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29) Cho, I, & Park, M., “Technological-level evaluation using patent statistics: model
and application in mobile communications”, Cluster Computing, Vol, 18, No.1(2015),
pPp.259-268.

30) 2F3} - ‘/‘r&*ﬁ', ‘ERAETE AT R AT TlerEed vAE 9% FE
Hel7les AR, "a=3 el Al,, A13d A35.(2018), 75-939.

31) OECD, “OECD Patent Statistics Manual”, OECD, 2009,

32) AT 9] 621, "5 4T A& L8 Tlel=el]l”, 5317, 2014,
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TECH_LEVEL | PAILM PCI PIl PFS_1 PFS_2
TECH_LEVEL 1
PAI_M 0.71 1
PCI 0.41 0.50 1
PII 0.43 0.43 0.07 1
PFS_1 0.42 0.49 0.15 0.54 1
PFS_2 0.17 -0.00 0.16 0.12 0.32 1

flo

AEZARFYH SHE AR 7ok AF4) 7)< (TECH_LEVEL)
1
Factor) gto] B 10 ©J3}& thx3 Ao 471 gl& Aos Aol =
=
=

4

e (p.0nFE FRlet i, o
o7 2

2F471E4F(TECH_LEVEL) S A3k 53 821 T 7P Alssgto]l &
& 54 TlsiobdA 54 57t ARE2RH A= 1
& 5 Aok, prse] A4 sid e 57 A =S UERY= Prs_27) s g
& o] A= Yehll= PRs_1EY 3| HAIF7} o 2 Zlo] geldt) 1
o] PFS_19] 7% Pl & Ef A&} A7} Eof PiIE X334 e
Model_4o| 4Rt frojm| gt Ao =2 dAcken} PES_27} 7]
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Dependent variable : TECH_LEVEL

'”Sgﬁgggﬁm Model_1 Model_2 Model_3 Model_4
PALM 5,074 4,617 5.011% 4,975+
0.395) (0.385) (0.363) (0.376)
Pl 0.877* 1,417+ 0.909* 1,150
(0.528) (0.520) (0.522) (0.521)
PII 2.527** 2.546* 2.416**
(0.722) (0.735) (0.668)
PFS_1 0,339 0.909 2,018
(0.832) (0.786) (0.728)
PFS_2 4.405% 4,237
(1.099) (1.018)
Constant 76.496" 79,921 76,530 80,907
(1.112) (0.726) (1.109) 0.677)
Observations 400 400 400 400
Adjusted R2 0.545 0.528 0.546 0.515
F Statistic 96,654+ 112,514 121,02 142,07+

*p<0.1; **p<0.05; ***p(0.01

Standard Error in parenthesis

T URlE AR v F7te) Al S3E
H[-g-o] £ HB R 7)&FFEo] Eo T F7hA 3}
¢ 53] gt v Fvkel HdE] 538 U 7i°ﬂ 7191gkctaL 3
Tt gk, 71E v dATelA Ve A $YdS gelEte ARE UM
ol ALg-H 53] (P12 PAIM B PFS_2 thy] 3|9 2] AF7} &
Ao 2 HFeE YehllE A3 PaRE

=459
Eopat FEOE |erEl foluld Ao JFS HAT Ak,

A
>~1
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oJaloll A= (F 7) 9] Model 1~42 Ao g2 7]A|8t5S Ealo] 7|s4
At ghet, /1T dag|Folre VlerE A5 He
tol okt 2ol SHH dHolHE Arstetdtt. Barshe He
AxE At Aatstele W e Hol-H 4 gho 2 Aarslet
2l SYEk (median) ¥} IQRS ARE-3Fe] 713333t 0 24 o] 33X
FH Aslahe WS ARSI 39

S0 2 HloJEE 90:10 H|&E YFo] 90%E —Er% | o] ] (training data)
2 10%+= A5 HolH = AR, Hioly 5 A 4007 AH7 =5
=4 A3E k- ¢ig]F(k-means clustering algorithm)% AL-8-5)o]
(Hartigan & Wong, 1979) 91(100~92.54, 15071), 59 (92.2~82.64, 1367}),
3}91(82.2~69.0%, 11471) 37} ZF o2 T23 F, T3t 729 F= S
AHE-EF ATt

HorxoAy
gy o o

g r—lN j% i\
& o
NA

=

i
of

o
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o
o

O:

d

(agl 3) 22|28 ol e 2 H HalHE &
20000
25000 -

20000

inertia

15000

T0000

5000

o -

1 2 3 4 5 B T a8 9
number of clusters, k

33) BE3}F S AR = (x-Qu(x)) / (Qs(x)-Qi(x)).

34) Hvj w1 5]3%%,%0] 2 Abelell Sl ghE R v A7 Foh Min-max scaling 2
A BES A A 5 9ler, & AT M E Min-max scalingE ¥ B¢ T
FTHIQRE AR B9 Hot o] Wk



OJFF - AR - o FS- - WHAH - N — SR} VA B8 IR IerE S I o 313

A2 Q7 eFES V) AFo R 713 ol f= 379 AFHE (O
3y Zo] - Ul AglAlE e Tinertia value)o| 543 74317 Wl
ot}

710k 2 o R F2E T HolHE AHEste] i) HAAS(OLs,
Ordinary Least Square)l] 2|3t A& 3|7 W | ii) <1-&217d " (Artificial Neural
Networks), iii) %‘ﬂiﬂ]/\E(Random Forest), iv) XGboost 18|02 F
Aol wiiHsE SAstal, AT olEE &83te] &3 AT RMSE,
MAE)S 543 A= (& 8) 3 2o}, 18 s 4L 102 u4715
(10-fold cross-validation)2 AA|3F Ad}o|, z+ HFHEE Model 1~4 = 7}
 Hae] s vEhd RES 7)AlE ATk

performance measure
Method — Model

RMSE MAE adj. R

OLS Regression 5.87 4,73 0.47
Model 3

Artificial Neural Networks 5.22 4.03 0.58
Random Forest 5.39 4.18 0.54 Model 1
XGboost 5.29 4.14 0.56 Model 1

71A%E e B dS AsS Eol7] 18 stold sebn]E (hyper
parameter) S 12| = A X (grid search)E &3}, Haro] HA5S e
sto]matetn|y ke that 2o e A8 A9 UHY 293l 2170
EX 7} AFE-E1A hyperbolic tangentE @443} §h<=(activation function) 2

AFE3EF o 85 &% (learning rate)= 0.010]%t}, HAPGEHAES HL

o
Eg 435070, Ho) o] 7, Aol 54 (feature) 37 ollA 714 & 43%50] &
A=At XGboosto] ¢ Eg] &= 24070, Hd)| Zlo] 4, T5E-2 0.03°]3]
L, B AZ(sub sample) 0.4, gammat= 1000 A}, (F 8)S HHA ¢l
278, XGboost, WP ZH2E, A 3] 22 o] =2 Zo| gely
o] Z7|AIgtFo] AE FARAEY oSl o A AS & F Q. o=
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ZIAS ol S ol thFdt = FHE 7S 5 lalels Sl P =
Thell met Z1EEE Sk S de) ), AFAE T HS- 24
3t AE AT ORA SFAR L Wt mE VlerE Wkl Al
BESATTE QAR o)l A eFE oS BANE 7] e

serer),

olgtell A& 79t Fdst RHES E83tH s, T, A7 3= =
2 53] At VegEs SAM Bzt g, vl=3} EU 54 53
2 A9)sta 3hFd 37hERHS e g 3 A7E v e o] IdE
T Ut Y 37 FHopA o} fA|ske] A A A7} frAFeH 3
M= 7 HGo]d Z7HER 9 Al o] A o] frAkeh 2318 7HAIA =
3t H= 24 oiv] #1242l do] aglIsvol
HjA Elo] B} AdrEsE 2 g9l &) lo] Aol Alud A
o= e

HAE HolBHe 3 Fa ST 4 Al 283 HolE £ WS
A3 &-8-3Fe] 26471887 #okx37) =7} HoJE] NEE FA3AAL, 7%
A (3 9) e} 2,
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(£ 9) Ho 7| Z=SAHY(EEL 37 &HH)

RS He | "R | EREx | Akt | A
(variable name) (count) (mean) (std)) (min)) (max,)
Dependent -
Variable TECH_LEVEL 264 93.79 6.76 65.38 100
PAI_M 264 1.00 0.68 0.03 2.79
PCI 264 1.04 0.66 0.02 3.94
Independent -
Variable PII 264 0.92 0.52 0 3.01
PFS_1 264 0.94 0.36 0 2.36
PFS_2 264 0.94 0.23 0 1.64

TLESEL PALM | PCI Pl PFS1 | PFS.2
TECH_LEVEL 1
PAL_M 0.53 1
PCI 0.09 0.68 1
PII 0.17 0.19 0.03 1
PFS_1 0.22 0.16 0.01 0.28 1
PFS_2 0.34 0.27 0.13 0.26 0.68 1
SHHT F PCIY A5, FEUTS} daAT 54 2371 0.09= 09l 7}
Zkal PAI

v 7 {8 9] ZFol7} Zho} pCIZ}
PAI_M¥}= 2pstE S-HFEA 755 8hA] Kahr] vl o= dekE)
o] gt AbF-E PCI= o] F 3| ARE S F3F uf A28}t

PFS_13} PFS_2 7+ A#AAFE 0,689 &3] T o] ALe-8 AL =3
22 o] FRIFA(VIF £4 #ho] 10& 23 (F 11) 3 Zo] FaAAA7}

=
o SAUFEL AY Patel HARN S WA,

N
=
H
B\
o
in

=
R

AL MI= A3AI 7 E=:710.64) S == ol 37157 gige
J



Dependent variable : TECH_LEVEL

'”Sgﬁaeggim Model_5 Model_6 Model_7
PAI_M 4,959+ 5,010 4,622+
(0.526) (0.519) (0.530)
PII 0.441 0.327
(0.706) (0.687)
PFS_1 2,540 2,706
(1.018) (0.982)
PFS_2 6.214*
(1.628)
Constant 86,038 85,235%* 83,002
(1.095) (1.047) (1.506)
Observations 264 264 264
Adjusted R2 0.293 0.295 0.314
F Statistic 37.31™ 55.90%* 41,19%

"p<0.1; **p(0.05; ***p(0.01

Standard Error in parenthesis
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performanoe measure
Method 7 Model
RMSE MAE adj. R
OLS Regression 5.59 4.31 0.20
Artificial Neural Networks 5.46 4.17 0.23
Model 7
Random Forest 5.44 3.92 0.24
XGboost 5.35 3.91 0.26
712 9 25 Model 57 % Model 7014 718 & Aol 4H%
© 1 XGboost W o] 7} A5o] @43 Aoz FolHEr)t BE v o)A
Z 5 (hyper parameter)© grid search2 ARSI oW, H 9] A5 et
W 2RS4 g oe 3 2o, EAA8w e A5 e 29 Fl 1107) ==
7} AF8-EQ1 3L logistic $H7F 43 3F 4 (activation function) 2 A& ©.

1 8} &% (learning rate)™ 0,059, AP ZH=E o] F-¢ EE] 4= 60071,
o Zo] 12, H EA (feature) 27) QT XGbooste] 7 ¥HE312= 115

7N, Hd Zlo] 2, <& 0.07, sub-sample rate2 0,3, gammai= 0°] T}

By

V.EE

NE

A

B A= 2719] "olE AEGFL /= ¢ d5d 37 E &85y
S ALY 4= AFE vlas] Boksd 53A% —’i%‘%‘iﬂl*ﬂ ol %
o B o33 2ok, 53 ARFErea_m) 278 HIO]Ei AE Y ot =
oA 27IerEel nAE JFYe] 7HE =4 SAHAS a5

o

3 4(PFS_1), 2 2] 7} (Prs_2) B3k J&FE o] 2 ¢
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o] AAUL FFYU 37S o R s A$ 1%
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ek 71 Qo] FHEA F AF Rofol s 48 57RA P
2 Abgatgont, £ A B olE 2 theke 2471 HokE TEsHY
I TR SRS ASalon 7G-S BETORA, A&
oF Aykel ALg 7Fsekm AT NN E 715 E oS PHES s

Ark= ©l o] o7t A& Aol
AT A &8 kg AvE| og3 2o, 94

o7t X3 R VEFERAME AABEE S A Vs oAl E 7

s da derhd =

B85 ARgste] Bok AAAQl Vs

3l 274 HololA] I7FR&D 7] 2
E

36) 2% - U], “BE3R B} A= AdEdTe] VesFe vXe ik AR
HeNES T4 r”, Ta=3ddsta] =), #1138 A1335(2018), 75939,
37) AF-H o7 7|ASE W e 7EsE S0 o AL B AT &3 3
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X =
EES

ra

CGEX|(EUH 2 S2)
713 9] 39, e AR 71 A B B - ABHAAE FHe
27 P el d A, AI8E A|35.(2012).
& - U], ‘53T AT e vEFEel] vAE 9 JR
Holeg AR, ey sts] A, Al13H #35.(2018).
gl - olAE. “REUAE B FHAA] Hof 557w 7&AAAE A7, Tk
FFadsts] Ay, A7 A|13.(2021),
Fzl 9 291, "Bl A HoF 2 ST AF =R T L VST A 247
Fgl=7] $ M 3lek 3] %), #1127 A15.(2021).

Choi, Ji Weon et al,, “Technology trends and patenting prospects of medicinal

o)

ol

plants in Korea”, Korean journal of Medicinal Crop Science, Vol.27, No.2
(2019).

olFd 9 281, "mle] TleFERA B VeFERTE AT % 247, ICROS, A|20
A A15(2014).

CELICE

Cho, 1. & Park, M., “Technological-level evaluation using patent statistics: model
and application in mobile communications”, Cluster Computing, Vol 18,
No.1(2015).

Han, Yuri et al., “Analysis of global competitiveness of engineering modeling and
simulation technology for next-manufacturing innovation: Using quantitative
analysis of patents and papers”, ICIC Express Letters, Vol,9, No,4(2018),

Hartigan, J. A, & Wong, M. A., “Algorithm AS 136: A K-Means Clustering
Algorithm”, Journal of the Royal Statistical Society, Series C, Vol.28, No.1(1979).

Prajwala, T. R., “A comparative study on decision tree and random forest using R
tool”, International —journal of advanced research in computer and
communication engineering, Vol .4, No.1(2015).

Rodriguez-Galiano, V. F et al,, “An assessment of the effectiveness of a random
forest classifier for land-cover classification”, ISPRS journal of photogrammetry
and remote sensing, Vol.67(2012),

Uysal, M. & Roubi, S. E., “Artificial neural networks versus multiple regression in
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tourism demand analysis”, Journal of Travel Research, Vol ,38(1999).
Wu, L. et al,, “Comparing nanotechnology landscapes in the US and China: a
patent analysis perspective”, Journal of nanoparticle research, Vol.21,

No.8(2019).

(ATETA)

A& 9] 291, "2020d % AFEEE AL A3, 3etr]e R BE A, 2020.

AT, EHAEE B8R A ESEA ATIRE] AL 2 A8, B %
71819719, 2011,

HEF 2] 69, “Fo 7 AE FE sl =2l HaA, 2014,

OECD, “OECD Patent Statistics Manual”, OECD, 2009,

(SIEHll R=)

=38t 7)e 7Y A7, “Bobd 7|eFEHV, B3t r1E YA DA 8|2, (hips:/
www k2base, re kr/techLevelEval/list,do) , 7420 2022'd 49 27,

Banerjee, P., “A Guide on XGBoost hyperparameters tuning’, Kaggle, <https://
www. kaggle.com/code/prashant111/a-guide-on-xgboost-hyperparameters-

tuning/noteboo) , 74 U: 20223 5¢ 274,

CEEEN

Chen, Tiangi & Guestrin, Carlos, “Xgboost: A scalable tree boosting system”,
Proceedings of the 22nd acm sigkdd international conference on knowledge
discovery and data mining, 2016.

Jo, Yong-Gon & Jo, Geun-Tae, “Formulating R&D strategy for core technologies in
biotechnology using the delphi and the AHP”, In Proceedings of the Korean
Operations and Management Science Society Conference, The Korean
Operations Research and Management Science Society, 2004,

Ibrahim, Z., & Rusli, D., “Predicting students’ academic performance: comparing
artificial neural network, decision tree and linear regression”, In 21st Annual
SAS Malaysia Forum, 2007,

Zekic-Susac, M, et al,, “Small business credit scoring: a comparison of logistic
regression, neural network, and decision tree models”, In 26th International

Conference on Information Technology Interfaces IEEE, 2004.
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(E3|™ E(Raw Data))

2ot thes se282 suvs | 2 | §E | Hagpe sl ugle | dgsl | Hge

= 25 25 g el = el = | 285
TEFYA | AHEFY HYEE | FHEB AX|7|E | 16-221805 | 2018 N P Toyota Jidosha Kabushiki Kaisha 0 3 3

HYUNDAT MOTOR COMPANY | KIA

=3 mol AmE | = = MOTORS CORPORATION | AJOU
BT | ABFY HULE | FHBF QK|S | 16-215113 | 2018 | N KR UNVERGITY NDUSTRY.ACADENIC 0 3 3
AeFER | ABFY HUEE | FHE 0X|7|S | 16-213827 | 2018 | N Us Ouster, Inc. 0 6 2
AEFAR | AT YUEE | T AX|7|E | 16-212066 | 2018 | ¥ EU VOLKSWAGEN AKTIENGESELLSCHAFT 0 6 5
ABFUA | ABTY YULE | FRHF QAX7|F | 16-204320 | 2018 | N KR Nyundai Motor Company | Kia 0 4 2
AEFAR | A2 HURE | FHHF AX|7|E | 16-197276 | 2018 | N EU THALES 0 5 5
TEFYAL | AHEFY HYEE | FHEB AX7|E | 16-185980 | 2018 N EU Continental Automotive Systems, Inc. 0 2 2
ABFEA | ABFY HUEE | FHHE oIX|7[S | 16-184866 | 2018 | N Us Peloton Technology, Inc. 0 1 1
AeFdR | 8T YULE OIX|7IZ | 16-183248 | 2018 | Y P DENSO CORPORATION 1 13 3
TEFEA | AeFT YUEE SIX|7[& | 16-177734 | 2018 | Y Us MAGNA ELECTRONICS INC 3 2 5
AeFd | AEFE HUEE SIX7|& | 16-176529 | 2018 | Y Us Luminar Technologies, Inc. 3 17 2
AHeFdA | AHeFE YUEE SIX|7IZ | 16-176607 | 2018 | Y Us Luminar Technologies, Inc 0 17 2

MO NES IT) XE(I =
(HYBHESIR ) FE(To|M 2))

E0F =R BER NATION | &&Z% PAl | PALM | PCI Pil PFS_1 | PFs_2
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Research on Industrial Technology Level Evaluation

Method using Patent Information and Machine Learning
Lee, Cheolju; Cha, Hyunjin; Lee, Jungwoo; Ko, Byungchul & Han, Jongseok

Accurate measurement of technology level is required as basic inform-
ation for establishing technology policy or strategy. However, technology
level survey from experts may lack objectivity and consume considerable
time and costs, Therefore, this study was conducted to derive a
methodology to measure the level of technology objectively and easily by
using patent information, We attempted to measure the industrial tech-
nology level from patent information by linking survey results with the
patent competitiveness data of 5 major countries in 80 industrial technology
fields. Using various patent indices as independent variables and the
technology level survey result as a dependent variable, linear regression
analysis was performed, identifying the influence of each index on the
determination of technology level. Next, the technology level was predicted
using artificial neural networks, random forest, and XGboost, confirming
the better performance of machine learning than linear regression method.
This study is meaningful in that it developed a technology level evaluation
methodology with improved accuracy by using various patent indices and
machine learning. And we expect our research would be used as a tool to

supplement the expert survey method,

technology level, patent information, patent index, machine learning, artificial neural networks,

random forest, XGboost



