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Abstract

Technology forecasting is about understanding a status of a specific technology in the future, based on the cur-
rent data of the technology. It is useful when planning technology management strategies. These days, it is com-
mon for countries, companies, and researchers to establish R&D directions and strategies by utilizing experts’
opinions, However, this qualitative method of technology forecasting is costly and time consuming since it re-
quires to collect a variety of opinions and analysis from many experts. In order to deal with these limitations,
quantitative method of technology forecasting is being studied to secure objective forecast result and help R&D
decision making process, This paper suggests a methodology of technology forecasting based on quantitative
analysis. The methodology consists of data collection, principal component analysis, and technology forecasting
by logistic regression, which is one of the data mining techniques. In this research, patent documents related to
autonomous vehicle are collected, Then, the texts from patent documents are extracted by text mining technique
to construct an appropriate form for analysis, After principal component analysis, logistic regression is performed
by using principal component score, On the basis of this result, it is possible to analyze R&D development sit-
uation and technology forecasting.

Key Words : Technology Forecasting, Patent, Logistic Regression, Autonoumous vehicle, Principal component
analysis
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A28 ¥-38=(Logistic Response Function)2} B3l o] uj), <&
A< (Target variable) pe= [0, 1AF0]9] & Fro g 3L}

p= 1+e*(ﬁ(,+{1’1m}+3212+~~~+;’3,l:r”) (
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Table 1. Search formulae

Data .
Groups Search formulae
Base
((autonomous adj (vehicle or car or
Google
u.s motor))) and google
(WIPS) ((autonomous adj (vehicle or car or
Others
motor))) and not google
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o} skANE o]2gh FEje] mEE e Thofo] Sx(Column)7t EA1¢]
Fline) Bt} 53] Bol 2419 AF(Curse of dimensionality)7}
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Document Matrix
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Using the Principal Component
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Fig. 1. Flow chart of Suggested Methodology
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Table 2, Patent search result: Autonomous vehicle
Available
Groups Search results
patents
Google 35 31
Others 564 495

E374 A}, Googled} OthersollA] 212} 35703} 564719] &
871 AR o] FellA FEES], AYSES 5 o= AA &
SEESZHN 74} 317, 495710] AL}

__51131/\1]5‘4 H HE tﬂi 7\]740]-1] o) ,% 73"?*, %‘ﬂ 3—? 1]4
67 o] A Zli_i T} Bk W] =RRgel sjFow

alie ), 2l 7hsd B8 20134 o] Hol Z9¥ 510];}. 18]
D2 IR 20131 o] 5ol E2UE B3 AlLfl=S itk
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1989
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1994
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009
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2011

2012
2013
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1996
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=—e— Number of Patent per yerar

a3 2 Y=Y RQINSA B SHEY 74

Fig. 2. Hlustration of applied patents by year

A gk el ﬂiﬂgz FAE AR, 1986bﬂ o]
T2 A St 1] E2dEHE As o4 °‘E} 1%
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astdek 201087 20129704 HoE WEol §lE
2e el < ok

3] Ak ‘?3011 uiet 5%54:% A slal Ao

= Eﬂ E nlo|yg AAJsle] 7|9eE FZ390t) o]ul, R-project
o ' WIS olgedid, FFE ANE F Cae
“is", “can” T 2 TS ket 9%01 E2ed dol=

xﬂﬂfi]— ndFreqTermSUV‘ = 0]—%—0]-04 S 5= olde] 719
EE FEolsith #2971 =s 839 ‘/}E]rlﬁ V/}.
H 3. 2E MEE 7|1/

Table 3. Selected core keywords

Others
Driving, Data, Control, Autonomous,

Groups Google |

Common Keywords . .
Sensor, Information, Location

Detection, Line,
Obstacle,
Aspect, Computer, | Processing, Signal,

Different Keywords

Environment, Map | Unit, Apparatus,

System, Position,

Image, Navigation

AgE 719es HlFEste] FEHE =Ho lemz Ao
TVeeles FEslE viE=lxel ey AYdefofsity. 53
A9 dolg et FEslE WlEEAE Patent-Term
Document Matrix(PTDM)2} &b F231d wEZX~E T3
sto gy Mol 753l 6}‘:}{6].

PIDME /g8t & A28 3RS AAel7] Ssiae o
ZTAe] A} nEY 20 -Ji(sparse)—‘?—xili 4 s Asfolst
o}, o]gst EAe FAEEA (Principal component analysis)S
33l A k. B dAFolME 2 ghol 1013l FA3ERE
S Adste] mdAe]  ARESICHI3],  Google®}  Others®]
fr #6229, 2939 g4e) eI

W

/

“-\__\‘
| e ————
1 -
0 :
1 2 3 4 5 & 7 & 9 10
=== Eigen Value
12l 3. Google INEEIAS| 112 Zt
Fig. 3. Eigen Value of Google Matrix
2
o
h-\‘l“-'--—r .
1 =
0

1 2 3 4 3 6 7 § 9 1011 1215 14 15

= Eigen Value

%l 4, Others HEEAQ| 117 Zt
Fig. 4. Eigen Value of Others Matrix

Google¥} Others PlEZ]29] 31 Zh AlxbAT, Googler|E 2]~
e ATFAREE 15 Fho] 11|vte]laL, OtherstiE gl2of X
= ABFAEEE AT kol 1ok HJrEW £ A=
SRe Si8) 2t Ghet el e et

FAREY A9E ngog FEd oS autonomous’
Aol EARoZ Gonlst 7)9sE %6]—,1]]— ‘autonomous”
o] G E F2rR i 242y AR 7158 Alws)
AL mElTE Ayl 849} 7500 Z Z} ERASACE

H 4. 2X|AE |22 MMATHGoogle)
Table 4. Logistic regression model(Google)

Variable Coefficient p-value
Intercept 5.9776 0.0196308
Comp.2 3.02438 0.0303575
Comp.3 -0.946054 0.252180
Comp, 4 2.17669 0.344816
Comp.6 4,5936 0.0595
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H 5. 2X|AE 37EE HEZIKOthers)
Table 5. Logistic regression model(Others)

Variable Coefficient p-value

Intercept -0.46218 0.0000308
Comp. 1 0.52908 0.0000875
Comp. 2 -0.21644 0.026680
Comp. 3 0.17099 0.078016
Comp. 4 -0.19368 0.091975
Comp.5 0.36975 0.001311
Comp.6 0.43901 0.000452
Comp.7 0.08968 0.441232

gadgdsArd e 2A2g 3ARdR] 7]
pvalueZ} 0,05018F & o frofsictal & 4= Qlths). ol & nfEo s
Google MEZXE o83 2x~F 3|HRd P57 Rl
+ Comp. 27t F-2J8F M2 YeRdot

2 WO R Others VIEYAE o83 22|~y 3]7R o
A= Comp.1, Comp.2, Comp.5, Comp.6°] F2J3l wi7jHs=g2
YERIT

HN7IH=E FE3] 8l el W] FAR APC
loadings) & #Z3911, 1 % 9] 3ol ek 71genke 2%

ajo] ohg w63} H7o) ehhaich

H 6. Folgt Haso FHE Ale(Google)
Table 6, PC Loadings(Google)
Variable Loadings
aspect 0.603
sensor 0.475

information 0.293

7. Roet HeS2| FE=E Zl=(Others)

Table 7. PC Loadings(Others)

Comp. 1 . Comp. 2
Variagles Loadlings Variagies Loadings
system 0.213 position 0.430
navigation 0.165 data 0.345
position 0.151 image 0.322
Comp.5 ) Comp.6 )
Variagles Loadings Variagles Loadings
location 0.514 drive 0.670
detect 0.499 apparatus 0.260
sensor 0.374 sensor 0.145
F&a0] “autonomous’o] IS FIS wH= WHEFER
£ Googledl|A A2FAdRo] 9igleH, Othersellde AL, 2, 5, 65
Zgo] EAlEkeitt. Tl frefdk WrE Tl JFE miAle @
ofg dofrr] B TR AFE WERARIAL, GoogleddME
“aspect’, “sensor’, ‘information” %02 JEFS wHL 9l
= AL & F Y Othersoli= “system’, “navigation’,
“position”, “data”, “image”, “location”, “detect”,

“drive”, “apparatus’®] ©o]7} “autonomous’e] IS WX

I e AL 1T 4 3k
NeAols F2H 7)19se} PCaEY e BRE Egs)]
e aRsel a196el] 3]e Google®t Others 53159

130 | OlZA - OFS - UK - HA - SN

IPCS= FEE YERASITE

5

20

15

i0

5

0
GOS0

a2l 5, 2ZIst Google £519] 42| IPCZE
Fig. 5. Top 5 ranked IPC code: Google

GO1C GOBK GOSB G0eQ

H 8. A9 57§ IPCEE2| LE: Google[15]
Table 8. Definition of top 5 ranked IPC codes: Google[15]

IPC code | Definition
GOSD System .for .controlling or regulating
non-electric variables
G01C Gyroscophic instruments
Recognition of Data; Presentation of
GO6K Data; Record carriers; Handling record

carriers

G09B Educating; Cryptography; display;

Data processing systems or methods,

specially  adapted  for  administrative,

G06
Q financial,

commercial, managerial, su-

pervisory or forecasting purposes

FHE Google 3]¢] IPCEE=E GO5SD, GOIC, GOGK, GO9B,
GO6QEoE YERt) IPCHEE onjE= the B89 Yl e
IPCHES} 28 7)Y EE vlgo 2 Googledl tEh 71&dlE
< skt

74 # Googled] E3EAME o83 Adlor FEH 719=
“aspect”, “sensor’, ‘“information’?} ¢ IPCE=9] &S
uste] g B93} Zo] 71EAolS At

H 9. Google?| &iAl7|&= 9|
Table 9. Core technology definition: Google

Techn
Extracted o
G | ology Technology Definition
Keyword
O | group
o
g | Techn Technology or method for
! lo aspect, Semsor, | ocessing  information ob
o . ; .
S sy information p. &
1 tained by sensor

F3E Otherse] E31EAE olgsle] 53k WhHo=g 29| 5
i PCE=E ™6 yepla, PCzzel FAHE AW

3100l rERAITE

TR Oherse] E3EAEe] A9 IPCI=E gRIgH
3 GOGF, GOSD, GOIC, GOGK, HO4N 2«02 UER}w
g A B2A2E SFRAE B3 4 ot T8EEe
“system”, “navigation”, position, data”, ‘image’, location",
“detect’, “sensor’, “drive’, apparatus’® YERATE T 79
Aig FHHoE aEfdte] Otherse] A7es the HEildl Y

ERHAE

ik



http://dx.doi.org/10.5391/JKI1S.2015.25.2.126

200

150

i00
50 I I
) B =

GOsD GOEK HO4N
I3 6. =%st Others £5{2] 4% IPCZE

Fig. 6. Top 5 ranked IPC code: Others

H 10, M9 570 IPCEE2| L : Others[15]
Table 10. Definition of top 5 ranked IPC codes: Others[15]

IPC code | Definition

GOOF Electric digital data processing

GOSD System .for 'controlling or regulating
non-electric variables

GO1C Gyroscophic instruments
Recognition of Data; Presentation of

GO6K Data; Record carriers; Handling record
carriers

HO4N Pictorial communication

H 11. Others?| sipl7|E Fo
Table 11. Core technology definition: Others

Techn
Extracted o
ology Technology Definition
Keywords
Group
sy stem, | Navigation system for
No. 1 | navigation, | operating autonomous
(t) position vehicle
h No 2 | PO ition, | Technology for process-
O, . . .
€ data, image ing image or data
r
X location
8 " | Technology  for  external
No.3 detect, sen- .
condition by sensor
sor
drive, appa- Self " .
elf-operatin; apparatus
No. 4 ratus, sen- & & PP

or device by using sensor

Sor

71&A 9] A3} Googled} Others F Fdolld BF AIME o] &
3 7|zl FEhal sl 2E SRS & At SFAIRE Othersol]
A FRIAbEA 3E A% AR /\lilEcloﬂ ek 7les ekl
A= e & < e

= %OH ANE S8t 3, A, 88k W
Holl tigk 7leell diste] TS o] e 2ARE T A
W zgdo] Q3 Aow oldEet

5. 22
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ol

o7

B =RoMe 7lEdS 2 o "*E Ajtslr] S8 24
2E 3ARES o|83lo] gt 7|9=E FESIaL 7|9=s} IPC
FeE o gsly 7jegols AAlE }“E}

GoogleoM= AIME S3ll G535 ARE Hejshs el &
S 7les AAlez AUkt Othenis 94, A2 AL<El]

B St ol i dolele] Ae] 1, ANE olgd o
291 B4 71, vhAROR ANE o8 £ BRI S
A2 st

olelt A%e vlgos & ul, WAl F Auely =
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