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The Size O]c Ra | |Way N KO Fea 1. Status of Railway Safety Management in Korea

5 billion users per year, meaning 50 million Korean citizens use railway over 100 times a year.
« The ratio of railway transportation is 356% of the entire public transportation (Trains, bus, taxi, airplane, ships)
« The density of passenger and train operation is one of the highest in the world (2~3 times higher than other countries such as UK or France)

* Source: National Transportation Statistics (2018), Private vehicle data notincluded

Transportation Share Ratio by Transportation Comparison of Passenger Density and Train Density by Country
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The Scope of Korean Railway Safety Management 1. Status of Railway Safety Management in Korea

Railway Safety Management consists of Railway Safety Management System, Railway operation System and
maintenance system

« Railway Safety Management System is an organic system of safety management to implement systematic and preventive railway safety

management activity
Railway Safety Management
Railway Safety Management System Train Operation System and Plan Train Maintenance System

Railway Safety Administration Train Operation System and Plan Maintenance
Internal Inspection Train Operation Plan Maintenance Methods and Procedures
Documentation Railway Control Maintenance Record Management
Emergency Response Railway Protection and Order Maintenance Maintenance Facilities and Equipment
Risk Management Train Operation Record Management Maintenance components

Education Training
Compliance with requirements
Safety Information
Accident Investigation and Report

Safety Culture



Ra I |Way Safety Levels O]c KOI’ea 1. Status of Railway Safety Management in Korea
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Ba Ckgro un d O]c the P I’OjeCt 1-2. Background and necessity of the project

Continuous and repetitive occurrance of Railway Accident malfunction

Slow decrease of Railway accident malfunction Increase of railroad safety investment budget

« Failto reach the goal of railway accident decrease « Increase in national investment over 10 years
g U Current status of railway accident compare to the goal - 1.3 trillion won(2015) — 3.2 trillion won(2020)
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Various potential risk factors due to the changes of railway operating environment

2. Railway Safety Management Issues

» Necessity of preemptive response to the potential risk factors that can cause the railway safety accident

Condition evaluation of

Railroad network increase, Precursor of abnormal

Maintenance

Risk Factors

aging railway climate change

» Due to the limited budget, the aging of

« Increase from 3,729km(2016) to  Need to detect/diagnose the

vehicles/facilities continues 5,364km(2026) precursors of damage such as heat
» Need to develop technology to reduce « Decrease of train maintenance waves, heavy rains, and earthquakes.
railway system maintenance cost for personnel « Need to preemptive response based
infrastructure maintenance investment prospects The National Railway Network Plan on the .”Sk e.md damage pred|ct|on for
S preparing disaster
nit: 1 trillion . .
. won) 20% « Insufficient emergency response
Amount of extra system to prevent spread in the event
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. . 10%
P investme ns

e 5.3%
1 Investment considering the aging
0 rate

10 12 '14 '16 '18 20 22 24 "26 28 '30

Freight train Passenger train

Current state of old trains & Prospect (Olderthan 20

Maintenance personnel
ears

(Unit: %)

50.5% D
46.1
376 453 38
25.7 persons
-190
K J pasons 2%
persons
15 17 '19 21 23

2015 2016 2017

« Unmanned driving, station/cyber
security, increased crime/terrorist
threats, etc.

« Need for real-time detection/diagnosis,
integrated safety information system




Technology Development Requirement 2. Railway Safety Management Issues

Technology Development Requirement for on-site implementation according to safety management law/policy

« After 2003 Daegu subway fire accident (192 deaths), Railway Safety Act was legislated

« Establishment of voluntary safety management system and conversion to preventive system by Railway Safety Act and 34 Comprehensive Railway
Safety Plan

e In 2018, Master Plan for Smart Railway Safety Management System was established

} Lack of technologies required for on-site implementation

Current status of the policy change in Korea

2003 2004 2010 2015 2020

3rd Comprehensive Railway Safety Plan (16-
22)
Establishment of Voluntary Safety
Management System

» Master Plan for the Establishment of a Smart
Railway Safety Management System (18—2|7)
« Evaluation of the safety management level of

railway operators, etc :

17
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Era of Railway : Comprehensive Railway Safety Plan (05- %
Administration : 10)
Policy :
I it iee !:acmty #l Implementation of Railway Safety Act
Operation :

. Self-safety management !« Securing Government Budgets for Railway | Establishment of Railway Safety Managemen
such as training by the | Safety . System (SMS) Approval System

e Comprehensive Railway Safety Technology | ° Establishment of railway certification syste
Development Project (04-11) such as approval of railway vehicle type

2nd Comprehensive Railway Safety Plan
(11-15)

|

Establishment of Railway Safety
Management System

—_—tr— - W —

National Railroad
Administration

Development of Test Standards and

technical Establishment of Railway Safety

Technical Standards for Type Approval
of Railway Vehicles

support Management System
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Prospect of Railway Safety

The Concept of Data-Based Smart Railway Safety Management Technology and Prosp3eTChte Management

Smart Technology Development for Preventive System of Railway Safety Management

« Manpower-oriented follow-up response reached the limit  Switch to the preventive system by data-based smart technology

Railroad Site

Integrated Safety
Management

Periodic:Intermittent : :

Detection ; ; ‘ ‘ Collision with Collect post-data,

AS-IS Signal Malfunction 1 —1 stopped trains Conduct accident
‘ | 3 | investigation

(Stop signal — Go signal)i
( Follow-up Response >

Railway Risk Dt _proc_essing/ e assessme nt/ Proactive Accident Integrated Safety
Factor Monitoring Analysis, Risk factor Decision rne?klng - Status Management
deduction for prediction
( Real-time Monitoring  JeeISTve MaHU”CtiO”(SV\QomprehenSi\{e information Notify each train driver, communication failure
TO-BE Signal etc) - (Operation etc) " TrainEntry Control, ' parts
- : Malfunction — Major risk factor diagnosis} Verification i Communication failure i full investigation
. Proactive Response ) detected ~ partsreplacement (Policy decision)
v Measurement technology v’ Data utilization state-based v* Perform rail risk and condition- v Mitigation and resolution of
automation risk diagnosis based analysis, assessment, risk factors Optimal decision-
v’ Digitization of risk factor data v’ Defect/damage real-time and forecasting making

v’ Standardization/Data Analysis response



3. The Prospect of Railway Safety

Preventive system using digital safety chain Management

.. B Prediction of safety accident — Data standardization — Risk level and condition analysis — Accident prediction model —
Digital safety chain unit oL
Determination of countermeasures

Railroad site hazards and Railway safety data standardization and Risk/Condition Based Forecast basis Decision base
health monitoring Digitization, big data processing Railway safety analysis/prediction Decision preemptive response

_ _ Big data construction _HiStOVB_/ pattern anglysis Bogie frame behavior Prediction of possible timing and type O\acem bogie suspension
Bogie fever history — Diagnosis of major risk factors simulation, of derailment and operation failure S'\O(\ (e Defect Compensation
data data r Defect cause analysis due to a defect in the bogi %\)596(\
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Required Area for Technology Development 3. The Prospect of Railway Safety Management

"Required Area for Technology Development" derived from the contents related to the technology development at SWOT
analysis results

SWOT analysis result

Areas required for technology development

- Accelerate technology development based on well-equipped railway safety management
system policies

- Efficient railroad safety management with budget investment by utilizing railroad-based
technology through prior projects

of railroad safety management
Integrated
control tower function technology

- Active response to railway operation risk factors such as aging and reduction of
professional manpower by shortening the technology development period

- Preemptive response and resolution of new risk factors by securing intelligent railroad
safety management technology

railroad safet
- Resolving data-based safety management difficulties for each operator through government-led Prior risk facto);s

development of safety management technology Analysis, prediction, and decision-making skills
- Field spread of R&D performance through operation of national integrated data center

- Preemptive response to railway operation risk factors through application of risk analysis-

based technology
- Resolving the shortage of professional manpower through automation technology Railroad safety information management and
development and education and training Risk factor proactive response technology

10



Goals of Developing data-Based Smart Railway Management Technol@gyls of Developing Technology

Business
Purpose

Vision

Business Goals

Focus Field

“Implementation of intelligent railroad safety that people can trust and feel safe”

Reinforcement of safety capabilities and creation of a smart ecosystem
through digitalization of railway safety management and preemptive response to risk factors

Innovation and efficiency improvement of smart railway safety management technology

Through reduction of 60% of railroad accidents Achieved more than 3,000 digital safety chains Improvement of safety management cost
and 50% or more of operational obstacles through processing, analysis, prediction, and efficiency by reducing railway system
Improvement of railroad safety indicators decision-making of railway safety risk factor data maintenance cost by 20%

On-site safety data / Prediction of on-site
On-site response results risk / safety management

information
; i i — Al- N . . :
ol base_d railway site : S : based . ~——— DBig data-based national integrated
Safety big data construction and railway operation :
Immediate response and State-led railway safety rallway safety management

smart preemptive response preerpi8ies onse safety Analysis/prediction/ Precautionary

technology decision making decision-making skills management system technology

11



Data-based Smart Railway Safety Management Key Technologiess. Smart Safety Management Technology

IoT-based railway site safety big data Al-based railway operation safety Bi.g data-based national integrated
o ErE STER: BesTsie Ana |y5|s/pred|ct|op/de<:|5|on—makmg ailway safety management system
skills technology
response technology
| 3.1 Smart railway safety national integratio
l System build and test bed A
operating technology
1.1 Human error of railroad workers 5 2.4 Railr_oc_ad opera_tion safety digital twin
Big data construction and < decision-making platform technology
Smart preemptive response technology
3.2 Big data-based national integration
| Railway safety analysis and prediction
2.1 Big data-based railway workers Humar technology
. _ o — error analysis and prediction technology
Details 1.2 Railway facility risk factors
assign Big data construction and _ _ r—
ment Smart preemptive response technology < 3.3 Big data-based railway safety
) o Supervision and monitoring technolo
2.2 Al-based railway facility risk factors
— Diagnosis and Prediction Technology
1.3 Railway vehicle risk factors 3.4 Big data-based public
Big data construction and < »>| 2.3 Smart Rail Vehicle Risk Factors Rail Safety Service Information
Smart preemptive response technology Diagnosis and Prediction Technology Collection/Generation Technology

12



The ﬂI’St core develOping area b. Smart Safety Management Technology

loT-based railway sites safety big data establishment and smart proactive response
e (loT morﬁ%@ih@%@@é Data Platform Technology) Railway safety data standardization and digitalization technology based

S
on the scenario of risk factor occurrence using loT and advanced measurement equipment R

« (Proactive response technology) Measurement technology to scientifically detect and recognize pre-risk factors of railroad 12 |f22| T
operation sites 13 |23

loT-based railway site safety big data construction and smart preemptive response technology

Railroad workers human error big Railroad facility risk factors big data Rail vehicle risk factors big data
data Construction and smart preemptive Construction and smart
Construction and smart response technology preemptive

post safety . L . . E
management Treatl(:l collision, derailment, fire, crossing, casualty, : Risk factors data mining / machine leaming Preemptive Response
indicators(Laggi ' 2

ng Indicator)

High-speed train delayed by more than 10 minuteg . . Dimensional ity Reduction - Ease and B el
a a Analyze ri removeri - -
Regular trains delayed by more than 20 minutes, JSLIALAALILE [ prorosing e oo N ; ’

- (i ) sl Optimal warning
n o - o a . 4 L : ey '?’: H
dangerous event Signal/instruction handling defect, speeding, vehicle i s cgp | Field (_)f
advance safety \ s st tog diagncsi response Accident

separation,
Tl e snpamer uills Cedls dacy i)
Failure of parts (wheels, air hoses, etc.)

premonition
management

[ ]

I

I

I

I

I indicator(Leadin
I g Indicator)
I

I

I

I

I

I

I

Historical data / Real-time operation data / Real-time measurement data
Operation environment data (IoT,drones, advanced measurement equipment))
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The first core develOping area 5. Smart Safety Management Technology

Establishment of human error big data and smart proactive response technology s
« Collection of human error characteristics data (physical condition, physical environment, external environment, BEN S
G+ |1

infrastructure, procedures, training/evaluation, etc.)prevention of accidents and disorders due to human error based on
diagnostic technology, and development of AR/VR-based education/training system for early response

Establishment of big data on human error and monitoring system

Establishment of human error big data for railway workers

and smart preemptive response technology + Setting technology for characteristic item on human factors

« Big data establishment and diagnosis technology for railway
accident/malfunction’s human risk factors

] Preventive technology for accident/disability

 Multi-user virtual training system that enables joint training Immersion
F enhancement and interaction technology of virtual training system

Establishment of human error big data for railway
workers and data collection technology for real-time
risk factors

AR/VR based education/training and [ imeove nrs safety Simulate

. . by VR training with - Normal/Abnomal/
preemptive response for railway high sense of reality [NUOWMSSE® id F o cono situation
Y
workers

Early response technology for human error on vehicle/facility maintenance

+ AR system for maintenance training of railway vehicle/facility
« AR improvement technology for maintenance training and support of railway
vehicle/facility
+ AR tools for maintenance support of railway vehicle/facility
Individual/Group Integrated NTS

- First step of demonstration on big data system
result sharing & evaluation fordriver,

feedback controller, crews « Establishing technology on the first step of demonstration on integrated big data
system for railway workers’ human error

education/training based
on the past training
evaluation record

Data-based analysis/prediction/decision technology of human error ‘

14



The first core develOping area 5. Smart Safety Management Technology

Developing Big Data and Smart Preemptive Response Technology for risk factors in Railway Facilities

31

« Improvement of safety and capacity building on safety and condition risk factors for railway facilities (6 fields) by estabilishing o
safety information big data, real-time anomaly/defect diagnosis technology, and developing preemptive response technology 22] ¥,
for accident risk factors

B Disaster Safety Alert? loT-based smart monitoring technology based on risk and condition
“ReloT" UI controller-train sharing
loT based ™V system . . . . ey . .
. safety and diaster suneilance 2 {PdPEpdent ojten « Data collection technology for safety accident/operation disorder of facilities at railroad operation
device . - loT & Big data based seems ideal :

. = = Integrated I N . Slte
Maintenance wol safety E;Sotae?]ve disaster alert 3. Igg\nl;?gltcs)y;\et?ngerated

!nce ork o P Remeenpmen (s tom) * loT-based smart monitoring technology based on railway facilities’ condition and risk

ther . a ape g
| S i — Integrated Big Data Platform of Railway Facilities

Car & [ Train Train Disaster
facility Space control

DB Li"gﬁrg'g module

......... | i 4
1 |g da 4

Linked DB L
Record

« Deweloping the sign of a safety accidentand condition-based scenarios, and data standardization
« Big Data establishment technology based on the condition and risk

Data Center

management
system

Big data based real-time diagnostic system

" Decison making . : + Big data based real-time diagnostic technology for any abnormalities/defects in railway facilities
Maintenance record # y
information system — =

Big data based real-time diagnostic system

¢ loT-based ballast resistance measurement technology and equipment
« Continuous Track Stiffness Measurement System
« Bifurcation linear measurement and analysis technology
* Long-term variation measurement system technology for railway bridges
 Tunnelbackside condition evaluation measurement system technology
Higge for diferent 1y e « Safety accident advance waming system technology for the transportation vulnerable (Smart Block)
= « Intelligent search automation system technology at railway station
. « Built-in standard failure mode automatic measurement system technology for each type of railroad signal facility
 Mobile platform technology which supports the safety management business based on the diagnosis information at

Failure mode
» Emergency response system for pre-empting the spread of social and natural disasters

Real-time
diagnosis system

Human errors
monitoring technology

P

Develop Digital model of railroad

]

Ty B el =
, - 'Lé
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\
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The first core develOping area 5. Smart Safety Management Technology

Developing Big Data for risk factors in Railway Vehicles and Smart Preemptive Response Technology

31

« Development of sensing technology for measuring physical quantities on board and on the ground and integrated information o
analysis technology for real-time data communication and analysis to expand safety management items of core railroad [ P22} 4
2-3 3-4

viAlhiAlAA

Vehicle/ground sensing system technology for core device

 Key device sensor positioning and measurement cycle setting technology for railway vehicles
« Electrical noise removal and feature extraction technology
« Data calibration and big data DB construction technology

Real-time communication technology for large-capacity measurement data

« Vehicle public network standardization and interface technology
« High-capacity two-way communication technology for real-time monitoring of each major train device
« Interface and data path technology with vehicle TCMS

Big data standardization/systematization and information collection technology

Big data standardization technology for major railway vehicles
« Data structure design technology for database systematization
* Information production technology through data self-mining

Precise diagnosis equipment technology for railway vehicles

« Damage mechanism analysis technology for major equipment of railway vehicles

Occupational information Precision Diagnosis Preemptive  Simulation modeling and verification technology according to the damage mechanism
collection technology Equipment response to risk « Precision diagnostic equipment design and manufacturing technology for each device

» Performance verification and diagnostic evaluation technology for precision diagnostic equipment

]

Preemptive response technology for risk warning of railway vehicles

« Risk assessment technology through FTA analysis according to major device failures
« What if scenario simulation technology
» Optimal preemptive response time and method prediction technology

16



The Second core d@V@'Opiﬂg area b. Smart Safety Management Technology

Al-based railway safety analysis/prediction/decision-making technology

« (Analysis/prediction technology for risk factors of railroad sites) Development of a digital model that considers the

31

=]

characteristics of vehicles, facilities, workers, and users of railroad operation sites, and diagnosis/prediction of risk factor status ‘22 5

using it 23
. (Safe Operatlon D|g|tal Tvv|n DeC|3|on Making Platform Technology for Ra|lvvay) Digital twin platform technology that supports

Data-based analysis/prediction Technology Al-based diagnosis/prediction Diagnosis/prediction technology
for human error of railway workers technology for railway facility’s risk factor for smart railway vehicle's risk factor

Digital twin decision-making platform
technology for Railroad operation safety

Digital Twin Decision-Making Platform

&= @ - ‘ :
.:)_-_:,‘)_-_:_). ,_._“g_f' d=D )
. o . . . “e . . i / mvw’; i 2ols i - i
Railway human/facility/vehicle risk factor Railway human/facility/vehicle risk factor Rallwlay_hulm_aﬂ factl ' y¥(\j/_e cie .p/ySICdS. t;ased Digital twin platform technology for risk
. hvsical del d t | . d | ana ytlca INsSK Tactor lagnosis/preaiction
generation physical mo ata analysis mode prediction

technology
17



The second core developing area

5. Smart Safety Management Technology

Data-based human error analysis, prediction, and decision-making technology s
« Modeling human error mechanisms of railway workers and developing error analysis, prediction, decision-making artificial 2:2 ¥
intelligence platform, and decision-making Cyber Physical System (CPS) technology for avoiding human error 23

Data-based human error analysis, prediction,

and decision-making technology for railway workers

Job safety impact scale/
Safety essential duties
analysis technology

Worker Qualification/ Job suitability
assessment technology

Key variables and risk factors
Real-time prediction logic

f
I |

Technology System
Development Development

Railroad Accidents and Disability
Human Factor Big Data
analysis system

ntegrated influence and
—» correlation analysis

—>

technology

Human ErorOccurence  Derivationof isk factars

Railway industry Big data

Mechanism Modeling of humanerrors

and processing/analysis eng

A A

Railway accident
case analysis

ing

Error prediction based on characteristic
DB artificial intelligence platform

Quialifications and job suitability

Real-time management system

Virtual physics system
that provides precautions
/wamings and means of

avoiding to the occurrence
of human error
by railroad workers

Characteristic DB Management System

4

Developmentof human error’s characteristic items

(individ ual /team /organization)

Establishment of human error big data for railway workers

and smart preemptive response technology

Modeling human error mechanisms and data analysis technology

Human error occurrence mechanism modeling for driver, human error
characteristic data and safety essential job analysis technology

Human error occurrence mechanism modeling for control worker,
human error characteristic data and safety essential job analysis
technology

Human error occurrence mechanism modeling for crew and station staff,
human error characteristic data and safety essential job analysis
technology

Human error occurrence mechanism modeling for vehicle and facility
maintenance work, human error characteristic data and safety essential

- Big Data based Advanced ICT technology that predict the human error

Big Data Analysis System for Human Factor of Railroad
Accident/Disability

Human error probability evaluation model for railroad workers

Error prediction Al integrated platform technology based on
characteristics DB of human error

Construction of a virtual physics system (CPS) that provides
cautions/warnings and avoidance methods from the occurrence of human
errors in railway workers

Real-time qualification/job suitability assessment for railroad workers, Al
model diagnosis, and safety driving support technology for engineers

Demonstration of safety management data system for integrated human

b ~L ok AL~

18



The Second core d@V@'Opiﬂg area b. Smart Safety Management Technology

Al-based risk factor analysis, prediction, and decision-making technology s
« Implementation of prevention through risk-based prior risk factor analysis considering various rail facility characteristics and 2:2 ¥

behaviors, results based on risk-based predictive models, and economic and efficient decision-making technology using them 23

Al-based analysis system for railway facility risk and condition defect

Pr—
[[oecice accident response plaa
rimesans ) [ W

Al-based risk analysis technology for each railroad facility
i Condition-based analysis model for each railroad facility
e Deterioration model for each railroad facility

RCM model for each railroad facility

1 Al-based safety risk prediction system for railway facility

Risk probability-based prediction model for each railroad facility using Al
technology

Getured
eport fil -
ol [Collect big am ou
Log data _

[ Dposmiddlevare |

li

FFFFFFFFF

i

£l
°

data

DDSMiddleware|

I PBSInfo I
Ma‘ntemnnein;}

I Accidemrful

DDSMiddlevare fisk modelmanagem enf
|A:c\demmanagemen!
- 7
[Riskewlmrion ]

System man agem ent

1

Calculate the iy
im portance

Mark frequency ofth
accdent Datacollection

Risk managem ent

Al-based decision-making platform technology for railway facility

« Al-based safety measures decision-making model for each risk factor of
railroad facility

Danger & Risk rate prediction Decision making platform « Al-based safety measures decision-making platform for railroad facility
defect analysis system system technology S-RAM system
: - Al-based S-RAM system for railway facility

» RAM data management systemization technology for each railroad
facility
+ LCC Statistical/Analysis Technology
» RAM platform development for railway facility 19




The Second core d@V@'Opiﬂg area b. Smart Safety Management Technology

Ol
ik}

Smart Rail Risk Factor Diagnosis/Prediction Technology

« Condition diagnosis technology based on dynamic behavior traits of the railway vehicle’s core device, risk precursor evaluation =122 |3
using the Bowtie model, and developing a tool for decision-making 23

Diagnosis/prediction technology of risk factor based on major vehicle devices

e Physical analysis model of core parts for each major device of railway vehicle

» Simulation and result DB by failure mode for each major device

« Test bed construction and condition evaluation and modeling technology in finished
vehicles

Propellant device

A precursors
| Mo

- Auxiliary power
| | Device precursors

| Brake device Risk Level

| precursors
i ﬁ :.

Accident problem

Diagnosis/prediction technology of risk factor based on data learning

Driving device
precursors

Train b;rrtrhriecursor
(Door, HVAC etc)

R = Z P « Data-based condition evaluation modeling technology for each major device of railway

' vehicle

+ Test device configuration for key performance evaluation by core devices / various
parameter test results DB

 Building a learning DB for each failure mode and Al analysis modeling technology

« Test bed construction and condition evaluation technology for each key device in
automobiles

Data modelmg

Physical modeling
technology

technology

0.91% Anomalies (alpha=0.05, direction=both)

“ ‘w”v/vfwww/wwwl

Risk prognostic assessment and decision-making technology using Bowtie model

Risk modeling
technology

+ Preliminary Hazard Analysis (PHA) Model for Major VVehicle Equipment

» Hazard Prediction Assessment Algorithm for Major Vehicle Equipment Using Bowtie
Model

e Optimal decision-making model based on Whif if scenario

20



The SeCOﬂd core d@VG'Opiﬂg area b. Smart Safety Management Technology

Safe Operation Digital-Twin Decision-Making Platform Technology for Railway s

« Bow-Tie modeling technology for the potential risk factors of the integrated railway system interface and developing an 2_2 o
automated optimal decision support platform-based crisis management system 13|23

Errors of
Human workers
factor Errors of
drivers
Brake Unstable

Infrastructur
. e
release  Tran body

: g\ Integrated simulation technology for risk prediction
Broken ~ Quick [AS - |

Orderof ~ Unstable
examination repair

Risk modeling technology for integrated analysis on rail system

Sudden ~ Quick
acceleratiorpraking

One - sided
wear

e Hazard discovery technology for human, infrastructure, and vehicle interface elements
« FTA analysis technology for human, infrastructure, and vehicle interface elements
« Bow-Tie model and simulation platform technology for each risk source

Cant Iregular

Drive
vibration stebility

Derailme

noise

Slip Surface
roughness

suspensionbraking

e Human, infrastructure and vehicle interface risk factor modeling technology
* Integrated simulation platform technology

Integrated Decision Making Platform of Railway
system

Digital twin decision-making platform technology for integrated operation safety

Integrated risk rate
modeling

Digital twin decision making
technology + Open data hub and high-reliability/real-time loT network technology for railway
safety information management at railway sites
« Development of Al-based train operation safety evaluation and optimal decision
support system
« Development of on-site response technology for each type of risk warning and cyber
security operation technology of railway system for safety control

21



The third core deve|0pil’]g area 5. Smart Safety Management Technology

Big Data-based National Integrated Railway Safety Management System s [ 52 |
« (Nationally integrated railway safety diagnosis/prediction technology) Integrated safety management technology for the : e zz
diagnosis, prediction, and decision-making of railway safety for all operating institutions at the national level, and test bed o

. Wéféi%@ﬁmﬁmﬁc@fe\t?rm&ﬂ@ﬂng/su pervising technology) Data-based railway safety system evaluation, supervision and monltorlng

Big data-based national integrated railway safety management system technology

Big data based on premonitions of accidents Development of
national integrated railway safety prediction, evaluation, and
decision-making support technology

Smart railway safety management national integrated data 4RiSk Information
system construction and test bed operation technology

Safety supervision and monitoring Public input data and information service

data-based public railway safety service

To improve the effectiveness of the railroad safety management syst4
Data-based railway safety supervision and monitoring technology

data foundation Railroad National Railroad Safety Service National integrated railroad safety :
o T : . . T Smart Rail Safety Test Bed
Safety Supervision and Monitoring Create information collection Decision support technology
\

..‘.
¥ *
.’ 3 . o~
5 A
k3

Information collection and generation technology

* o « National Integrated Railroad Safety Chain Wi
+ SMS maturity diagnosis and evaluation model « National ra||way safety accident analysis Model éystem
« Railroad Safety Supervision Data Mining and prediction technology using social * Big data-based national railway safety i .
Technology networks prediction, evaluation, management, and * Ralltwaytlntfﬁra(;[ed tsagﬁt{] mantage(rjnent
+ Variable SMS inspection and management « Railway safety culture analysis model decision-making technology system test bead establishment an
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The third core deve|0pil’]g area 5. Smart Safety Management Technology

Big data based national integrated railway safety analysis, prediction, decision support technolodgZ®

« Railway safety decision-making for stakeholders based on safety information of all railways and the development of national 2:2 bz 3:3
integrated railway safety predicting, evaluation, and decision support technology to support PDCA 23 34

Standard model of safety chain for national integrated railroads

National railway safety prediction, evaluation, and decision-making support system

Risk model based on precursors  Risk evaluation model based on Natio?al rail road network « Standard model of safety chain for risk occurrence, damage spread, and prevention
of integrated safety management Big data -> National integrated safety ~connect/risk info -> Integrated . . . .
(Utlize railroed safefy Prediction / evaluation cailway safety plan decision measures for national integrated railroads centered on accident precursors for
chain model) (Utilize FTA.ETA, DB Mining etc) making accident prevention
v Createmult—dimension T — T - Big data-based national integrated railway safety data standardization technology
Standardization of railway safety | (Risk factor, subject eto) riskirfo, -~ Manageraiload safety In « Big data-based national integrated railway safety data verification technology
prediction/eval uation technology — Judge the risk condition dex

. o ; " ] ; - Establish railroad safety
Support operation organization  (Diagnose -> Utilize machine learnin . : : :
pporope : ( ﬁke desplleaming andso.on) £ plan 4 Risk assessment technology based on big data-based accident waming

- Decide railroad network
safety investment

 Big data-based integration and analysis technology for national integrated railway safety
data

National integrated smart railway safety management data system ‘

 Big data-based prediction and evaluation technology for national integrated safety state

> 9 M::p::cm:irec . . . q
. \ ot campany, Safety policy decision-making support technology at national level

monitorpolicy application

e Multi-dimensional risk information generation and risk status judgment technology at
the national level
 Big data-based decision-making support technology for national safety measures
considering the interconnectivity and risk information of the national integrated
: railway network
Establish safety plan of

National railway: " - -
Rltonwie ik v Big data-based SW development technology for railway safety
© Risk level analysisand

grade (Solve fundamental
roblem of acddent) . N . .
’ » Big data-based prediction, evaluation, management SW development technology
Bowte, po anayss o for national railway safety

hazard (FTA), After hazard
analysis, Risk Matrix

Operation data:
Collect ensor & train 9
operation data

.
Infrastructure(Train electri
citysignal, PSD etc):

Collect infrastructure 9
related data

°
Train base(maintenance
site, office):

Collect Maintenance data
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The third core deve|0pil’]g area 5. Smart Safety Management Technology

Data-based railway safety supervising/monitoring technology s | sa |
« Developing a national safety management system for information evaluating/supervising/managing technology that enables self- 2:2 bz 3:3
inspection by operators and facility managers to improve the effectiveness of the railway safety management system and support 23 34

alalgale ATET MNrov/ e 218
sa*ety system managemenf supervision/information sys : : : :
em in accordance with railway safety management system maturit Diagnosis/evaluation technology of the maturity of system

y evaluation model

« Railway safety management system and supervisory maturity analysis technology

Analyze/complement data « Development of a maturity diagnosis and evaluation model for national railroad safety

availability of railroad management system
safety supervisor

Collect data of Railroad

safety supervisor

Deduce examination/
management category of
railway safety

management system « Establishment of unstructured big data for supervision/management of railroad safety
management system, Development of risk/safety information linkage technology

 Development of text mining technology for safety-related data collected during the supervision
and management of railway safety inspectors

 Development of big data-based knowledge technology from various unstructured data and
risk/safety information collected during safety supervision and management

» Development of technology for deriving items for inspection and management of variable safety

analyze
economic feasibility for
each scenario

Establishment of information system that manage/supervise the railway safety system

National integrated smart railway

safety management data system management systems
(e e cener e oed) B K « Development of evidence-based railroad safety management system and tracking system
5 technology for corrective actions after accidents
: . & o o/ J =« Development of field support system for smart railroad safety management system

supervision/management using mobile devices

+ Development of situation mock management/supervision technology to strengthen the
management/supervision capabilities of the railroad safety management system
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Technology development promotion strategy and plans for spreading 6. Technology Development Promotion Strategy

Promotion Plan for Demonstration
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Technology development promotion strategy and plans for spreading 6. Technology Development Promotion Strategy

facilities, and workers’ result of safety management using Osong Railway Comprehensive Test Track

((00km000.00

Substation TEST-BE Bl

A’ngh ]

song bas

@Signal link compatibility of Osong bas

Mosaic display control -> replace
with electric display control

Control section division for safety
Improve and develop H/W &S/W for
new shape of lead-in wire

Al

Digital twin planform for o

operation safetl

Seochang station

>
a A%

omprehensive railway test tracki End point of working design
netieiiaatiobi )
(current)12km989.98

a

// £

- @
=4

Operating company A
National integrated Kr ,
smart railway safety system

Operating company B

@ Jeondong station link compé‘tibility

B 1110 G 1)) s R
- I
——gLAip —— gimeg——
D%, AI8ix)1 £y A
U AlEHIZE S

Al&x3m

_(2) Testtrack plan for 3 stations

3 sites for the new Electronic link device
Various performance testing for each type and
quality is available inbetween stations
Comprehensive control of 3 stations from the
main control center

@Construct KRTCS signal system Infra |

Optical cable for ATS installation

Acquireinstallation space for inside equipment |-

HW/SW new installation and improvement for
Jeondong station electronic link device

Acquire Jeongdong station engine waiting track
-> indepen dent control available and minimiz¢

interference

Jeongdong station

V -
A8 D DO Alixl6E] g
*
— A|RIKIAE DCETA! — ==
| AEEsEE R0 )
AlBRIAR

(@) signal method rl (5) TEST-BED secion test plan I
Crosswalk device performancetest
ATCinsulated track circuit test

ATS on ground and ATP on board signal method
Automatic blocking for both way discon nection
KRTCS signal system infrastructure

After the project is over, we'd like to promote a plan to spread it to actual operating

nationwide after applying it to domestiBHISHRES lines through a separate pilot project in the three-year gestation period.
« The national integrated railway safety management system technology will be managed by the government in line with the insititution

Verification of the development technology by the comprehensive test about railway vehi
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Expected results and ripple effect

loT - based railway risk factor detection technology and
big data construction technology

 Constant remote data collection by introducing loT-
based data acquisition technology

« Can collect and analyze big data based on safety data

in all fields such as railway vehicles, facilities, and
signals

Scientifica

@ Development of railway risk factor analysis technology

based on Al and digital twin

« Development to the risk factor analysis technology
based on event precursor bow-tie using failure tree
and event tree

» Promoting the development of Al and digital twin
technologies in the domestic railway sector

| results

7. Expected Results

Preemptive response technology based on risk prediction
analysis

« Paradigm shift from follow-up maintenance to preventive
maintenance and timely/proper preventive measures
technical stage

* Large contribution to developing the insufficient precise
safety diagnosis technology, decision-making technology,

Development of performance prediction technology
of railway system

« Can develop systematic and accurate performance
prediction technology through continuous and long-term
performance data collection of railway systems

 Can develop response technology based on accurate
performance prediction
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Expected results and ripple effect 7. Expected Results

Reduce the costs from railway accident / disorder Reduce railway safety management costs @
damage

« Reducing social cost due to accident/disorder « Efficient distribution of national budgets for railway projects

» Reduced budget can be invested in fields such as the
development of advanced railway technology

« Building a low-cost safe society

Social/
Economical
results

@ Create high value-added jobs and train manpower Reduce the damage of people by the integrated @

safety management

« Creation of new business by creating a new railroad  Can reduce social costs such as human damage to the

smart safety industry ecosystem people

» Promotion of development of high skilled manpower in  Securing safety technology to respond to disasters such as
response to the 4th industry in the railroad sector in earthquakes, and extreme weather such as heavy
Korea rain/snow
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