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[Abstract]

In this paper, we design and implement a service system for mobile devices to utilize the integrated
underground geospatial information map in underground exploration fields. The field utilization service system
for mobile devices is designed to visualize tiled maps, 3D terrain information, underground structures,
underground facilities, and ground information provided by the Integrated Underground Geospatial Information
Map Management System according to current position. And It is designed to reflect the results obtained
from field exploration in real time. Also, the proposed system is implemented to transfer and visualize the
integrated underground geospatial information map in the form of a gITF format due to constraints on wireless
networks and device characteristics of mobile devices. Implemented mobile service systems can prevent
accidents in underground exploration field from occurring by providing users with accurate and integrated
underground geospatial data by visualizing maps and geospatial objects in three dimensions at underground
exploration fields. In addition, updated underground geospatial data is transmitted in real time to the Integrated

Underground Geospatial Information Map Management Systems, which can maintain up to date and accuracy.

» Key words: underground geospatial, integrated information map, mobile service system, tile map,
3D visualization
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I. Introduction

Al nEoto] met A|shEt Zigo] &/dekEal Qlot
Alsksdoll thigh 7iigo] ZdshA|n] tigete]of7t= FA
off we} Alsks # Atz HIRishA| L Qlon] A4S
et Holvte 542 Alde1.2.3]. At Alde2 &=
Al =G0l 2ast 7INF A2 KT ofdx|AL 55 ofAlit
YA DS THE FAIXE AR A Al it 4
Aol 24 th+t2 TS ettt Eh B4 oA vl
Hs] LSk 24, il B AI5E AlEEY RAl B4
AP Ashsd ALE FEAV e R9loz ARgeltt

olof mz} Alsteite YT A= A&t 75 3
wejo] Basdo] S0} A7t 7iEo] RSP Qs A
EffoltH1,2]. Alste3t 87 = Alsksit 7E, A5tk
A 2] 59 FoplA AgA o FEHA 4 3
J2/de] wago] npufeh Aot ol2fet EAIES A5t
3¢ Aol det 75 R Y AP 7IEER oo
AAL AL, Ast FEE0] 48 tiREo] £5=Hol of
AAEROR HWHIL Qlo] ALS WGt Askedt
FE Agol ofgle FHol] HEolo1.2,3]. Eoh =

ol

al

o4

rC

AL oj, RS AB] A B4 KRS el 27
2ok o} 319 7o) Aok SRS A4

2

50| 754 Qs A7olt1.3].
Ahsit S8R w2 AlARe =4 1 o |
Al AlARS RHEA-E AH| A A ARIo] D7RE el ofA]
ARl Fol BAlofl Bagt Alskeit ARlE E35) o F
Fe PAte 582 TEa Qo Alskeit S8R
2] AIARI2 7189 3R A= Alg Mu]Afts T2
S2utet 719k Aol ot RJshs<t HlolE S th7r] o
wofl Bob JAPZE Basoldi{l]. A A5kt SYA
&= ] AlARO] Agel Rutd TRV|S 3t Alsket
SR = MulA Jid EoF BaAo|n Algelh ARl
& =eiie WE YollMT HE = Aehsd &%
A= A A AR AR S 74 IEUIS
AREALIA AR = Algsti, 2etd TEy
A Asksd S8AI=S Helst] Yot o
HlA ARG A R iRt meke g
LG A2 AL M= FAA, 71ed olf= b
|8 &3 Al xlsoF stE= 3ot 3t LoD(Level
of Detail)& A-&3t0] RHIUE A|5}57t SYA=E =
Aoz FET45]. 75 28R E Alsket &Y
Al 2upd dv]of dRld 828 Au|a AlAE
oA R&ot 3xtd 7Hiets eleit). mHtE T

e

ofm
ol
=

o
&
ofm o ofm o

roh >

ol

i

olr
=

i

-

oA FRAjEtE ABHEE Bl S RIo] SR
W BT Adsto] Boke QAlStl, ALS J1% L A

W = Aekeit S8AEY fE2 YR

-

-

-

II. Preliminaries

1. Related works
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IIl. Design and Implementation of
Field Utilization Service System for
Mobile Devices
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1. System architecture
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MainActivity Mobile GLRender TilePath Layerinfo WorldMap
Applicaion
1. Request atile
map for visualization
2 Requesttile map
files
3 Return tile map
files
4. Display of
the tile map to
SCreen 5. Request 3D terrain
infarmation
B, Display of the
30 terrain
infarmation to
SCreen
5. Request layer
information
. Display of
the averlaid
layer to screen
T. Zoom/Move/Rotate
8. Display of
zoomed/moved
frotated the tile
map to screen
Fig. 8. Sequence Diagram for 3D Visualization of Tile Maps
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E. Send error
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Fig. 10. Sequence Diagram of Displaying
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4. Implementation of Field Utilization Service
System for Mobile Devices

o oA ARt RHtUE A%
(mobile device)Z A&} tE=2o|E &7 SlofA]
AIQIC} 217ko] g 8742 Table. 13+ 2ct,

g Aula AL

Table 1. Development environment
item Windows Android
0S Windows OS 10 Android 10.0
Visual Studio 2017 Android
tool NET Framework Studio 4.0.1
472 udio 4.5
language C# Java
guag OpenTK(OpenGL) OpenGL ES
Installation DLL library APK
type

7. Display of the
error message to
sScreen

J

Attribute Data

deox P2 G 3R TREE Slsh
OpenTK[13]5 At&-sto] 7iE5tGiaL DLL 2fo]Hei2] §
B2 Agdd. ot=zoles 95t 7RAJgl= Android
10.0 BA QJof|A] JAVAQ} ATFEZQ 3X}Q] 71A|5} 2fo]
©822]9] OpenGL ES[14}2 A}519iCt ot g2olcg
G AH|A AARLE 8.1 0]% WKlof|A] A3E71551Tt.

ol Auts 7] ot &4 AR 25 ot o]
o] Mel sjm o2 slolsir),
3AFA ZHAlet £7] ot Fig. 113 2ot A= 2
i} HE %o Ueft 9o, Qtezole Aut ot

QEZ] Holil Qlt}. Z7F 3AHY A|FAI = ol A
t eflolojzol FAE 7Hehe ZAukE YE AL
o} Qt=zol=9] A8 ol 37| Alof Az A=
e &4 AE A, 2ol A= AL 71s HEel &
“Jefolct.
the Fig. 12 A= o)A & JHA]| A=
24 A¥=2 JAElsl= 22o|o)h A
ZARer e ez iR, %é
Zolo] o5 59 FEZ YR it}
Flg 12 ST} =3t AFlS A8HsH ot 2o|t A

3} shele Fig. 130] LEht QIck. 9% Tl ole o]

rlo r:a

b2

ol

o to 30

L.

_[:J_‘

9]
Al
o &

o
K i

5}%



Design and Implementation of Mobile 3D Visualization Service
System on the Integrated Underground Geospatial Information Map 183

i Underground Mg Clisnt Viewss Demonstraton

T ofolo] M=

ARYR YHEEA 4P BYE 40

1l

L1
wanRn
LU L]
EAEM
fin 2
ae
a8n..

2%

&=

Fig. 11.

& Underground Map Clent Viewer Dencruiration

S 0EMOIT
51

=]

ua &

=g i |

A00rE i T

DA 160002

neREEL fEre

YREEIC HEREA 42T

B33

AR

a4 aesy

A LUAS R

422 200 DODOUENEOND

o [
it 0

TiEHE S 3

NS0 OO0y

BUNSVO 0,000}

e OO

HamE0! 0OOMDOENN0N00

HUESU0! [y

zuz LS R

HIET ]

BFLR 120

w3y UREATAUL

i

ua

Initial Display

Fig. 12. Displaying Attribute Data of Selected Object(windows)

ZollA ) 98 R) 71403 e olnh NS} 2

2 Holw Qo] A &3 AEjee AT 4 ok
gle 7R Meah SAl] 2EE &4 AR A
& HEIL SI% Fig 120140 o712 991 24
o 74, olo} o]F £ ek,

QEE T

18 Fig, 145 2lolo] A9 HolA 2 2olofet A
B 4] Uee Za1g oln 9t 9% 1o Be

Blojojs} Hetel Aute wolw glon] 1 Aoy YA}
Aol K2 BHsHe A|4 2fojojel DEMo]o]x|e} s}
A-dest A shRle 2alo] @ 2% Lehglrt.

Uy 2ojojgt AlElst ole 2ol SRL Fig, 150
U} 9lon), DEM ofol] x| xgt Ael silelo] Lie}
g 2akE wolw 9.



184  Journal of The Korea Society of Computer and Information

P [ e
Sy~

“ DEM

B EF(XEHE_HE)

RSB

= RS
H3EF
TOR|shE_d2
W K| _SA
= R|sH7E

o R ShEARE
LR oo
K ans
o HHET AT
= g
HENHZ
oYY
SR

Fig. 13. Displaying Attribute Data of Selected Object(android)

CHE 4 Urdesground teap S0t Vo Dearstiton

B3 [EE
LY
L
e
INEY

sy
aline
A
BAEN

an 3 LEED

2303

CL >
LLd

Fig. 14. Result of selected layers(windows)

i | A ] V. Conclusions and Future Works

=

2 2 =52 Alokeit SR e A|ARIO] R|ohgit
o HlolEfQl EfUT-S wHIYL T7]of Afd|Asks A|ARLS
e A7) L T 2ElAE AJohEt BRI Al
o A AR SR 1HlA A ARLS Klohg7t SR =]

= HUNGER
B HANARS
CL-L R
U
EELTTE
sysan

AVt e Sug 9ol ek Talo) 3x19 7t
Aok 7V53} 13 TlolElo] AT 5L AR 4 9IS
= WAtk 4 dlolelo] F st sirkeE AL
810} o] WS Fa) A5HET FUAI ) HAS 5
Aetes WS TR BulY BUv|8 9YEE
AAEI AWZEE QUi g ERINS T2 Hao}
87k 712 Skt A8 3P| S13) Bri2 St 9%

Fig. 15. Result of selected layers(android)



Design and Implementation of Mobile 3D Visualization Service
System on the Integrated Underground Geospatial Information Map 185

2
wl
N
=2
it
Rl
rin

AL AU|A AAHLS WOS A
5P 3 clole] $1e4 gAe oot Tasol te
A, 87} 71710] Zutel Ejy HRE Dk T
A AAsEDR 2 IRl AEALS Rashe A9 B

-
HjUg AMRTE HABS AHs wes %)

O.

Fegict

Z, @ NYS U7 F O 22 FaolMel Kol
Bosiel TulY Tl oldlo] A4S ol
o el

4 Qe 7190l gt
T3t 517t 713 Yol = BRdwe 2l @dv)of] o

x|5t1 gloog oto]2 71Xl AFRAP/} EfQIUie. o.&st

7b=xo] 9loo g otss} 7] J15lo] Wosich

ACKNOWLEDGEMENT

This work is supported by the Korea Agency for
Infrastructure Technology Advancement (KAIA)
grant funded by the Ministry of Land, Infrastructure
and Transport (Grant 20DCRU-B158169-01).

REFERENCES

[1]1 MOLIT, “Development of technology for renewal automation and
field utilization on the integrated underground geospatial
information map”, R&D plan, 2020.

[2] D.H.Park, Y.G.Jang, H.S.Choi, “A Study on the Construction Plan
of 3D Geotechnical Information for the Support of Underground
Space Safety,” Journal of the Korean Association of Geographic
Information Studies, Vol.21, No.1, pp.23-34, 2018. https://doi.o
rg/10.11108/kagis.2018.21.1.023

[3] SM.Lee, HM.Yoon, A Study on the Improvement of Safety
Management of Underground Facilities in Seoul, 2019-PR-43,

The Seoul Institute, April 2020.
[4] T.HLee, KW.Lee, HW.Kim, Analysis of Lightweight

technology for Underground Geospatial Information Map for
Mobile, Korean Society of Civil Engineering, 2020 Convention,
session C6, pp.14-15, Jeju, Korea, October 2020. DOI :
10.12652

[5] J.Y.Na, C.H.Hong, “A Study on the Weight Lightening Algorithm
of 3-Dimensional Large Object based on Spatial Data LOD,”
Journal of Korea Spatial Information Society, Vol.21, No.6,
pp.1-9, December 2013. https://doi.org/10.12672/ksis.2013.21.6.
001

[6] MOLIT, “Development of Technology for the Advancement of
GeoSpatial Information Open Platform Infrastructure”, final
report, 2019.

[7] KML,https://developers.google.com/kml/

[8] J.SRyu, Y.GJang, Development Plan of Field Supporting
Technique for Underground Facilities Detection based on coded
signal GPR, Korean Society of Civil Engineering, 2020
Convention, session C6, pp.12-13, Jeju, Korea, October 2020.
DOI : 10.12652

[9] S.K.Bae, Y.H.Shin, Y.S.Seo, “A Study on Efficient Management
for Information of Shopping Center in Underground Passage
based on the Spatial Information,” The Korean Cadastre
Information Association, Vol.19, No.2, pp.75-88, August 2017.
DOI : 10.46416/JKCIA.2017.08.19.2.75

[10] LOD, http://www.nsdi.go.kr/Ixportal/?menuno=4038

[11] HY Kang, J.Y.Lee, “A Study on the LOD(Level of Detail)
Model for Applications based on Indoor Space Data,” Journal
of the Korean Society of Surveying, GeoDesy, Photogrammetry
and Cartography, Vol.32, No.2, pp.143-151, 2014. https://doi.
org/10.7848/ksgpc.2014.32.2.143

[12] GITF, https://github.com/KhronosGroup/glTF

[13] OpenTk, https://opentk.net/learn/index.html

[14] Opengl es api, https://www.khronos.org/opengles/



186 Journal of The Korea Society of Computer and Information

Authors

Sook-Kyoung Cho received the B.S degree
in Dept. of Computer Science from Inha
University in 1990. She received M.S. and
Ph. D. degrees in Dept. of Computer

Engineering from Inha University, in 1994,

2002, respectively. Dr. Cho has more than 25 years of
experience in computer education and has worked in
corporate laboratories. She is currently a General in Div. of
System Development, DBNtech Co., Ltd. She is interested
in GIS, Spatial DBMS, Big data.

Yong-Tae Kim received the B.S. and M.S.
degrees in Dept. of Computer Engineering
from Inha University, in 1995, 1997,
respectively. He has over 25 years of GIS

and computer security as a developer.

He is currently a General in Div. of System Development,
DBNtech Co., Ltd. He is interested in Mobile GIS,

Computer security, IoT.

Ja-Young Choi received the B.S. degree in
Dept. of Chemistry from Ewha Womans
University, in 1990. She founded the
company on January 5, 2018 and is

currently in business.

She is currently CEO of DBNtech Co., Ltd. She is

interested in Deep-learning, Video Processing, GIS.



