
of gomponems 0022D o;zD 001276D 00313% 2 20009°] 2091¢t 239919924 & 7Y BF & £9
ensity . . . . - _
Ay Wl W AoZ Hol 7| & ¥
Average degree 4.355 1.770 2.276 1.640 (}Z & e }; }-]’ ]i? 730" = ;:
ou }o o @ 9]
Mean distance 3.086 3.458 4.669 2.919 71& & = mopdt. of=fet £4 Aol ot o
Diameter 6.0 7.0 9.0 6.0 T AZet JE= Fig. 3.4,59 Zt
_ ) Table 12. Degree of Centrality by applicants
719EE FA4g00 oA E43] £ Z3H= Table
2017 2010 2000
H ZH A7 A A
1160 e ik ek Aol Akl ek 9 A, - ” -
H UH7H /U/ﬂ _11_] Z“HO] EF[— z:]'_n_ﬁl"— 75_-‘1]_ Degree nk Degree ok Degree nk
7} BAEQ) ol 714FE YEYTA Fosk= 7] 1| TOYOTA |0.17046 | 1 |0.19767 | 1 | 0.25000 | 1
AE0] BEoju oy 7Y 7+9] gEo] &5k Wigke 2| BOSCH |0.10227 | 2 | 0.08140 | 5 | 0.13333 | 2
2 71Ed8 Y EYIY Fert vAEE @A YER 3| HONDA | 0.09091 | 3 | 0.06977 | 10 | 0.08333 | 6
I i} 4| HYUNDAI | 009091 | 4 | 0.16279 | 2 | 0.01667 | 29
5 KIA 0.09091 | 5 | 0.08140 | 7 | 0.01667 | 33
Table 11. Network centrality by applicants 6 DENSO 0.06818 | 6 | 0.06977 | 9 | 0.08333 | 5
7 BMW 0.04546 | 7 - - | 0.01667 | 20
Type Index Total | 2000yr | 2010yr | 2017yr
8 DAIMLER 0.04546 | 8 | 0.08140 | 6 | 0.01667 | 23
Mean 0020 | 0030 | 0026 | 0019 SUMITOMO | 0.04546 0.02326 | 38 | 0.05000
Degree STD.DEV. 0.035 0.040 0.033 0.026 ? 045 ? 023 5 05 ?
Centrality MIN. 0.005 | 0000 | 0.000 | 0.000 10| AUTO 1003409 | 10 | 001163 | 51 | 001667 | 19
MAX. 0237 | 0250 | 0198 | 0.170 NETWORKS
Mean 0.009 | 0.024 | 0.024 | 0.004
Betweenness | STD.DEV. 0.035 0.064 0.059 0.016 ASAHI DENSO
Centrality MIN. 0.000 0.000 0.000 0.000
MAX. 0246 | 0345 | 0279 | 0.107 psh K sresiens ek
Mean 0324 | 0.172 | 0123 | 0.068 ) 20 Bh o
Closeness | STD.DEV. | 0.054 | 0.102 | 0.070 | 0.065 - T-a)mcH Wi O
; Z)CONTINENTAL | .
Centrality | MIN. | 0:.005 | 0.000 | 0.000 | 0.000 ) T MS;A 2
MAX. 0.500 0.367 0.216 0.217 s
SHIND! EN&E@;‘:N:LSEOCNTI%. SEW&E%"HEW
TOYOTA SONY SAMSUNG
NI:@GU&WA .
71€dY YEYINA /N8 7149 FTFHS E45} JAPAN METALS & CHEM Eg‘“cs VASERARU
7] 918 719 A AR 44 4L Aelct. of

of tist B4 Ail= Table 12014 HE viQ} Zt}h E
KEF= 2000 0.250002.8 44 1919.0H, 2017
o= 0.17046°2 FLsHA 195 AT QlolAl
A5 71& el digk 8 HES 3o lolA 7t
ZZ IFEE 7L Y= 719 BAEG 5Y
FE7199 B4= 200093 201749 25 290 %]
Stgitt 39 g AsR 7199l SR 20004 69

.
VISTEON SUMITOMO,
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Fig. 3. Degree of Centrality in 2000year



A5A AgFA 714 SRS B9 Jledd YEYD B4

ADIENT

ASAHI DENSO

OELPHEyy Hew%ﬁg
f> . JTOYODA GosePY ,QU
e - 0. FUILTSU

NIPPON FILTER s ine
SB LIMGSAVBUNG
. MAGNA

AUTOLIV

LWk . PsA  RENAULT
PP Ce <X STCTEY
3)CONTINENTAL |- A Sore RN gaagunen

LT e ?
FORD  yazpa  DENSOARTNg ) HOMRfhoENGEN-HONDA
ADVICS

DAIMLER
KAWASAKT
ONTINENTAL vy £r

10
CONTINENTAL
fe €ISCo

‘o re
)NISSAN |2
5TV WCSVNYUNDM

CASQYGIRBTEE A

HELLA

JTEKT

SrYINBAT MOBIS
LEXM
W80t rorem

PATAC LEAR

SUMITOMO
. RENAULT-SAMSUNG
7 BAIDU \

gAIC
AUTO NETWORK GDUTSU KENKYNSFIBORKS

NANJING AUTOMOBILE
VOLVO/ISTEON-TOYOREONEER  TESLA

Fig. 4. Degree of Centrality in 2010year

APPLE

SUBARU BAIC

: 175UzZuK

PRIMEARTH, l;ogmﬁzcv e
PANASONIEOTABORHORY -
MAZDR'* pAwcBENSO BAIDU

. TAKL .
: e @) 1)TOYOTA v, Dodwon
SHINDENGE, atsie 2 @1 1) o
- AUTONETWQRKS OTA Fpso 3)KIA
JAPAN MACHINERY® 5\ )i DATHA, L. o OMRONTISCO
5)HONDA 2)BOSCH HYUNDAILS /KR @~
- AT ool KYUSHO -
HGSHIRE Y i 4)HYUNDAI hamevo
. NTEDIS C:
., oignsson gl > | e
: ek HYUNDAI ROTEM
KIEKERT 4 g HYUNDAI AUTRON FCA
.
Foro CONTINENTAL.
|- SHANGHAIL ABS GOODYEAR
ms
MAGNA GM-SAIC CRUISE_ BORGWARNER BLACKBERRY WGk MoBIS
voLvo
z00x +*_KAWAMURAELECTRIC-HONDA
SAMSUNG PATAC GM VOLKSWAGEWTARIO-BLACKBERRY UBER
VEONEER'NISSIN *

YANDEX LEAR

PSA__ 2% 8
RENAUI >
P Je N:’SSAN]ATCO
AUTOLIV. -/ VEONEER
WAYMO VALEO  UTWGYOTA INDUSTRIESLA TENNECOSOFTBANBCHAEFFLER SARENAULT-SAMSNBG-HELLA

Fig. 5. Degree of Centrality in 2017year

Table 13. Betweenness Centrality by applicants

2017 2010 2000

No| Applicant R R R

Degree nE Degree nlil Degree nE
1 TOYOTA 0.10711 | 1 | 0.20399 | 4 | 0.34492 | 1
2 BOSCH 0.08986 | 2 | 0.14924 | 7 | 0.28362 | 2
3 HONDA 0.03984 | 3 | 0.06701 | 11 | 0.07288 | 7
4 DENSO 0.02678 | 4 | 0.16584 | 6 | 0.06073 | 8
5 BMW 0.02586 | 5 - - | 0.00000 | 19
6 DAIMLER 0.02012 | 6 | 0.18036 | 5 | 0.00000 | 23
7| CONTL 001803 | 7 [027921 | 1 | 013955 | 4

-NENTAL i} . |
8| SUMITOMO | 0.01385 | 8 | 0.00027 | 23 | 0.04915 | 9
9 AISIN 0.00470 | 9 | 0.01191 | 19 | 0.00000 | 14
AUTO

10 NETWORS 0.00470 | 10 | 0.00000 | 35 | 0.00000 | 18
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A 71gel gk w7l SA T 25 S4l/del gt
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AR Aol drig |23 HXe A=AE 2L 5
Ut} Table 132 355350 thigt 7 7199 w7l &
AGE B4 Afolt} Table 14+ &8 A4S &
A3t ARE HolEoh
Table 14. Closeness Centrality by applicants

2017 2010 2000
No| Applicant , .
bP Degree iﬁ Degree EE Degree iﬁ

1 TOYOTA 0.21658 | 1 | 0.19520 | 11 | 0.36685 | 1

2 BOSCH 0.21344 | 2 | 0.21358 | 2 | 0.34091 | 2

3 HONDA 0.16736 | 3 | 0.16653 | 24 | 0.26163 | 6

4| SUMITOMO | 0.16364 | 4 | 0.02326 | 71 | 0.17046 | 43

AUTO

5 NETWORKS 0.16184 | 5 | 0.01550 | 73 | 0.13946 | 46

6 AISIN 0.15836 | 6 | 0.18248 | 13 | 0.25187

7 DENSO 0.15502 | 7 | 0.20798 | 5 | 0.30405

8 BMW 0.15341 | 8 - - | 0.23601 | 20

9 DAIMLER 0.15028 | 9 | 0.21649 | 1 | 0.23601 | 21

10 ADVICS 0.14876 | 10 | 0.18605 | 12 | 0.27664 | 5

EQEh By, Ere ASHes vl S48 24
SANA Aol A8k ol HEEE Higt 5
A Aol oA G ol AR 71ddE W
Erdlict. T2y 1 = S04 201749 3l 9
A3 ARG RS ALE 7oA e A v 433
< A 49 109 EFEA o2 Ao Uet
Ht ol 71edd YEYIAMY dFFS miAle A
e g2 oz HH| Hit SAE A loid=
HhE 922 s Foke Ae® B4 4 Al

433 IPC 3&EH HEYZ &M

A& 71 7okl 3UolA od Zl&Eo] S4 71
<0 Sl=A EA451A EYE S50 HE SAIES]
B2 F(IPC: International Patent Classification,
oJs} IPO)E 7M1 3&d HWEYH(co-classification
network) 54 4 9 S44 42 AYsialct.
4oz ofE E3i9t H 714 Robg Telak o]
= 7rds] & IPCE &Ity 1 HEsE EXokes
57 gt 2y B2 55150l 271 o9 IPCTH
ARG QlojA, ofH E3519] 7|& HokE EQlsH] 9
SjA= A [PCEYIo] obd XA IPCE &1 €87t
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Table 15. IPC Frequency

No IPC-code Applicant Quantity

1 B6OW Driving control 55,843

2 B6OL Electric car 44,717

3 B6OT Breaking control 35,306

4 BG6OK Transmission 30,246

5 FO2D Engine control 12,799

6 BGOR Automotive parts 10,272

7 HOIM Battery 10,074

8 HO2J Battery system 9,744

9 G08G Traffic control system 9,414

10 F16H Gearing 8,872

11 B62D Trailer 5,635

12 F16D Coupling, Clutch 3,787

13 HO2P Dynamo-electric 2,878

14 HO2M Electric converter 2,573

15 GO01C Gyroscope 2,250

A AT I} 2o B4 7S FRIsk] fgt A
4 A= 348S £4% A3 Table 16014 B
= wjet 2o
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Table 16. Degree of Centrality by IPC
Total 2017 2010 2000
No Clgge D Raj Raj Raj Ra
egree | Degree ok Degree nk Degree ok
1| B6OL |0.82405| 1]0.70286| 1]0.83660 | 1|0.63816| 2
2| B6OT [ 0.70088 | 2[0.57714 | 31054248 | 4|0.64474 | 1
3| B6OW | 0.62757 | 3|0.69143 | 2|0.56863 | 3|0.62500 | 4
4| B6OK [ 0.62170 | 4 |0.54286| 5]0.60131| 2|0.63158| 3
5| HOIM | 0.53666 | 5]0.27429| 9|0.47712| 6|0.31579| 8
6| B6OR [ 0.52493 | 6[0.57714 | 4]0.50327 | 5|0.47368 | 5
7| HO2J [0.39883 | 70.38857 | 6]0.33333 | 80.25658 | 12
8| B62D [ 0.39589 | 80.33714 | 7]0.28105 | 10/0.30921 | 10
9| GO5D | 0.38710 | 90.27429 | 10| 0.27451 | 11{0.28290 | 11
10| FO2D |0.34897 | 10| 0.20571 | 18| 0.29412 | 9]0.40132| 6
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Fig. 6. Total Degree of Centrality
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