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A Real-time Integrated Railway Safety
Monitoring & Control System

Project Overview



13 Sep 2016 0:50 / Near Gimcheon-Gumi
Station Casualty accident during track
maintenance (Hit by KTX, 2 Killed, 2 Injured)

v Worker : 'Work schedule was approved’
v" Supervisor : 'Didn't request a work’
* Train delays due to earthquakes

22 pr 2016 15:51 / Train derailment accident A
200m ahead of Yulchon Station (1 Killed, 8 Injured) | :;

gy

v" Vice engineer driver : ‘I thought that | supposed to change& Shi
the track at Deokyang Station.’ '

v" Controller : ‘I sent a radio to change the track at Yulchon Station’

* During up-line drive because of track maintenance of down-line
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AOFE 228 4% ﬁ'f_l_gu B EE Requirement of Monitoring and Control
2 May 2014 15:32 /Train Collision at Sangwangsimni Station about Risk of Real-time Situation

(388 Injured (serious injury : 38 people))

Support of
automated decision making

v Incorrect signal by fault of interlock device (stop = drive)




Needs from analysis of current status and problems,*ll£

(1) Requirements of real-time integrated railway monitoring and control system

= Although a lot of information is generated through the safety sensors and facilities in the
railway field, it is not utilized properly to manage safety operation and accidents.

= It is necessary for the engineer drivers and controllers who play a major role related to safety to
receive the situation of the railway field in real time.

= Also, it is necessary to improve system to detecting accident risk and responding appropriately for

_railway safety. D

(2) Problems of existing railway safety management

= Ensure safety through safety assessment when designing and constructing system
(vehicle, signal, facility)

= In operation phase, risk-based safety management is operated based data from design and
construction, but it is not managed in real time.

J

(3) Problems of existing “operation control” system

= In the existing "Operation control”, some key information is collected in real-time to
mange operation. However, these data are fragmented rather than integrated.

= It is not available to detects accident risk by collecting/analyzing safety information and,
can not preemptively prevent accidents using safety information.
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Settlement of As-Is & To-Be

% Current status of safety monitoring system in Korea

- Data gathered from the sensors at the railway site is not utilized properly

- Need to develop real time system for traffic controllers to evaluate risks
- Current system is not real time and is components bases

As-Is To-Be
CompAonents Operational Safety driven
Rallway system Real-time monitoring Real-time monitoring Accident risk predicti
( O.)_Real-time monitorind Restricti Possibl Real.-;lmte
. of risk factors v estrictive ossible acciden
Vehicle prevention
—
O7T | " |Local control Possible | - control
) Track \,
Power© > Central contro Possible Integrated e ese
data accident
2 > Central control Possible transmissjon prediction
)
Sienal o » Central contro Possible / Big data-
g Passengers based risk
O4—1— | Impossible Support prediction
Time nefficient Integrated

safety
monitoring

safety
monitoring

on

Support active accident
prevention measures



Research Target

I = Development of ICT-based Railway Safety M&C Platform for Smart Railway Safety Management l

= Development of Accident Risk Prediction Technology for World-best Railway Safety and
International Competitiveness

» Development of Railway Safety Decision Support System for Reducing Railway Accident
and Maintenance Costs

- | < X

Railway Safety Goals of Korean Government

Large railway accident : “Zero”ization
20% reduction in deaths per 100 million km compared to last year (10(42)~"13(34)
3% reduction in train accidents per 100 million km compared to last year (10(10.9)~"13(8.4))

3% reduction in deaths per 1 billion passengers / km compared to last year (10(0.22)~"19(0.16))

/




Organization of R&D project P

earch Grc K22 p=gszmems

Sub Group #1 ]| K24] =870

’ Real-time Railway Safety Monitoring and Control System

Large Display Panel )
S y Accident Reappealam:eDwue PSRN mpempemyemyemppepenpmpompempempempempempempmpemppppenppempem ey = -

Safety M&C 1 1 :

lntetgrated SafetyM&C 1 ollect& Accident Prediction Accldent_
1 Store AM')’S" Algorithm Information

Accident : | a2

1
]
1
1
]

1
1
i
Safety M&C Decision Reappearance ‘ \‘g > lli' b \# :
1
1
1

ety
Controller Integrated Console Support Console  Console

i Lt Ll i
1 -r. | it | Big data Integration Platform
S [ [T 2T | e .
G Firewall
& - - ' .
Accident

Printer Print(-rr“"'acg'“e"a“‘E
LTE
GIS CauseAnalys e Interface Dewce (TE-R)
Server For LTE

onsole

Real-time Risk
Monitoring System

FT-base Prediction
Algorithm

Performance Improvement and Advanced
Development' of Safety Detection Device

s

e =it [:—]7,@7@
Tunnel Alarm Snow Melting Eanhquake i ' R

B
mCOntrol Box Devicey, Moni Device b
Train Status Train Approach Optical Intrusion Tunnel Alarm Rail Status Control  pragging Equipment M } v’ L =1
Monitoring Device Indicate Detector Control Box Panel Detector
Train Status Detection Device Data
App Axle Temperature el
Indicate Monitoring Device Weather '?ce:m“’" Detaon Verification System
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Schedule of R&D ,JL

Yearly Plan of Research Development

f‘ 1st Year \, ( 5th Year \,

2 Year \, : {, 3 Year \, : ..{, 4" Year )
Basic Design ; Detail Design Implementation : stf;ﬁ:Egn"l E|-> Operation
} } AN } : v i

Requirlement Architecture Prototype —}7 Test —+> Operation &
A

Verification
A A A A

A A AN

A 4

» Sub #1 Monitoring and Control System

I

= Sub #2  Decision Support System

= Sub #3 Advanced Detection Device

\ 4

» Sub #4 Testbed Installation & Verification

Real-time Railway Safety M&C System
= Achievements : Safety M&C Platform, Interface device, Accident Prevention & Control System
= (1)Basic Design => (2)Detail Design => (3)Prototype Implementation => (4)Test and Testbed Installation => (5)Operation and Verification

Real-time Railway Safety Decision Support System
= Achievements : Real-time Risk Monitoring System, Big Data Integration Platform
= (1)Basic Design => (2)Detail Design => (3)Prototype Implementation => (4)Test and Testbed Installation => (5)Operation and Verification

N #

= Achievements : Train Status Monitoring Device, Train Approach Indicate, Optical Intrusion Detector... (Total 6 Devices)
= (2)Device Design => (3)Device Prototype => (4) Test and Testbed Installation => (5)Operation and Verification

Testbed Installation & Verification of Real-time M&C System
= Achievements : Construction and installation on testbed and operation & verification of system
= (3)Design plan of testbed => (4) Construction and installation on testbed => (5)Testbed operation and verification

> H*




Uy
Scope of Research Development s_!.

.....

Real-time Railway Safety M&C Platform . e eaim] REAI-time Risk Monitoring System
* Collect real-time

Safety Data
* Alert of predicted

integrated railway

« Effective safety information accident risk
sharing system Safe,ty data from « Evaluation of
9%y devices railway risk
« Safety index-based real-time - Responding to
accident risk monitoring immediate risks and

» GIS-based console for safety monitoring providing integrated

ovide in * Big data analysis
safety data to users e o ot Big data-based

) prediction of railway
Interface Device

accident risk
. Data collection from devices « Support decision making for railway safety
* Protocol&Data conversion by providing risk prediction information |

» DDS Data transmission (i OF | ToUurEEY
_\t_:é/ roed ' RNk

: : TAI TACS  TSM 5
achievements of other sub-projects on testbed | .. .

* [Sub-project #4] install and verification of

development of railway safety detection device
* Provide railway safety data from device ,



Example Scenarios for safety monitorinng and cont

Sl i

—‘

Occurrence of
vehicle fires

Real-time safety
index
monitoring

Train fire status

Accident risk
prediction

Accident histo@

Train position information
1
1

1
Accident history infornlation

Train operation route irfformation

7."&‘:-—'::

\'R'elevant agency

» 3

s,
Vehicle fire alarm Safety controller

notice

Risk-based
accident
prediction

Risk sour

.
e

Risk information

Rail
deterioration

Information

Big data-based
risk prediction

Rail detection vehicle

Vehicle operation
> delay npotlce

-
L4
Sigal controller

Accident prediction

alarm occurrence psad
.I. Engineer
Accident occurrence Driver
prediction notice
Vehicle operation
delay notice
—@
Passenger

Risk prediction alarm
occurrence

Rail risk prediction
notice

a Maintenance
manager

Vehicle operation
delay notice
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Real-time Integrated Railway Safety Monitoring and Control System

Safety Monitoring and Control Console

Bl InfDirSrELat)i/on Risk/Accident Risk/Accident
-2 Prediction Info. Prediction
. jm—————— L Server

Interface Device

| Safety Notification : /|\ DDS Protocol
--------------------------------- €-=—mmmdmmeieeeeeem @
: LTE Commeraal Safety M&C Safety M&C

Network Web Server Integrated Server
S Train Status Information
I LTE Private : :
S %)) Network (%)) %))

Existing Facilities and Safety
Detection Information

s .
O Private
Railway

Signal Information Network

I {-ég | CTCControl [€
n

. 1
! L  Power Devices -
_Sfteiy_lfio D Controller | SCADA Control [€ ——=====——— I@EIS_aDEI_Qt_h_e_"I
| Facilities Control K—-—_____m—. Information

I
1 Safety Info, Emergency >Dﬁﬁ

=% 2~~~ Supervisor /
“. ~#" Related organization

Monitoring and control system to enhance safety for train operation



Detail of Real-time
Integrated Railway Safety
Monitoring & Control



Research Goal and Scope iy

2nd Year
Detailed Design

1st Year
Basic Design

3rd Year
Implementation

T

4th Year

Testbed Installation Testbed Verification

and Supplement

~

Real-time Railway Monitoring and Control Platform

Large Display Panel Accident i
i — Reappearance Device  Safety Safety
M&C M&C
Integrated
& Server DB Server
Accident \ B 4
Safety M&C Decision Reappearance

|
Controller

Integrated Console  Support Console Console .

L L L u!!ll—l
| I

DDS-based
Standard Protocol

( Internal Communication Network

Private Network

_I - I I I ] Firewall I - I I
6 -
Color  Black/  ppajntenance i
: < Accident
Printer  White " copcole ‘ Cause:‘\::lysis
Printer GIS Server System Interface Device
For LTE
Safety M&C
Router ‘Web Server

Safety Detection Interface Device

Machine Room of Station

Railway Private Netwd

Instance Accident Risk
Detection

Integrated
Data Collection

T e

e
.

Resk time scfety information, Pecicton of accident and|]

--{E}--- T e
o e 71 HHENEA U YT SACO[E
e
F ;
Relevant Supervisor: o e
Agency i ‘ H Hl 2|4
G
ControllerDriver Worker

risk Emergency response procedure,
‘Work schedule and information of train access




Major Achievements y-8

931nag bunoaraq Alees
Bunsix3 wodj eyeq

R

:': Advanced Detecting §
h Devices N
™ (from Sub-project #3) t:

Lo T R T T %

Real-time Integrated Railway Safety Monitoring and Control System

Data Delivery

Platform

Safety Detection

Interface Device Real-time Railway Safety Monitoring and Control Platform

Railway Field * Real-time Safety Info. Data

Collect Display Reappearance

5% Data = Prediction Info of —> B
o} —»  Acddent Risk
VR AR R
g 9 X‘* W * Emergency response
o a7 \ DDS Data \ procedure Notify A
# @) AN AR " Work Schedule and Emergen ° Co.ntroller Recreating
S — 8 \ N Train Access Info. " Driver Accident Situation
Q 2 \ Q: i - Worker
D S
o 3 ! EN Store T Info. of Safety Index
g o o 2 5 Data
3 S = g: > Accident Accident Cause
g % \ e DB Server Prevention & Analysis System
oy on g Control System
LY [ - ———
| edl |a Field
=821 |8 Data g B
Q ) N ©w "
< | 42 S f o —_ .
R )
o :"‘.'g: 2 S=1s . Data based Analysis of
- o \ %:: B Store Safe Data into DB Safety Index-based Accident Cause
L gV o | § Risk Monitoring
N <h .
f— M- Analysis of T Collected Accident
\ 38 u Accident | Data
- Sy o8 8 Cause X -
<XML Editing Tool> : @‘\ 3 (non-real-time)
&
L\\\\.‘.
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Real-time Railway Safety M&C Platform

o Development of GIS-based Integrated M&C Module
for Safety Facilities

- 3 Monitors for Safety Monitoring : center monitor displays Left Monitor Hcgntrall Monitor
GIS-based information for effective safety monitoring Tt

- Each screen is implemented as a module for system scalability

- Implementation of Total 23 Screens for Safety Monitoring :
Train Monitoring Screen(4), Signal and Station Monitoring
Screen (3), SCADA Monitoring Screen (3), Facility Monitoring
Screen (4), Safety Facility Monitoring Screen (9)

R

<Monitoring of Machines and Facilities (4 screens)>

18



Big data-based
Railway Accident
Risk Prediction System



1

1

1
FT-based Prediction :
Algorithm 1
1

1

1

1

1

1

L
1
1
1
1
1
:
! .
! .# ==
L

Risk Monitoring Server

I_ _l Acciclent Risk
Collect/store | Ap alysis Server Prediction

Server - Algorithm
I 28l |
(e ik g
Data Analysis &
Visualization

-

r----

WA

Accident information
for accident prediction

(75

i
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Big Data Integrated Platform

|

e

Preemptive Response
| | H

| |

»X 2P e 5

[7 Situation Monitoring

ool

=2 BdE0rom

[2 Custom Situation

UV WE 718 30°C
2 BEA 10014
B2 Hay 20170723

[/ Predictive Response Model

Result of

[7 Track Abnormal Risk Prediction Prediction
Analysis

[7 Train Abnormal Risk Prediction G
N

o=
44

r 3

Big Data Integration

Data refining Data formatting

Outlier data correction Formulation of accident statistics

Missing value refinement Track section segmentation

(@eal-time Monitoring Data Store and Integration

Fault code Fault tree Track inspection

Maintenance History ~Accident statistics Train status information

. —

Integrated
Big Data

(==

Predictive Analysis

Intelligent Railway Track Abnormal Risk Prediction

®

Extract features

—

Risk
prediction
model of

Data Delivery
r 3

o
@4

Data Delivery

Data Collection

e
>

Prediction
Info Optimize parameters Track
m Track Track Track
w inspection cycle risk prediction maintenance plan
i W . N
?\\ N

Extract features
Variable setting

Fault diagnosis

Intelligent Train Abnormal Risk Prediction

Risk

prediction
model of

Offline Data Real-time G
Monitoring Data \% t +' Optimize parameter Train
(B . E-hl_l “ 4 T Maint Maintenance
z : Maintenance Accident Additional Pa;g:,:?i"i; prediction Prediction of train risk
E| o k= B w [ =] History Statistics ~ External Data Y for prevention




Major Achievements

— Railway safety information(KOVIS, XROIS) : :
:o' - Fa“ure history Paaussusl\gassssassasssssssssssssssassassssssssnsssnannannnannannngnunn 5
. . Train status information
K - Maintenance hlstory
Lﬁ - Braking air pressure, propulsion current,

- Weather information = -
Detection of obstacles

- Train operation information

| Big data integrated platform l

> vﬂfﬁi«iﬁﬁ" - Optical fence, video confirmation

- Defect information(track inspection car), etc.

R = Track condition monitoring
2 . et l Real'ti me riSk monitorin system l - Rail temperature, vibration, displacement, rainfall, air temperature
i Yz i .-u“::,’,!, o107 T Drag detection

e e e R e

Risk prediction analysis 5
- Derivation of risky section R
(compared to the previous day) = :

2 - Daily updates il lie]
Risky section display/acciden

Pl T Risk detection screen display — Large traffic signs
: i - Real-time risk monitoring i
- tmu - Tracking failure equipment location >
at : | - Real-time risk information management _‘- . -
Decision-making Safety control
: I Integrated safety control room l

22



Real-Time Risk
MonitorTing System



Real-time Railway Monitoring and Control Platform

Large Display Accident
Reappearance Device  Safety

7 Integrated

Accident \ B 4 Server

well Intsarfaett:dh::?r‘\:snle Su, I:::r‘tli;::snle Reag::;[aence
Controller £ PP

L L L ﬂ!ﬁ
|

M&C Safety

DB Server

DDS-based

Standard Protocol :

Internal Communication Network

g !
: P4 L ! Firewall I é | -
g | U= L= { LTE{Private Network
Color  Black/  ppajntenance i
rinter; White Console Calfs:c :f::l;sis
Frmtes GIS Server System Interface Device
For LTE
Safety M&C
Router Web Server

Safety Detection Interface Device

Machine Room of Station

Railway Private Netwdrk

I -

LTE;’\
|

DD Server/
Execution Server

R L L L
sssssasain .

i
i

T/ N\ : .

Connected ] = I

Network I - JRFSTR :’: seses m
] 3
]
I : |
|

Instance Accident Risk
Detection

Safety Information

Integrated

Data Collection
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Features 7 I

O Monitors hazard(s) of railway system that occur during the
operation

Q Evaluates the current risk of the train system given the hazard(s),
based on pre-defined FT/ET models

( Locates and displays the position of failure(s) along with the
movement of rolling stock in operation

1 Helps the operator to perform the preventive action to deal with
the failures

EIFEERPRTNERE

Risk evaluation
using FT/ET

Fault location and
Risk display

25






Technical Advantages y ﬂ'ﬁm

4
Existing operation control(AS-IS)
M i Operation (CTC .
&C Technical Management peration (CTC) = Non-real-time data
— collection
I Maintainer | Emergency .
code = Fragmentation of
[ MUX ] [ RTU ] [ TIMS ][ LDTS ] information
= Limited information
m Machine [ Power ][ Signal ] | Train ] sharing system

M&C Technical Management Operation (CTC)
. a
Safﬁggg{;ﬁ'on Real-time Safety Management and Control = Real-time data
A L) A ) ] collection
Interface Device (Integrated data collection) = Integrated analysis of

information

A T [} 1
[ MUX ][ RTU }[ TIMS ][ LDTS ] Effective information
sharing system

- 5 Train Status
m Machine Power [ Signal [ Transmission ]
27
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How to Use & Expand it ,ﬂl
| (Sub-project #4, from 201’6)

Wonju-Gangneung Line 2l

Detection Device 1.5 million USD Network Equipment 2 million USD [\

e—— .
Additional Facilities 2 million USD

/e Tuese=y |

§= Interface Device 1 million USD

=== —

K-}

Safety Platform 2.4 million USD Construction of Testbed (10km) : Total 5.3 million USD

Extended application

Easy extension to other railway routs

» Only additional detection device, interface device, network equipment is required for extension

* Platform and additional facilities are already installed

System operation and commercialization

(= (Operation) Automated system that can be operated by minimum number of operators |
by integration with existing operation system

= (Commercialization)
- Installation cost of existing operation control(CTC) : 3 million USD per line
- Installation cost detection device : 0.7 million USD per km (seems to be cost-effective)
(Partial Commercialization) Available of partial commercialization by customizing of
each device and system

J 28




How to Use & Expand it , |

Government

Safety Regulation / Supervision

Owned / Budgeted

Facility construction
/ management

Intelligent Infra Mngmt.

Improvement 2]
P Abnormal

LCC Analysis Rules & Standard

Degradation
o Decision Model Condition
Making Assessment

Railway operation

I\ull"“] vr‘l iWiWwE 1

I\ull"“] vr‘l ViwiWwrn i

+ Safety
+ Efficiency

earch Groupl| 12| sszseet

| — R |
[ s oroup 1) K3 sz [ swaopn | KSRAIL
’ Real-time Raiway Safety Monitoringand ControlSystem ’ Real-time Integrated Raiay Safty Decison Support System
g i ] '
I = oo | . =
siyuac  oud h

Real-time Risk
Monitoring System

Asset Mngmt.

State
Information

=
Property,
cost, etc

Performance Improvement and Advanced
Development of Safety Detection' Device

DATA CENTER

Detectlon BIM & GIS
Infrastructure

THRSUS ook OWliwke  TewelAm SN GO g fuigamet
Monkrog Deke skt Dotk Contrl b Fone Detcir
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How to Use & Expand it

Existing systems

Features of this R&D

M&C Technical Management I Operation (CTC) l
M&C ‘ Technical Management I‘ Operation (CTC) I :
saf";\:imzrt?;i"ont_ [ Real-time Safety Management and Control I
A A A 'y [}
I ST ‘ I Maintainer I Emergency = - ! ! ! : !
ki L} code Station [ Interface Device (Integrated data collection) ]
[ MUX] [ RTU ][ TIMS ]( LDTS ] % e * i
I [ MUX ][ RTU ][ TIMS ][ LDTS ] E
o ——
. . . 1 :
m Machine Power Slgnal Train m [ Machine ][ Power ][ Signal ] J&;ﬁﬁ;{‘oﬁq |
« SENSING : X « SENSING : O (Limited)
« COMM : OPTICAL « COMM : Wired/wireless, Middleware
« Analysis, Prediction & Control : CONTROL « Analysis, Prediction & Control : Big data Analysis(Machine Leaming)
e [oT/Cloud : X e [oT/Cloud : loT
Further app'ications (~2030) Further appllcatlons (2030“’)
- m “ Technical Management l| Operation (CTC) " Real-time Safety M&C ll——
M&C | [ Technical Management I | Operation (CTC) Il.__ B.I_;j:';j;;ﬂ E ",, = m [ i_\}
Safety Information I TEChnicallgfooﬁ;t:gg: :‘m(;’
Real-time Safety Management and Control l CPS, Cloud tation | [ Interface Device (Integrated data collection) ]——
e t t f f
Fully Wireless Control System (‘.’) ]
\7- n | [ Interface Device (Integrated data collection) ]— ! ! 1| . !
! E } ! m [Mac.hine] [ Pm:ver ] [ Siglnal ] [J,l:,,::m?fzgsn]
m [Machine] [ Power ] [ Signal ] [{::‘;'ms’:‘:;“';l] l 1| l | ' l
[ Nano ] { Bio Drone ]
« SENSING : Intelligent, Non-powered « SENSING : Nano, Robot, Drone

« COMM : Wired/wireless, Middleware
e Analysis, Prediction & Control
e [oT/Cloud : loT, Cloud

: Deep Learning

¢« COMM : Wireless, Middleware (Tiny-DDS)
e Analysis, Prediction & Control : Fully unattended monitoring control, Al
» loT/Cloud : loT, FoG
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Thank You for your attention!!
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