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ABSTRACT

In recent years, as the number of ground subsidence has increased nationwide, the
latest and usefulness of underground information for underground space development and
underground safety management has become more important than ever. However, the 3D
Underground Geospatial Map project, which started in 2015, has a problem with the manual
—based long—term update system. This research paper overcomes these limitations and
automatically updates the 3D CAD/GIS—based integrated management of underground
structures that can be managed automatically from a full—cycle perspective of underground
structure data management such as processing, transformation, updating, management,
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and visualization of 2D/3D underground structure data. If this technology is applied, it is
possible to integrate processing and update management of the existing complex 3D
construction logic of underground structures in one system, and it is expected that it
can be used for underground space development and underground safety management as
a foundation technology for automatic update of underground structures data.

KEYWORDS : Underground Strucures, Updated System for Underground Structures, 3D
Underground Geospatial Map, 3D CAD, 3D GIS, Underground Safety
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TABLE 1. R&D Scope

System Configuration Details Note
DB Management * Saving and changing underground structure layers
* Drawing type management
, * Input drawing (DWG) information management
Automatic ufpdate 3D Model Creation * Creating a 3D model of a 2D drawing
u?]ydséz;ou?]rd Senvice File Creation * Intermediate file format. generat?on (l.dae) .
structures « Convert 3D model file into service file ( 3D tiles)
History Management * Underground structure update history information management
* 2D - 3D CAD/GIS Visualization
* 3D CAD Drawing Visualization

Precedent Research Cases and Status of 3D Underground Structures

Previous 3D BIM studies and current status of 3D underground structures

Deriving Implications

Derivation of element technology and differentiation required for system
development

. 4
System Design and Development

Development and implementation of an automatic 3D underground structure
update system

. 4
System Test and Usability Suggestion

Program function test and presenting an usability

2D Drawing Management

Visualization

FIGURE 1. Research study flow
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TABLE 2. Prior research trend for 3D BIM

A(lf:;r)s Division Research Details
Goh af 4 Title Extracting Building Geometry from BIM for 3—DlCity Model . . . . _
(2008) Contents A methqd of creating a 3D building model for virtual land or virtual city construction with building
information created in CAD/BIM
Yoon ef 4. Title A BIM Case Study in Construction Phase : D3 city Project -
(2009) Contents A review of the neces.sitylanq application technplogy of.BIM technology at the construction site,
and BIM effects and implications through technical application
Yoon et 4. Title A Prototype BIM Servler based Viewer for Cloud Cqmputing BIM Services. .
(2019) Contents A study on the direcnqn of cllolud—lbased BIM service development through BIM server viewer
development and usability verification
Kim et Title BIM Application Case S.tudy of Civil Infrgstructure Industry .
(2014) Contents Alstudy on.t.he applicangn of 3D modeling of structures and 4D process data by applying BIM to
railroad facility construction work
KICT Title Development of Open Platform for Interoperability bptween BIM and GIS _ .
(2016) Contents A study on the deyelopment of BIlM/GIS interopergnonal open platform to utilize BIM/GIS spatial
data models and linked technologies and application services
Title A Study on the Applicgtion .Service of 3D BIM—based Disaster Integrated Information System
Kim et al. Management of Effective Disaster Response
(2018) Contents BIM—based major facility monitoring and response services and BIM—based spatial management
service plans
Title Est.ablishment of Augmented Reality Based Building Element Information Visualization System using
Jeon et 4. Unity3D
(2020) Contents Presenting a methodology for visualizing shape/property information for individual members of the
BIM model in the AR environment using the Unity3D engine
Choi ef 4 Title A Study on the Subway Maintenance Technique baseQ on 3D Spatial Information Mgdel
(2021) Contents A ;tudy on underground structure of subway gnd penpheral environment risk evaluation and
maintenance techniques based on 3D spatial information model
Mol Agel wlg wlEd A ¥ £ ok & wejeln b 44Nk A9 2D
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TABLE 3. Differentiation of technology

Division Differentiation of Technology

o Create a 3D DWG/DXF model for 6 types of underground structures (subway station
and track, underground roadways, underground sidewalks, underground shopping
malls, underground parking lots, and utility tunnel)

3D model processing

Au:o?ang; Ofn?jD automation o 3D DWG/DXF model creation of subway station facilities (entry stairs)
processing a o Create 6 types of underground structures 3D tilesets (service files)
transformation

o Converting a 3D object model in the form of a region into a triangular mesh form

8D model conversion o DWG and DXF file formats are converted into DAE file formats

automation o Convert DAE file format to 3D tile set (service file) format
2D drawing o 2D submitting completion drawing management (type of drawing, drawing
management information)
3D update o Underground structure ledger format (attributes, coordinate system) information
automation DB management stored and changed

o Underground structure 2D spatial data management (Well—Known Text)
3D file management o 3D DWG, DAE, 3D tile set, etc. 3D update history management
Positioning of survey

Survey point points o Position the relative coordinate 3D model to the absolute survey point
management - - - - -
9 Coordinate change o Automatic transformation from relative to absolute coordinates
R o 3D flat style
o D CAD lization )
3D visualization and 3D CAD visualizatio 0 3D wire flame style
analysis 3D GIS visualization o Visualization of 3D models and analysis of underground information through 3D

and analysis viewer

)

Aol w Weres ety vk g I, HE 7AE AH|Ae] SIS AR AL Q)
Asl-%%E 2D CAD =¥y} 3D GIS dHo|HE 3, ZF AN B RE 714 &
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o= P F Y /1% wA AL A 2 velEn Yu AUHEE 488 2R 4
3 AR PEH A BEE dole AN BEE Yo P Yk ol

TABLE 4. Improvements compared to the existing process

Existing Process Advanced Process

. Drawing collection
. Computerized drawings
. Layer refinement
. Structure surveying
. Location editing 1. Download drawing files, coordinate system, and attributed files
. Structured editing through the Submitting Completion Drawing Web System
. 3D polyline
. Exterior wall offset 2. Automatically convert 2D drawings to 3ds or dae files using the
. 3D face Automatic Updated System for Underground Structures and extract
0. 3ds, dae files converting the 2D drawings from the outlines into WKT format
1. Update data in DB
2. Securing 3D model files loaded by city, county, and 3. Automatic update of DB and services files

district units
13. Converting 3D model into service file by city, county, and

district units
14. Updated the converted service file to the operation server
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TABLE 5. Operating environment
Requirements Contents

CPU Intell XeonD Silver 4208 CPU @ 2.10GHz 2.10GHz or more
H/W Requirements Memory 64GB or more

HDD 20GB or more

0S WindowServer 2019 Standard (64—bit operating system, x64—based processor)
S/W Requirements NET .Net Framework 4.7.2

Database PostgreSQL13.3, compiled by Visual C++ build 1914, 64—bit
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Preparation for
submission of
construction data

DXF.OWG -

6 types of
underground structure

G AW  Automatic Update System for Underground Structures
Service

supplementation
inspection

'—-’_

Extract center point .shp

File Creation Module

Update Module

Local PC
5 | Temporary Forder

| Service file creation I

Service file saving
Attribute data, .wkt
Coordinated data saving

3D Viewer Program
Data history
Time series
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FIGURE 2. System configuration
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TABLE 6. Program module list

List of Main Program Modules

No. Program Modules Contents
i CAD edifing common tool o Cemrgl axis drawing, XQata attlnbute managemem, transyerse drawing, symbol mark
insertion, 3D central axis drawing, layer automatic mapping, etc
3D CAD modl creation o 3D model creation .(underground pass, underglround roaldl, subway station, subway line,
2 A, underground shopping mall, underground parking lot, utility tunnel, access stairs)
& Visualization ) 1
0 3D View Style (flat, wire flame)
3 Survey point management o Move survey points and convert them into absolute survey coordinates
' . o Convert to WKT file and DAE file
4 File format converting o Conversion to 3D DWG/DXF in the shape of a triangular mesh
Standard drawing information ) ) )
5 management o Drawing download function for converting to 3D model
6 Service file creation o Generating service files by city, county, and district and outputting log screens
' o Update information such as underground structure ledger, coordinate system format, WKT

7 Undate history managemment file, DAE file, etc., and file transmission and history management

8 Program configuration setting o Set 3D viewer path, service file storage path, local download path, SFTP path, etc

9 Server connection settings o DB connection information setting

management
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TABLE 7. 3D model of 6 types of underground structures and attached facility

No. Division

Underground
Pass

3D Underground Structures Model
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TABLE 7. Continued

No. Division 3D Underground Structures Model
5 Underground

Road
3 Subway

Station

Subway
4 )

Line

5 Underground ~ Parking Lot
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TABLE 7. Continued

No. Division

6 Underground Shopping Mall

3D Underground Structures Model

Underground
7
Tunnel
8 Attached Facility

(Access stairs)
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3D Wire Flame (Underground Road)

3D Flat (Underground Road)

Survey point moving

Convert to absolute coordinates

FIGURE 4. Survey point management
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FIGURE 5. Update automation screen shot
(The source from: ICTWAY automatic updated system for underground structures)
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FIGURE 6. Visualization of underground structure service file through 3D viewer
(e.g., South Terminal Station of Line 3)
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TABLE 8. Detailed program function checklist

Division Contents Check
Underground structure standard drawing (DXF or DWG) @)
Iggtu; Attribute form (Excel file) O
Coordinate system form (Excel file) @)
2D layer (Attribute + WKT) @)
Output DAE file creation and DB update @)
Data 0

Service file creation
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