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ABSTRACT

Purpose: The purpose of this paper is to analyze the technology convergence and its characteristics, focusing
on the defense technologies in South Korea.

Methods: Patents applied by the Agency for Defense Development (ADD) during 1979~2019 were utilized
in this paper. Information Entropy analysis has been conducted on the patents to analyze the usability and
potential for development. To analyze the trend of technology convergence in defense technologies, Social
Network Analysis(SNA) and Association Rule Mining Analysis were applied to the co-occurrence networks
of International Patent Classification (IPC) codes.

Results: The results show that sensor, communication, and aviation technologies played a key role in recent
development of defense science and technology. The co—occurrence network analysis also showed that the
convergence has gradually enhanced over time, and the convergence between different technology sectors
largely emerged, showing that the convergence has been diversified.

Conclusion: By analyzing the patents of the defense technologies during the last 30 years, this study presents
the comprehensive perspectives on trends and characteristics of technology convergence in defense industry.
The results of this study are expected to be used as a guideline for decision making in the government's

R&D policies in defence industry.
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2 1T A, WdlolE] & tAY 7] W o g AR 43 AR S S i tobol ke Wstel RS a8t
al O‘U} 42 A8 Ve A Y gEE Ve 3 SEEE SAF RN wEA Jska ArhChong et
., 2020). o]l wat =k Fopoll A R E A 7]t SRS 9458 WAL dow(Ha, 2017), WA
‘?iﬁrﬁ}% A B4 g or ggshr] A FiHEree] FoAde] oA itk HHEy|eEe] 485
= WA Ropll M 4 o] Heksle) s thdet Ve ke A= 544 UEha JtK(Choi et al,
2020). WAkgol g ke Ao Fask A% FA- I T aeR ALY T 719 A F AARS
It AFYS 9n|dti(Jeon and Yoo, 2019).

Syugtel 20199 = AT/ 2 (Research & Development: ©]8F R&D) o|AHe- 3% 2,3349] dolt}, =+t
R&D eofite] H 541 At S7HS 7.3%%, ol 2 7I3F w7k R&D oite] vt S7HeS A3t
(Ministry of National Defense, 2019). $-8luete] =9 R&DE T etdF4(0]st TN E FHO
et BAAAE FEske g xolth wadS A uAd|s qF A3E dlE B sk s et
olv g}l AR EA1714(Information and Communications Technologies: ©]3} ICT)S 7|9Fo 2 3t G412 F=zl5la

otk ICTE §8H71%(Convergence Technology)®] T7Fo. A =H7h Akl AFE] Auke] A8 278ka 9lom,

T8 77FeS =7F Y-S FRal] 98 ICT 71Whe] g97]eel ek F25 Sistal vt f-2ubets
S (Artificial Intelligence: ©]3s} AD), AF=<QlE]Yl(Internet of Things: ©]3} IoT), Z&H9-=(Cloud), ¥ dl°]H (Big
Data), X1} (Mobile), &5 A<1(Block Chain) 5 A17]<(A ICBMB) 7]4k2] 517] o HEOE Akg ] LA
AL 98] w=ala ¢l o (Association of Ministries, 2019), M3 xFLoA AHd§3 wA-S 93] 201939
= 2% 8,2029 9& FAFsI tHAssociation of Ministries, 2020).

A 53e7]aa G317l ek #Al3 FA7t S71skel whet ohekst v A7t Fx1E o] gk HZdl=
g2 Ento]id(Text Mining) 59 th&FH Fﬂolﬁu}"]” 71 &89 syl #§k $9(Son, 2018; Park
et al., 2019; Jeon et al., 2020)7} 318 v} v}t 27 §§7|Eo] #S AFE ICT(Bae and Shin, 2017; Lee
et al., 2018; Kim, 2019), @& (oo et al., 2016), AF&*HYoo et al., 2019), B=A|(Yoon and Ji, 2019), H}o] 2
(Hwang, 2018) & theFgh AF§d okl A 3215 o] ket sk nt = R&DO] T o4l v, =% R&D 71&= 24

552 AAHOR Fostel AAAOE BAT AEE $EF 4ot

HU
r
-
28

2 AT 3 Fof AEEAATFVHY R&D 53 AHE AR uHsy|se v 5 2 3 A4S
BAEE AL 2407 gt} o]F Yo ZHoA 197992 20199714 9 2 529 EE o s AR
A E 2 3)(Information Entropy) 4, A}3d24™ 22(Social Network Analysis: ©]3} SNA), zFE A

(Association Rule Analysis)e S-&3}3it) & A= 17]% R&DY &S AAHoR Aoz A =
el S A A B FHE A% VI2ARE Alvetast gk

B =l A vt 2k A2l A o]l &F wiAel dia) arzkskar, A3l A At Wl el w=efakal
o A4gel A AT ATE AAEEL, ASFNA Aol digt A& 2 ofef, dA disf =ostqirt.
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2017). dutH o AAYE wEst YAR AT ABAAY B mug A5 Aoshe 3L 24 2
e A W &GS 7] bl T3 Aotk AAT] LEE Al T, AW oy 7|9 E, g
A, 53 5 o w39 FAZ AoE i Borner et al., 2003). AW HAE FA 1F BAE UehH, B4
WAl (co-occurrence) S 7122 EA - (co-classification), 914 ¥, 35 HZ 59 vt ez Hojd
ATHWhite and McCain, 1997). AFS|AAE 42 Thgh okl A 28 7hsat, A2 53] BHE 7|22 7|&
% 53 JdF(Bae and Shin, 2017; Gwon and Geum, 2018)9l 8511 Qlth FAsl= WA AZA o] dnft
TGl JFslo] deAE SAHE AREAN T4 JFH(centralized) T2YTH T471E THO2 §ito] #A)
ataL s skl (fragmented) 72975 47150l &1 A7 (tipping effect) §lo] thgh §3o] MAgTRaL 4]

ZF §3fol &e] XaE

(Kim and Cho, 2020)€ #} it} 71 ;]L AToA AAHE FIo] = AL 7E
v 7
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Figure 1. Research Framework
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Table 1. Overview of Quadrants

- Entropy Quadrant Centrality Quadrant Entropy—Centrality Quadrant
Q1 -Utility of Tech : High -Diversity of Convergence : High | -Utility of Tech : High
—Advancement of Tech : High —Activity of Convergence : High | -Convergence of Tech : High
Q2 -Utility of Tech : Low -Diversity of Convergence : Low | —Utility of Tech : Low
—Advancement of Tech : High —Activity of Convergence : High | ~Convergence of Tech : High
Q3 -Utility of Tech : Low -Diversity of Convergence : Low | —Utility of Tech : Low
-Advancement of Tech : Low —-Activity of Convergence : Low | —Convergence of Tech : Low
Q4 -Utility of Tech : High -Diversity of Convergence : High | -Utility of Tech : High
-Advancement of Tech : Low —-Activity of Convergence : Low | —Convergence of Tech : Low
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Table 3. Centrality Quadrant with Top 10 IPCs

Q1 Q2 Q3 Q4
section| class | sub-class | section | class |sub—class|section| class |[sub—class| section| class |sub—class
B64C A A61 AB1K B25 B25B B25 B25J
B B64 B
B64D B B63 B63B B B60 B60R B29 B29C
. F41 F41H B64 B64F B81 B81B FO2 FO2K
F42 F42B GO1D Co7 COo7C F41A
GO1 C F —
GO1C GO1J Co8 CO8K F41 F41F
GO1IM GO6K D D06 DO6M F41G
GO1 G GO6
G GOIN G06Q F F41 F41J G G02 G02B
GO1S GOS8 GO8B G GO1 GO1H GO5 GO5D
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* Top 10
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Table 5. Results of Association Analysis

Period 1 Period 2 Period 3

Rules(X—Y) S C L Rules(X—Y) S C L Rules(X—Y) S C L

F41G—-F41A | 0.032 | 0.555 | 7.310 | F41G—F42B | 0.039 | 0.419 | 2.834 | F41G—F42B | 0.036 | 0.537 | 3.769
F41A—F41G | 0.032 | 0.416 | 7.310 | F42B—F41G | 0.039 | 0.267 | 2.834 | F42B—F41G | 0.036 | 0.255 | 3.769
HO4B—HO4L | 0.032 | 0.555 | 7.970 | F41A—F41G | 0.020 | 0.271 | 2.876 | B64C—>F42B | 0.022 | 0.355 | 2.489
HO4L—HO4B | 0.032 | 0.454 | 7.970 | F41G—F41A | 0.020 | 0.216 | 2.876 | HO4L—GO6F | 0.014 | 0.250 | 2.659
B25J—>G05D | 0.025 | 0.666 |13.160| F41F-F42B | 0.025 | 0.400 | 2.706 | B64D—B64C | 0.016 | 0.348 | 5.548
GO5D—B25J | 0.025 | 0.500 13.160| F41A—F41F | 0.023 | 0.305 | 4.789 | B64C—B64D | 0.016 | 0.258 | 5.548
FO2K—F41F | 0.025 | 0.800 |15.800| F41F—>F41A | 0.023 | 0.360 | 4.789 | F41F—>F42B | 0.018 | 0.450 | 3.156
F41F—>F02K | 0.025 | 0.500 |15.800| F42C—F42B | 0.017 | 0.765 | 5.174 | HOIQ—GO0I1S| 0.015 | 0.357 | 3.019
B29D—B29C | 0.025 | 1.000 |31.600| HO4N—-GO6T| 0.017 | 0.520 |14.075| GO6Q—~GO6F | 0.014 | 0.467 | 4.963

B29C—B29D | 0.025 | 0.800 |31.600| GO6T—NO4N| 0.017 | 0.448 |14.075| F42C—-F42B | 0.015 | 0.625 | 4.383
* S ¢ support, C : confidence, L @ lift

ARH Ao A A AAFE S 7)o AAgo R A7l [PC 7H] A#AS Figure 49 UERIS
ok AM, S, MEZY AT BT T2 A9 ol §VIER FYsta HHoR Hrlsiglon, A4 FYst
U SFeael e Eeart gdaAYy A Seas sdsid ARZH s g2 A9E 5 IR FYst
uAXeR ¥ 16}%} 173t A= 1709 o1F §371% A498Y 5709 5% §87]e ddd-e] #44
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o] MEFA g3t en, 7
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Figure 4. Changes in Connected Pattern of Convergence Technology by Period
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Table 6. Types of Technology Convergence
i Period 1 Period 2 Period 3 ng‘?’ir;;;te ng‘;’t_r;;gte
Num. % Num. % Num. % Num. % Num. %

Convergence 140| 68.6% 225| 90.7% 258 | 95.9% 85| 22.1% 33 5.2%

Non-Convergence 64| 31.4% 23 9.3% 11 4.1% -41| -22.1% -12| -5.2%
Total 204 100.0% 248 100.0% 269 | 100.0% 44 - 21 -

7 558 tdoR ¢ b IPCO ARt X #3k2 Table 73 2t 37 73+ B V]| &84
2Rl w2 Q39 HFI Vs 284 R FRA 0l =2 Qe HTol 2 Aom Yt b v
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Table 7. Frequency of Entropy—Centrality Quadrant
i Period 1 Period 2 Period 3 (\ﬁ”_a:ilfg) (\I/f;ri_a:i;g)
Num. % Num. % Num. % Num. % Num. %

Q1 36|  25.7% 45| 20.0% 541 20.9% 9 -5.7% 9 0.9%

Q2 9 6.4% 7 3.1% 11 4.3% -2 -3.3% 4 1.2%

Q3 75|  53.6% 156|  69.3% 179 69.4% 81 15.8% 23 0.1%

Q4 20 14.3% 17 7.6% 14 5.4% -3 -6.7% -3 -2.2%

Total 140] 100.0% 225 100.0% 258| 100.0% 85 - 33 -
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Table 8. Summary of Analysis
- The extinction of organic and inorganic chemical technologies

- The emergence of unmanned aerial vehicle technologies

- The emergence of various convergence technologies

- Increasing convergence between heterogeneous technologies
- The diffusion of convergence technologies

- The maturation of technology convergence

- Transition to a centralized structure
- The emergence of new technologies
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