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Abstract

This paper proposes a method for classifying spatial data, which is increasingly important as a base technology for
mobile environments and digital twins, using deep learning technology. CNN is used as a deep learning
technology for spatial data classification. A dataset for learning is constructed by preprocessing spatial data.
The learning model for training and validating the dataset consists of a convolution layer and a fully
connected layer. The convolution layer adopts the convolution layer of VGG16 and uses transfer learning.
The fully connected layer consists of a Flatten layer, a ReLU function, a Dropout layer, and a Softmax
function. An experiment in which the spatial data classification method proposed in this paper was applied

to Korea national map was performed, and verification accuracy of 99.1% was obtained.

Keywords
CNN, spatial data, shapefile, VGG16, transfer learning

* I Fe T dtn HFEFEI wF - Received: Feb. 26, 2022, Revised: Apr. 18, 2022, Accepted: Apr. 21, 2022
- ORCID: https://orcid.org/0000-0003-4700-9961 - Corresponding Author: Byoung-Woo Oh
Department of Computer Engineering, Kumoh National Institute of
Technology, South Korea
Tel.: +82-54-478-7531, Email: bwoh@kumoh.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2022.20.4.25&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

26 CNNS AHES 37 Hlolel #7 3

A2 ey 71ee B ATHL S5 4
S Aol AT APW T Ropol A
: e

v
[ElE &43t7] Hsll 2gf &85 o
o Al N
T il T

%
72 5g BA5e kst At 18Ea

e Fste e onAE AHgste W

o Agez APAESs Bk

i

)

o n
o}ﬂl-m
L

g
i
do
o
e
My 2
N
b
i
A8
1m 1y

=,
o
)

AEFANAY e NIET JHf 9
3

o
N

>

e

Hu OH

H
fm
N

borr e A
AP
(it
o

oflt >
i

do
(e
r2
I
&
ﬁ,
X

ol

tlo
i
O]
kI
~ £
ofl FL
bt
-
N

ol
X Jo

|
Y
~
s =2
yo o &

o M X

e

rE ™ r
i)

B
4
b
of 32 N r2
T ST = TR S

2 =19 74 e 2ok 24 #d dF
A F3t HolE A% 18] AHE-E= Shapefile?}

93 oIEA F el VGGledl tiEl 7]&d
L 3oME B =Rl Alkete 33t ElolH
T ol thell ARAskA dAH ) rRA e g 4

2.1 32+ Hlole XAE=S 2|8t Shapefile

F7K(Spatial) FloJEl= AEE T187] AT 4 A
YA E(Feature) 2] ZFS 23 YT FbolA
A, A, W19 718KGeometry) BloJE| & AT A
718t vlolEle & JHe] FHEQ (x, y)E 8] &
sl Zlo] 7hssitt

Hiol, A gl He o Y HEE FAHE
b x99 g7t YASA &3 APAEY] Bk
of et 245 7 4ol WE e )3 b
olHE ®FH AHelstr] B3 A4S Z=th

YA & 7|5t dHolHE AL dnl A4
Agsly] goldt 14 Zdolql EAo] glom HlF
ZH(Aspatial F+= non-spatial) HloJEgtal E-T o
g E9, 4EY olF, T ol T4 T2 HF
Zt o] ot}

7t glolHeks Bos APAEY Y O
I3t dioJHE gnlste o9 om2 2Y dx
AL, 718k dHolee HFTt tolEE FAst #F
oje} oz 2y Y= .

FZt HolHE ARt wdetr] HaEiAe
ESRIAMO A 7R8H3H Shapefile Exlo] 71 Qukz) o
2 A-ETHS]. Shapefile Z-S AA|(De facto) &
FO2A F3t vlolEHE AHEste thkdt FokolA]
g AMHEEI .

Shapefile W2 F7F tlolHE A7 93
“xshp” I, HIFZE ElolEE AAS] e
“dbf T, AI2E AAsE7] YT “kshx” Y
2 FREY B =2dAe TEAYFEYNA A
2+ 9 WjE5= Shapefile MO ALFXA P LS

48 3t EolHE AR

O

N

22 VGG16 & ol st

ThoFek Y =Y FolA ONNL ofu]x] B4
SJ3h PN ASHT ek IFAA g

o
=
9] ImageNet H°|HE 7HA|1L 858 VGG(Visual



Journal of KIIT. Vol. 20, No. 4, pp. 25-30, Apr. 30, 2022. pISSN 1598-8619, elSSN 2093-7571 27

Geometry Group)16<>  ©|P|A] -(Classification) ]
AoA 3 AS=E AT 9]

VGG169lA 16 #olofel =AM 13709 7
EFA golo] ¥ 3719 ¢ AZ(Fully connected)
golojZ FAHT E =dAe 33t EoEE
aeHoz sty ffslA Aol S5E VGGl6
AEFA #olo(137h)e] 7HsAE AHEste Ao
8}<5(Transfer learning) W< A€ gt

AT St HIoH =

—_

lll. CNNS

2 =poH A&5AAYEY B2 volE #7
£ 93] NS Ag3b] 0% e 32 dole
M WA, B2 ol 2RE HolE e

WA, AAE dolEAE AT S5 B

31 32 ol ¥

2 HolEl® He) A 130
92 5o FEADGRANA MESE A55x

FE FoAA EE, 524, A= HolHE A&
0. =7EREE 20208 79 27Y0) 52

pig

Korea National Map

Cropped Images

F¥l ShapefileS AR8-3HTY,
o i3t HolElE E3et
ojmZ B =FoMe AE
AY9E FHCE AFT P& JgS AT
s = dlojE sl M A
ofF T AAE Al EE,
aA, AE FAEZ 4749 Shapefile THOZ
Ak

3t o] & A3l ©lo|E|AlS AAFITH

ol 12
z
ri
lo
of2
18
iy

Hede 9 dolEse Aas] AshiE A
4e 37 doleE JFgshe B4o) Basi 1
B 1S B UOIEE Agdtel B doly 2 A
Z dolelz TAHE Holee BHse H4L
H

i %5%011*1 dolHAlE Adsta sy 2 &
T3] A AHS Fold dolE AEste] A
it

(1) ZAA ojwA] A4

Me AY 2o &2 9 534 Shapefileo] T
qME 2 FAlEE RE AAE QoM ZZe
PNG @2|9] ol Bd =2 Z3ith

Dataset

trammg

random area

Shz‘:)?::iie >
“anopetic. [

Building BDKOO1 ;
Shapefile 2
BDKOO3

i<
<
<
<

validation @
training @
validation D‘J
training @
[ ]
||
=

validation

training

validation

J 1, = ¢ A3 oo/ MM npy
Fig. 1. Training and validation data generation process
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Table 1. Accuracy and loss results

Epoch Loss Acc Val_loss | Val_acc
1 0.2509 0.9109 0.1066 0.9513
2 0.0804 09734 0.0458 0.9837
3 0.0540 0.9837 0.0393 0.9862
4 0.0397 0.9859 0.0174 0.9950
5 0.0338 0.9878 0.0204 0.9887
6 0.0311 0.9903 0.0046 0.9987
7 0.0290 0.9931 0.0264 0.9900
8 0.0348 0.9906 0.0170 0.9925
9 0.0221 0.9941 0.0267 0.9937
10 0.0211 0.9953 0.0237 0.9912
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