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ABSTRACT

With the development of big data-related technologies, it has become possible to process
vast amounts of data that could not be processed before. Accordingly, the establishment
of an automated data selection and fusion process for the realization of big data-based
services has become a necessity, not an option. In this paper, we propose an automation
technique to create meaningful new information by fusing datasets containing spatial
information. Firstly, the given datasets are embedded by using the Node2Vec model and
the keywords of each dataset. Then, the semantic similarities among all of datasets are
obtained by calculating the cosine similarity for the embedding vector of each pair of
datasets. In addition, a person intervenes to select some candidate datasets with one or
more spatial identifiers from among dataset pairs with a relatively higher similarity, and
fuses the dataset pairs to visualize them. Through such semi-automatic data fusion
processes, we show that significant fused information that cannot be obtained with a single
dataset can be generated.

FIUE &3t Holy, doly &3, duE, AME FAE, WEolE, dolE Al
Spatial Data, Data Fusion, Embedding, Semantic Similarity, Big Data, Dataset

BoeRe B 1EAREAY 2 AREAVEAEAE ] Bet CT AFAH AN AFAAR 53
= A o™ (IITP-2021-2018-0-01417), B3k 20200 & A (7 B340 AP s JuF217] 8719
#1(No.2020-0-00121, Hlo8 E B7h71% dlol st L dol84l 14 7% e wol a5 A7),

* First Author, MS., Department of Electrical and Computer Engineering, University of Seoul
(pletory94@gmail.com)

x% Corresponding Author, Professor, Department of Electrical and Computer Engineering, University of Seoul

(khj@uos.ac.kr)
Received: 2021-07-27, Review completed: 2021-08-26, Accepted: 2021-09-17



2 FFAAANGEA A268 A4T

1.A £
474 21 ATk me gl et 915t
. Helelel $E ISR Sk
k. BlelEl 7t $EAH Aol HlojE S

s 3
H4& B3 shpel B dolE Ao R EE
2T 5 GYE FOUD INE TS
Ae BFAQ WA T3 ok

Hl dloJE %H‘}E S, L

s
AL zolA ogls G 1 ool Hi= ol

HALS Zroplle 292 mf-§- Algte] Wol A8
H= Zjolth whoF g3 FH HolHE e
HHo] AsHom FPATt aF 2 AIRE
& Zoled AA 719 Aot Al 8%
diole] M4 Aol Aol Ae 2 ol
oFEdte AL B AR E 2 7k
o] =t} tloleAl 7+e] ofu]A AV S HFH
° 2 AEste] 54 7lEd Fitete Aot
*}Q‘ZM] Al AAETHE B A2 o] i A 8
Y A%E INE F U Aotk

<F1gure 1> A HiE vpe) Zo] B =Fo

ARl st 7] Y s 28-5)

o §¢ dlolHAL UMY WE (embedding
veeton) 2 E8 ek, HeE 4 9] AU
A ez dold §

AsE AT B ATE

&
Aues 7H= deoleAer At &%

rlr
040 m

= E1 %
H(granularity) & SLAIA 2+ Ao o)
g

Z711E& AAste] %9l ¢

-1 =

ation) & o 2N AJZL- ”8‘;:1]— H]O]EVJJ

Word Fusi
Embedding usion

aﬁe@‘

Datasets

(Figure 1) Data Fusion Process

2. olH w7 2 A" AT

2.1 Y=2HIZ (Word Embedding)

oig £z BRE S i A7 e



3] 0% 1= Fdske 719 9-8 WY
(one-hot vector)&}= €8], wol7} Wi s=

SJulg st B4 4 9

o o o

Language Model), RNNLM(Recurrent Neural
Network Language Model) 5-¢] #|ot= $l+=H
g5 Algto] S8 A= de] At 201349
Googleell A 33 A=A St ARFS &
=171 Aol Word2Vec X E[13]o]t} 18]
olo] x|e} T W] 724 9 HHE 1
IZ(graph)oll FFt o]E TFg Hdo]
Node2Vec[7] Zdelth. & A= dlo el Alol
Fold 719E dud S 5’4 8l Word2Vec®}
Node2Vecs AAS o5 dHld +x[3, 41&
285} th(<Figure 3> #%).

2.1.1 Word2Vec

Word2Vec R9-& @ ~E flo]g & oy
517 98t =2 A <Figure 2>9} 7101 A
toje} T o] & A & =
Fole Bdo|t}, d& &9

% ]
W —_ —_ /\\
o - = \ ‘
73 -— -l a
92| 250 WA o
News, Wikipedia Word2Vec Weight Graph

27 ARE AL golEAle 2A% ¢33 71 3

o} 7} ‘sat’9l A$- ‘sat’” FH-$-ofl 14 E do
7} 8 do)7h fr}, Word2Vee o] 855 v
218 CBOW(Continuous Bag of Words)$}
Skip-Gram .2 TF&#5+=d, CBOW= F+d
dojr FA wols dFste wAolal
Skip-Gram< $4 @oj® 9 dol S o5
ah= W2 ol

Center word

t
The at sat mat.

Context word

<Figure 2> Word2Vec

2.1.2 Node2Vec

Node2Vec 222 tho] ko] 7] 7 o
AR} F24 JTS Fsr] ddEl dols
kel I BRI 2 Ew TR Y =

ko] BAE shEete] dMld HEE UE

Node2Vec RE2& TgZ 9o 94 w99
FAE yletstr] 918 BES(Breath-First Search)
= DFS(Depth-First Search) 12|32 &4 &
258 AHESHh BESE 22 gl EA13)

1_1:_% o/\ﬂﬂ o7 El—/\ﬂo}—r DFS= ];],._.
ANz dolrb] A 8% Bl et w

r\r (S

M

Input data Enbeddings

Gl input Cwords

O+ —

i * i N oulput 6 G
Node2Vec

(Figure 3) Double Embedding Architecture for Keyword Embedding



4 FEAAA LA A2 A4S

&tal ‘dol7h= "Whe]th DFS ¢ aelss 54
o2 ghalH UES A 524 (network ho-

mogeneity)S 9152 g53stal, BFS ¢agls
& THOE et agxze] Fx4 F4
(structural equivalence)E $J5+= &<53ic) o}
Al @A, DFS Yae]Ee 7}77}01 U =EE
HE el 1Y R5E bl 22 A

& Fojgitt. wlalste] BEFS %}ﬂag—% po

S AR A AR E A sk WS T,
37, PNU s=50] glek slo] 49, 4
= 3 AN Fao EEY FAR T2
AWM Fhe 7 Y AFFE VFoR e
£ UH ddets otk R FAE =
2o YH|& 7|Fo R “gE" ‘BT AR Y
Tl RO 7O RNE Am (Mo AE
WSS Fofsts ot #AxA= AT+
dele] e HAxe] FHor gt 2
Fakel 245 A, 4 A5E B dE

= AA &

7} EPSG 2=

8 ALgal

oItk o ol
GPs A~ ATE

BRI AR A ste] EPSGi4326 3

s,

Crawling dataset Selection and fusion of dataset

data fusion

Searching various
dataset with meta data __|-:2
1

______

Learned word
embedding model

Candidate dataset for

Spatial data fusion

(Figure 4) Data Analysis Process with

Visualization of
fusion datasets

4
|||||||

Analysis of fusion data
(visualization)

Data Fusion

)

>,

o
>

rr

B
S

o

S

o
ol rx



shel 2t vo]E Aol g ol
@} 1714 dolE e wd
= Qg Bl fojl @
el el 2 dlolEAle]
EA R el ko] Alul
23] AaAE

3
(cosine) %4‘: s Fe3i,
HE
E

i}

do r ot

o oo
=
ol

°
N
-

18 off E ox
O 2ol ook

S
rd

)
o
of

_151
do
>
k1
il

F,

uled
=
ot
=
)
—
1o
R

>~
>

i
it

&
X

rr
*
o
=

= 9
ORI
[e]
et
o]

-

ku
>

ox &' = ox
i
oz
o

o
o o0

=

o,

4
ey ox 2

iy
=
o
A
N
H1 = o 2 ox ot (g

e
ol
rir

=
°
i)

7+ o 9 (spatial zone)d] 7N
A7 Atele] A7t B4 =4
A7t 5 AAE HFE 59 volHAS
AAEHA D). <Figure 4> A7 27138
dolE] §3 ZRAAE HojFr)

2 =

=)

3.2 HIE 7[Et CIOJE Al ZF AJHIE|
FALE Al

tlolEjAle] Wish= ou s e HE =
F3835}7] Y314 = dioEl Ao FojE fon
gk mEtdlelBl & FiEe] sk g0l Za
sttt wEtHo]E = dlolElell tigh HolEE
A= oAl o EH|olE = we]
Al tje 12 2 Aurdol /e s xis)
= dlojeoltt. ol & 5o, 7hElae], =8 719
=, dolele] A7), A% A, dHolg e 70
Az} 5ol Aot A= Fo7l HlolH ALY

T HEE A E vel"HAY 22HF €% 7

rE

vEtHo]H & &8ate] g WHE 18
o, wletdlo]E o] Fdo] vlo]EAl g 9
Blo] A =s AAsHA drk

Tk vlolElAle] HEtH o] Bl ZH-E] d]o]
HAlS 71 =s FEotaL, o] 54 olF
e RERNE T 719 =l ASshe ¢
v g WEE 7kt 183 <Figure 5>9
ol 7} 7191 =9 g WEE e it
S a3k f?L(A)‘*“ ] (summation vector)E 4}

Folz0 dlolEAlell tigt ¢l

N
~
O

Olow +3 fH”Ol He FH HolHAES
77 98t doleAle] e WE ke
FARD fFANE S AlAFght) ol 3l 270€] H)o]

S ’ t |3 3/0/0/8/0 003 4
atase % 00000 pDO OO
d,gagqmnwwo
CiTan  MOlsdbebed
<1,0,0,1,1> n101010/0lblalblelele
) AP S S
Summation vector d, 54 3 4 8 0 4 8 3 4

(Figure b) Generation of an Embedding
Vector for a Dataset

C >
ata: - dy 5/4 3 4 8 0 4 8 3 4
d;
C 5
Bt — d 01 5/0 0 0 7 0 0 1
d,
d; - d,
Cosine similari cos(dy,d;) = ————
v SR P P PR
87
235 x 157
=~ 0.453

(Figure 6) Example of Computing a
Cosine Similarity between
Datasets d,, d,



6 TAAANTA 2268 Al4%

EAle] SdAo] &5 dldehs 7 9ud

<} =T =

04 lolEVi ol ﬂ%?l FHAHY At A=

NRAOR F1 dolEe] et §HE 5
7] gaME 54 949 o B 9IS
FA T, F 92 Aelel Azt A 27
I EelLAE Phae o A

A T A4 Al sidslolof g A,
B £8 AAZ BLalol @
e A3 Als] A S A
AA7} ThE A o] 9

© o 4
i s
B
% o

Y

ﬂl

A7) of77) WRolch, El, A AL &
nEES Ag37] olat A AAES A
oF Gtk o Hol, NN FT ML Alo]
o ALE ANLE W, ALAF T AL ol
= A oo £ A Alole] A
28 A4 gk

1-1 1-2 1-3 1-4

1-1 1-5 1-2 1-3 1-4

(Figure 7> Assignment of Land-Lot
Address

A2 A A<k ufet 710] L=
wol AS QA A F4 AAS

A2 Apgai) ilﬂ—zr*ﬂ Aol A A
= 9 7Y A E vlA F42E A=
£ 59, <Figure 7>3} o] 1HX
o A9t gl A}EPO] 4Holetar 7k4%

rii& ol
SO
L _IZ l“>" _4 O_|.4

~

m

W, 2 afFeA 1-1IEARE 14874
Geehs Polth 1Rld] wo 114§
A48T A AR B8 A T8 s

2 ggsiol she 3ol waHH 111,

1- 127}0}‘4 1-1, 158 F42 g3t}
<Figure 7>} 7ro] 1-1HA| ¢} 1-5M A= 14
AR, Mo = A& A o]x] gt meba] =
W Fae 4 A o] AgE AR 5 Qe

ZAZE F7lele FEEA &rH10].

AN

2 4 6 8 10 12 14

(Figure 8) Assignment of Street

Address
Hluste] T2 FAE A =29 A
B3 FAYY 22 ynld weg ‘o)
27 %, e A A BRew Tran
a8 Bre VS Vo R AEHsTE
of frt NEMTE Fofshe B2 <Figure

fu b
ftl
1o
N

rlo

N oo %
w2
10—1}4[‘1\1
-
4z fo —
.
S
3



7} 2% S7FeHe
o Yr7k g
o, =2yt AEw

§_
AeE AgstA At ? gl

> o
o r
m[o £
O r~|—4
2
L
ol
o
2
A
=2
N
F}L

HEAS BEIE B AT T AE 2
o Ang Aere FnaE Faso Iy
W, REATE T A Aolel ARE A
o 3 olahtt A7 dolel AHE HE
AAZ EH3H7) AsAE 2 A 7 3y
o Basteh A, AT BT A9

= .= ;

2 A4 ARl g gej7t F sttt
AR, 32 HFEAZ FdE FEE 2799
AwRE Fdshs TPl oigk gejrt Hast
CHoL.

SUH YA AR AAE HAste d 3l
M F83 8aE duhu T AH Afelo] A
2|5 A AN F glfoltt A A
upe} gro] 7 A Apele] Ageket A ANkE
oA A 2 w2l FA4 A Behs 23
AE A= Aol uhgAsith 8= ok
St A Fell A 7 B2 dloE Al A A}
S35t Q= HAEAZA WGSH EFIAE ©]
438 49 = %d Al2E EPSG : 43265 AHE
st}

3.4 3%t HO|g &t

TAHoR B =ro
2 & AlLts7] A8l shHARR
formula)[15]&- AH&-31%3
ol AZE Akt /‘}%0

To| HE2 nefshA o

T FEe A
T2 (Haversine
o

[}
Fgel 7 A%
A

rlr %R

f o

7 AuE e dolEe] 4% §3 AW 7
Fatel] §ld, ol &

4.1 & Holel

AT Al HlolEAl lHlE HE ¢
A= vlolHAle] om A Ag S
F ol g7to] sttt o] & 9134
T2 20184 1 1955 20204 19 19714
o] 72 o8 7}A| 1L, <Figure 3>9] o]
A op7|EIA A ARE-g Word2Vec 2
Node2Vec =EES Sh5siitt. Aoz
17500070 7F2] ool gk Qlud WElE A
Hg;].oﬂ

<Table 1>—‘3—_ AAZ §F ArkE 7 1
OJE| & HoFH o] ‘AMe g Yoy %
#F (https://data.seoul.go.kr/) AFo] Eoj A ’3*0“
27 =2 3270 ok i F 13870 dlelH A
Egheith wgk A4S diofEAle] UﬂE}EﬂO]H
24 B 7|9, AT A 5, dloly A
s HelEAY & 73T F e IS
BHEE T8 (<Figure 9> 3x), ©]& Al
o g ks AA O}htﬂ “5}3?\‘:}. el
B} ARo skl oy Ar
@A oR AAHA Uﬂﬁ‘oﬂ 9] thol
F= AAE AAES FAstAh o)E A8l

Konlpy 2he]lB.212] 9] Twitter 7] A S Al-&



8 TAAANTA 2268 A4z

(Table 1) List of Datasets

No datasets

individual public land price

2 | construction reminder

market analysis service (estimated floating
population)

15 |English public service reservation

16 |cultural event public service reservation

17 |education public service reservation

18 |facility rental public service reservation

reservation of public service for sports
facilities

19

20 |public bicycle use (by time)

21 |public bicycle rental

rental of public bicycles for foreigners (by

2 date)

29 |public bicycle usage

30 |public parking lot information

31 |number of passengers by subway line

62 |street vendor location

63 |dodream street location

64 |mosquito repellent alert
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(Table 2) Dataset Pairs with Higher
Similarities

73 |cultural event information

74 |cultural space information

75 | price for agricultural and livestock products

107 |fire department status

108 | fire department location

. cosine
dataset pair .
similarity
number of pas— .
P subway station
sengers on each . . 0.962
. information
subway station
number of pas— subway re-

sengers on each | al-time train 0.959
subway station location

109 | fire water location

public trans- subway last

137 |lifelong learning portal education institution

138 |lifelong learning portal offline courses

. L. 951
portation route | train timetable 0%
number of pas- ublic trans-

sengers at each P 0.949

portation route

bus stop by time
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(Table 3) List of Data Fusion
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