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ABSTRACT

Objectives: This study set out to identify research literature that combines industrial health with core technologies
of the Fourth Industrial Revolution from published studies to the present, then determining areas where research
is lacking to establish directions for future research and development.

Methods: Using RISS (Research Information Sharing Service) as the core platform, a cross—search was conducted
combining six core technologies of the Forth Industrial Revolution with occupational health. Academic papers and
duplicated content were excluded. Based on titles and abstracts, a total of 36 research studies related to Fourth
Industrial Revolution technologies and occupational health were selected. These were then reclassified according
to the technologies used in the research, focusing on content.

Results: When performing a combined search using the keywords ‘occupational health” and ‘fourth industrial
revolution,” out of a total of 445 research studies, 263 were theses and dissertations and 182 were journal articles.
This indicates that theses and dissertations account for a larger proportion than journal articles. Based on the
selected research field keywords, Al-related studies were the most numerous at 17, revealing an imbalance in
the research field.

Conclusions: By field, research studies on Al were the most abundant. However, research on the Fourth Industrial
Revolution within occupational medicine was relatively scarce. Additionally, research materials in the field of
occupational environment measurement were relatively insufficient due to reasons such as a lack of ‘Funding to
acquire new technologies® and ‘Knowledge about technologies.” Therefore, an expansion of research in the
occupational environment measurement field is required.

Key words: industrial health, fourth industrial revolution, work environment monitoring
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Supplementary 2. Selected research
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Search

K Title Author, Year (Publisher)
ey word
Platform Labor and Occupational Health — The Fourth Industrial Revolution and Kim, 2020(CHeHM A= Z4S])
Occupational Safety and Health
The Fourth Industrial Revolution and the Changing World of Work: An Occupational Ham, 2024(8=2AE715t5])
Health Perspective
The effect of the 4th industrial revolution technology on the industrial health field Beon et al., 2017(S+=&A4E718t5))
according to mega trend
Analysis of the structural relationships among industrial safety and health workers' Jeon and Kim,
fourth industrial revolution awareness, readiness, job stress, and organizational 2022(er=2X|SA 2= X5tE])
o effectiveness
2  Occupational Safety and Health a Safe Haven in the Fourth Industrial Revolution?  Baek, 2017, (BIRL-SXEEH)
E S Prepare for the Age of Revolution to Avoid Becoming a Frog in a Pot of Boiling Water
g g: [Health talk talk] Measures to Address Fine Dust in the Fourth Industrial Revolution Era Choi, 2023(&01HI12])
; & A Stud_y on the Appli_cations of Information and Communication Technology for 4th  Seong and Jung,
@& < Industrial Revolution in Safety and Health of Workers 2019(CHSI A utsts])
5 Applications and Implementation of the Internet of Things (loT), Cloud Computing, and Ham et al., 2017(CHSH=IEIA2|5t3])

Big Data in Occupational Health

Innovation Systems for Industrial Safety in 4th Industrial Evolution

Suh and Lee, 2017(8t=27|&3{A15t]))

Construction Site in the Era of the 4th Industrial Revolution Study on VR Experience Choi and Park, 2019(St=2A{XES}s))

Safety Education

A Study on the VR Experience Safety Education in Construction Sites in the 4th

Industrial Revolution

Choi, 2020(Z7[cHel Kforioina)

Applications and Concerns of Generative Al: ChatGPT in the Field of Occupational

Health

Park and Ham, 2023(3t=A1E718t3])
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Supplementary 2. Selected research (continued).

Search

K Title Author, Year (Publisher)
ey word
Participation in an International Conference — Al from an Industrial Health Perspective Cheon, 2023(CHSHREE7153])
2023 International Conference on Industrial Hygiene and Occupational Medicine
[Key Industrial Health News] Introduction of an Interactive Artificial Intelligence Search 2023(CHEFARIEZ183])
and Analysis System for Occupational Safety and Health Research Assisted by Artificial
Intelligence (Al)
The Era of Al and the Occupational Safety and Health Act in South Korea Song, 2020(3=H|W = SH#15tS))
Exploring the Potential of Al-Aided Regulatory Impact Analysis (RIA): Focusing on Yang et al., 2021(8t=A[EH3])
Occupational Safety and Health Regulatory Cases
Understanding the Terminology — Types and Applications of Generative Al 2025, HsHAEAFS]
evelopment of an Al Model to Determine the Relationship between Cerebrovascular ~ Oh et al., 2024(3H=2MYE715!S))
Disease and the Work Environment as well as Analysis of Consistency with Expert
Judgment
A Study on Risk Assessment of Container Terminals and Application of Industrial Safety Kang and Han,
Al Chatbot Technology 2022(SH=24 RO rHS!S])
A Study on Establishing Direction and Designing for Developing Affordable Industrial  Jang and Lee,
Z  Management and Al-based Accident Prevention Integrated System specialized for 2024(5t=41817 | =5t 3])
Small-sized Manufacturing enterprises
Occupational Health and Safety Strategy and Legal Challenges in the Digital Yang et al., 2021(gt=2-=H5t3))
Transformation Era — Focusing on the EU and EU-OSHA discussions
Trends in Smart Safety and Health Technologies and Their Application in the Power  Lim, 2025(CHEI&7|St=])
o Industry
g Development of Generative Al-based System for Extracting and Analyzing Construction Choe and Kim,
3 Accident Cases 2025(3F=2 712 5k5))
§' A Study on the Development of integrated Process Safety Management System based Lee et al., 2025(=2X23l =TS 2)
= on Artificial Intelligence (Al)
T Development of Al Prototype for Generating Construction Safety Guidelines Through  Lee and Ahn, 2025(3t=271422(5ks))
2 Fine-Tuning of Large—Scale Language Model
o

Application of facility location—based computer vision to prevent fall accident

Cho et al,,
20233 EETIHRAHEISES])

A Study on the Application of Artificial Intelligence Natural Language Processing
Technologies for Text Analysis in the Industrial Safety and Health Field

Yoo and Lee, 2023(CHEHARS

Q
OH
Jon
&

Research of Guideline for the intelligent safety monitoring system using USN and
: biological signal at the workspace

Yoon et al., 2010(CHEI017+EELE])

abij|81u]
[RIOIILY

Occupational Hygiene: New paradigm for measurement at confined space

Ham et al., 2018(St=atd2715t3))

Development of an loT smart sensor for detecting gaseous materials

Kim et al., 2022(3=2AiE718t5))

o
_{
23 Contribution = The Future of Big Data and Occupational Safety and Health Jo, 2021 (TSR EZE3])
~ @
European Agency for Safety and Health at Work (OSHA) Discussion Paper on the Role 2019(CHSH\RIEZ7183])
w Of Big Data and Machine Learning in Safety and Health Supervision 2)
Q@ Analysis of Hotel Occupational Safety and Health Act Discourse through unstructured Han, 2022(3l=2S22|ZES!S))
U .
& Big Data
®  The Impact of Safety and Health Education on Workers' Unsafe Behavior at Construction Kim et al., 2025(5t=0t%=255t3])
Sites — Focusing on the Moderating Effect of Drone-Based Education
o & Improvement for the Safety on the Automobile-Parts Assembly Process using Cho, 2020(st=4t8l71&5t3])
S Collaborative Robot through Risk Assessment: Disk snap ring assembly process mainly
o RS Development of Safety Evaluation System for Collaborative Robot Substantiation Lee et al., 2021(GF=2XUZ5t3))
o
b, (AR L| 27 ol oigt AEE APt
B3] 2w vt AW 36709 A7AE
£ Al(Perplexity Deep Research, Google Gemini . Za} o nat
Pro)E B8 ATARE SHsAA Al Hop L o
AR OA F2 AR 43 A 7S Hd 37H7t AARA Holel 43 Ay 7|&9] 83 Z3S
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Table 1. Number of research results retrieved when searching for industrial health and fourth industrial technology keywords

Search keyword

Total search results

Domestic studies Selected studies

Occupational - 21,625 13,999 -
health Fourth industrial 445 182 11
Al 185 70 15
Artificial intelligence 171 70 2
loT 95 35 1
Internet of things 65 21 1
Big data 218 94 3
Cloud computing 9 4 -
Drones 28 7 1
Robots 94 26
Virtual reality 63 18
Mixed reality 80 13
23 AREA # A AFAEE 21,625709,  AMI7IEl digt 7|HEE 26t AAS S o
o] & Sh&i=Fo] 13,9997, sH9=8o] 7,626702 £ Sh&EEEY HEo| 50%E Hv A= Aok &
SRI=AKTable 2). 43 AFEHS 71 AM %71 2ol ST shemollA] A7 &S]
A ShedTARE 1827, SHATARE 2637002, ootk

slglAToNe AT HFo] YrHoR we Aow
Uehe. ol 434 Bt ofe} ‘ArSh 22 A
AR 714 AN FAG AFS ehfe, A
How ShaATHTH SHeIeTolA AARAT 43 4
dEY Bl 7140 Yo et A7t H A
ololAT oS & % Itk

Ao AR et A7 shaiiol
64.74%= ST} Ho| %7} olRol A, 4

AAE ARkl 43H4AEI 9] AR A= 2017 “H)
ZYEHE W 43} 4HY §7]&o] AFdEZ Fopo
A= FFF T 43F APET, PR PRI
A7I? - “HE] &9 AT HA grFE Fo A
thH]sfof." A= 42FARI0] tigt S & AR R
T7F AREReH, 2025W0ll= 6719 A7 %18
o] 43pAIA7I&0l Higt Aq7F EEE] o|HA| L
(supplementary 2).

>
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Table 2. Comparison of the number of domestic academic research materials and degree research materials

Search keyword Total search results Published domestic studies Thesis Ratio
Occupational - 21,625 13,999 7,626 64.74%
health Fourth industrial industrial 445 182 263 40.90%
Al 185 70 115 37.84%
Artificial intelligence 171 70 101 40.94%
loT 95 35 60 36.82%
Internet of things 65 21 44 32.31%
Big data 218 94 124 38.53%
Cloud computing 9 5 44.44%
Drones 28 7 21 25%
Robots 94 26 68 27.66%
Virtual reality 63 18 45 28.57%
Mixed reality 80 13 67 16.25%
Augmented reality 21 7 14 33.33%
Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(1): 11-23 www.kiha.kr
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ZFY5HaL, ARRQEdEooflA= R 7t ARt
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= 28 A7t FUHHes JYgEglen, AnfEdE
g 2R ToTe tHFet 7I&o] A=A

mEbA, AAJEZ BopjlA= 71&sd, ATAY,
AR Fo A ol E, APF A-Elo] ARAQbHEofo]
H|g] A7t EEsHA o|HA

oheket Fofo| A 4apikio] dis A5 2ok
9k ZdoJsto] gk A5 7R Aolew, 5 AE
T A O oflg thE 2| ARE wdsh] 9
F ATEGE HEVF IS vlwskes AT 28
gt Ao ARREQIH 11 thEo R AFehg ] #of
oA TH AFAETL UYL FA= [0TE THeE
A7 o|FoiFlth et FARIAIRRY IEAE
B35 HoiAde Aeet 2k njeto] AggE]ojof
o= Eqtstal, € #Ee] Al AA 7le =Y
o= ofglFo] 2L Ut E9] 7] A= AYY #
Z3 A7|&o] gt ojsik: As}, AHAgt HAE &
A2 By g0 = o AR A= EA F
3 7legS Hotal AAo] tigh IAEE A
717] I8t AFAY, AlAo] it AREEQL A4, Q1%]
T 3 5ol AlET Ao E Usigth upAte R, Af
22 Al e} S0 Higt AlEe H7P]& 5ol 28
gt AoE RAEUTE AL sRlom, AA| @] x4l
7% A&otal gsts o 21 Agto] AT
(Seong and Jung, 2019)

Table 4= ‘ARIE HAREZA 7l& 5T 2 A4

.

1

Table 3. Work duties for each paper and fourth industrial technology used in the paper.

Key : . 4th industrial )
duties Dieiall cluitizs technology used it
Safety Policies and Big Machine Al Contribution — The Future of Big Data and Occupational Safety
and legal system  data learning and Health (Jo, 2021)
health Policies and Big  Machine European Agency for Safety and Health at Work (OSHA)
managem |egal system  data learning Discussion Paper on the Role of Big Data and Machine Learning
ent in Safety and Health Supervision (2) (Korea Institutional Health
Association, 2019)
Policies and Big Text Analysis of Hotel Occupational Safety and Health Act Discourse
legal system  data  mining through Unstructured Big Data (Han, 2022)
Digital Al Legal Occupational Health and Safety Strategy and Legal Challenges in
transformation system the Digital Transformation Era — Focusing on the EU and
& legal system EU-OSHA Discussions (Oh, 2024)
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(1): 11-23
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Table 3. Work duties for each paper and fourth industrial technology used in the paper (continued).

Key

4th industrial

duties Dieitall olitizs technology used Uil
Safety Policy & law Al Regulatory Exploring the Potential of Al-Aided Regulatory Impact Analysis (RIA):
and impact Focusing on Occupational Safety and Health Regulatory Cases (Yang
health analysis et al., 2021)
managem (RIA)
ent Policy & law Al The Era of Al and the Occupational Safety and Health Act in South
Korea (Song, 2020)
Organization & - Analysis of the structural relationships among industrial safety and
personnel health workers' fourth industrial revolution awareness, readiness, job
stress, and organizational effectiveness (Jeon and Kim, 2022)
Technology  Genera Understanding the Terminology — Types and Applications of
trend tive Al Generative Al (Korean Industrial Health Association, 2025)
Technology Al loT Big A Study on the Applications of Information and Communication
trend data Technology for the Fourth Industrial Revolution in the Safety and
Health of Workers (Seong and Jung, 2019)
Technology Al loT Drone Trends in Smart Safety and Health Technologies and Their Application
trend s in the Power Industry (Lim, 2025)
Technology Al Collaborati  loT s Occupational Safety and Health a Safe Haven in the Fourth Industrial
issue ve robots Revolution? Prepare for the Age of Revolution to Avoid Becoming
a Frog in a Pot of Boiling Water (Baek, 2017)
Innovation Innovation Systems for Industrial Safety in the Fourth Industrial
system Revolution (Suh and Lee, 2017)
Technology loT  Sensors Smart Platform Labor and Occupational Health — The Fourth Industrial
trend & textile Revolution and Occupational Safety and Health (Kim, 2020)
standardization
Research Genera ChatGPT NLP Applications and Concerns of Generative Al: ChatGPT in the Field
support tive Al of Occupational Health (Park and Ham, 2023)
Research Al NLP Key Industrial Health News - Introduction of an Interactive Artificial
support & Intelligence Search and Analysis System for Occupational Safety and
system Health Research Assisted by Artificial Intelligence (Al) (Korean
development Industrial Health Association, 2023)
Text analysis NLP BERT  Machi A Study on the Application of Artificial Intelligence Natural Language
ne Processing Technologies for Text Analysis in the Industrial Safety
learnin and Health Field (Yoo and Lee, 2023)
g
Policy & trends Al Participation in an International Conference — Al from an Industrial
Health Perspective 2023 International Conference on Industrial
Hygiene and Occupational Medicine (Cheon, 2023)
Mega—trend - The effect of fourth industrial revolution technology on the industrial
analysis health field according to mega—-trends (Beon et al., 2017)
Technology - The Fourth Industrial Revolution and the Changing World of Work:
development An Occupational Health Perspective (Ham, 2024)
& labor
environment
Constructi  Experiential VR AR A Study on VR Safety Education at Construction Sites as Part of
on safety training the 4th Industrial Revolution (Choi, 2020)
Experiential VR Construction Sites in the Era of the Fourth Industrial Revolution: A
training Study on VR Experience Safety Education (Choi and Park, 2019)
Education & Drones Imaging The Impact of Safety and Health Education on Workers' Unsafe

unsafe behavior
reduction

Behavior at Construction Sites - Focusing on the Moderating
Effect of Drone-Based Education (Kim et al., 2025)

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(1): 11-23
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Table 3. Work duties for each paper and fourth industrial technology used in the paper (continued)
Key . . 4th industrial .
duties Lieiall cluitizs technology used ks
Constructi Disaster Computers Al Application of facility location-based computer vision to prevent
on safety prevention & vision fall accidents (Cho et al., 2023)
analysis
Accident analysis Generative  Chat NLP  Development of Generative Al-based Systems for Extracting and
& prevention Al GPT Analyzing Construction Accident Cases (Choe and Kim, 2025)
Safety guideline LLM LoRA Fine—tun Development of Al Prototypes for Generating Construction Safety
generation ing  Guidelines Through the Fine-Tuning of a Large—Scale Language
Model (Lee and Ahn, 2025)
Occupatio Risk assessment Collaborative Sensor Al Improvement of the Safety of the Automobile—Parts Assembly
nal safety robots Process using Collaborative Robots through Risk Assessment:
The disk snap ring assembly process (Cho, 2020)
Safety evaluation Collaborative Laser Development of Safety Evaluation System for Collaborative Robot
system robots tracker Substantiation (Lee et al., 2021)
sensor
Risk assessment Al Chat bot Big data A Study on the Risk Assessment of Container Terminals and
in port Application of Industrial Safety Al Chatbot Technology (Kang and
Han, 2022)
Integrated Al Big data Machine A Study on the Development of Integrated Process Safety
learning Management System based on Artificial Intelligence (Al) (Lee
et al., 2025)
Voice A Study on Establishing Direction and Designs for Developing
LEarning) er vision analysis Affordable Industrial Management and Al-based Accident
Prevention Integrated Systems Specialized for Small-sized
Manufacturing enterprises (Jang and Lee, 2024)

process safety
System
Development of an Al Model to Determine the Relationship

management
Al (deep Comput
between Cerebrovascular Disease and the Work Environment

integration &
as well as Analysis of Consistency with Expert Judgment (Oh

accident
prevention in
manufacturing
Occupatio  Occupational Al model
nal disease
medicine  determination
et al., 2024)
Work  Measurement of loT Smart  Wireless Development of an loT smart sensor for detecting gaseous
environm hazardous sensor commun materials (Kim et al., 2022)
ent substance ication
managem (gaseous)
ent
Measurement loT Sensor Occupational Hygiene: A new paradigm for measurement of
technology confined spaces (Ham et al., 2018)
(confined
Space)
Real-time USN Wearable Biosens Research of Guidelines for an intelligent safety monitoring
monitoring or  system using USN and biological signals in the workspace
(Yoon et al., 2010)
loT application loT Cloud Big data Applications and Implementation of the Internet of Things
& monitoring (loT), Cloud Computing, and Big Data in Occupational Health
(Ham et al., 2017)
Industrial Air quality loT Sensor Big data [Health talk talk] Measures to Address Fine Dust in the
environm  management Fourth Industrial Revolution Era (Choi, 2023)
ent (fine dust)
A EERRY AFARANA AAE FU H7& Table 39} H| W34S W Table 3= &% ALARE
243 ICT F/le AL 2L FUT A2 2 FHOE ATYYS YU Holm, Table 4= 4
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Al AAF@GoA olF HHOZ o] 7|&E ATl
A HEH AR E Table 39t 352072 AAeF=4
2ofolAe] A d A A7 FESHol

ICT 7|& 4 AlE N IS Fopd Ho A &
Aoz BN5 A3t [oT- Hloj8E- CPS £oFes &24+
A FREHME FH EHHo= siglon, t“E3
VR-AR HoF= AE T2A|A 7X(Z 474)0] FAF5E o
ATt ¥, Q13 A 9 HlHlo]E] Hok= L2} ¢F
A, GF Z2AA, Foid AAEE T Al 7t
A B0 ZF 1744 12A EaEo] Qlof, V&R
Estd Y £49] Aol Kt $HH, st=goj(A|
) F49 MEE gol AZEY o1 ] AL Al
2 A A3S BASE Ao AE 7|& Hopld 54
EHo| tigt YF=7t JEEJHTable 4). [oT- o]
HE-CPS Hol= #4 4 A= FEGNE 749 &
Aoz AAHSL o]FojF o, QgAs Y HlHo]
B Bol= 24 ddt 24 #E(3) FolA AlA
g o] ZHsYict EF EEL F ZIAA |
€5K27), AR- VRS 27} QFd 18(27)S Fzo=
Al2d ko] APE Aoz FRIFJTHLim, 2025).
e ol=d A qxFoR, ‘foEzdgt
73 T Boks V& ARET ofdgt AJAE FHO
AT HSHQA B AREIZE AR Ao UERTh
ol& 43 AHdEH9] 4l V&E0] F=2 AY 784

Table 3-1. Ratios in Table 3

ARfAR] SA7IET} ARiEZIo| 8B AT 5

oo

19

ot} Ut QFd I Eoo HFEO] ASS AlAlet
o ARdHEZAC] B9l fof QAR RE S 2HEH B
3 A|AH] Zidto] HQ3kS AFFOoF Hojr)
Table 5+ ‘AnESQHARA 7|& & 9 AIAA
A RV oA “AntERPHYE FQ V& ER Y
|5, E8AREI AFA= tist Aolth. & ATtofA
oTe Hlole =3 9 A&S & & AT A4 &
o Agsl7] QA= fAE E(digital twin)o]
P 33 W AAZE AlEG )R oS 242 XSt

N

% e

o
=

N

5E, 71E AAFEY PAY BeH A Ak
st % Brle] YUES )08 o % 9
L Jled BAYS B @A 7143 nelo] AR
Q@A o

3

1=}
4 Bobo] $AE 38 4 e 94 o
o2 tAY B9 7% =k T8 ol
FejaaolE BT, AA8HEH BopelAo) tiA
9 29 59 B 740 Hs) AriHos AT 94
S9o14 Fo912 Yeld Ao oS} ol A
7 HolEE Sk 1AW [oT AKX} olg 744t 4]
Aol 7Rk Aud 299 71& 5 % 7 o4
0% 71%0] A= SFlolof 317] wizolc.
&4 234o] &1 27] =} 75 vlgo] Atk
Aol A7 A B H8e AL Fa Uelo
2 S4EKLim, 2025).

Faxon AeorinztoplAe] AFERE A

AN
N

Key duties Number of papers Ratio

Safety and health management 19 52.8%
Construction safety 6 16.7%
Occupational safety 5 13.9%
Work environment management 4 11.1%
Occupational medicine 1 2.8%
Industrial environment 1 2.8%
Total 36 100%
Fourth industrial revolution technology Number of papers Ratio

Al 20 55.6%
loT 9 25.0%
Big data 8 22.2%
Drone, robot 5 13.9%
VR, AR, MR 2 5.6%
Cloud computing 1 2.8%
Total 36 100%
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Table 4. Domestic and foreign precedents

loT / Wearable / CPS Drone AR / VR Ariicl Ineligence
Technology / product System Te(g;ggt)gy / System TeCpf:gglltj)cgty / System Te%hrggllﬁy / System
Worker's - ETRI's Smart Equipment - LGU+ and - Quality - Equipment - VR-based - Safety - Biometric - Image—based
safety  for Firefighters Case POSCO inspection  operation accident education ~ -Based industrial site
Study Construction of and safety  simulation content Worker management
- AIG's Smart Protective  Site Monitoring  suspension  analysis and - Heatstroke  Inspection - Technology
Gear - Tunnel and bridges and technology  industrial prevention  System for inspecting
- Safety Distance Underground identificatio  utilizing site system for  (China) protective
Maintenance System Structure n of hazards image experience  constructio gear usage
Utilizing UWB Process after tunnel processing  Bectel's n workers - Google's
Communication Location blasting technology ~ SafeScan using VR diagnostic
Technology (Gyeongwoo  Tracking - GE's Raven and sensing and
System Tech Co., Ltd) System (gas leak technology prescription
- POSCO Gwangyang (GSIL Co., Ltd. detection) (Japan) system for
Steelworks Smart Band  Technology patients
- Wearable robot for Certification)
lumbar support
Business - POSCO's Smart Glasses - Plant Safety - Maritime site - Drone-based - AR-based - A system - Siemens's - Enterprise
process  (Wearable Camera) Management condition 3D modeling  work that uses Smart intelligent
- Development of ProGlove - Railway inspection  technology instruction TV to Factory solutions
for Recording Workers'  Operations using for road systems overlay a 3D powered by
Processes Monitoring Singapore's  surfaces and - AR-based model Microsoft Al
Water structures worker designed
Spicler - Hazardous  assembly using AR
- Construction  material training and  onto that
site safety  detection remote video
monitoring  system equipment  (Japan)
technology operation
- Earthwork - AR-based
monitoring system
- Unmanned interfaces
cargo - Lockheed
transport Martin's
and mining augmented
exploration reality
activities devices
Quality/ - Equipment operation and - Smart Factory - Condition - Caterpillar's - Image—based
reliability ~ fault data collection - Pipeline Safety assessment AR app damage and
- Siemens' MindSphere System of aging prototype hazard
- External infrastructu - DH's candidate
Rupture re (road augmented detection
Detection pavement, reality technology
bridges, glasses - Clear
etc.) (Germany) Corporation's
- Aeryon Labs' - Toshiba's soil
power line Diner Edge information
inspection (Japan) provision
system
- Volvo's big
data platform
(Sweden)
Hazardous - Confined Space Safety - Underground - Collection of - Gas - Realwear's - AR-based - Microsoft - e-GEOS's Big
work Management Space hazardous ~ emission HMT BPM Fall Azure loT  Data Analysis
environme - Confined Space Alert (Sinkhole) risk monitoring Prevention  Edge Techniques
nt Service Using Beacons — Safety information  and for (Italy)
(Mobile Phone) Management at atmospheri Temporary
System dangerous ¢ Constructio
(National sites environmen n Work
Research - Terrain tal
Foundation of information  surveillance
Korea UGS analysis
Convergence
Project)
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Table 5. Classification of Key Smart Safety Management Technologies and Functional Overview

Technology

Key features

Utilization

Artificial intelligence (Al)

Risk assessment and warning systems

Field safety management system

Internet of things (loT)

Data collection and transmission

Sensor network management

Digital twin

Simulation and predictive analysis

Field scenario verification

Robot drone Worker risk mitigation

High-risk workplace inspection

P4 FaladS AAsHL, AT FRAZIH, &
2R AHE 74, S5k ZLo= olF {5 ZF
719, B 713 5 oS olsiEAAES 89 =
go] o8 ARQHARNIES JAd Ve &8
gF QPR I g4 FEotal, AR fFo A
AHo=z tf-got= THH, 7Py} 7ol AEd AdeE
Algste] BE L2AZF 476kl bS] 4 4 3L
= ¥EE 24ske 4ol =HojoF & HoltHHam,
2024). 7129 AJTHS2 A A oA 8
Al 542 92 e g sh, ol & F4HS 89
67RETHEF 960A17H ] ETFS FdlioF St Ale
A A7 Qlet o= <l 2 dFl= =E BT
A A A 7F sk, E6] IR SEA]
7 ¥E 5 FeAQl &Y Aol FEtt &2
Fole ool mEL o3 ?H2 0T 7|+ 7]
HHe] AAZE RUEHS B3 HYo] 7hsoith felkE
A 525 A St 71§ EN 224 7iE 2
A g4 g 2AdE7t 75k "ol o
gk 10T 719 AA A-8of qlo] & &7 W ohst
FofQlAte] gk A& AlA g7t Lol
JEv AZERo] F4Y Al MY &9t BluPS
o, AdEA o] E3tE FY A L E e
3} AHlE Adidor BESE AXolr

2 A= AR Folt 431 ARIeY 71+ &
3 B mlok= b 7lofstioud, o E2 2
7R g Aldek 2R, SHE A A=Y AR A
F 4 71& 257 oA A4 Al(Perplexity Deep
Research, Google Gemini 3 Pro §)& HEXXOo&
e85t AIE 8 AsdhE R 2t
golHE Al&SHA AT 4= Qlth= ARl lou,
AR AE7Ee] A8 W HwskRE o dF
7l W] 2Ro] w2 el Ad4ARES] o
& 2 98 oA FFAYolA A4 HA ThedE
HiAE 4= gltk. &4, 2 A+t RISSO &xd &3
HAETES B4 iAo =2 SHgsiitt. o2 Qs =<
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