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Exploring Convergence R & D area via Data-driven Tech mining:
The case of landslide prevention technology linked to ICT
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{Abstract)

Due to the high complexity and diversity of the problems of the future society, it is
getting harder to solve with the traditional single technology. In recent years, there
has been a growing interest in convergence technology, which combines or connects
different types of technologies to create new technologies and industries. In this study,
we explored the convergence R&D area of ICT technology related to landslide
prevention/response. It is true that the world has been exposed to various disasters
due to recent climate change. As a result, there is a tendency to use Big Data and
ICT for disaster preparedness and recovery. Especially, in the case of landslides, it is a
natural disaster that requires research not only to study actual landslides but also to
predict potential landslides. Therefore, in this study, we analyzed what kind of
convergence R&D is being carried out in the field of ICT for preventing and
responding to landslide. Therefore, in this study, Web of Science article data were
analyzed by using the scientometric analysis and 51 landslide-related ICT convergence
R&D areas were derived.

Keywords . Convergence R&D(Research and Development), Landslide,
[CT(Information & Communication Technology), Scientometrics

1 = e B FARAPSE A 1 Busan - Ulsan + Gyeongnam Branch, Korea Institute of
* A2} SRS S A H ALY BARSAA A Y Science and Technology Information

A7, B-mail: jk@kisti.re.kr * First author, Researcher, Busan - Ulsan * Gyeongnam Branch,
o pAARE STy S B ALY BARS AR G A Korea Institute of Science and Technology Information

M ALY, E-mail: hschung@kisti.re kr ** Corresponding Author, Senior Researcher, Busan * Ulsan *

Gyeongnam Branch, Korea Institute of Science and
Technology Information, E-mail: hschung@kisti.re kr



=g EEetel =23 A223 AH5=

ole ARl EAlE =

3T T H O o O——
Q18f, 7129 AEAQl Fdet |erE sjdsh=
ol olg& Holgh= Hgo] Aujolc}t. =
Ade HZole 5 9 °IF 7les Z2su
A&t *H & 7|EY J%ﬂ% FEe s

3, A4 A

Xﬂ Arol= 501‘: 214017191

= s 7] A|&7Rset d4lo] 3 %7
BAAYE BRI T3 X&7kst FAlol ot
A Hle AHER&D)O et #[&32]
FAE ol A el A4 oo Het
= SATE 7hed Aeolck T=ja ofet A
379 %l@roe A AACNA &8 71l ot
88 A o] ZFz ] olgtrH1-2].
Kodama[3]¢] ¢

oA S vl e, &
e 7S gie] wREol glow, &%
7Ieoll Hidt R&D FAk= avbel e A
A pon gt olF, AR R&D A
ATAES & 71l i B 77 A1t
e}, 2002950 vl U7 E(nano-technology,

NT), A3}8}7]<(biotechnology, BT), AE7|&
(information ~ technology,  IT),  ¢IA|x}st

(cognitive science, CSE 2% Jof_} g 719 A
2R el Al 1A NBIC 2R 4] o
© AT ¥l A AAACE G A
717} ﬂ Gl
AA

N
T
™ f
lo O
oo
k
2
=
r<t
t:o -
-
_wﬁ
ﬁ&
j&
)
2
=)

i
ik
oZ,

oF
ok

el e @9t Al
ol2J3t g3+ R&D 71¥¢] A
3 A7) dAret HHER g%
ZoltH5]. o5 el

Il‘ﬁ
o
Elil
'LJEF][‘
o ok
T

10 mr
| (o]
m (o]
b
BT
o
It

s

of

fr

Y,

(o]

d
r

L 54 woje] g3 RDZF WA ol oA
o) AP GH=Ae] e wpete] glofol ik

BE APo] 38l ReD AT Folg e 3}
He AR 9AS FPSH- @stolDelphd
Wo] 744 teol AgErHel. et Dste] 7]
Wol Be Aol QgolE BT, A AR
7bel A e, B4Rl AU Aol ThE
S weEe W, W el et BF E-

Z|ofe] Hito] i dvtEs AQE= HAssE
Y(lowest common denominator)?} -2 SHAH
o] A&HoR TEde wel7] Hrh A<l
R&D - 99 Tz digt da/do] S+

=

}_.

of

2 A7 54 Fof A=) 8 R&D
= Bk U AAE BAsE] ffer 2

s £ R&D 9 &4l
215 98 R&D AEALS &&= HA vl
J(tech-mining}& AR ¥p7} ik B2 1=fo
A& 71e 99 a8 98l =2 vold
oslog ol yBlr|s e =ES B}
= ﬁﬁLﬁl%ﬂ%ﬂ(saenwmemc method) & &

o},

2 AFollA §F R&D 99 §A o= Z
& Hok= Ak o, "41‘3 W ICT 7]%olt),
2T 15se] whek A AATE cheket Aol
&0} G Aol ARoek oo wel Hjdo]
B 9 ICTS Afdel]l diulsti o doprh zdt &
o Be3le= ATTE bk QoH9). B3

499 4% 44 0} S A

wol ohjel, AR AL AT 5

e II5AE s A7t - Zaok 2o
Afolc10-12). weby E oAelAs Akl
o 3 8= 919t ICT Ropoll dhsf old g

R&D7} 495) 70 k=] welsl g} sk,



HO[Ef 7|8t HIA0[0|'S(tech-mining)S &2t 8% R&D JH FH

2. Hjoje| 3 A7 YHE

AR oft gl df-8-2 93t ICT R&D 99

stolslr] Q3 Web of Science(WoS, Clarivate
Analytics, Philadelphia, USA) =% to]EjH#]o]A
oA T HE Aot AT ="

w1 dolg B e Table 191 Az|3F
ek,

Table 1. Overview of article dataset

291

. 3
b~ 00 1
1mn 176 y
' 149
50 1 1
A s n
102
100
.
P v
L]
e 5 . o gn. 2w ns ots o
AT

— — Fig. 1 The number of the papers per year
TS = ((landslid* OR landslip* OR
earthslide* OR "mountain slide*") AND
(ICT OR 'information and
communication technolog® OR Flojo] olgtejol= 340%(16.66%), W= 267
=% |'information technolog* OR T = 03l 32O 9o
$3  |'communication techr;golog*" OR "big S(BESZ) ?\;T;O}Mi’ e SRS
#2] |data" OR big-data OR bigdata OR 5 1098 AHAI8ktet (Table 2).
"machine learning" OR 'deep learning'
OR "neural network™ OR ‘numerical Table 2. The number of the papers by countries
model™ OR algorithm* OR
computat®)) =9 =7t == | HE %
7] :
;‘71:]1— 2009~20184 1 China 503 24.640
[ 2 Ttaly 340 16.660
‘;L:’f 2,0417 3 USA 267 13.080
S 4 Iran 136 6.660
5 UK 123 6.030
200994 201895, & 1097 &3 ARG 6 France 117 5.730
B o /dls ICT 4 ¥ == 5 Fol= 2 7 Germany 109 5.340
AE tkeA] =2(Article)S thAOR X 204174 8 Malaysia 104 5.100
2 A% 9 Taiwan 102 5.000
22 w=Ho] ou 75 KOS uf 2009 10 South Korea 99 4.850
deve 08dEb s SR Ae B |
U 4= SIrkFig. 1. =Be] A RHe B 7 | Japan I 3580
23 AAH e 937104 T A
ojm, o5 =7} F F=°] 503HY| =72 Wik

Slo] AA 2,041 F 24.64%= HR{3ko] 7F
mro =mo whgel Ao g Uelgth

oz

I gt A HRR S AR ICT =7 )
olElo A AP (research area) UEZS 7]&0



KSU(C

486

ke Fejelict. Fejd ZHe] =Hi]l
Table 3] Ui

23 UA & HAEE Vantage Point®
(Search Tech, Inc., U.S.) AZE{o]E L83}
A =EQl Afolo] FARMY MlEZA(co-
occurrence matrix)s @At F, F A+
ol AX= AHY 04? =rEs EIEH
ICT7]5te] ARAle] e

A ATE T £
AUckFig. 2). vAEe R 111} 7]TJ_(author keyword)
SAAY BEZAE 7[HEeR VOSViewer (Leiden
University, the Netherlands) && Z-8sto] 7]
e AAAFEE TSI,

Table 3. Landslide and ICT research domains and
their respective specific research areas

Research| 1 ndslide 1CT
domain
Geology Remote Sensing
Engineering Computer Science
Water Resources Mathematics
Environmental | Telecommunicatio
Sciences & Ecology ns
Specific Meteorology. & .Informatign
e Atmgsphenc Sc1ence.& Library
Fiien Sciences Science
Physical Geography
Geochemistry &
Geophysics
Construction &
Building
Technology
o= AAlz fopd i el wopd A
d= GRlshr] $1%t #Hgolct. VOsviewere] 22
2EY 9 v (mapping) Y3252 Van and
Waltman[13]9] @A=-oflA] geld 4= qlch

® ®
Insvestigate contents of articles e convergence technology

A V. — 5 0 e e
—

Fig. 2 Specific process of deriving convergence
R&D areas

3. ARALER ICT R&D ¥ E=
7l 24 Zu

A MF

AAM ATt =wola) ICT A7 EmQle] FA|
J mEZA A= Fig 39 Ak A AdF
5ol AMAFE] At E|’lel] Stk Al S
Jog= 2ATHGeology), »3HEngineering),
A8 Water Resources), EaaFsh 4l Agefsh

(Environmental Science & Ecology), 7]4}7]%-3}

I
N

-

o2 ¥

(Meteorology & Atmos- pheric Science), A+
A28 Physical Geo- graphy), Al7-elst 9 A
52|8HGeo- chemistry & Geophysics), A3
SKConst- ruction & Building Technology) 2.2
3 M= sl QlaL, ICT ¢4+ ZHRle] Al

F ATggosgs dAEAKRemote Sensing), 7
8 78K Computer Science), $=8HMathematics),
FAI%K Telecommunications), AEIEE 91 TA
HHInformation Science & Library Sci- ence)
2 3 5709 AR goos FAduoSih

Adtol| Uepd Aat ol XV“*(Geology)ﬂr

3E IKHComputer Science), 3HEngin-
eeflﬂg)lﬂl FE 23} Atole]l vehd g AT
Aol 6579 =o] EAet 7MY W =E

] EAelt=

A% BT 5 s,



HO[Ef 7|8t HIA0[0|'S(tech-mining)S &2t 8% R&D JH FH

AR F371e 99
H|lo] WAk A =7 WEES
shyict. shE, A A3KGeology), A A
(Physical Geography), A7o}s} 3 A&
(Geochemistry & Geophysics)?] 742l 7
9, B2 =250] Al o] 49 F 27 ol
FAell FAlol ==l glofA 9 Al S+ 99
2 gIRE 3 R&D HEO &3hs =Ro] F5
wo] yepith kA 2 AFtelA= 9] Al 49

2 Bpte] golom TEERle] AR R&D FohE

X
g
o

B o

i

o=
=331t A1 88K Geology)d} P A Remote
sensing) o] W= % R&D F9S dE

SA et gk o] JelA fEHoR
ched} e =Se] Rasiolrh

Reset Research Area 1] 2 4|5
#Records| 188|150| 58 | 4 | 3
v -~ g
Show Values >= 1 and <= 65 o
‘o
Cooccurrence (g_
G # of Records [
o k]
I i
= w | @
e o 5| 8
«© Q g c
@ 2| c © [}
2 S| e el e
v Ol s E|2L
] 2| 51 E| 5| ®
1 21 gl2|8]|E
14 g | c|lm|o|L
It v P x|o|=|r+]|E
1 1160 |Geology 29 5
2 659 | Engineering 30 34| 2
3 480 [Water Resources 4 5
4 319 |Environmental Sciences & Ecology 16 | 6
5 265 [Meteorology & Atmospheric Sciences 1
6 178 |Physical Geography 4 3
7 111 |Geochemistry & Geophysics 17
8 6 Construction & Building Technology | I
Fig. 3 Co-occurrence matrix to identify convert-

gence R&D areas of landslide and ICT

* Chen, W., Pourghasemi, H. R., & Zhao, Z.
(2017). A GIS-based comparative study of
Dempster-Shafer, logistic regression and

artificial neural network models for
landslide susceptibility mapping. Geocarto

international, 32(4), 367-385.

e Chen, W., Shahabi, H., Shirzadi, A., Li, T.,
Guo, C., Hong, H, .. & Xi, M. (2018). A
novel ensemble approach of bivariate
statistical-based logistic model tree classifier
for landslide susceptibility —assessment.
Geocarto International, 33(12), 1398-1420.

* Kornejady, A., Ownegh, M., Rahmati, O.,
& Bahremand, A. (2018). Landslide
susceptibility  assessment three

the new

using

bivariate models considering
topo-hydrological factor: HAND. Geocarto
international, 33(11), 1155-1185.

e Kim, J. C, Lee, S, Jung, H. S., & Lee, S.
(2018). Landslide

using random forest and boosted tree

susceptibility mapping

models in Pyeong-Chang, Korea. Geocarto
international, 33(9), 1000-1015.

A =EEd diFE AR T7d(landslide
susceptibility)& sl €A|sl= AT YEE
o F5 o|FiL Stk ol 7lHte = thEy £

S R&D L =3 4 9o,

s GIS 7]§F Al iXE(landslide susceptibility)
g et ASAET 9 HAlY 2

« 3D oulA] 7|yt Akt w9 e
© GIS HE folEE 83t Ak 957}
A3

3 37 2

A-= 0

olo} e whow

S Aopiln AWl PES AX AFHoE
51709] AbAbe] ICT % R&D Bee =331
oh Al % 7199 O A Fe. 4]

AA8] 27181t
ARAFE ICT 9 R&D Hofofl st <



KSa(C

488 FFIAUBEE =23

LA AP S
oL, HAF QHHE, A Ak,

Remote Sei
Landslide
domain

o 2HAHE ol2g of
%3} 7144 B4 e
AL o 4 Q= Hole},

Mathematics

= OF 2dd E e
23S JIMRE & LA
Zuee A=
Spaceborne SAR
ImageryE 083 E
ML LEAE BRE
B JA 2 LYY
43
AlS(Airborne Laser
Scanning) 7|k LHAER
fIE BIrE HE ES
Ef
2 FTE EAAY
=7 EEEE 0BT HEH
Z4-H(Debris-Flow
Susceptibility) B7HE
BES-ER=t
B
Drone/unmanned aerial
vehice (UAV)E S8F
LRATEf BIZE BN

L& GPU 7|8 tArERD)
22 AL 23 Sy
GIS/GPS 7|8 AHALER
2|3 £ BE BT
TigE

GBSAR (Ground Based
Synthetic Aperture Radar)
J|E DEL AR
ELHTY zeE

- Y2g 2 Y EE
240 WiE M2 THEN
JIEE O 24 g

- ORE &5 23 A4 2
32| 3D AlEH0ES
HE AURH A
(Computational Fluid
Dynamics. CFD) 71&

= Computafional
geomechanics

+ IE AR EI 245
£/t Depth averaged
=2

SRS 239 B4 Aot
154 HEH20H 37
22 Jj2e %3 Ly
AR, B 2
=4 4K 4=93

Aste £F G2 HHAY
2z

TR0 F AAER
(Rainfall-triggered
landslide, RTL) 27| ZE

]

- 27y BEoE a3
SAE S ST AET

I

- BRET AL AE0ME
A ST %3
e pIEE

- gys HES WE 0N Y

Zme Hjg wEE 08T
22 Zay 24

Algws J Ay

Ve HAGH| HE F=

HE A 2T

O 212 ve 2218

HO[A 27 J1E

= HF 44 0DjA 7
23 27ids S5 MAE
Hs Jle

= AE AR JIES o8E

A e ATy EY

AN M HE 7

LDAR HOEIE olgT

o AR 2E

E}' AIE&
3% DS 2eH =%
I3 222 ABHUOM

57 9 2R AT AL
ECHIEE]

Simulated Annealings
OlgE 4T A ¥ =
L5 HEHEN OE oA
#E 5@ I=0g

Fig. 4 Derived landslide ICT convergence R&D Area

- Elastoviscoplasticity &
2 Qg AR
HIFY Lo g% Bz
= 2 #9 Laorangian
2

= Permanent scatterer
(PSIE E&F A4 718
oL ZhdA Y] i
23

T 719ert 2
Fig. 4ol UEhd

20| 8L glrk

& Library




GO|E] 7|t E|3010|H (tech-mining)

Fig. 5 R&D topographical map of landslide ICT
convergence R&D area

4. 8 E

B AT Al A F Aot B
o ICT ik o18 §3 Rup} g
A% ﬁwﬂaﬁm TS o Ha:
o 12 et B0l 7o %
SfEke . 31
o] FolE 7%*41—4& o anqas
TR S Ao QA7 BAolct, oleat
SRPAA W delge] 2Aste] hHel
2 5 Sl e o7 9 g

=

]

HI 30 r“”

R
.

H T

E oo Bl X (fF

f

Z

e}
ot

_I
il
ul
4

SHA
gFolzio] HRbH oAl 71 “574]14501] q]*]— x] o]

o xﬂuruﬂ I R&D
718eta gl 010%1 e *ﬂé%ﬂﬁh
A7} ol §38F R&D 7|20]

o2 4 gl Bl glg Aol Al Bk

mjo
010
il
o)
[
(w)
of
18
£

Acknowledgement

e

RO AR A0 bl
SEREFHAUP000305 )] AL o

RS

o
o

&

4
o o

Sk

[1] S, P HENL #4e & 884

o s O L)

T+ T2 A dasleEAdle S

2 7E %ﬂﬂi@ﬂ 16(4), pp.883-912, (2013).

2] 489, 84S = s A
HEH=Z ?LJZ_ A Z1edAIsklAl, 18(4),
pp.693-718, (2015).

[3] Kodama, F. “Technology fusion and the new
R&D,” Harvard Business Review, 70(4), pp.70-78,
(1992).

[4] NSF (National Science Foundation, US) and
DOC (Department of Commerce, US), “Converging
Technologies for Improving Human Performance:
Nanotechnology,  Biotechnology,  Information
technology and Cognitive science," in Mihail C.
Roco and William Sims Bainbridge (eds.),
Dordrecht, Netherlands: Kluwer  Academic
Publishers, (2002).

(5] A, A%, ITERIST 712 - el
BASSA (AR B4, 25(11), ppld17,
(2008).

[6] Dransfeld, H., Pemberton, J., and Jacobs, G.,
“Quantifying weighted expert opinion: the future
of interactive television and retailing,” Technological
Forecasting and Social Change, 63(1), pp.81-90,
(2000).

[7] Hanafin, S. “Review of literature on the Delphi
Technique,” Dublin: National Children’s Office,
(2004).

[8] Porter, A. L. “How “tech mining” can enhance
R&D management, “Research-Technology Manage-
ment, 50(2), pp.15-20, (2007).

\I



490 cr=gsEstel =23 H223 AH5=

18

9] A=, “HlElolHE &-83t 44 At
i wiel e SEATY, 420,
pp-108-109, (2016).

[10] Philbrick, S. S., Cleaves, A. B., “Field and
laboratory investigations, in Special Report 29:
Land- slide and Engineering Practice,” HRB
(now TRB), National Research Council,
Washington D.C., pp.93-111, (1958).

[11] Sowers, G. F., Royster, D. L., “Field inves-
tigation, in Special Report 176: Landslide:
Analysis and Control,” TRB, National Research

[12]

Council, Wash- ington D.C,, pp. 81-111, (1978).
W75, 94, A 28, Fad, <4

ARE 24 - S 7] A gl A A1
F3+3)A], 18(1), pp.69-81, (2008).

[13] Van Eck, NJ., Waltman, L. “Visualizing
bibliometric networks,” In Y. Ding, R. Rousseau,
D. Wolfram (Eds.), ‘“Measuring scholarly
impact: Methods and practice,” (pp. 285-320).
Springer, (2014).

GE=

2019.05.24. 478: 2019.08.14. ARE: 2019.09.02.)



