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A Study on the Comparative Analysis of the Convergence Level
of Defense Technology:
Focused on U.S. and Korean Patents
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The purpose of this paper is to compare the level of technology convergence between The USA and South Korea
in the field of defense science and technology. This paper utilizes defense science and technology patents
registered between 2009 and 2020 from both the United States and South Korea. Social Network
Analysis(SNA), Quadratic Assignment Procedure(QAP), and association rule analysis were applied to analyze
the level of technology convergence by country. The fields of ships and aircraft, gunpowder and ammunition,
and weapons showed different technology convergence characteristics. Over time, the level of technology
convergence tended to increase. In particular, in The U.S., the flow and structure of technology convergence
have changed, while in South Korea, only the flow of technology convergence has changed. This paper is
meaningful in that it comprehensively examines the technological convergence phenomenon between The U.S.
and South Korea and presents a method to compare the level of technological convergence. The results of this
study are expected to be used as primary data for future technology convergence measurement.

Keywords: Defense Science and Technology, Patent Mining, Technology Convergence, Social Network
Analysis, Quadratic Assignment Procedure, Correlation, Association Rule Mining
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2351 9},
& §3ol # Bl ol met 71& §H B
7} N §Fo AR AT BA o

T 52 w2l R&D FA|(Heo and Yang,
2013), =1(Lim and Chang, 2012; Kwon ef al., 2014; Jeong and
Lee, 2016), ¥ F(Lee and Lee, 2018) 5 thFsh}, E3 S &
&3 A7t dxolth. 6= 7|e4 Wi #3 “4"’&?’}
AHEE E3etal glo], 7]< 8 E= R&DY HEHTE
4= tH(Yoon and Kim, 2011). 530 T AF HHE 7 1
w3} et @4, AARE 5= B8] A8l A A
3t o] tH(Park and Heo, 2010) 59 o ] He 29 3% 55
AR A7 A sE AR e B8, 7] so] B E
SES ANAY BAHAA ot "F AL, E6fof E3HE A
ARRE T G E40] 7heste 7€ 58 # A
Y Aol -85 o] S-th(Ernst, 2003; Karvonen et al, 2012).
55 tolHE &8 APAFAAE 7€ §8= A
5t7] 93] E3jo] E3H IPC(International Patent Classifica-
tion)7} 2 &5t IPCE FE4F AT 4 A Eok
(Baek and Kim, 2013)¥-5}+ o} U2} ICT(Han ef al., 2015), A=<
EJUl(Moon et at., 2017), ?1& ] & (Bae and Shin, 2017), A5 2}
(Park et al., 2018), ¥}o] & (Hwang, 2018), ¥ Y (Kim and Kim,
2021), g~2H(Hwang and Chun, 2020), F% &3 (Kim and Jeon,
2019), =% (Son, 2018; Kim and Jeon, 2019; Kim and Cho, 2021;
Seo and Park, 2021; Kang et al., 2022) & Th¥3tth IPC& = A
Ho 2 F&H= EFAAZ 19759 A4 TaHq A
E5]of Fodg IPC AEE 539 ¥ (scope)t 7€ E A
A 712 ¢F Aol glo Iﬂ(Squicciarini and Criscuolo, 2013), &
& e Hit IPC T8 BAFOEH 7|=HQd §44, &9

- —
o g¥d 2 HF 7le £oF 52 #EE F UHKorea
Institute of Intellectual Property, 2012).

SHA T S5fof Hojd
IPC & 7l& €& 2] o gold AFolY, 7= &
o] A= (degree)t - (level)= Bl st7] o= o2 50] 9

.71 g4 B AFAFANME S IPCE 7€ §F

FEE Y] A AZZH LB V€ §EE
Adsty =7} 7 71E g thd A4S EAske d 24
& FL AP 7& §F FEE ] Y A+ F
=3 3ol

B AT = T Bokd] S5 E7|Wo R w7 Ve 5
T Hlwshy] Y3 S AQtetdth ARlAAY £4
(Social Network Analysis: ©|3} SNA)S] 4™ A & &85}
HENIAFEAA 7€ §F FF Hlushy] A 28-S Aj
3k, 2009'F 8 20203744 559 =3t )=o) Sy E &
SAEUOE Tt E SR FEe st w7PE V& §

3 s AHEJYY. =S QAP(Quadratic  Assignment
Procedure) A HEA S B8 27} 77| & §8 AAWY 24
FAM & B8k a1, A2 £ (Association Rule Analysis)

= T']i"l
Tl AE FH SV E = ANAE st 71 7E §8

Lz

L

]
‘.l.i‘

B9 HmaT & A7) TAL e 2k A28 4 A3
Q179 o] 24 v ol 3 4w B3, A3 A e
G Aol 7] 4 A AN 2, A
A AR Y A7e o9, 127 25 AT HA2 AN,

L | =

2.1 YA+

B Ao ME E57|8 7& R} vndTE AH R 5
2ok 71& 5 2 ¢ IS A BT WA, 55 dolH
g 283t 7le 7 A %7} ot YA E A
HE M b3} 2t} Back and Kim(2013) &= thoFsl Fof
o] 9] HolH & &3t HL o= dB EU 5 4749
€7 EMEE B4 ATFEA B4E Ve §F 9A%
oA e ¢ Slroh #H Ao wjE 9 Abo] o AR E #
Agths Aol A A8 A o] Tt Bae and Shin(2017)2 <134
T B ES HolHE & 6}04 g, v, Y8 EU, 1 5

S S HE S vl EA 8 o H °I*ZILJ&LIPCQ}
AAEFE vl g3t %7} 4, 29713 g AE e B4
o= Aol A A A o] gltt. 1A ¥k Baek and K1m(2013)-\Jr Bae
and Shin(2017)8] Q7= AAAE FUA BM o 2atgo] 3
AEATdE A 7l& §& 3 7158 58 = 49
Aohs Aol A §A A o] At Hwang and Chun(2020)2 44t
Hol £ tlo|H & &4t &=, v =, Y& EU 5 47059
T A4S BAs AT 4k 2okl B 71E S RS
S 53 AN E A S MEYAZE A Zgsta
F7ME, 7)1e¥ R TRt EtE HolA e A7 A
Hgol Qo 71E 3ol gk 7]1Ee] ANHA Lkthe
Aol A gA A o] SlTh.

T Rk Ve T F L §H 3
A o3 2t} Son(2018) 3}of
gt £ HlolE & 7|Ho 2 04%%%
A71ed i ST T P92
3} T}, Kim and Jeon(2019)2 F
g4t A AAAE TU4
«] vg-zs:]/\l-gigﬂﬂ oiig_qy_
TE A AFAdA 2
SATEAN AR OilEiJl ﬁ*ﬂ., SNA,
ARl M9 B IS E88to 53 d4E AT
7 of| A }Bé o] 9t} Seo and Park(2021)2 = H3}s
OM A B Ho|HE 7|Ho 2 EYRdy AR
A& &4t I R&D 71E FAE B4t FARE
okE 239t} Kang ef al.(2022)& 438t A 14 29
& Hlo|E & 7|2 A 5 85 7] ke ZHJE*J & A
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2.2 Social Network Analysis(SNA)

SNAT‘E T4 MAE Aol A48 AU FEES S
Ak 7R 02 AFS] e okt ¢
A &5 o] $Eok(Scott, 1988). SNA‘_ ] sgsﬂq 2}
sto] AAT A, AAT W AA Y &
|t SNA &4 Al §8 5 A4S leS’J- EE
Eﬂ 29 FaE &4 A, 24 54 o whet o
T A% gutA o g v Y9 AA= FA
occurrence) e 2 o2 & A THWhite and McCain,
1997). dutx 0 2 SNAE HEY I 5, =& F& HAd &
o BA S0z THF 4 9lthKim, 2003; Lee, 2010). Y E
A3 FF9 £42 U S(density), T4 SHcentralization), E -2
A (inclusiveness) 5-©] T %4 OIU:] EEFEY B dEAA
5 FY(degree centrality), T3 F%4(closeness centrality),
7} Z %44 (betweenness centrahty) Zo| glE Aot} SNAE
A AN E 56 E 2E&T AFET ol A3 #E AdE
gt Fopl M E FetA AP glom, iE =&
‘4 =9 ]—/H lfl/j‘ %/\] oz X]EEQO-] 9,]-1‘4-

H
M\

o

2.3 QAP(Quadratic Assignment Procedure) A-2-E-2

A2 dole = dE Fej 9 dolH = dukAQl wolE 9}
et gag. kel EARASS Hf‘ﬂ dlo]E o} FEj7}
2o A4 94 (significance) A4 < A= EE9
HH o] @ 7@ th(Park and Choi, 2016). B0 SNAA
AHEEE dEAY FAE A4 wHe &
QAP JHEANCE FEHAT QAP FHEH L F A4

QA

g rErL Y 469
HeAS AAsE gEZHQ 7IH o2 2 A (permutation
test) 7= o] &3t TAHCE o4& A4 FHTH(Hubert,
1986) QA *o“ BAE A4S 3E 3 A e dRE e

2020) el AAgy = she A4
o] F2A 07 FABAIL YA Fotsted g B
°|tH(Song, 2017). QAP H#HEA & AZ2% P& 7 frAd ol
U 434S AA S 53 A2 Abole Fomd AdA
A oAR 3%01 PRl QAP %%*—1% A3 78} F-ok(Jang et

2.4 G £4

A2 EA42 tt = bol 1 ol A A A
ojuf sje& HH s} Hﬁﬁ ThoFa Fofol A
olelmtold 7|Wolth AHtA B4 Aul
A d# A 9l th(Agrawal et al., 1993). A&+t
& F7HA ofoldl o A T A EA SE
#EE BYste 7W°]E}(Suh 2017). A#HFH
42 BUR] 99 AAE, M E, 7
w ASHBE] ofolgo] ¢1& uf o] o] EA|9
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QEE}E f‘@:} A9 BY A&
e Y R e B
4H(Hwang and Chun, 2020) & Th¥3F Rofo| A L2

oy, # o= =1 £KSon, 2018; Kim and Cho,
and Park, 2021; Park and Son, 2022)° M & o] &&
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>
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2021,

i)
=
E:Q.(Ao
lu)

L LECDEE]

2R UEND 22N ) §8 522 vLs
7) 1% S AL, B3} v FY AE Al 1% ¢
42 4T B4E w90 W4 BHE 7
714 B PCE 71202 SURGOH, T971% ¢F 5
& PC FARAL 1 EOE FEHA UEYDL £ 7
A 7\% §8 #22 Mas] 931 SNAS AAFE B4

= Comparison by Field

[ = Patents DB }—

= SNA - Cohesion

-[ = Comparison by Period

= Defense related IPC <«

= SNA-QAP

= Comparison by Structural Similarity

= IPC Co-Occurrence

= Association Rule

)
)
)
)

= Comparison by Pattern

Figure 1. Research Framework
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= ARE Z83td 4 2y & AAs, 4 nyg e &8
ste] 7 S7te] Bopd, M V)& £ FES HnTe R
A T 71e §F S EAE AT T3 QAP FHEA
S g83td 74 371y Ve 8% 949 F2E A S
A, AT BAE 53 4 1719 e € HE S
Hlasth £ A7 AAHR AT ZHYYIE <Figure
1>9 =25} o

1 sle d E1e 5319 39

2 AFAA 39871& e E8A FAd 02 4% &
il Ipcoﬂ & s }—t« %oi% ojm &E} AR TEY A4z
HEAF AES & o%}
5 3 2§J°ﬂﬁ1\: #4 IPCE AT
Aot =% A IPC= 7N AR, FIAY, A3, 3HE(

BEHFE FEHM IPC AL E 7| F02 17

B64(3-371), C06(3+eF), F41(F71), F42

TE8 5 Aok =% #H [PCE <Table

—Jiﬁlﬂlﬂ

(B+F) 5 5T £oF
1

Table 1. Defense-related International Patent Classification

Section | Class Title
B63 SHIPS OR OTHER WATERBORNE
B VESSELS; RELATED EQUIPMENT
B64 |AIRCRAFT; AVIATION; COSMONAUTICS
C C06 EXPLOSIVES; MATCHES
F41 WEAPONS; BLASTING
F F42 AMMUNITION; BLASTING

F71%0l@ T okl 1o] BE Robel &3 A
ko] MEE 7HAE AEdlde 712 BE F Yo
(Shmulewitz et al., 2006; Yoo and Lee, 2013; Kim and Lee,
2016). ¥H71E= £ W) 7)< 1 §FS AEste #AH ol
HaEolof At 71% 1 7L A¥eln Z4e7] 91 o

C‘:kff& o] EAahd, B4 o] A o)A ¢ Ao
& AFA o] HEsthe FAH o) EA Sl whet 55 FR
£ 283 A7 FE3] o] FolA YTh(Han et al,, 2016).

Table 2. Patent Statistics used for Research

- Nam-Wook Cho

£33 ARe 7S U&8kE A E(Grilliches, 1990; Ernst,
2003; Kim and Lee, 2013)0]™, Tt9] [PC7} F-o & E5{ = 7]
& 7t 8 7heAol At A " th(Tijssen, 1992; Curran
and Leker, 2011). IPC+ Section, Class, Sub class Main group,
Sub group T2 FHHL 587t HxE SUE W) Foly
= IPCE Original IPC2}1L 8}, o] & R FE 7<H7b ] 8l= A
oA B57F WAHE A Current IPC7} Fo €T B AF
dME IPC7F Hx Rold AR EA4E 1] A3
Original IPCE 7]|# 02 £4 & APt} 589 IPCE &
&3 APAToA = A7 FH ol whe} Sub class T Main
groups 7|F 08 §FS A & ATl 4 o
ol 37| E Lot dA R wet Y 5 XS
AW R 93§17 ESE IPCY AUFE AR AH
sholth AAY £4 < A 1] E6lol oA IPCE =E2
AAstglomn, 17 H %’51 of ol 274 o] IPC7} T A of 2
Ak e Az A4

3.3 ¥4 dlo]¥

B AT 285 59 vlolH e Y29 A2y WINTELIPS)
MBI 25 Foll SRS &4 vl olH & 2009d FH 20204
NA 2989 58 & 559 5 01 o= v EHA
T EA U 5 &

Z 13,1619, A/ AIE 73?%“3—% 43817 8 & MA
HE 39 S E FESA T 1772 2009~2011, 2
015~2017%3, 477H& 2018~

—Ll
N,

O
o
[a)
S
[\®]
[}
=
T
W
—Ll
oy o
o
o

202063& SuE

n 33} §3o F7¢ L §i)E 55 dFS Auny

<Table 2> 2t w5 F7]E 58E 10,6997, §3 v
& 60.7%0]8 o] F7)& E

84 8%olth. Wl =] AA 17|e §oe ST o 4u) o]
Zou §7)e 58 HF L g2l =& AL &+ T
TFHEE AR, V5o §47]E v S 177 32.0% 14
477 652% % 268% % FUtetAoH, =9 4 173t
77.0%N A 473t 87.1% 2 13.6% 2 Z7Fstth =2 §8
71% Hlgo] ME2A Frtetgon, dne §Y7E HFol

Ao 52 APAHS HA 7

P1 P2 P3 P4 Total CAGR

(2009-2011) (2012-2014) (2015-2017) (2018-2020) (2009-2020)
Convergence(a) 531 1,538 2,548 1,875 6,492 52.3%
US.A Total(b) 1,660 2,651 3,512 2,876 10,699 20.1%
Rate(c=a/b) 32.0% 58.0% 72.6% 65.2% 60.7% 26.8%
Convergence(a) 334 511 689 555 2,089 18.4%
R.O.K Total(b) 434 626 765 637 2,462 13.6%
Rate(c=a/b) 77.0% 81.6% 90.1% 87.1% 84.8% 4.2%
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Table 3. Convergence Patents by IPC’s

- - B63 B64 C06 F41 F42 Total
Convergence 232 764 344 3,651 1,501 6,492

UsA Rate 3.6% 11.8% 5.3% 56.2% 23.1% 100.0%
ROK Convergence 206 167 91 977 648 2,089
Rate 9.9% 8.0% 4.4% 46.8% 31.0% 100.0%

o) gk o] Hopl §37]E S AW R <Table 3>
I 2}, w5 F7)(F41), ©HF(F42), 3H38-7](B64), 3H9F(F42),
HHL(B63) o2 §R7e 59 HiFol £& A oE YER
o}, g2 F7)(F4l1), BF(F42), AuHB63), &371(B64), 8
—F(F42) TOE §Y71E 58 HlFo| & A0 E YERT

348429

2 AT #4 BYA = ‘7] g FEo wthE
Tle ALY i, V& E
10 & oyl E}?/}H 24

A (variety), &S (speed)S T2 A EZ HA3}
-r—fr% 175 stz 0}951‘:} AEE AR W

2=

—
[=]
=
=

<

—

>,\(

M

m?i’ S
o

E}(SOn 2002) l
ol g2 70w EHMO}‘“‘:} %
}“U}Ur doll FFH o A7k vl 4 (Kim
Cho, 2020)0.2 FAI8} gho] 25 %’ﬁ' A (centralized) &%
of Yehte T2 S48 gl &5 A4 ddYe 72
7 44 c’J(fragmental) S Ho|7] wEo] Tk
(various) § o] e 72 A E |4 & o}, e}
A FAEE e RS Ve 3OS §8o] Yehde A
S s A3th Wit FEAYE =S =& Aol ¢ A
£ vt NI R Hit HEALYI AFF AT 1 &0
wol £28H = A0 44 vl 9lof(Park and Kim, 2017), *H

& AEAY} H2TE 7le 1§80l wEA YEhvE A
O = 3 M3yt

EAdFdE 7P 7€ 54 TS S Al V&
&3 A 4¥(technology convergence score)’ S A+&3}FaL, 57} 7F 7]
< % S-S Hlast] f8) 71E &% A E(technology con-
vergence map) = &-&-3}H T}

71€ €% A= Y E(density), 5 SH(centralization), 3 ¥
74 271 2] (average path distance) A1 & T gh-S fvlsitt.
A%, FAS} B AEAL S st LOEE‘”OV] H
3l 1004 .2 3habstglon, 1004 02 Sk Al i 50,
Azt 100] HEF FF38AT B A4 47 :rL-L

£ Uetile A5EA A 7hed A2 tiul A4 92
Mo e SAR FAste WA dFDo] drpt F
Aol AFstal l=AE YEl e Axon, & AdFqAE
AAH = (degree)oll 7I¥Ee] S4B A RS AHESIAT. Bt

i
4 2
2 N I 3o do oo BT oo

nz

Ir
R
2
re
i
o

o

AEAYE BE SEAE LAY 76‘i7iﬂ~°4 WioR &
A3 THKim, 2003). 71% &
=z FAAY. 7€ 6%
EY Y AZAY AER EYS
7EOE AHEHOE TR OH, ALY AXNSTE
7]%%?&“‘ o] 1L INEHA AATFE Ve §F FF
ZHdn 7e 8 A=A HEY A7+

g8sto] £@stglon, U AR o] 5
ALz A4t 71e & A=Y ZH Y
<Figure 2>9} 2T},
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{Quadrant 1)
- slow convergence
- centralized convergence

{Quadrant 2)
- slow convergence
- various convergence

{Quadrant 4)
- rapid convergence
- centralized convergence

{Quadrant 3)
- rapid convergence
- various convergence

(Avg. Distance)

(Deg. Centralization)

Figure 2. Framework of Technology Convergence Map
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Table 4. Convergence Score by IPC’s

Density Deg. Centralization Avg. Path Distance Overall
value score rank value score rank value score rank score rank
B63 0.8921 71.2 1 0.1088 72.1 1 1.1079 71.4 1 71.6 1
B64 0.6224 59.3 2 0.3792 56.8 2 1.3776 59.7 2 58.6 2
US.A C06 0.3149 45.6 5 0.6147 434 7 1.6840 46.3 5 45.1 5
F41 0.2383 42.2 8 0.5750 45.6 6 1.7681 42.7 8 43.5 8
F42 0.2581 43.1 7 0.7119 37.9 10 1.7444 43.7 7 41.6 10
B63 0.5631 56.6 3 0.3955 55.8 3 1.4753 554 3 56.0 3
B64 0.5055 54.1 4 0.4691 51.7 5 1.5086 54.0 4 53.2 4
R.OK C06 0.3049 45.2 6 0.6153 433 8 1.7087 453 6 44.6 6
F41 0.2044 40.7 10 0.4686 51.7 4 1.8398 39.6 10 44.0 7
F42 0.2308 41.9 9 0.6443 41.7 9 1.7851 41.9 9 41.8 9
Average 0.4134 50.0 - 0.4982 50.0 - 1.6000 50.0 - 50.0 -
HOZ A yetgth ditg o g Muh g37] Eotkel 7le ol YA oY, a2 2AHEHel| f AT o] = g
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Figure 3. Technology Convergence Map of IPC’s
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Table 5. Convergence Score by Periods
Density Deg. Centralization Avg. Path Distance Overall
value score rank value score rank value score rank score rank
Pl 0.1034 458 5 0.2709 64.6 1 2.3168 44.0 6 51.4 5
USA P2 0.1235 54.2 3 0.4598 41.8 6 1.9724 59.4 3 51.8 4
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Figure 4. Technology Convergence Map of Periods
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Table 6. Result of Analysis(QAP Correlation Analysis)

US.A
B63 B64 C06 F41 F42
B63 0723 - -
B64 - 0.516"" -
R.OK €06 - - 0.662""
F41 - - - 0201
F42 - - - - 0298

" <001, "p < 0.05, p < 0.1.
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