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Text Analytics-Based Construction of Technology-Design Trees
for Technology Opportunity Discovery
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Department of Industrial and Management Engineering, Hanyang University ERICA

Sae Hoon Kwon - Byunghoon Kim

This paper introduces a novel methodology for constructing technology-design trees based on text analysis to
support the discovery of technology opportunities. The methodology employs KeyBERT(Keyword extraction
with Bidirectional Encoder Representations from Transformers) model to extract meaningful keywords from
patents and design rights documents, thus facilitating the analysis of semantic similarities and categorization into
similar technological and design groups. Further, it utilizes Cooperative Patent Classification (CPC) and
Locarno Classification (LOC) to build technology trees and design trees, respectively, through the analysis of
technical and product similarities. Additionally, the methodology employs structural similarity index mapping
(SSIM) on patent and design right drawings to validate the constructed trees. The approach is distinguished by
its minimal reliance on expert intervention, enhancing the efficiency and scalability of technology opportunity

discovery processes.
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(product and service-levels)& 1234 E3le dA7F ATt
(Yoon and Kim, 2024).
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o] HEIHHA 71E A
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7199 ZAA 71€713 & 7)o =T T Y=F A s}

AL e 71949 A7 71993 Astata, A0
I ARE] A3 AAE Alste B Yol wig T8t
(Seo, 2021). &0} o= BRI 7]&0] B G npet A
%A dolg BAS 7|uko g &= 71&7)8 W A7 2
BHabA 2 3 ATh(Lee et al., 2021). E3= 7|€8 3} A
TNEe) Eakd et Ak gejHs4E de 851 9o
), ol2]g 5§35 vlolg 9 £A4& &3 Asdtd 7|£713 T
=z W E 3 A7 g FH A T E I A TH(Park
and Yoon, 2017).

Song et al.(2023) W] =2 ¥ E3|(utility patent) ¢k T A<
53(design patent)F & w418t 713 gAY Y] frAb
A& ENE 7|&7]3] B2& A daty] 93 P ES ARkt
ATk o) & HsliA WA, FHE gAY ESZHE Ml #
oFE UEH = field keyword9k Al H4 9] tfd UEY
T target object keyword & FE3}F¢] <Table 1> 2o HA}<l
£33 EYE =&} olv field keyword 9} target object key-
wordE AR ol Ao H 7)1 Ao o) AP Ao TF3}
sto] Aot gFoE F9 I 59 19 9=

CPCY FAS SAEE B3 27 248 4308} <Table 2>
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.
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o} oty E3 EFE &I 7| 2EE 4 7L
& 7] 9 CPCE 2ot AHA R #HH & AT
o} opA Bt O 2 <Table 3>3} o] 7+ Eg] 7F FAM SAE
A Bl 7€ ME-AFE AN FYE St AE A
FE 23T o9} 2o A TE EF 9 galde FA
A st AP FA 9 B 76k v o] {1 7]
& Ev AFS AEdTE Hd 997t itk 28y £4 =
EA 2 A7 JEETF EAY o] WIste] 4 A

Table 1. Design Patent Tree Structure(Song et al., 2023)

Sae Hoon Kwon -

Byunghoon Kim

HE IAE 7e7)3] dae Adste dA7 Aok A F
02 YA 53 EfE T AN £AFY
(territorial principle) & T2 AFFAAHE S £G4 w9 A
- YAl A(design right)s S3H9 4F A S8 =
stobgiet mekA gakel S5% w5 HEs US.C)ol ut

2} <Figure 1>9] (a)9h Z0] =AIE EHEE 7g = Ag Al
AT (claim) 3T B oty B-A TS FLEA g
THKim, 2010). &, 7HA% 782 %/ﬁg 22y 29 7

Field keyword

Target object keyword

Display system

Surface configuration

Automobile

Dashboard constructure

Surface configuration

Commercial & Working vehicle

Steering wheel

Table 2. Characteristics of Each Utility Patent Group(Song et al., 2023)

Cluster name CPC

Main keyword (based on TF-IDF)

B62D25/145
Dashboard support

(Dashboard crossbeam ccomponents)

air condition system, dashboard support, arrangement
structure, layout structure, cross member, duct structure,

connection strucutre B60H1/242 dash i
ash cover, support li
(Front structure of air filter) PP P

B60K37/06 . . . . .

head-up display, vision system, image display, opening
. (Dashboard control knob) . i . . . .
Display control system cover, display unit, image projection, virtual image, virtual
G02B27/0101

control

(HUD: optical feature)

Table 3. Result of Similarity Analysis between Utility Patent-tree and Design Patent-tree(Song ef al., 2023)

Applicant ratio Similarity Applicant ratio
Utility patent tree OEM Others | Measure Standarldizationva Design patent tree OEM Others
ue
High 0.7789 Automobile - Center fascia 75% 25%
Dashboard support 41% 59% Commercial & working vehicle

connection structure ! ’ Low 0.0000 ) g. 0% 100%
Surface configuration

Display control High 0.7945 Automobile - Center fascia 75% 25%

play 50% | 50% Commercial & working vehicle

system Low 0.0000 ) . 0% 100%
Surface configuration

High 1.0000 Automobile - Steering wheel 60% 40%

Airbag module 36% 64% Low 0.0000 Commercial & W(?rkingA vehicle 0% 100%
Surface configuration

High 0.5882 Automobile - Center fascia 75% 25%

Device holder 19% 81% Low 0.0000 Commercial & W(?rking. vehicle 0% 100%
Surface configuration

Safety devices around High 0.8758 Automobile - Center fascia 75% 25%

y dev u 0 0 . . :

dashboard 36% 64% Low 0.0000 Commercial & w?rkmg. vehicle 0% 100%

Surface configuration
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an United States Design Patent oo, Patent No.: US D978.744 S

Kupitza (5) Date of Patent:  wa Feb. 21,2023 et
A2

54, DASHROARD FOR A VEHICLE

dAde gyl se #F
494 drus

A 49
LoAdE &2, A 8 F49

A B pield, 1WA FRULA S

1o2M, (S0 Al We 8 Ade) Sdol

7. (SR ALZ)E EQ0A)
8. (59 AL3)E ¥

9. (=% AL4) ¥
10, (59 415 deiel 4 2) dn A9,
1. (=1 4.0 deied 41 2) da A9,

1 Claim, 16 Drawing Sheets

¢ #% J#8 2Y
B4 ARE dAuso 9 wael AE G bR agos 4

(a) Structure of a Design Patent (b) Structure of a Design Right
Figure 1. Example of Design Patents and Design Right

A7t gt 5389 tE2AS UYehlZ]o &3ttt EofHueAS BoEth ol RAqA=ASE 71+
B 4 THSong et al,, 2023). T2} <Figure 1>9] (b)<} 2ol WS 8t AE7H NSl e HAssta, iy § 3t 7<=
g gARlAS 2ol 2FHA, AW E, 2423 5 9 A oul o} A F A AAE W ER 7 &-H A ETE 75T
EdoJe7t B8 729 F Y A ole gl & TARE I F2 S Ay

< f#Edhe FRIIYEE FE8ke d AV I =3
Y 5319 CPCo 22 AAREE F&ate] HAgl —E— =
EEde ZEA2 BAT Qsnh EAE, U 5
29 7+ 23 & g EaE F2 719 =(main keyword) S F
St G A TF-IDF(term frequency-inverse document fre-
quency)E 7|¥FO. 2 3} 31 §lo], F50] 9 ofLt o] 5E 9o o]
49| Wetel A fstst= @ol 29 o E sofatA] Xiknk
SAZF Ak (Yu et al,, 2012). PtA 0.2 ©2H 7t EYE
Sole ZRA 2% D a3t} ofof Zghste] B Ao A=
82 E doJe 9 T2 7t FRT A ¢ol = ALk A
AE Jasstes H2E 24 7|99 7le-tAdl Eg 75
W& ARkt

e ox 1>

it
Cqm

R S o r

EHERICG A2 AT WS B e
S-S @ gzol o] & Ta =3 W 71€7]3] 9 &H] 7t
TA Aol A Fatal Rtk A 7F EA g U AR E R A
T Aol & npb7bA| o]t} o] & S0, <Figure 2> 9] (a)= H Tl
As2ke] QEglof SHESQ] 2E|o] Y o] 1L, (b)= & 2| glof 3 :
EQJI AEAE BRLOCTH2-160. 2 FY3ith F, A5 ake) & (b) Application No: 30-2023-0020755
A AAFAL 713 E 27 A A LOCTLZ=TAJ E- Figure 2. Examples of LOC 12-16 Applied to Both Interior and
EY9SA97] ofHaL, Al A of QlEl 2l of 9} o] 2B 2lof o T Exterior Design
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Table 4. Comparison of Intelligent keyword Extraction Models

=
ol
oy,
of
el

Application data Task
Author Model
News Articles Patents Keywo.rd Keyphr.ase
extraction extraction
Witten et al.(1999) Naive Bayes v v
Zhang et al.(2008) CRF v v
Li et al.(2007) TF-IDF v v
Mihalcea and Taru(2004)  TextRank v v
Rose et al.(2012) RAKE v
Zhichao et al.(2024) KeyBERT v v v
Aoz AI9E £2 BHL Y B BE Aol A5 AYHE B FARUL £ AT o]o] Farafol,
o oqRo et AL DALY O R BRAG AL 55 HolgdA SAJAQ 719 E(discriminative keyword) 5
71uke] 719 = & S o] 7l &R (binary classification) & ol Asty, MEe gEPH TFA 7} JJ}?Lo}Z] do
A2 AP ET 2, v AHY 7ue] £5712 B £4 ] KeyBERTE 7|02 S5i9) Aale 20 7)9c8 32
Zhdoju} F80] 71 Y =X S AA I Witten et al.(1999) 3T}, o] & 53 <Table 1>3} 2o] A EE S ??0}% %
Naive Bayes ¢1L2] 55 7|F O 2 st A8 A4 7 AoA ALl Ao 719 & Aol §la, =9 YAl d 3
T 7% %118 F KEA(Keyphrase Extraction Algorithm)E At 2] g 2E Hlo]E g F29 Jej7} 573 A 5ol = AE7t
8T Zhang et al.(2008)& 2 7249 & 7|HE o & 7 H ANYE Has oo A F HAd A W2 ES F
o 57o) EAHoz YT Ao B YES IE 2L FohLA Brh £F <Table >} R 7% Bl 73 34

eYstel SVM, A3 ARE 5 T 7|A s B vle)
|9 E F2 TS TN vk ok 22y A =8 7]uke
e FE A ild @ o5 288y, $d de
of FHo] mde Aso AHA TS Fo, 71%5 —
Aol Y-S e A7 Ao Eﬂ'ﬁf sk
Hgo A LFL v, AZE T2
2018). BHH ol WA =35 7] 9ke] ) °4E
e HA FE& DA gAY EE F2
o} Li et al.(2007)2 72 o] H A 719 =
TF-IDF 7]9ke] A 24 & Aljksle] 7| & P EET A8 =
Zd A R Hojd 5 B th Mihalcea and Taru(2004)
+ PageRank &85 AR 222 7] HPQ] TextRankE Al
OF5} % o}, TextRank+= PageRank €8] &S AH&-8lo] Z o
g FANENEHOR 74]44"’ ZtaoHE oS A
gto] A9 e9lol de © 719 ER A 18y
PageRank #k< A48t ©l ‘3%% HhEo] P s, & AL
B oz o R g 2E 7|9 & F& ZAYo A= A9
AHEE A =T} Rose ef al.(2012)S 71E EA o A A F
£ FZ3}7] 918 RAKE(rapid automatic keyword extraction)
A1 ES AUSH L, TextRanko] HlF] 71 4l F&
(keyphrase) 2| 9/101/‘1 O @48 A5 EH T Zhichao et
al.(2024)& KeyBERT ¥12]&& 7|02 #63} 7] & ZHe]
AFg-2A A g AEste 71«73 & daske TS A
93, H8H=E 3 E35] o) A KeyBERTE &§3lo] 719 =
%Z% A3} TF-IDF, TextRank, RAKE €12]% 2t} $4:3

e
=
=
3]

R

ol A 71& A T(Song et al., 2023) A &4 TF-IDF 22 A}
L& A, AR T2l ol o] 35 ool ok 2 A7}
H} Ay 3} _/;1: AT} o] = Al 54 (novelty) 3} 71 A (inventive step
350 974 4§ /\}fﬂ-
EEIPS
gl

and non-obviousness)& THE3 of 3t
719 AYgE & §o8 B8 E &
E, <Table 4>} 2] KeyBERTE %%
9 o] o)W & A9l a1, 7] %A 9wyt |

o] utgh2 it

A& 1
st E5
17192

4

Al E

w

519 gAY A8 S EE 71573 Ba s A ds)
7] 918 7l=-g Al EYE FE5hE HA 2 <Figure 3> 2
O] 3TAE XA AT A A TA A= 559 H2E o]
E| 2 2 E KeyBERT B S ggate] ou A FAES B4 8t
i, CPCE &8st 7|€4 FAIRE #4359 7|« EYE

ifﬂﬂr T A loﬂﬁ% ER R EHO}OJPH iy 5

Sobel AFH fAres

i %iﬁ sl 042l £9E FRE
A WA Al 2
2

319 UAAd £H 4uE B8

3t 129 EY S AZ3 o2 E&) 7)<-AE YA 7t
frAg o] l—ﬁ% P—Ok SE3AY AdfAd o] A glE BokE
23t} 7|12 A7 (Song ef al., 2023)%F A+ WHE Eq

T%E ¥ 259 <Table 5> 2t}
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3.1 KeyBERT 7138 Sfrl ] fAhe 24

Step 1 Step

o i 7 oy e c,,m‘ﬁ,,,.,,fﬂpi..m Grootendorst(2020)°l &J 3l 7l¥¥ KeyBERT = <Figure 4>}
ol ZH & g WY T2, FAR] FALE A4 Al @A

[ JCom ] e J[omn | o 0ggich wia), 24 25 Ngam B9 0] 52 728 MY

O+@+O O»@—»O sy, 202 AW EHE Sentence-BERT(Reimers and

Gurevych,2019) 29§ &83o] A9} $H FF9] Yug ¥
1 KeyBERT Ké’yBERT HE FZ3t}. o] 7] A Sentence-BERTE <Figure 5>} 20| F 7}
Q-’@*O Q-’@-’Q O BERT 2o &= sht¥ 4 3ko] BERT ZHol A2 2&

weightE 3f-3} siamese network 722 £4 U9 45
[ oy ] = 1 Keywords, | [ Keywords, ) Suistet mdo|thKang et al, 2023). ol & Fdl A FF
] (stemming)©| U} 4] 0] 32 (lemmatization)Z} 2 ] ~E

Contribution 1.

: C

[ cos(Keywords,, Keywords,) ] [ cos(Keywards,, Keywords,)

sh B-g-of A& (stopword) 52] B AE B8 93 A2 34
EEEN e S AT £ @$(sentence-level) o A Tol o] ojm| A
‘ ‘ L ' (semantic), 7423 (syntactic) F B/} HHE H 7| 9 =t FE2H .
g oo || g aec || 06 | opsioz oG E EASZ TR TE 1) 249 fAES
o _E == e AR oluf A 6 71 FrARE FH S HA A E 7
g 3 L i - A sts 7)Y =2 4@ 4= 9ok al 74 3k Choi and Lim,
g H l l 2023). A& 01, <Figure 6>3 Zo] “B LW & Y7 && A
“E echnlog Tre Desgn e sof SYARE A A Bl B0 BH S
g = P 100 et S 9 YE TA A 3-gram R FES MEEI, A4 TR
e o “‘” = T 47 AP H FAEE AN A3 YT es, o
&3, A3 B ' FAE ‘_TL?EO] g TAE M
— A= 71 EE E2d o] 3A R V1B £ S
o~ \L DR g & a 1 =28 77 Fejol7] vl OH”H 0}7] TYg Aol
| egneiery W V Stk o)A £ AT HE 2 559} el Aol ohahel A

% "7 Y ‘St g KeyBERTE o] 314} 7| €2 - AFH S Y3 7)Y =8
o G 23}, 27191 2 2be] ZARR FARE 248 53 9 F fAb
g 5 oo - % &) E(semantic similarity matrix) & £ 2T}, o] of, FALE Ftol
Q) . —— —_— YARE Fol %Vé TFE o6 BT AR 71 e, AR
— — AT 2 8318 4 Tt 7] 32 Algorithm 1 2 A ]
: ; =t} Algorithm 1«] 241 358 249l 12 KeyBERT 9] 3EAI &
l oz A ogtt 2hel 1458 21 16 N7 9] A ol thaked A,

iR EA Y 719 29 jHA EAY 719 E T ZAR] AR E
AtE whEste] w3 fAE P 587 HT o, el
Figure 3. Framework of the Proposed Methodology 173 29l 188 538) o v & FAL=7F AAFKS,) ©1 32 735 3

[ Discovery of opportunity areas focusing on demand finction and needs 1

Table 5. Comparison of Tree Structures between Existing Methodology and Proposed Methodology

Existing methodology (Song et al., 2023) Proposed methodology
Tree structure o ; X
Utility patent-tree Design patent-tree Technology-tree Design-tree
(USPTO) (USPTO) (KIPRIS) (KIPRIS)
Database o . . .
Utility patents Design patents Patents Design rights
KeyW(?rd TF-IDF Dictionf'iry of keywords KeyBERT
extraction predefined by experts
Bibli hi
/1D 0BTApIC cpC - cPC LoC
information
. . Perspective and
Validation - - Patent drawings )
hexagonal views
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Step 1. Selecting candidate phrases

Input:
Document

N-gram
phrases

$tep 2. Embedding extraction

Pretrained Sentence-BERT model

Step 3. CalculatinL cosine similarity

COS(u,v)
*  u: Document embedding vector
+ v: Candidate phrases embedding vector

Y

Output:
Keyphrases = argmax (COS(u, v))

Figure 4. KeyBERT Steps

Sentence A Sentence B
| |
BERT BERT
| l
Average Average
Pooling Pooling
u v
\ /
COS(u,v)

Figure 5. Structure of Sentence-BERT model

Sae Hoon Kwon - Byunghoon Kim
FHO2 &8 7Hsd ssUtwrRE T

Algorithm 1. Semantic Similarity based on KeyBERT

D :Meaningful document

P, :Candidate phrases

u :Document embedding vector

v :Candidate phrases embedding vector

l : The length of words

N :The number of documents

n  : Parameter of N-gram

0,  : Threshold

8S  : Semantic similarity matrix

1 Input: Meaningful documents

2

3 def KeyBERT(D):

4 P —i=1,-l-n+1 # Step 1
5

6 fori=1 to l—n+1 do:

7 |vi<—SentenceBERT(Pi) # Step 2
8 u <« Sentence BERT(D)

9

10 fori=1 to l—n+1 do:

11 |retum keyword<—argmaz (cos (u,v;)) # Step 3
12 end

13

14 fori=1 to Ndo:

15 for j=1 to Ndo:

16 |SS <cos(KeyBERT(D,), Key BERT(D,))

17 ifSS=> 4,

18 |return S8

19  end

20

21 Output: Semantic similarity matrix

Input document

3-gram candidate phrases

“The invention relates to a novel method

for producing a composite material using [—*]

nanotechnology.”

“The invention relates™
“invention related to™

“material using nanotechnology.”

l

Embed document

055]
0.96.

“The invention --- composite
-- nanotechnology.”

Embed candidate phrases

|0.11| 0.28]
0.72.

‘The invention
relates”

0.34.
‘material using

nanotechnology.”

I

Calculate cosine similarity

‘ The invention relates”

. material using
nanotechnology.”

0.08

“The invention -+ composite
- nanctechnology.”

‘ | 0.73

I

Kevphrase extraction
“material using nanotechnology.”

Figure 6. Example of Keyword Extraction

32 AAREE BEF 7IeHAEA AR 4

3 535 28] HalA e AA, I EA
dofstnE 58 Ul RAHE 7€ &4 AL }
ol gk A& FAFAE AE O &2 £
o] 2AtH(Chae and Gim, 2018). WehA & FAL =
3 st 7T HAATS 2 AR A - Y] A
< Anste 719 BT FAE AR met 2553 Zo|n
E I AAE 7€ Ey HAR] EZE FE] o & ol
ol Atk wetba B oA 55 tAQddEY AAFRE
(bibliographic information) & EUZ 7] &4 - AFH A S

1t 7le-HARl ERE #5617 = S

559 CPCE &St ESEFAA 5 /M AlEshd 2

T 5 7IA 2 Ytk CPCE <Table 6> 2o] AM e~

r-{u: _‘rﬂ orl
x r?ﬁ WIO

e -
o to gu N e
|0 ox of ox my IN
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ABZYH2 MJATE ABEIFY AFH 722 FA 53
F(International Patent Classification, ©] 3} IPC)9] F%9} 5Y
gtk 12y IPCol = EA8HA BE 71e FAE E7d] ¢
8| <Table 7>} 20] Y A4 o] 7k a1, IPC thH] Wl 15
71321270, AEE 712025 195406709 E57H O B
o &, CPCE &dfl IPCET AlE3tH L A4 71 &7
7} V58 oh(Park et al., 2022). T3 23} HEE 7] & &0
oA Y Afolle B 719 CPC ZEE F94T Utk £
AFelME AtE FAEE F&etd 53 T CPCY T
of Foll e} 713 FALE 8 H(technology similarity matrix)
S =280 o), AR Ftoll YA S Fol 9 FF o1
o)l AS FYE Ve BokE Ut A AR
Algorithm 22 2] &t} Algorithm 29] 2}91 35-H 22l 5& &
e EAol st A, iR T4 CPCY jHA A
CPC 7+ AZIE FAIEE AXLE HHEStY 7]€3 FALE 3
3 7S AT o, 2kl 634 23l 7 B3l 71EF AL
7F DA, o3 BF HAFAHOE &8 IHsT 187}
g o)2H 318N 22d FAR ZleT e 4 (1)F
o] 71% #oko ZH P L F3l 7| ET|E FFHT

=)

—_

Wy T

Table 6. Example of CPC Structure
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Technology Tree = (flj‘h =88P,; < TS, (1

1o
=
12

A= PP S oust
t. o= ssp;

+ (element-wise prod-

ol :10

2}
%} 7)E Bt BT FAZ A5 7€ ERE F5ET
gAY LoCE UAR] =% 7Y 544 59355 9
3 Mg EFAA oIt LOCE <Table 8>3 o] U2} &
=9 &4 (purpose)°ll whe} B573ha, /e A EEOl Y
&4 (the object)ol]l Wt HExAH 07 RFdt 272k
143+ 71 3270 5(Class) <} 24171 7 (Subclass) &2 T4 &
ATH(Yoon and Kim, 2023). & AFx & 539 Y
A0 2 YARIA 2 LOCY & o Foll wat Al FA Ak
3 & (product similarity matrix)& £& 3}, o|uf, FALE Zk
PAZES T B FF o173 (6)U B+ TLTF AL £
of2 ZhEdth v FAHL Algorithm 302 A HT.
Algorithm 39] 24Q1 3538 2}l 5& N9 EA ol thsted A,
HA £4 9 LOCS} A £4 9] LOC 2t ATHE frAEE A

T

A
py
=
F
[e}

2 1 o 2 Mr &= o

Symbol CPC Description
Section B PERFORMING OPERATIONS; TRANSPORTING
Class B60 VEHICLES IN GENERAL
Subel B60H ARRANGEMENTS OF HEATING, COOLING, VENTILATING OR OTHER AIR-TREATING
uheis DEVICES SPECIALLY ADAPTED FOR PASSENGER OR GOODS SPACES OF VEHICLES
Heating, cooling or ventilating {{[HVAC]} devices (heating, cooling or ventilating devices providing
. other air treatment, the other treatment being relevant, B60H3/00; ventilating solely by opening windows,
Main group B60H1/00 . . . . . .
doors, roof parts, or the like B60J; heating or ventilating devices for vehicle seats B60N2/56; vehicle
window or windscreen cleaners using air, e.g. defrosters, B60S1/54)
Subgroup | B6OH1/00985 Control 'systems or circuits ?haracteris'ed by displally or indicating devices, e.g. voice simulators (characterised
by the input of sound using a voice synthesizer B60H1/00757; B60H1/00978 takes precedence)

Table 7. CPC Sections and Number of Hierarchical Codes

Section Class Subclass | Main group | Subgroup
A |HUMAN NECESSITIES 16 87 1,461 29,891
B |PERFORMING OPERATIONS, TRANSPORTING 38 172 2,876 57,953
C |CHEMISTRY, METALLURGY 21 89 1,787 38,581
D |TEXTILES, PAPER 10 41 411 5,793
E |FIXED CONSTRUCTIONS 8 32 433 9,227
F MECHANICAL ENGINEERING, LIGHTING, HEATING, 19 103 1,647 28,065
WEAPONS; BLASTING ENGINES OR PUMPS
G |PHYSICS 15 87 985 38,398
H |ELECTRICITY 6 52 808 39,608
Y |NEW TECHNOLOGY DEVELOPMENTS 3 11 349 18,081
Total 136 136 674 10,757 265,597
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AFS ke ’5‘}04 AEH FAS 38 ps7t AAEY. o, 2

ol AFA FAETF QA o] 75
HEA 42& &8 75 PS7LHESE T o] 24 3.1 o A
29 FAR g Fe 2 2)3 Zo] tiatel BopE HE
gro 2 M el EYE & H T

o ki

Design Tree—C’””d SSD,; < PS,;

13k, PS, t zﬂ%@ FAE PEE o3t
SSP,; ¢t TP, °] 52

*}‘: 635’:‘0114
OM 25 A

Algorithm 2. Technical Similarity based on CPC
CPC : CPC of patents
T8 : Technical similarity matrix
N : The number of documents

1 Input : CPC of utility patents
2
3fori=1 to Ndo:
4 |forj=1 to Ndo:
| TS, HJaccard(CPC C'PC )
6 if 75> o,
7 |retum s
8 end
9
10 Output: Tecnical similarity matrix

Table 8. Example of LOC Structure

Structure Mark Titel
Class 17 Musical instruments
Subclass 17-01 Keyboard instruments

Algorithm 3. Product Similarity based on LOC
LOC : LOC of design rights
PS : Product similarity matrix
N : The number of documents

1 Input : LOC of design rights

2

3fori=1 to Ndo:

4 for j=1 to Ndo:

5 | PS, ;< Jacccard(LOC; LOC;)
6if PS> 4, :

7 |retum PS

8 end

9
10 Output: Product similarity matrix

ol
oy,
of
el

33 EHAR Y T24 FALE 7|5 EE S

B Ao Me B A dY T ARE EYE 727
FrAF=(Structural Similarity Index Measure, ©] 3} SSIM)E %7}
ste] 2 7] &g EYE A

SSIM A1} izo] ofn] o4 F24 L& FFeE
A Z 3tk Ao 2etste] 3 =(Luminance), ® %H(Contrast),
TZ(Structure) £ ©] 59 FAEE Tolo ME FFOTH
<Figure 7>3} 2o] AA A2l oln|A o] L24 FAEESE =4
3 TH(Wang ef al., 2004). Wb Nx N 2719 window S+l A
original signal—% z=x,; | i=1,2,..,Nx A& distorted signal—%
y=y; | i=12,. ., Nx & ZHIE o 4 3)F Zo] =

Hzy) , 39 clzy) , TF s(zy) o FAES #3811, 9
ESNE FFoEMN A 4)F 2ol SSIME Fatth

Combination

- -

Original
signal x
/ Luminancee
valuation

Contrast
evaluation

1
|
1
Distorted  V
signaly  \

)

Figure 7. Processing of SSIM Image Assessment

L

SSIM(zy) =1(zyy) * clzy) sz
A0,
2 2 2 2
(:u.l; +u’y) (O-:I' +o.,t/)

ANA % p,e A7 signal 2k yof F kol °]l"*
signal®] #1711 & Aty sttt o, 9} N oy &
o] o]+ signal?] thH|E HHY signal z 9} y/\}ol
9] FE Aol o] & F signal 7t H et ol g
I, W], FREE 58 Yol | 7V eTE A&
olm A &} 7ML, 09l 7H7H-E S ¢ A ¢ 2}, o] A
2 AN YA 7uke F SSIMS E838te] E3]9 HHzy
OAIAY AN ES} SHES} 22 o|n A9 F2A FAE
g Z3A35te FE8 7|e-HAd E —’F At ol
SSIM gtoll YAZS Fof 98 & 010} 5,)%1 Egol| o3
AREH- Foke] AR 48 9 F 5ty \_1‘7}«] Ne&

L
o, 4%

I:]‘ Oy
A

-
0]- i

it krlr

brt

*ﬁrsﬂ
f

N

o

,_’

Hu
rh
o
=

E

m 2 OFO
ofr
ol

Loy
o[}l
m°"

FHastett, o 24 At WHEL Algorithm 42 A HT}.
Algorithm 42} 2}Q1 35-H 2421 6-2 <Figure 3> Step 1¢] 7=
Eg FE3A o, 2l 8FH 29l 112 <Figure 3>9] Step 2

A YAl E ++5 FAolth &l 139 2l 4= 759 E



71€713 B2 AL HF Y 2E £4 79 Ve dAd BEY 75 139

TEOEA 27715 AE A Yz
o BAE BAGO A 7

29 =l AR o)A 72 FARE Hrlete] 9ARG,)  -UAYE
S A% 7 = , o8
EZE A Pa] A shhe] AA) o2 Belth

= 710l EZY] g& 7] E 3 FARL A3 A
FAIZE W33 0 2 M4 <Figure 3>2] Step 3& 53 3} =73

7]
Algorithm 4. Proposed Methodology 4.1 BRAE A
SSP : Semantic similarity matrix of between patents

SSD : Semantic similarity matrix of between design rights B A e AG BHEY 79gHE F24st7] st
TS : Technical similarity matrix 71& A7 (Song et al., 2023)% EY T AF JAAEFHE )
PS : Product similarity matrix DS 24 AR AT B 5YE Ve Lok-5E T
N : The number of documents HAL ok tel ’H—‘— 1i Bold EFNEE Zhe A S
" : Technology cluster EEAY AR EFEE =267 H3) Sef 9 gAdd
T <Table 99 22 T A4S A&

" Product cluster

. KIPRIS(Korea Intellectual Property Rights Information Service)
PI : Image of utility patent

9] P 74/\14 A«]u]/\é %}Q.g].oq ﬂE ;q] 0 E;q OLi l:l}\-]/{]_
A& FHg AF F 120609 5519 22709 tAlHo] &
%‘JH&’M E35]9 A9 OA gl vl3) €53 g2 &9 4
| Input: SSP, SSD, TS, PS g Ho|1 AT, <Figure 8>3 o] 29 ERNE=E20174

DI : Image of design right
d, : Threshold

2 % F451 BAdE FAE BT, 0, cA91AS AT
3fori=1 to Negp do: Eofof vl A A<l 29 A5E AARE <Figure 9>9F 2]
5 1123 Z/lis 2= AP
4 |for j=1 to Nggp do: 20153 o] % lll?’;°] 07]'<>J'\L/:r‘ﬂ = f(?_‘:]' ;] 7]% 7}]%]]'
o] 153 7|YEY 7 ol HEIHUM 7l T4
5 | | return Q;C’%—SSP,-jXT.S;j # Step 1 o] 1&3} 195 |& FE°l o?‘?}ﬂ 1 & 54
WERT AA Gl SA AEe Adste Aol vEH
6 keywordd,ﬂ,e[(eyBERT( cet) Aoz AeEr
7
8 fori=1 to Ngg, do: Table 9. Search Formulae for Patent and Design Right
9 |for j=1 to Ngg do:
# Step 2 Database Search formulae (KIPRIS DB)
10 | [return O/ —SSD,; < PS,;
11 keyword g «— KeyB ERT( c, o) (tractor OR equipment OR car OR automotive OR
1 Patent automobile OR vehicle OR truck OR machine OR
"city bus" OR shuttle OR taxis) AND ("instrument
13 if ZLZSS]]L[(P[,P]) > 3,1 panel" OR dashboard OR "instrument cluster" OR
Pr "dashboard organizer" OR "dashboard cluster" OR
14 |if LZSS[]V[(D],DI) > 6, Design right |"dashboard assembly" OR "instrument organizer"
Lpr OR "instrument assembly")
15 | return cos (keywordam,,,keywordc,,m) # Step 3
16 |else: _
17 | | continue F38 539 cpCel AR R4 A3 <Figure 10>3} 2Tk
5 o B AR E 714 EUE FHE /149 A% E917H B
19 |continue #3}7] 3l <Table 6>} <Table 7>& F3l| AHE A3 o]
20 end CPCY MEIF &9l £4& AFeqltt. € Sl
21 ) 2305309 LHE & RokE /A E A E Pl £

7t E8= Ht o7h, A 43709 7] = Eobrt S E 299
A 714 9] B 3 (cutting-edge technology) 2t & 4= Ut} o] &
Foll 589 CPCE 7|8 H A7 Le] s 3t A
Az 7o Aggs gt =g 39 gl
4. Aok vPH 2.0] A A] ¢ A LoC ek A 4] A 7= <Table 10> 20 3 €
UAIAE2 -2 A2 FE5 0] Qltt. o] & A7 Q2

B A A d=9 S5 OARIA to]HE 7|HOE 7|  EFHE 3G Eopo M R tAQlo] ‘&% T= 57t

22 Output: Similarity between Technology tree & Design tree

o
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Number of Design Patent
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1

S AR = AFA A & AT =R YA
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Figure 8. Patent Application Trends
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Figure 9. Design Application Trends

2022.5

Number of CPC

Unique CPCs: 3053

\ [IFRE! \ |
%

v &
$

&
¥
Number of Uhllty Patent

Figure 10. Pre-Analysis Results of CPC

o WD)
o Max(43)
e g (61)
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§

Table 10. Pre-Analysis Results of LOC

Class Description Distribution
2 Articles of clothing and haberdashery 2
12 Means of transport or hoisting 13

T Equipment for production, distribution 5

or transformation of electricity

14 Recording, telecommunication or data 4
processing equipment

21 Games, toys, tents and sports goods 1

42 7|% E¥ 15 A%

B Ao M 5o 4o |y, 2ok A7 g2E A
HZEH ud FAS E4E 93] Pythond KeyBERT 2}
olB# o)A A3t ‘distilbert-base-nli-mean-tokens’ $J H
%‘ BdS Z83t 719 FF FAH A sto]H shetr]E

A F2F 49 7195 AF(op n)E 12, F2H 71929
N-gram " $|(keyphrase ngram range)= (5,5)% A4 3T =,
7t B R 579 dol2 FAE g4 FES 1714 FE3)
of ofud FAEZE Addtt 2 £59 A FE F ZARKI
FTAETF Hat o] 74 -9(6,)8 A 43} 8HH <Figure 11>9]

ot 2ot o, AAF(s)= A sk 7E okt
Az7he el et 248 + Utk 253 yF2 74 599
Qe 2ol A& A ejsta w02 RN Fio] 7
E871 7k 7143 97t A 7]e ol d E}" o7,
CPCE &43 71&4 frAE 24 A3HE <Figure 11> (b))
2t 72 EFEE TS tﬂ(lntersectio 71E ot de A+
SO E FANE AL FAT Yt i“““ﬂﬁ“ 7| &
HH (Sung et al., 2023)3} %%‘ ZZ 02 CPC 3 dF(5)
E JAROR Fa1 o7 WERK(, 0)0& F3to] FL& cPCY
7 O AR e 002 =23t oji & JAIS
A ZA ol =l AE7he] detkel uhet Xé% T Ak
PFA .2, <Figure 11>9] () (b)E #3te =24 (o) 7]
=3 on|9} 7|& Eoprh BT A G o)t ] HA ol A
FARD FAEE AL oA fARS ATE FARR )
A 71EA AR Y] 2AYo] tE27] gEd 094 |
Aol 9] FroZ Aqtstetgitt. ol2M A J2EFHE I
g Bopil A TEH 7|& Egle <Table 11>3} 0] 7538
o 7EE 7€ Efe 4 1§ S FAse 599 =1 ol
A 23 fAEE Brbete] ASHET o £9], <Table
11>9] F A 159 SYHF 10-2015-0155055"= <A A
Bz N2H g9 ol & 2shE A, &4 B A 2H 9 A
o ol #3530 1L 10-2017- 0074902’ o 2} 2 71 A
oo A3t Edjoltt. o] & £ ‘decide whether car of-
fer control’ 71 Y EZ EHE 71€2 ]9} ‘B6OW40(EA
aH9] Fule Aloj ok o] gle B& A 73 Ao] A 2H
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(a) Semantic Similarity Matrix

(b) Technical Similarity Matrix

141

(C) Result of Multiplication

Figure 11. Visualization Results of the Technology Tree Construction Process

Table 11. Results of Technology Tree Construction

Technically Similar Group SSIM CPC Main keyword
10-2013-0167820 10-2013-0106227
s100— (A7) 5%‘£\£§?{\EI;ZM\§?N§QEW‘L‘Eﬂ) 201 eXpreSS
. 04897 | G0F 301 nstument
s T GO6F 3/048
< s >2 panel
si50 display
10-2015-0155055
B60W40/076
B60W40/072 decide
B60W40/10 whether
0.4555 B60W40/06 car
B60W2556/50 offer
B60W2556/60 control
B60W2050/0052
light
B60Q 1/52 B60Q work
0.9961 1/46 B60Q 1/44 strobing
B60R 16/023 method
microcontroller

7 ‘B60W2556(Hl| o] El o} HHE A wjsH
FTfrote 71€d FARE BHEsHE AR 7le o] "t
43 ARl B 75 27

B A= 7€ EY 75 3
=

UAel EgE

ol
_ﬂ
offt
e
b
T
ool
BN

M
=2
Bl

W, 38 B2E ARERY gnd AL 4 F
& fAL=7E H o)kl (6, A 2E 3HE <Figure 12>
o (a)¢h 2t} olu, YA o= EA T 1A FHE vl Hof
U AE7te 9o met 288 4 At 253 yF2 YAl
Y xola A S A sty LMo R FAH RE
o] Ol AAjo] ARG HARITol Hh THF o2 LOCE
gg3te Al EFH FAEE vl A= <Figure 12> (b)9}



142 33 - JAE - 2HE

(a) Semantic Simil i (b) Product Similarity Matrix (C) Result of Muitiplicétibn

Figure 12. Visualization Results of the Technology Tree Construction Process

Table 12. Results of Design Tree Construction

Product Similar Group SSIM LOC Main keyword
30-2009-0010785 DM/208393 30-2022-0000855 DM/096472 instrument
panel
0.7784 12-16 bottom
display

metal

30-2015-0014387 30-2015-0016807 30-2015-0014120 .
: image

design
0.9271 14-04 car

display
panel

DM/205850 DM/207095

car
- dashboard
0.8165 13-03 design
indicator
actuator

2tk V1% B8 75 343 B Z LOC F% A R(6)F AT 13-038 35 8 A7) e LOCE FHHE A
AFLE T2 o] HWEZk1, 0)& Fote] FYF LocY  FAH FAEES W& fAE ATl ek

TR QO AR Fe 002 23T 28y 9rF f

AT B4 3} o kA 2 B - ol = el dEvhe] # s s

o whet 242 4 ok vpA = o2 <Figure 12>9] ()9} (b)::z 4402713 99 =2 A%

Fatd 228 (o YA A4 OAQ Boprt A7t R B AGAEUAQ Ed Y 58 7% EFE Hlwsty 7w
= o X8 ddolgty & 4 ook A A2EEHE gjd’ ]3] 9HS £330} o] 2 e A U A ANS Te b % 7
Bofo| 4 729 Al EgE <Table 1259 20} 729 0 Eot7]1&7 on S Be i % 719 =7k A $AEE £
A9 EYE 7t 35S TASE OAUA SUEY AAE  E 7444 S B4 AT 65 S0, <Table 13>9] LOC ‘12-16
olm| R &) F24 FALE Hrtste] HFFT <Table 12>9 o BHE*o}~ A 7L &4 T 2705 Th(Class 12) 5 oko]]
A WA 2189 FASENS DMR05850°= AR AR HE G2 B 7o TR G $4550he BE A B

=& Ao ol ol #g tAFQAH L ‘DM/207095° 7] E(Subclass 16y & 22 02 5=zl Yoltt s \:]Z}Ol
H ool e o] #gF tARIAo|th o] & UARJAL ‘cardash- G Y 2] AL “instrument panel bottom display metal’ 2 3} )
board design indicator actuator’ 7] E&E N EH = TAIA 7 0B 2 CPC ‘B6O0WS0/14(FAA N A L) 7) Y3 ¢, L4 4
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Table 13. Result of Similarity Analysis between Technology-tree and Design-tree

E 24 718 A B T4
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Design-tree Similarity Technology-tree
LOC Main keyword Measure Value CPC Main keyword
B60K35/00
B60W2050/146
B60W30/14 display
B60W30/18163 visual
st . High 0.8156 B60W10/20 information
s r“mlen B60W40/02 execution
216 bpi?e B60W40/105 screen
) df’ ‘1““ B60Y2400/92
1splay B60R 16/02
metal ]
video
driver
Low 0.4623 B60W50/14 working
device
assistant
display
system
) High 0.7844 B60K35/00 claim
image o
. vibrating
design
plate
14-04 car
display husej l
panel . 04662 C07D209/82 Cd,;mlca
w . i
° CO9K11/06 eneo
carbazole
synthesis
contain
guide
High 0.7903 B60R2011/0057 body
car car
dashboard door
13-03 design -
. video
indicator .
driver
actuator .
Low 0.4899 B60WS50/14 working
device
assistant
M ATEH] 9B S EE AR AL ETA) A 5 AR W FF AT
FHYE 27 7|ET R0 ‘display visual information ex-
ecution screen’ ¥ 22 7] €2 o0 & E 1 = ‘B60W2050/146 514

(H2Zg o] &9, ‘B60W30/14(%5 = Al 3y, ‘B60R16/02(AH
AN A o7 FHol= FFACIY A, o WS ZHTE 9
oA Ay TH 2L Btk FAH A 7 Eolu T d 47«9
ko] @ FHE T B3 CPC ‘B60R2011/0057(AH7] $HH& o] &
sty slgste 7eTe A B, Fg Ee Hd S
A A (Class 13) TAA = A F5 9 A1 7]7](Subclass
03y 3 #HE AAF Aol QFHI, N FHA A ‘car
dashboard design indicator actuator’& 714 0.2 3t t] 2}Ql ¢ & <]

EFNEE FE 5 9ds Aol

:11 S =N oﬂ
A oA A
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—

Aqdhe d @A 9
HA Y B 2B HolE

& 729 155}9} % %ﬂi 7€ T WEEY
13

=519t bA

H'M olafstiL, 714l
%} %&4 1 etk 2 5319kt
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