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ABSTRACT

If an underground accident occurs, the cause must be quickly identified and human
and material damage reduced. The Underground Accident Investigation Committee is
responsible for identifying the causes of accidents and preparing response plans to
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prevent similar accidents from occurring in the future. The law stipulates that the
Underground Accident Investigation Committee can operate from a minimum of 6 months
to a maximum of 9 months after an accident occurs. However, the operation schedule of
the Underground Accident Investigation Committee seems difficult to cite the accident
investigation report to the construction project currently in progress at the same time
project. In this study, the Underground Accident Investigation Committee seeks to
establish a strategy for developing technology that can shorten data collection and
analysis, which previously took 3 months, to less than 1 month. As a result of the
research, five areas of technology development identified, ground data collection and
transmission technology, ground safety data generation technology, digital twin—based
underground safety analysis and visualization technology, digital twin—based
geo—ambulance construction and operation technology, and digital twin—based
geo—ambulance standardization and legal system. research was able to be conducted. If
the proposed technology is developed, it is expected to contribute to reducing accident
scenes through faster decision making than before.

KEYWORDS: Underground accident, Underground Accident Committee, Geoambulance,
Technology development, Strategy establishment

g 95t 18 12870 oF 349 B9 13

A = 2k 3]e7F A ek 3telA 8x7HA] A%

How HEd fldso] 74 ARE EdR

Lo 2 284 3ot AP Zle & 5 AT Ministry of
NEAbart et Ao ALaA 2els b Land, Infrastructure and Transport, 2020).
ofstal 14, &4 vlellE Fofof gtk A8t AJSPARALEARR ] HslebdAbaLzt o 2y
Aol Pk S, ol WA 1wt w17 5 ASS] Aersiel AP AIS
= 71o] 1m o]Are] Auksll wAlsALL A ot = ARIAECAl Als o A
aha} - AZER} - BARE gsk Ao x|l R F8 RS Alle, Alrddle) &
| o] o] Al a AL 932 TAlsle] & A, ZAFT D ARG 5 fARSE Ak o
Aoty FEGEEATA Alape oy = A ARS vhEojuls Zlo] etk 1
2 g olth o] ol WA 4m? T bale) Hol| = 1 7]7te] HA 670l Ho 971Ent
om oAkl AuRE s AL 2|uEEkAL A #Ee = U= R PAlEo] qlo] AA
TE APDAf - AEA) - B 39 o)Ak kAl oz FAIZHY| FH Fol A ARl AF
3 RS ZxEAuRAIYE = FEw IAHIAE QIEsta HEE B3l AAAK]

¥
Rgaie] PASe] £ 5 QES B9
P ERSENDEE ISRURE AT 1 TS
WalaL o] F Fs A} WA s

1

]
ool aeislel olels) wel,
G
B

A g ARE FRe NS 225
&

owlols nlEsls oske sl = S 283 & T e V= Y Ak

202091 89U TN WRFOA wae A SR Rt b W wie el s
WS ARL(EH 150m2 Zo] 2lmy= Al TSRS S8 SNl W 717k Seqk A
Wy A% 29 Bok BTE gEsigy, 39§ B0 THN WAl WL A1 Eeign
o1 20204 89 2990 Zo}x|&pAFI A2 €3] 2 A= 7S] 37€0] A_EHY AES



Xy Y XA TANINY $U AT / MU B T 43
A F4E5 FHd 1€ olu= ©&EA1 4= 3l ¢S 93 3DFIFYE DB W #E AAS
== g3l %3] AugE sty gxd XY Zo] QtF(Science for a Changing World,

EQo=z sty AFTozZMN X|FPALaL A}

e RS A & 5 3l Ve

N deEs el|lR sl s,
2. 7U¢] 3
A el OHEENDR AEE AT
LAl A}

A% 2o ARSI 0T 7]
U zEe) 3% A3
2719 A A% 3SR 10T 7]
S A" R S st
e AR s, &
S, EAAE, Adreld o5 mUE A
Az FESTHLee, 2017). ABFTIHERA
AN AEs 9 2A9g w1

N ofr

AR ASEHEFAES] 277 7
A s Ve ge 2% AUAT 5 3T
2 M Rople ASTNERAE AT
5 AL R BNk EES mE
of FAATAY AR BE 71ES 7)

R R
2019). APFEAJE

TEE 9 AN B
£4979) 3

5
T

J
p

ARV
o o,

by
e
S

10

i)

=

o o
>
)

SHAE AL OA 3DA R

&3l GIS3D #|3Ewe] §JAIR
PHE 2 AT E Y =+E )
ste] AlZtglste] 3xkd A-EE, FHEA
A& FEl AlAElete] Aleskal lok ®Esh
et T AlAEE TFste] SR
9 EFEs, G- Ay o A - oAb
Weks whdEste] Ad—AJst SR A
8ot AR Al EEska itk
(British Geological Survey, 2023).

n=52] ¢ wlmaEtels 3D—4D HlolH
2 AAELE FEeke] A3 ] AsiAld o)

=

JSE S
— H =

2023).
A7VE29) A9 Virtual SingaporeZ E3
EAlY] Be gEad deHe A" B
TFdska, A=ZeH (A7) 9 wE F) et 7VER,
Q/IT-EA, AdE 2 AEWF7H] dolH
x| glsto] AlEHeldS e
3l A - A, =AIAE,
oko] HAE W=
and Chang, 2021).
7174 Aol X3y

ity
g,
a5
BUHEHS dall &+
T2 b kY 2
FAOoE Wglsie A4 A
gaiste] 7149l dole 38 43
28 NE &8st Asskd 1A
He ek 28 7N dzape
el At (Afsari  and  DeVito,

ol sl nisl go] TAYES /&S
Al A ANE st she AEol
sHow FaE 2 HRIY
o A% ANE 83 FUE
B9 AAIA S,

Ly
=

Hid =eleM= 3D,
758k A e AlEE

Aow kAT B AR, ZPA E
@4Ael A9 kel A7t Bew
2 olYl Beld gul Akssha Akl A
oA ARE FAT 5 e
28 oz Btk ol B ATME AN
oA T ke AEE 7INECE AR
2 AsH A IALED ALFBUS 7]
%o ofe A £ st g



esearch on Cstaplishing (roun igital Iwin (Geo~ambulance lechnology Development oStrategy
R h on Establishing Ground Digital Twin G bul Technology Devel t Straf

3. ATEA

T AFelM= 7Sl 3ol Ao A
S 24 Hd e oz dEAIA
T =S ARl sl ARE FRskaL o
AEES o7 Fasy Ao en AsAla
ZARIS7Y A A S ASsHAl & 4 Q=
7l ek ?%5}* 10] 37‘40]?/} 7]§
A ek e ol R e |
I dAE Fl ]3}/‘}1@‘} Azl

oL, rr
09‘.'4 >\( F

2ad E‘MM S5l Wt eav)Ee EES
A} weh A R A% AT 5ES 1

13 g

Establishment of techhology
development direction

-~ at

Trend sarver and eerionmmental arelrss

) ¥
Techtoker demardarer andforecast

¥

Establishment of direction for
technology development

Establishment of techhology
development strategy

e

setting focus areas and deriving
candidate tasks

¥
[ Deriving priority projects ]

|
Establishment of technolosy
development plan

Create a technology roadmap

!

Bessarch and dewelcpmentproect
Platmitie and BFPwritite

FIGURE 1. Process of research

Hl HuE G A ke e
% o] Bew TR BHS Y

59 9 Agmls Qme), 4d, Ve 59,
A R Lhrol BAYT. FgA )
e} Sl A5 RAIE S e T

HEATH, 2us FAVle =19 Vet &
gro] Azt arel sfefvelat Ak, Ak
Tx7F gk Zlow Rty ol <l AL
How Fxrh B AR & 5 1l
= Ukt Pﬂﬂﬂ ik Zlo g Hekth o]d
Al A Ve Sl siaskar gl A
= g /\}]\L‘ ARRIE s SRt
o Muae] ded kR dER Jlow
Bkt (Park, 2022). FASHAN =7 3=
=] QEdRE 4He] GelE Ashs =7t &
o= olF Sl HAE 7Iuke] AdAAe]
AERE Ugo] 7hsd AAE s E &
2 7 UATHGo and Bae, 2022). U=
151 Algslar Qbdeh Akgle Habv]ee] A
SPIEAE] TS 9 RN 33
R7F AR AEa glom, xdwt At

Jmiﬁtﬂﬂr
On

rkﬂ

o] 3ak FIRE ko A, B4, 7}
AsHE SR Ve P BEE sl

(Hong and SIM, 2023, Seo, 2020). 7]%=4
o e 3xkY FIFIHE Hte g Al UEY
3, 24, 73 Vs ESEke] dAYENS
THsh= 71=9] o] EdsiA o]FoiRa
Ak GEo] 339 IR E AFslste] &
43& Fola, Heldolele] g 9 g0
7Fsst HebdE Ve 5 —8—%71%%01 7Nk
L glow AAZE 3AH HolE -5 2 §-87]
& Jie] FuiE L vk(Park, 2022). 5315
Holli= B85 83 e JRE 7MY
OAYES F7kel] AAgEo R qiedste] x4
A9 A AYshs 7w BEE e



AN EREEY XogEaTs e o8 4T/ AU FRE LT 45

TABLE 1. Result of environmental analysis

SO(Strength + Opportunity) WO (Weakness + Opportunity)

+ Implementation of a digital twin smart city based on 3D
spatial information through field information collection,
processing, and construction technology
+ Dominate the global maintenance market by discovering
and developing spatial information application and
convergence technology
+ Development of technology to utilize spatial
information—based above—ground and underground spatial
information to provide a safe living environment

+ Promoting collaboration with organizations with low
technology gaps by identifying technology levels compared to
developed countries
+ Preoccupy the market by establishing domestic standards
and international standardization for linking data between
above—ground and underground information
+ Investment of technology development budget through
selection and concentration

ST(Strength + Threat) WT(Weakness + Threat)
+ Preemptive investment in technology development is + Need to establish mid— to long—term investment and
necessary for rapid disaster prevention and response technology development roadmap for SW/HW technology
+ Securing original application technology through technology + Securing global market share through above—ground and
that can link and utilize existing spatial information and field underground safety prevention and response, development and
information standardization of maintenance technology
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Rank Key areas of focus Project title
1 Ground data collection and transmission Standardization of ground—collected data from ground cave—in sites and
technology development of real—time, high—speed, secure transmission technology
5 DT—-based ground safety analysis and Development of 3D DT ground safety management system construction
visualization technology technology
19 Ground safety data generation technology Development of technology to build tgrra@n safety DT information at
ground cave—in sites
20 DT Geo—ambulance construction and Development of integrated solution for ground DT geoambulance

operation technology

collection, construction, analysis, and visualization
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Table 3. Results of technology roadmap creation

Key areas of Researc Year
focus h tasks 24 \ 25 26 \ 27 28 \ 29
Develolpmlent of datg Development of collection Establishment of test bed
Task 1 standardization extraction ) o
automation technology and commercialization
technology
Task 2 Equipment development and Development of field change Establishment of test bed
Ground data data acquisition measurement technology and commercialization
collection and Development
fransmission Task 3 of image Development of change detection risk System Test bed
technology processing assessment model linkage application
technology
Development of d.ata.secunty Development of rea—time Establishment of test bed
Task 4 and standardization . o
data processing technology and commercialization
technology
Task 1 Development of DT information construction technology
Ground safety Task 2 Development of 3D DT construction technology
data generation Development of technology to compare changes before and I
technology Task 3 after an accident Test bed verification
Task 1 Development of monitor visualization technology
DT-based Task 2 Development of real—time collected data modeling technology
undergrounq Task 3 Development of real—time change monitoring technology
safetyasgalysm Task 4 Development of analysis and monitoring time series technology
visualization Task 5 Data security technology development
technology
Task 1 Development of digital twin data analysis Technology development and supplementation
G DL I system
eo—ambulance - -
construction and | Task 2 Establishment of HW to accept ground subsidence field data Deta'é%?mi?ztgggz and
operation - R
technology Task 3 On Slte. verification condycted .
Task 4 \ Design and construction of ground subsidence test bed
DT Task 1 Standardize data collection and generation
Geo—ambulance Derivation of core functions of field support
o Task 2
standardization system
and legal system | Task 3 \ Operational Guidelines Research \
research Task 4 | Prepare measures to improve the legal system
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Key areas of focus

Expectations and ripple effects

Ground data collection
and transmission
technology

» Developed a ground subsidence trend analysis model
n Establishment of a citizen safety system
» Laying the foundation for various commercialization
» Various uses by providing modules that combine large—capacity data and encryption

Ground safety data
generation technology

» Expected to increase the ripple effect of visualization technology of ground spatial information
n Precision DT model expected to win orders from overseas markets
» Expectation of creation of new industry for safety management

DT—based underground
safety analysis and
visualization technology

n Development of daily safety monitoring technology
» Creating a public safety environment through digital twin—based simulation
» Creating a living safety environment by securing world—class digital twin and analysis technology

DT Geo—ambulance
construction and
operation technology

n Expected ripple effect in the field of land subsidence
» Contributes to the prevention and rapid response to underground accidents
» Creation of new industries through integration with field support systems
» Securing technological competitiveness in safety management and accident response

DT Geo—ambulance
standardization and legal
system research

» |mplementation of reliable technology through standardization
» Enables prompt decision—making by the investigation committee
» Possible to identify the cause of the accident and prepare a response plan
» Reduction of social costs arising from safety accidents

—
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