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ABSTRACT

Purpose: As most defense technologies are classified as confidential, the corresponding International Patent
Classifications (IPCs) require special attention. Consequently, the list of defense-related IPCs has been man—
aged by the government. This paper aims to evaluate the defense-related IPCs and propose a methodology
to revalidate and improve the IPC classification scheme.

Methods: The patents in military technology and their corresponding IPCs during 2009~2020 were utilized
in this paper. Prior to the analysis, patents are divided into private and public sectors. Social network analysis
was used to analyze the convergence structure and central defense technology, and association rule mining
analysis was used to analyze the convergence pattern.

Results: While the public sector was highly cohesive, the private sector was characterized by easy con-
vergence between technologies. In addition, narrow convergence was observed in the public sector, and wide
convergence was observed in the private sector. As a result of analyzing the core technologies of defense
technology, defense-related IPC candidates were identified.

Conclusion: This paper presents a comprehensive perspective on the structure of convergence of defense
technology and the pattern of convergence. It is also significant because it proposed a method for revising
defense-related IPCs. The results of this study are expected to be used as guidelines for preparing amend-

ments to the government's defense-related IPC.
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Table 1. Defense Related IPC

sub class main group
B63G 001, 003, 005, 006, 007, 008, 009, 011, 013
B64D 001, 007, 039, 045
CO6B 021, 023, 025, 027, 029, 031, 033, 035, 037, 039, 041, 043, 045, 047, 049
Co6C 005, 007, 009, 015
CO6D 003, 005, 007
F41A 001, 003, 005, 007, 009, 011, 013, 015, 017, 019, 021, 023, 025, 027, 029, 031, 033, 035
F41C 003, 007, 009, 023. 027
F41F 001, 003, 005, 007
F41G 001, 003, 005, 007, 009, 011
F41H 003, 005, 007, 009, 011

001, 003, 004, 005, 006, 007, 008, 010, 012, 014, 015, 017, 019, 021, 022, 023, 025, 027, 029,
030, 033, 035, 039

F42C 001, 003, 005, 007, 009, 011, 013, 014, 015, 017, 019, 021

F42B
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Defense related IPC Structure _
i | (SNA - Cohesion)

[ l J
Patent DB Defense Convergence Pattern
Fechnology D6 Tﬂchnologv DB (Association Rulse Mining)

Technology A
IPC Co-Occurrence o (SNA - Centrality)

Figure 1. Research Framework

3.2 §W71¢9 39 2§

Ay o 2 559 [PCE &3 §8 ATelAe OHL A wet §3}7)ES A= t2A Zelskar sl IPC
g 483 AgdTE Abmu% IPC 47}8], & MBFe2E 7)FoR §37|4R Aoshs A7) uiitoy, &
A7 S [PCE H97F el we} IPC 7AE]E 722 270 o9 IPCE 7H 588 §37]«= 4
sttt A4 TFEHL el shte] 53] Fol® [PCE =X, 3k} 3]0 ol [PCT} A TAeE AL

AgATANME 22 I A7 &S5 7s P 23] FokA 9 A8 B B Gito] AAsA wAst
= AL2 4] (Yang and Heo, 2017)% H} 9}—‘1“{ == 7 AT 1 A B2 GAE AA7] Wit Az vl
o] Wo] A8 ¥l a4 (Park and Kim, 2017; Kim and Cho, 2021)% v} 3t} i AFeAe =& 2 A
2He T == A des 58 7JE7} F2 Aow Aosiditt. §37ee A, SHE (k] Agtelr
T okt o|F woke] 7]E o] 735&3}% MdS E235kar ltH(Association of Ministries, 2008). & ¢1-to] A=
39§85 IPC A 2 7|FoR %ﬁ?ﬁﬂr IPC 428)7F 22 B9, §571% &5, IPC 327 22 4%,
Tk &, IPC7F wdskA &2 B olF7le g9e= Aosdlen, g8 Fd2 Table 29 .

Table 2. Type of Convergence
- section class sub class
Convergence of the same technology same same same
Convergence of the same field same same not same
Convergence of heterogeneous technology not same not same not same
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g el wihA 52 SR 9 s HolFe AREA, AR Wi tigh $A4 sHoE A=
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A = glom, 3akERel YA ruE FRE AATIAY FAZE GolshA] B ol BnR §9F AT o
2

A TAIE ddekA] @2 Alw s = glh 24 2] ARt Wik ol Figure

High 4 High 4
{Quadrant2) (Quadrant1) 3 {Quadrant2) (Quadrant1)
§ - Not ease to Convergence ~ — Not ease to Convergence 2 - Low Diffusion - High Diffusion
% ~ Particular Convergence - Centralized Convergence % - High Control - High Control
[=) 3
“gfx {Quadrant3) (Quadrant4) | <(Quadrant3) {Quadrant4)
g - Ease to Convergence - Ease to Convergence g - Low Diffusion - High Diffusion
< - Particular Convergence - Centralized Convergence g - Low Control - Low Control
Low Degree Centralization 'High Low Closeness Degree 'High
Deg. Centralization—Avg. Distance Quadrant Closeness—Betweenness Deg. Quadrant

Figure 2. Analysis Model
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Table 3. Index of Similarity Analysis

Very Low Low High Very High
section not same same same same
class not same not same same same
sub class not same not same not same same

=% 7)E dAY] &% 7T2E AHA-sHH R S48 el o B Wk o2 Este] SNAS

R AEslY. A 4
RIZE 52 oiv] 24.7% S vehg 7)) S0 SRy
AZE 55 e 46.7% =7 Ueht AEE o] =2 rxd

2 o] 9.3% %7 teht 714 2 §%0] thh ol 22 A ¢ 5 ek

Table 4. Result of Static Structure Analysis

- Public Sector Private Sector Difference Variation Rate
Degree Centralization 0.174 0.231 -0.057 —-24.7%
Density 0.022 0.015 0.007 46.7%
Average Distance 3.334 3.050 0.284 9.3%

B4 24 A4 Tabe 594 25 EEHX* B4 A3E o FAR-RT J2AY ARES Bt &
VS

Table 5. Result of Dynamic Structure Analysis

- P1 P2 P3 P4

Degr‘ee PUbllC SECtOr 0161 0160 0161 0182

Centralization |  Private Sector 0.149 0.170 0.162 0.166

) Public Sector 0.084 0.089 0.056 0.075
Density -

Private Sector 0.058 0.055 0.049 0.052

Average Public Sector 2.384 2.543 2.636 2.611

Distance Private Sector 2.549 2.542 2.559 2.491
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Table 7. Results of Association Analysis

Public Sector Private Sector
no Rules(X—Y) S C L no Rules(X—Y) S C L
1 | B64G-001 | F42B-015 | 0.020 | 1.000 | 4.85 | 1 | B64D-001 | B64C-039 | 0.020 | 0.635 | 13.77
2 | B64C-003 | F42B-010 | 0.033 | 1.000 | 7.14 | 2 | B64C-039 | B64D-001 | 0.020 | 0.444 | 13.77
3 | F42B-010 | B64C-003 | 0.033 | 0.237 | 7.14 | 3 | F41A-033 | F4A1G-003 | 0.026 | 0.699 | 7.88
4 | FA1F-001 | F41F-003 | 0.029 | 0.762 | 5.24 | 4 | F41G-003 | F41A-033 | 0.026 | 0.295 | 7.88
5 | F41A-033 | F41G-003 | 0.020 | 0.550 | 7.47 | 5 | B64D-045 | B64C-039 | 0.020 | 0.488 | 10.58
6 | F41G-003 | F41A-033 | 0.020 | 0.275 | 7.47 | 6 | B64C-039 | B64D-045 | 0.020 | 0.444 | 10.58
7 | F41H-013 | FA1H-011 | 0.022 | 0.545 | 7.22 | 7 | F41G-009 | F41G-007 | 0.038 | 0.615 | 6.32
8 | F41H-011 | F41H-013 | 0.022 | 0.293 | 7.22 | 8 | F41G-007 | F41G-009 | 0.038 | 0.395 | 6.32
9 | CO6B-045 | CO6B-025 | 0.020 | 0.478 | 9.62 | 9 | F41G-009 | F42B-015 | 0.042 | 0.672 | 4.82
10 | CO6B-025 | C06B-045 | 0.020 | 0.407 | 9.62 | 10| F42B-015 | F41G-009 | 0.042 | 0.301 | 4.82
11| F41G-009 | F41G-007 | 0.048 | 0.634 | 5.38 | 11| F42B-010 | F42B-015 | 0.032 | 0.371 | 2.66
12 | F41G-007 | F41G-009 | 0.048 | 0.406 | 5.38 | 12| F42B-015 | F42B-010 | 0.032 | 0.228 | 2.66
13 | F41G-009 | F42B-015 | 0.046 | 0.610 | 2.96 | 13| B63G-008 | FA1F-003 | 0.025 | 0.241 | 2.20
14 | F41G-007 | F42B-015 | 0.076 | 0.641 | 3.11 | 14| F41F-003 | B63G-008 | 0.025 | 0.229 | 2.20
15| F42B-015 | F41G-007 | 0.076 | 0.366 | 3.11 | 15| F41F-003 | F42B-015 | 0.023 | 0.210 | 1.51
16 | F42B-010 | F42B-015 | 0.064 | 0.461 | 2.23 | 16 | F41G-007 | F42B-015 | 0.064 | 0.653 | 4.68
17 | F42B-015 | F42B-010 | 0.064 | 0.313 | 2.23 | 17| F42B-015 | F41G-007 | 0.064 | 0.456 | 4.68
F41G-007 F41G-007
18 FA1G-009 F42B-015 | 0.033 | 0.692 | 3.36 | 18 FA1G-009 F42B-015 | 0.029 | 0.747 | 5.36
F41G-009 F41G-009,
19 F12B-015 F41G-007 | 0.033 | 0.720 | 6.11 | 19 FA2B-015 F41G-007 | 0.029 | 0.683 | 7.02
F41G-007 F41G-007,
20 FA2B-015 F41G-009 | 0.033 | 0.439 | 5.81 | 20 FA2B-015 F41G-009 | 0.029 | 0.452 | 7.23

* S ¢ support, C : confidence, L : lift
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Table 8. Result of Closeness—Betweenness Deg. Quadrant

Public Sector Private Sector
- Defense not Defense Total Defense not Defense Total
Num. % Num. % Num. % Num. % Num. % Num. %
Q1 421 47.2% 41 2.1% 46| 16.5% 46| 47.4% 221 5.0% 68| 12.7%
Q2 5| 5.6% 11 0.5% 6| 2.2% -1 0.0% 11 0.2% 1l 0.2%
Q3 21| 23.6% 120| 63.5% 141| 50.7% 22| 22.7% 231| 52.7% 253 | 47.3%
Q4 21| 23.6% 64| 33.9% 85| 30.6% 29| 29.9% 184 | 42.0% 213| 39.8%
Total 89| 100% 189| 100% 278| 100% 97| 100% 438 100% 535 100%
% 32.0% - 68.0% - 100% - 18.1% - 81.9% - 100% -

4.4 =34 IPC /WY TR
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Table 9. Result of Similarity Analysis

no sector IPC7 similarity no sector IPC7 similarity

1 Private B64D-043 Very High 14 Private C01B-013 Low

2 Private B64D-047 Very High 15 Private FO2K-009 Low

3 Private F41H-001 Very High 16 Public GO1B-007 Very Low

4 Private/Public | F41H-013 Very High 17 Private G01S-007 Very Low

5 Public F42B-099 Very High 18 Public G0O1S-013 Very Low

6 Private B63B-003 High 19 Private G02B-023 Very Low

7 Private B64C-027 High 20 Private GO5D-001 Very Low

8 Private B64C-039 High 21 Private GO8C-017 Very Low

9 Private F41J-005 High 22 Private GO9B-009 Very Low

10 Private B23P-019 Low 23 Private HO1F-007 Very Low

11 Private B25J-013 Low 24 Private HO4N-005 Very Low

12 Private B29L-031 Low 25 Private HO5B-003 Very Low

13 Private B60R-021 Low - - - -
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