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Research Background (Recent Accidents)

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

 Vice engineer driver : ‘I thought that I supposed to change 
the track at Deokyang Station.’

 Controller : ‘I sent a radio to change the track at Yulchon Station’
* During up-line drive because of track maintenance of down-line 

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

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

2 May 2014 15:32 /Train Collision at Sangwangsimni Station
(388 Injured (serious injury : 38 people))

 Incorrect signal by fault of interlock device (stop drive)

Requirement of Monitoring and Control
about Risk of Real-time Situation

Support of 
automated decision making
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Needs from analysis of current status and problems

 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.

 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.

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

(2) Problems of existing railway safety management

(3) Problems of existing “operation 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.



Settlement of As-Is & To-Be
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Real-time monitoring

Safety driven
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transmission

Accident risk prediction

Real-time 

control

Real-time 
accident 
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control

Risk-based 
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based risk 
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Environment Central control Possible

8

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
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Research Target

 Large railway accident : “Zero”ization
 20% reduction in deaths per 100 million km compared to last year (‘10(42)~‘19(34))

 3% reduction in train accidents per 100 million km compared to last year (‘10(10.9)~‘19(8.4))

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

Railway Safety Goals of Korean Government

 Development of ICT-based Railway Safety M&C Platform for Smart Railway Safety Management
 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
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Organization of R&D project
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Schedule of R&D

Advanced Detection Device

Testbed Installation & Verification

Decision Support System

Research GroupResearch Group

[1세부]

Monitoring and Control System

[1세부]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

#
1

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

#
2

Advanced Development of Safety Detection Device
 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

#
3

#
4

1st Year 2nd Year 3rd Year 4th Year 5th Year

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

Total Period : Aug 2014~Sep 2019
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Scope of Research Development

Deliver Real-time Safety Data

• Alert of predicted 
accident risk

• Evaluation of 
railway risk

• Alert of predicted 
accident risk

• Evaluation of 
railway risk

• Support decision making for railway safety 
by providing risk prediction information

• Big data analysis
• Big data-based 
prediction of railway 
accident risk

• Big data analysis
• Big data-based 
prediction of railway 
accident risk

• Data collection from devices
• Protocol&Data conversion
• DDS Data transmission

Interface Device

• Effective safety information 
sharing system

• Safety index-based real-time 
accident risk monitoring

• GIS-based console for safety monitoring

Real-time Railway Safety M&C Platform
• Collect real-time 
integrated railway 
safety data from 
devices

• Responding to 
immediate risks and 
providing integrated 
safety data to users Provide info. of 

decision support

Provide Real-time
Safety Data

• Performance improvement and advanced 
development of railway safety detection device

• Provide railway safety data from device

* [Sub-project #4] install and verification of 
achievements of other sub-projects on testbed

[Sub-proejct#1] Real-time Railway Safety Monitoring and Control System
[Sub-proejct#2] Real-time Integrated 

Railway Safety Decision Support System

[Sub-proejct#3] Advanced Development of Safety Detection Device

Real-time Risk Monitoring System

Big Data Integration Platform

TAI TACS TSMD OID RSCP DD
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Example Scenarios for safety monitorinng and control

Risk-based 
accident 

prediction

Big data-based 
risk prediction

Engineer
Driver

Signal controller

Passenger

Real-time safety 
index 

monitoring

Train fire status

Occurrence of 
vehicle fires

Vehicle fire alarm 
occurrence

Vehicle fire alarm 
notice

Vehicle operation 
delay notice

Accident prediction 
alarm occurrence

Worker

Accident occurrence 
prediction notice

InformationRail detection vehicle

Rail 
deterioration

Risk prediction alarm 
occurrence

Rail risk prediction 
notice

Accident risk 
prediction

Relevant agency

Safety controller

Maintenance 
manager

Train operation route information

Train

Route DB

Train position information

Accident history information
Accident history DB

Risk information 

Vehicle operation 
delay notice

Vehicle operation 
delay notice

Real-time railway 
safety control platform

Risk source DB



Distributed hazardous data is integrated in real-time

Signal Devices

SCADA Control

CTC Control

Facilities Control

Controller
Power Devices

Safety Devices

Interface Device

Risk/Accident 
Prediction 
Server

Risk/Accident
Prediction Info.

Safety M&C 
Web Server

Work Schedule, Train Access Info. 

Safety Info., Emergency 
response procedure

Field Info.

DDS Protocol

Signal Information

Existing Facilities and Safety 
Detection Information

Safety Monitoring and Control Console

Safety Notification

Display 
Information

Safety M&C 
Integrated Server

Worker

Supervisor / 
Related organization

Safety Info.

Private 
Railway 

Network

Train Status Information

Power Information

Track and Other 
Information

LTE Private 
Network

LTE Commercial 
Network

Real-time Integrated Railway Safety Monitoring and Control System

Monitoring and control system to enhance safety for train operation

Engineer
Driver

SMS



Detail of Real-time 
Integrated Railway Safety 
Monitoring & Control 
System

II
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Research Goal and Scope
1st Year

Basic Design
1st Year

Basic Design
2nd Year

Detailed Design
2nd Year

Detailed Design
3rd Year

Implementation
3rd Year

Implementation
4th Year

Testbed Installation

5th Year
Testbed Verification 
and  Supplement

5th Year
Testbed Verification 
and  Supplement

Integrated 
Data Collection

Integrated 
Data Collection

Display 
Safety Information

Display 
Safety Information

Instance Accident Risk 
Detection

Instance Accident Risk 
Detection
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Major Achievements
Real-time Integrated Railway Safety Monitoring and Control System

Advanced Detecting 
Devices

(from Sub-project #3)

Advanced Detecting 
Devices

(from Sub-project #3)

Signal
Facilities

Train

Power
Facilities

Safety
Facilities

D
ata from

 Existing 
Safety D

etecting D
evice

D
ata from

 Existing 
Safety D

etecting D
evice

Safety Detection
Interface Device
Safety Detection
Interface Device

Field

Real-time Railway Safety Monitoring and Control PlatformReal-time Railway Safety Monitoring and Control Platform

DDS DataDDS Data

Integrated Server Integrated Console

DB Server
Accident 

Prevention & 
Control System

Accident 
Reappearance

Accident
Cause Analysis Info.

Collected Accident 
related Data 

(non-real-time)

Collect 
Railway Field 

Data

Store
Data

Info. of Safety Index

Field
Data

SMS

Notify 
Emergency Recreating

Accident Situation

Data based Analysis of 
Accident Cause

Display
Data

tb _c e almlo g
almlo g_ d ttm: TIMESTAM P NOT NUL L

almlo g_ d v: CHAR (1 ) N OT NU LL
almlo g_ d tld v: INTEGER NOT NUL L
almlo g_ lev el : CHAR (1 ) N OT NU LL
almlo g_ ch kflg: CHAR(1) NOT NULL
stn_ cd : CHAR(6 ) NU LL
trn _n o: CHAR(5) NULL
alm_ ms g: VARCHAR(25 5) NOT NULL

tb _c e ac clo g
op e r_d ttm : TIM ESTAMP N OT NU LL
op e r_id: VARCHAR(10 ) N OT NU LL

ac clo g_ d v: CH AR (1 ) NOT N ULL
ac clo g_ d tld v: CH AR (1) NOT N ULL
ac clo g_ ms g : VARCHAR(25 5) NOT NUL L

tb _ ca elm
elm_ cd : INTEGER NOT NUL L

sq no : INTEGER NOT NUL L
stn_ cd : CHAR(6 ) NO T NU LL
elm_ nm : VARCHAR(2 0) NOT N ULL
elm_ ty p e: IN TEG ER  NO T NUL L
pre _s tat: INTEGER NUL L

cu r_ sta t: IN TEG ER N ULL
us e_ fl g : CHAR(1 ) NU LL

tb _v strna tc
o rg _id: INTEG ER  NO T NUL L (FK)
d e v_ cd : INTEGER NOT NULL  (FK)
s ta t_id : INTEGER N OT N ULL  (FK)
trn_ no : CHAR(5 ) NO T NU LL  (FK)

s pe e d : INTEGER N ULL
c pu _h b : INTEGER NULL
w_ ve r: CHAR(2 ) NUL L
tcttow_ va l : CHAR(2 ) NUL L
a tc_ stat: CH AR (3 6) NUL L
re se rve d : VARCHAR(1 6) NUL L

tb_ vs mtb lk 1

o rg _ id : INTEGER NOT NUL L (FK)
d ev _c d : INTEGER N OT NU LL  (FK)
sta t_ id: INTEGER  NOT NUL L (FK)
trn _n o : CHAR(5) NOT NUL L (FK)

ln_ vtg: IN TEG ER  NU LL
sp a re1 : INTEGER NUL L
cv t_a mp : INTEGER NUL L
ch o p_ a mp : INTEGER NULL
cv t_o utd c_ am p: IN TEG ER N ULL
ivt_o utu _a mp : INTEGER NUL L
ivt_o utv _a mp : INTEGER NUL L
ivt_o utw_ am p: INTEGER  NU LL
cv t_o utd c_ vtg : IN TEGER N ULL
mt_c ura mp : INTEGER NUL L
mt_s p ee d : INTEGER NULL
sp a re2 : INTEGER NUL L
p rp n brk _c md : INTEGER NUL L
tru _p rp nb rk_ va l : INTEGER NULL
whe l rdu : CHAR(2 ) NUL L
sp a re3 : CHAR(1 ) NU LL
res e rve d : VARCHAR(4) NUL L

tb_ vs mtb lk 2
o rg _ id : INTEGER NOT NUL L (FK)
d ev _c d : INTEGER N OT NU LL  (FK)
sta t_ id: INTEGER  NOT NUL L (FK)
trn _n o : CHAR(5) NOT NUL L (FK)

cp u _h b: INTEGER  NU LL
sw_ ve r1: CHAR(2) NUL L
tra c e_ cn t: CHAR(1) NUL L
mb _ stat: CHAR(2 8) NUL L
sw_ ve r2: CHAR(2) NUL L
res e rve d : VARCHAR(26 ) N ULL

tb _ vs trn brk
org _ id : INTEGER NOT NULL  (FK)
de v _c d: INTEG ER  NO T NUL L (FK)
sta t_ id : INTEGER NOT NUL L (FK)
trn _n o: CHAR(5) NOT NUL L (FK)

trk _a a xle: CHAR(2) NUL L
trk _b a xle: CHAR(2) NUL L
cp u_ hb : INTEGER NUL L
ms c_ pwm : CHAR(2) NUL L
bl_ pwm : CHAR(2) NUL L
bc _p re ss : CHAR(2 ) NUL L
be trk_ aa xle : CHAR(2 ) NUL L
ai rb rk_ va l: CHAR(2) NUL L
be trk_ ba xle : CHAR(2 ) NUL L
ai rb rk_ cmd : CH AR (2 ) N ULL
sw_ ve r1: CH AR(2) NULL
tra ce _ cn t: CHAR(1) NUL L
brk _s ta t: CHAR(1 6) NUL L
sw_ ve r2: CH AR(2) NULL
res e rv e d: VARCHAR(22 ) NU LL

tb _v sb b cu

o rg _id: IN TEG ER NO T NU LL  (FK)
d e v_ cd : INTEGER NOT NUL L (FK)
s ta t_id : INTEGER NOT N ULL  (FK)
trn_ no : CHAR (5 ) N OT NU LL  (FK)

b b cu _s pe e d : INTEGER N ULL
c p u_ hb : INTEGER NULL
m sc _p wm: CH AR(2) NULL
b l_p wm: CH AR(2) NULL
a l lb rk_ cm d: CHAR(2) NUL L
e l tb rk_ req c md : CHAR(2 ) NUL L
e l tb rk_ va l : CHAR(2 ) NUL L
a i rbrk _c md : CHAR(2 ) NUL L
s w_v er1 : CHAR(2 ) NUL L
tra ce _c nt: CHAR(1 ) NU LL
b b cu _s ta t: CHAR(8 ) NUL L
s w_v er2 : CHAR(2 ) NUL L
re se rve d : VARCHAR(3 0) NUL L

tb_ vs su b blk

o rg _ id : INTEGER NOT NUL L (FK)
d ev _c d : INTEGER N OT NU LL  (FK)
sta t_ id: INTEGER  NOT NUL L (FK)
trn _n o : CHAR(5) NOT NUL L (FK)

ln_ vtg: CHAR(2) NUL L
cv t1_ in am p : CHAR(2) NUL L
cv t2_ in am p : CHAR(2) NUL L
cv t_o utvtg : CHAR(2 ) NUL L
cv t_g rp_ o utam p : CHAR(2) NUL L
cp u _h b: CHAR(2) NUL L
sw_ ve r1: CHAR(2) NUL L
tra c e_ cn t: CHAR(1) NUL L
a b_ sta t: CHAR(12 ) NU LL
sw_ ve r2: CHAR(2) NUL L
res e rve d : VARCHAR(34 ) N ULL

tb _v sc vc f
o rg _id : IN TEG ER N OT NU LL  (FK)
d e v_ cd : INTEGER NOT NUL L (FK)
s ta t_id : INTEGER NOT N ULL  (FK)
trn_ no : CHAR (5 ) N OT NU LL  (FK)

i vt_ in vtg : CHAR(2 ) NUL L
ivt_ in a mp : CHAR(2) NUL L
ivt_ ou tvtg: CHAR(2) NUL L
ivt_ ou tam p: CHAR(2) NULL
ivt_ ou tfrq : CHAR(2 ) NUL L
d c _lnk vtg : CHAR(2) NUL L
c p u_ hb : CHAR(2 ) NUL L
s w_v e r1 : CHAR(2 ) NU LL
tra ce _c nt: CHAR(1 ) NU LL
c vc f_s ta t: CHAR(10 ) N ULL
s w_v e r2 : CHAR(2 ) NU LL
re se rv ed : VARCHAR(3 4) NUL L

tb_ vs p tc u1

o rg _ id : INTEGER NOT NUL L (FK)
d ev _c d : INTEGER N OT NU LL  (FK)
sta t_ id: INTEGER  NOT NUL L (FK)
trn _n o : CHAR(5) NOT NUL L (FK)

se n d_ d ata _c nt: INTEGER NUL L
p tc u_ d t: CH AR (6 ) NULL
p tc u_ tm : CHAR(6 ) NUL L
sp a re: IN TEG ER  NU LL
a tc _s p ee d : CHAR(1 ) NUL L
p tc u1 _s ta t: CHAR(2 ) NUL L
ca t_typ e : CHAR(2 ) NU LL
loc _p t: CHAR(2) NUL L
res e rve d : VARCHAR(36 ) N ULL

tb _v sp tcu 2
o rg _id : INTEGER NOT N ULL  (FK)
d e v_ cd : INTEGER NOT NUL L (FK)
s tat_id : INTEGER NOT NULL  (FK)
trn_ no : CH AR(5) NOT N ULL  (FK)

s e nd _d a ta_ cn t: CHAR(2) NUL L
p tcu 2_ sta t: CHAR(2) NUL L

a p p li _re v : IN TEG ER N ULL
n sd b _re v : IN TEG ER N ULL
re s erv ed : VARCH AR (4 8) NUL L

tb _v sh va c1
o rg _id: INTEG ER  NO T NUL L (FK)

d e v_ cd : INTEGER NOT NULL  (FK)
s ta t_id : INTEGER N OT N ULL  (FK)
trn_ no : CHAR(5 ) NO T NU LL  (FK)

s dr_ d ef: CHAR(2 ) NU LL
in_ tpt: CHAR(2 ) NU LL
o ut_ tp t: CHAR(2) NUL L
s pa re : CHAR(1 ) NUL L
s et_ tp t: CHAR(2) NUL L
h va c1 _s tat: CHAR(4 8) NUL L
re se rve d : VARCHAR(6 ) NU LL

tb _v sh va c 2

o rg _id : INTEGER NOT N ULL  (FK)
d e v_ cd : INTEGER NOT NUL L (FK)
s tat_id : INTEGER NOT NULL  (FK)
trn_ no : CH AR(5) NOT N ULL  (FK)

s d r_d e f: CH AR (2 ) NULL
in _tpt: CH AR (2 ) N ULL
o u t_ tp t: CHAR(2 ) NU LL
a i rsp l_tpt: CHAR (2 ) N ULL
s e t_ tp t: CHAR(2 ) NU LL
h va c 2_ sta t: CH AR(48 ) NUL L
re s erv ed : CHAR (6 ) N ULL

tb _v sp a1

o rg_ id: INTEGER  NOT NUL L (FK)
d e v_ cd : INTEGER NOT NULL  (FK)
s ta t_id : IN TEGER N OT NU LL  (FK)
trn_ no : CHAR(5 ) NO T NUL L (FK)

s dr_ de f: CHAR(2 ) NUL L
trn_ su bn o : CHAR(2) NUL L
d st_ cd : CHAR(2 ) NUL L
p a 1trn_ no : CHAR(1 2) NUL L
p a 1_ stat: CH AR (1 6) NUL L
re se rve d : VARCHAR(3 0) NULL

tb_ vs p a2
o rg_ id : INTEGER NOT NUL L (FK)
d ev _c d : INTEGER NOT N ULL  (FK)
sta t_ id: INTEGER  NO T NUL L (FK)
trn _n o : CHAR(5 ) NOT NUL L (FK)

sd r_ de f: CHAR(2) NUL L
trn _s u bn o: CHAR(2) NUL L
d st_c d : CHAR(2) NUL L
p a2 trn _n o : CHAR(1 2) NULL
p a2 _s tat: CHAR(4 8) NUL L

re se rve d : VARCHAR(14 ) N ULL

tb _a a stn

s tn_ cd : CHAR(6 ) NO T NUL L

s tn_ id x: INTEGER  NOT NUL L
s tn_ nm : VARCHAR(10 ) N OT NU LL
m a in ln _id x: INTEGER NUL L
s ub ln_ idx : IN TEG ER N ULL
e lm_ cn t: INTEGER  NU LL
u se _ fl g : CHAR(1 ) NUL L
s tn_ km : FLOAT NUL L

tb _ cms ch p trn mn g

da y _d v: CHAR(1) NOT NULL
sc h_ id : CHAR (5 ) N OT N ULL

sc h_ nm : VARCHAR(25 5 ) NOT NUL L
reg _ id : VARCHAR(1 0) NOT NULL
reg _ dttm: DATE NOT NUL L
md f_ id: VAR CHAR(10 ) NU LL
md f_ d ttm: DATE NU LL

tb _c mstn sc hp trn

d a y_ dv : CHAR(1 ) NOT NUL L (FK)
trn_ no : CHAR(5 ) NOT NUL L (FK)
s ch _id: CHAR(5) NOT NUL L (FK)
o rdr: SM ALL IN T NOT NUL L

s tn _c d: CHAR(6) NOT NUL L
u nd _d v : CHAR(1) NOT NUL L
a rv_ tm : CHAR(6 ) NUL L
d p t_ tm : CHAR(6 ) NUL L
s to p _tm: CH AR(6) NULL
a rv_ rt: VAR CH AR(20 ) NUL L
d p t_ rt: VAR CH AR(20 ) NUL L
re g_ id: VAR CHAR(10 ) NOT NUL L
re g_ d ttm: DATE NOT NUL L
md f_id : VARCHAR(1 0) NULL
md f_d ttm : DATE NULL

tb _ cm ymd mn g
ym d: DATE NO T NUL L

da y _d v: CHAR(1) NUL L
reg _ id : VARCHAR(1 0) NOT NULL
reg _ dttm: DATE NOT NUL L

md f_ id: VAR CHAR(10 ) NU LL
md f_ d ttm: DATE NU LL

tb _c mstn sc hm st

d a y_ dv : CHAR(1 ) NO T NUL L (FK)
s ch _id : CHAR(5) NOT NUL L (FK)
o rd r: SMALL INT NO T NU LL

s tn _c d : CHAR(6) NOT NUL L
u nd _d v : CHAR(1 ) NOT NUL L
a rv_ tm : CHAR(6 ) NUL L
d p t_ tm : CHAR(6 ) NUL L
s to p _tm: CHAR(6) NULL
a rv_ rt: VAR CHAR(20 ) NU LL
d p t_ rt: VAR CHAR(20 ) NU LL
re g _id: VARCHAR(10 ) NO T NUL L
re g _d ttm: DATE NO T NU LL
m df_id : VARCHAR(1 0) NUL L
m df_d ttm : DATE NUL L

tb_ cm stns ch p ln
run _d t: DATE N OT N ULL  (FK)
d ay _d v : CHAR(1) NOT NUL L (FK)
sc h_ id: CH AR(5) NOT N ULL  (FK)
trn _n o : CHAR(5) NOT NUL L (FK)
o rd r: SM ALL INT NOT NUL L

stn _c d: CH AR(6) NOT N ULL
un d _d v: CHAR(1) NOT NULL
a rv _tm: CHAR(6) NUL L
d pt_tm: CHAR(6) NUL L
sto p_ tm: CHAR(6 ) NU LL
a rv _rt: VARCHAR(2 0) NUL L
d pt_rt: VARCHAR(2 0) NUL L
sp s _flg : CHAR (1 ) N OT NU LL
reg _ id : VARCHAR (1 0) NOT NUL L
reg _ dttm: DATE NOT NUL L
md f_id: VARCHAR(10 ) NU LL
md f_d ttm: DATE N ULL

tb _ cms tns ch ac hv
run _d t: DATE NO T NU LL  (FK)
da y _d v: CHAR(1) NOT NULL  (FK)
sc h_ id : CHAR (5 ) N OT NU LL  (FK)
trn _n o: CHAR(5) NOT NULL  (FK)
ord r: SMAL LINT NOT NULL  (FK)

stn_ cd : CHAR (6 ) N OT NU LL
org _id : INTEGER NUL L
un d_ d v: CH AR (1 ) N OT N ULL
run _s ta t: CHAR(1) NOT NUL L
arv _tm: CH AR(6) NULL
dp t_tm: CH AR(6) NULL
sto p_ tm : CHAR(6 ) NUL L
dla y_ tm : CHAR(6 ) NUL L
arv _rt: VARCHAR(2 0) NULL
dp t_rt: VARCHAR(2 0) NULL
sp s_ flg : CHAR(1 ) NO T NUL L
dla y_ fl g : CHAR(1 ) NOT NUL L
trn _c nt: SMAL LINT NOT NULL
tu rn_ trn _n o: CHAR(5) NUL L
reg _id : VARCHAR(1 0) NOT NULL
reg _d ttm : DATE NOT NULL
md f_ id: VAR CHAR(10 ) NUL L
md f_ d ttm: DATE NUL L

tb _c ms ch p trn

da y_ d v: CH AR(1) NOT N ULL  (FK)
sc h_ id : CHAR(5 ) NO T NUL L (FK)
trn _n o: CHAR(5) NOT NULL  (FK)

un d_ dv : CHAR(1 ) N OT NU LL
ru n_ d v: CH AR (2 ) N OT N ULL
org _tm: CHAR(6) NOT NULL
tm n_ tm : CHAR(6) NOT NUL L
trn _c nt: SMAL LINT NOT NULL
tu rn_ trn _n o: CHAR(5) NULL
re g _id : VARCHAR(1 0) NOT N ULL
re g _d ttm : DATE NOT NULL
md f_ id : VARCH AR (10 ) NUL L
md f_ dttm: D ATE NUL L

tb_ cm sc hm st

d ay _d v : CHAR(1) NOT NUL L
sc h_ id: CHAR(5) NOT NULL

un d _d v: CHAR(1) NOT NULL
run _d v : CHAR(2) NOT NUL L
o rg _ stn_ cd : CHAR (6 ) N OT N ULL
tmn_ stn _c d: CHAR(6) NOT NULL
o rg _ tm : CHAR(6 ) NOT NUL L
tmn_ tm: CHAR(6 ) NO T NUL L
trn _g rd : CHAR(2 ) NUL L
trn _c nt: SM ALL INT NOT NUL L
turn_ trn _n o : CHAR(5 ) NUL L
reg _ id : VARCHAR (1 0) NOT NUL L
reg _ dttm: D ATE NOT NUL L
md f_id : VARCHAR(10 ) N ULL
md f_d ttm : DATE N ULL

tb_ cm sc hp ln
run _d t: DATE NOT N ULL  (FK)
d ay _d v : CHAR(1) NOT NUL L
sc h_ id: CHAR(5) NOT NULL
trn _n o : CHAR(5) NOT NUL L

o rg _ id : CHAR (2 ) N ULL
un d _d v: CHAR(1) NOT NULL
run _s ta t: CHAR(1 ) NOT NUL L
run _d v : CHAR(2) NOT NUL L
o rg _ stn_ cd : CHAR (6 ) N OT N ULL
tmn_ stn _c d: CHAR(6) NOT NULL
o rg _ tm : CHAR(6 ) NOT NUL L
tmn_ tm: CHAR(6 ) NO T NUL L
trn _g rd : CHAR(2 ) NUL L
trn _c nt: SM ALL INT NOT NUL L
turn_ trn _n o : CHAR(5 ) NUL L
reg _ id : VARCHAR (1 0) NOT NUL L
reg _ dttm: D ATE NOT NUL L
md f_id : VARCHAR(10 ) N ULL
md f_d ttm : DATE N ULL

tb _c ea lmlo g_ _a c k
a lmlog _ dttm: D ATETIME NOT NUL L

a lmlog _ dv : CHAR(1 ) NO T NUL L
a lmlog _ dtl dv : INTEGER NOT NULL
a lmlog _ le v el : CHAR(1 ) NO T NUL L
a lmlog _ ch kflg : CH AR(1) NOT N ULL
s tn _ cd : CHAR(6 ) NUL L
trn_ no : CHAR (5 ) N ULL
a lm_ msg : VAR CH AR(25 5) NOT N ULL
c hk _fl g: CHAR(1) NOT NULL

tb _c e ac clo g_ a ck
o p e r_ d ttm: DATETIM E NOT NUL L
o p e r_ id: VAR CHAR(10 ) NOT NUL L

a c clo g_ dv : CHAR(1 ) NO T NU LL
a c clo g_ dtl dv : CHAR(1 ) NO T NU LL
a c clo g_ ms g: VARCHAR(25 5) NOT NULL
c hk _fl g: CHAR(1) NOT NULL

tb _c e ev tlo g _a ck
ev tl o g_ d ttm: DATETIM E NOT NUL L

ev tl o g_ d v: CH AR(1) NOT N ULL
ev tl o g_ d tl d v: INTEGER NOT NUL L
stn_ cd : CHAR(6 ) NU LL
sy s_ cd : CHAR(3 ) NOT NUL L
sy s_ dtlnm: VARCHAR(20 ) NO T NU LL
ev t_ ms g : VARCHAR(25 5) NOT NUL L
ch k_ fl g : CHAR(1) NOT NUL L

tb _a b sy s

s ys _c d : CHAR(3) NOT NUL L

s ys _n m: VAR CHAR(20 ) NOT NUL L
s ys _k nd : CHAR (1 5) NOT NUL L
c ns l_k nd : CHAR(1 5) NULL
s q no : SMAL LINT NUL L
m em _u se : CHAR (1 ) N OT NU LL

tb _ ab mn g
mn g_ id : VARCH AR (1 0 ) NOT NUL L

sy s_ cd : CHAR(3 ) NU LL  (FK)
mn g_ nm : VARCHAR(2 0) NOT N ULL
pwd : VARCHAR (1 0) NOT NUL L
mn g_ cl : CHAR(1 ) NU LL
ex pr_ dttm: TIMESTAM P NOT NUL L

tb _ ce ev tlo g in o ut

mn g_ id : VARCH AR (1 0 ) NOT NUL L
sy s_ cd : CHAR(3 ) NO T NUL L
lo g in _d ttm : TIMESTAMP NOT NULL

lo g ou t_d ttm : TIM ESTAMP N ULL

tb _ ab s ys te ms tat
sy s_ cd : CHAR(3 ) NO T NU LL  (FK)

sy s_ nm : VARCHAR(20 ) NOT N ULL
ms _s ta t: CHAR(1) NOT NUL L
sy s_ sta t: CH AR(1) NOT NULL
co m1 _s ta t: CHAR(1 ) NO T NUL L
co m2 _s ta t: CHAR(1 ) NO T NUL L

tb_ a bd iary
d ia ry_ cd : CHAR (8 ) N OT NU LL
sy s_ cd : CH AR (3 ) NOT N ULL  (FK)
mn g _id: VARCHAR(10 ) NO T NUL L (FK)
hs t_n o: SMALL IN T NO T NUL L

hr: CHAR(4) NOT NULL
sp e c: VARCHAR(25 5) NOT NULL
rem a rk : VARCHAR(2 55 ) NO T NU LL

tb _ zzh lp mn g
nd _id : INTEGER NOT NULL
nd _c o ns _o rdr: INTEGER  NOT NUL L

nd _n m: VAR CHAR(30 ) NOT NUL L
prn t_ nd _ id : INTEGER NUL L
fle _n m: VARCHAR (2 0) NUL L
reg _id : VARCHAR(1 0) NUL L
reg _d ttm : DATETIME NULL
md f_ id: VAR CHAR(10 ) NUL L
md f_ d ttm: DATETIME NUL L

tb _v a trn eq u ip info

trn _n o: CHAR(5) NOT NULL  (FK)
org _id : INTEGER NOT N ULL
de v_ cd : INTEGER NOT NUL L
stat_ id : INTEGER NOT NULL

tb _ zzc ol c dd e fn
tb l_n m: VARCHAR (2 0) NOT NUL L
co l_n m: VARCHAR(2 0) NOT NULL

co l_d es c: VARCHAR(25 5) NOT NUL L
reg _id : VARCHAR(2 0) NOT NULL
reg _d ttm : DATETIME NOT NULL
md f_ id: VAR CHAR(20 ) NUL L
md f_ d ttm: DATETIME NUL L

tb _z zco l cd d tl
tb l_ nm : VARCHAR(2 0) NOT NULL  (FK)
c o l_ nm : VARCHAR(20 ) N OT N ULL  (FK)
c d : VARCHAR(20 ) N OT NU LL

c d _d e sc : VARCHAR(25 5) NOT NUL L
c d _s qn o : IN TEGER N OT NU LL
c d _d v: CHAR(1) NULL
u se _ fl g : CHAR(1) NOT NUL L
re g _id : VARCHAR(20 ) N OT NU LL
re g _d ttm : DATETIM E NO T NU LL
m df_ id : VARCHAR(2 0) NUL L
m df_ dttm: DATETIME NUL L

tb _s a sp i
s p i_ id x: INTEG ER  NO T NUL L

s p i_ nm : VARCHAR(30 ) N ULL
s p i_ tg t: INTEGER NULL
s p i_ almle v: INTEGER  NUL L
c ur_ sta t: INTEGER NUL L
p re _s ta t: INTEGER NULL

tb_ sb s pm i
sp m i_ id x: INTEGER  NO T NUL L

sp m i_ nm : VARCHAR(20 ) N ULL
sp m i_ ty p e: INTEGER  NUL L
sp m i_ prv ctl _idx : INTEGER NULL
sp m i_ si ze : INTEGER NUL L
cu r_s tat: INTEGER NUL L
p re_ sta t: INTEGER  NUL L

tb_ e brtu

rtu _id x: INTEGER NOT NUL L

rtu _n m: VAR CH AR(20 ) NUL L

tb _e b rtu ob s vp t

rtu_ id x: INTEG ER  NO T NUL L
p t_idx : INTEGER NOT N ULL

s ub _id x: INTEGER NUL L
p t_n m: VARCHAR(2 0) NUL L
u ni t_typ e : CHAR(1) NUL L
u ni t_idx : INTEGER NULL
c ur_ stat: INTEGER NUL L
p re _s ta t: IN TEGER N ULL

tb _fa sd d
s dd _ id x: INTEGER  NOT NUL L
s tn _c d : CHAR(6) NOT NUL L (FK)

s dd _ nm : VARCHAR(20 ) N ULL

tb _m bfa co b sv pt
p t_id x: INTEGER NOT NULL
s d d_ idx : IN TEG ER N OT NU LL  (FK)
s tn_ cd : CHAR(6 ) NOT NUL L (FK)

s ub _ id x: INTEGER  NUL L

o b sv p t_ nm : VARCHAR(20 ) N ULL
u ni t_typ e : CHAR(1 ) NUL L
u ni t_id x: INTEGER NUL L
c ur_ sta t: INTEGER  NUL L
p re _s ta t: INTEGER NULL

tb_ mb p sd o bs vp t

p t_ idx : INTEGER N OT NU LL
s dd _id x: INTEGER NOT NUL L (FK)
s tn _c d: CHAR(6) NOT NULL  (FK)

s ub _id x: INTEGER NUL L
o bs vp t_n m: VAR CH AR(20 ) NUL L
u ni t_ ty p e: CHAR(1) NUL L
u ni t_ id x : IN TEG ER N ULL
c ur_s tat: INTEGER NUL L
p re_ sta t: INTEGER  NU LL

tb _m bfi reo b sv pt

p t_id x: INTEGER NOT NULL
s d d_ idx : IN TEG ER N OT NU LL  (FK)
s tn_ cd : CHAR(6 ) NOT NUL L (FK)

s ub _ id x: INTEGER  NUL L
o b sv p t_ nm : VARCHAR(20 ) N ULL
u ni t_typ e : CHAR(1 ) NUL L
u ni t_id x: INTEGER NUL L
c ur_ sta t: INTEGER  NUL L
p re _s ta t: INTEGER NULL

tb_ mb p ts o bs vp t
p t_ id x : IN TEG ER N OT NU LL
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CHAR(6) NOT NULL  (FK)

su b _id x: INTEGER NUL L
o bs vp t_n m: VARCH AR(20 ) NUL L
un i t_ ty p e: CHAR(1) NUL L
un i t_ id x: IN TEG ER  NU LL
cu r_s tat: INTEGER NUL L
p re_ sta t: INTEGER  NUL L

tb_ fb tud o bs vp t
p t_ id x: INTEGER  NO T NUL L
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CH AR(6) NOT N ULL  (FK)

su b _idx : INTEGER NULL
o bs vp t_n m: VARCHAR (2 0) NUL L
un i t_ ty p e: CH AR(1) NULL
un i t_ id x: INTEGER  NUL L

cu r_s ta t: INTEGER NULL
p re _ sta t: INTEGER NUL L

tb_ fb trna p ro o b sv pt
p t_ id x: INTEGER  NO T NUL L
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CH AR(6) NOT N ULL  (FK)

su b _idx : INTEGER NULL
o bs vp t_n m: VARCHAR (2 0) NUL L
un i t_ ty p e: CH AR(1) NULL

un i t_ id x: INTEGER  NUL L
cu r_s ta t: INTEGER NULL
p re _ sta t: INTEGER NUL L

tb_ fb o sd o b sv pt

p t_ id x: INTEGER  NO T NUL L
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CH AR(6) NOT N ULL  (FK)

su b _idx : INTEGER NULL
o bs vp t_n m: VARCHAR (2 0) NUL L
un i t_ ty p e: CH AR(1) NULL
un i t_ id x: INTEGER  NUL L
cu r_s ta t: INTEGER NULL
p re _ sta t: INTEGER NUL L

tb _fb drd o b sv pt

p t_id x: INTEGER NOT NUL L
s d d_ idx : INTEGER N OT NU LL  (FK)
s tn_ cd : CHAR(6 ) NO T NUL L (FK)

s ub _ id x: INTEGER  NU LL
o b sv p t_ nm : VARCHAR(2 0) NULL
u ni t_typ e : CHAR(1 ) NU LL
u ni t_id x: INTEGER NUL L
c ur_ sta t: INTEGER  NU LL
p re _s ta t: INTEGER NULL

tb_ fb rtdo b sv p t

p t_ id x: IN TEG ER  NO T NUL L
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CHAR(6) NOT NULL  (FK)

su b _id x: INTEGER NULL
o bs vp t_n m: VARCH AR (2 0) NUL L
un i t_ ty p e: CHAR(1) NULL
un i t_ id x: INTEGER  NU LL
cu r_s ta t: INTEGER NULL
p re _ sta t: INTEGER NUL L

tb _fb wca tdo b sv pt

p t_id x: INTEGER NOT NUL L
s d d_ idx : INTEGER N OT NU LL  (FK)
s tn_ cd : CHAR(6 ) NO T NUL L (FK)

s ub _ id x: INTEGER  NU LL
o b sv p t_ nm : VARCHAR(2 0) NULL
u ni t_typ e : CHAR(1 ) NU LL
u ni t_id x: INTEGER NUL L
c ur_ sta t: INTEGER  NU LL
p re _s ta t: INTEGER NULL

tb _fb wtd o b sv pt
p t_id x: INTEGER NOT NUL L
s d d_ idx : INTEGER N OT NU LL  (FK)
s tn_ cd : CHAR(6 ) NO T NUL L (FK)

s ub _ id x: INTEGER  NU LL
o b sv p t_ nm : VARCHAR(2 0) NULL
u ni t_typ e : CHAR(1 ) NU LL
u ni t_id x: INTEGER NUL L
c ur_ sta t: INTEGER  NU LL
p re _s ta t: INTEGER NULL

tb _fb eq d o bs vp t
p t_id x: INTEGER NOT NULL
s d d_ id x: IN TEG ER NO T NU LL  (FK)
s tn _ cd : CHAR(6 ) NOT NUL L (FK)

s ub _ id x: INTEGER NUL L
o b sv p t_ nm : VARCHAR(20 ) N ULL
u ni t_typ e : CHAR(1 ) NUL L
u ni t_id x: INTEGER NULL
c ur_ sta t: INTEGER NUL L
p re _s ta t: INTEGER NULL

tb_ fb rc do b sv pt

p t_ id x: INTEGER  NO T NUL L
sd d _id x: INTEGER NOT NUL L (FK)
stn _c d: CH AR(6) NOT N ULL  (FK)

su b _idx : INTEGER NULL
o bs vp t_n m: VARCHAR (2 0) NUL L
un i t_ ty p e: CH AR(1) NULL
un i t_ id x: INTEGER  NUL L
cu r_s ta t: INTEGER NULL
p re _ sta t: INTEGER NUL L

tb_ se s pi l og

s pi_id x: INTEGER NOT NUL L
re g_ d ttm: TIMESTAM P NOT NUL L

c ur_s tat: INTEGER NUL L

tb _a b work mn g
wo rk_ id x: IN TEG ER  NO T NUL L
wo rk_ nm : VARCHAR(40 ) NOT N ULL
ln_ cd : INTEGER NOT NUL L

wo rk_ stkm : INTEGER NULL
wo rk_ en d km : INTEGER N ULL
wo rk_ stp ln : TIMESTAMP NUL L
wo rk_ en d pln : TIM ESTAMP NULL
wo rk_ sta t: CHAR(1) NULL
re g _d ttm: TIM ESTAM P N ULL

tb_ a bwo rkm ng lo g
wo rk _id x: INTEGER NOT NUL L
mn g_ id: VAR CHAR(20 ) NO T NUL L
wo rk _re g _d ttm : TIM ESTAMP NOT N ULL

wo rk _s tat: CHAR(1 ) NU LL

tb _a b sp mip rv ctl lo g _a ck
p rvc tl _ id x: INTEGER NOT NUL L
re g _d ttm: TIM ESTAM P N OT NU LL

p rvc tl _ dv : CHAR(1 ) NOT NUL L
p rvc tl _ dtl dv : INTEGER NUL L
p rvc tl _ le ve l : CHAR(1 ) NO T NUL L
a lm_id x: INTEGER NUL L
s ms _idx : INTEGER NULL
e q uip _idx : INTEGER NULL
s ub _id x: INTEGER NUL L
p t_idx : INTEGER NULL
ims g_ idx : INTEGER N ULL

c hk _fl g: CH AR(1) NOT N ULL

tb _v bre a ltmtrninfo
o rg_ id: INTEGER  NOT NUL L
trn_ no : CHAR(5 ) NO T NUL L (FK)

ln_ cd : INTEGER NUL L
d i r: CHAR(1) NUL L
c urs tn _c d: CHAR(6) NUL L
c urtrk_ cd : INTEGER NULL
c ur_ sp ee d : INTEGER NUL L
c urtrn_ stat: INTEGER NUL L
p retrn_ sta t: IN TEG ER N ULL

tb _ cat rk

trk _c d : IN TEG ER N OT NU LL  (FK)stn_ cd : CHAR(6) NULL
trk _n m: VARCHAR2 (20 ) NUL L
trk _kn d:  INT EGER NULL
rt_ trg _k nd : CHAR(1) NULL
lu p_ sg _c d:  INTEGER NUL L
lu p_ cd : INTEGER NULL
sca da _u i d:  CHAR(4 ) NUL L
me m_ use : CHAR(1 ) NULL
sq no : INT EGER NULL
reg _d ttm:  DAT ET IM E NOT  NUL L

tb_ ca trk re l stn

o rdr:  INTEGER NOT  NUL L

trk_ cd : INTEGER NOT NUL L (FK)l n_ cd : CHAR(2) NULL
re l_ stn_ cd:  CHAR(6) NULL
re g_ dt tm : DATETIME NOT  NULL

tb_ cat rkre ls g

o rd r: INTEGER NOT NUL L

trk_ cd : INTEGER NOT NULL  (FK)p nn _f lg :  CHAR(1 ) NUL L
rel _ sg_ cd : INTEGER NULL
reg _d t tm : DAT ETIME NOT  NUL L

tb _ cat rkrel b er

ord r: INT EGER NOT NULL

trk _c d : IN TEG ER N OT NU LL  (FK)un d_ dv_ cd : CHAR(1) NULL
rel _b er_ stn_ cd:  CHAR(6) NULL
rel _b er_ cd:  INT EGER NULL
reg _d ttm:  DAT ET IM E NOT  NUL L

tb_ ca trkre lp n
o rd r: INTEGER NOT  NUL L

trk_ cd : INTEGER NOT NULL  (FK)rel _ pn _cd :  INTEGER NUL L
reg _d t tm : DAT ETIME NOT  NUL L

tb _c ab er

be r_c d : INTEGER NOT N ULL  (FK)stn_ cd:  CHAR(6) NULL
be r_n m:  VARCHAR2 (20 ) NUL L
be r_kn d:  INT EGER NULL
lo c_ be r_ i dx:  INT EGER NULL

sca da _u id :  CHAR(4 ) NUL L
me m_u se : CHAR(1) NULL
sqn o:  INT EGER NULL
reg _d ttm:  DATET IM E NOT NULL

tb _c ab errel b er

ordr:  INT EGER NOT NULL

be r_c d : INTEGER N OT N ULL  (FK)pn n_ fl g:  CHAR(1) NULL
re l _b er_k nd : CHAR(1 ) NULL
re l _b er_c d:  INT EGER NULL
re g_ dt tm:  DATET IM E NOT NULL

tb_ ca be rre lt rk
o rd r: INTEGER NOT NUL L

b er_ cd : INTEGER NOT NUL L (FK)u nd _d v_cd :  CHAR(1 ) NUL L
rel _ trk_ cd : INTEGER NULL
reg _d t tm : DAT ETIME NOT  NUL L

tb _ cas g

sg _ cd : INTEGER NOT N ULL  (FK)stn_ cd : CHAR(6) NULL
sg _n m: VARCHAR2 (20 ) NUL L
sg _kn d:  INT EGER NULL
un d_ dv_ cd : CHAR(1) NULL
frt_t rk_ stn_ cd:  CHAR(6) NULL
frt_t rk_ cd : INT EGER NULL
rel _trk_ stn_ cd:  CHAR(6) NULL
rel _trk_ cd:  INT EGER NULL
ct l_ l n_ fl g:  CHAR(2) NUL L
me m_ use : CHAR(1 ) NULL
sq no : INT EGER NULL
reg _d ttm:  DAT ET IM E NOT  NUL L

tb_ ca sgre lrt

o rdr:  INTEGER NOT  NUL L

s g_ cd : INTEGER NOT NUL L (FK)re l_ rt_ cd : INT EGER NULL
re g_ dt tm : DATETIME NOT  NULL

tb _ca pn

p n _c d: INTEGER  NOT NUL L (FK)s tn _c d:  CHAR(6 ) NUL L
p n_ nm : VARCHAR2 (2 0) NULL
p n_ po s:  CHAR(1 ) NUL L
p n_ kn d:  CHAR(1 ) NUL L
m em _u se:  CHAR(1) NULL
s qn o:  INT EGER NUL L
re g_ dt tm: DATETIME NOT NULL

tb_ cap nre lt rk
ord r: INTEGER NOT NULL

p n_ cd : INTEGER NOT NULL  (FK)pn _d v:  CHAR(1 ) NUL L
rel _trk_ cd : INT EGER NULL
reg _d t tm : DAT ET IME NOT  NUL L

tb_ ca rt

rt_c d: INTEG ER  NO T NUL L (FK)stn _cd :  CHAR(6 ) NUL L
rt_n m:  VARCHAR2 (20 ) NUL L
rt_kn d:  INT EGER NULL
u nd _d v_c d:  CHAR(1 ) NUL L
sg _frt_trk_c d:  INT EGER NUL L
sg _re r_t rk_ cd:  INT EGER NULL
ct l _s g_ cd:  INT EGER NULL
rtst_b er_c d:  INT EGER NULL
rten d_ be r_cd :  INTEGER NUL L
rt in _b er_ cd : INT EGER NULL
rten d_ trk_ cd : INTEGER NUL L
rt fre e_ trk_ cd : INTEGER NUL L
m n_ trk_ fl g : INTEGER NULL
a pp _tm:  INT EGER NUL L
t tb _f l g:  CHAR(1) NUL L
m em_ us e:  CHAR(1 ) NUL L
sq no :  INTEGER NUL L
re g_ dt tm : DAT ETIME NOT  NUL L

tb_ ca rtre ls g
o rdr:  INTEGER NOT  NUL L

rt_c d: IN TEG ER NO T NU LL  (FK)re l_ sg _stn_ cd : CHAR(6 ) NULL
re l_ sg _cd : INTEGER NUL L
re g_ dt tm : DATETIME NOT  NULL

tb_ cart rel be r
ord r: INTEGER NOT NULL

rt_ cd : INTEGER NOT NUL L (FK)rel _b er_ cd : INT EGER NULL
reg _d ttm:  DAT ET IME NOT  NUL L

tb _ cart rel co nd

ord r: INT EGER NOT NULL

rt_ cd : INTEGER NOT NUL L (FK)rel _b e_ el m_ cd : INTEGER NULL
rel _b e_ el m_ stat :  INTEGER NUL L
rel _i f_e lm _cd :  INTEGER NUL L
rel _i f_e lm _sta t:  INT EGER NUL L
reg _d ttm:  DAT ET IM E NOT  NUL L

tb_ ca rti t lks g

o rdr:  INTEGER NOT  NUL L

rt_c d: IN TEG ER NO T NU LL  (FK)i t lk_ sg _s tn _c d:  CHAR(6 ) NUL L
i t lk_ sg _c d:  INTEGER NUL L
re g_ dt tm : DATETIME NOT  NULL

tb _ca rti t lk pn
ordr:  INT EGER NOT  NULL

rt_ cd : INTEGER NOT NULL  (FK)it lk _p n_ cd : INT EGER NULL
pn _p os:  CHAR(1) NULL
ovl _f l g:  CHAR(1 ) NUL L
re g_ dt tm:  DATET IM E NOT NULL

tb _c art it l kt rk
ord r:  INT EGER NOT NULL

rt_ cd : INTEGER NOT NULL  (FK)it l k_k nd : CHAR(1) NULL
it l k_trk_ stn_ cd:  CHAR(6) NULL
it l k_trk_ cd:  INT EGER NULL
dsp _f l g:  CHAR(1) NUL L
reg _d ttm:  DATET IM E NOT NULL

tb _c e ev tlo g
ev tl o g _d ttm: TIM ESTAM P N OT NU LL

ev tl o g _d v: CHAR(1) NOT NULL
ev tl o g _d tl d v: INTEGER  NOT NUL L
stn_ cd : CHAR(6 ) NU LL
sy s_ cd : CHAR(3 ) NO T NUL L
sy s_ dtlnm : VARCHAR(20 ) N OT NU LL
ev t_ ms g : VARCHAR(25 5) NOT NUL L

tb _s cs p miprv ctl
p rvc tl_ id x: INTEG ER  NO T NUL L

p rvc tl_ de v fl g : INTEGER NULL
p rvc tl_ de v tg t: INTEGER NULL
a lm_ de v flg : IN TEGER N ULL
a lm_ id x: INTEGER NUL L
s ms _d e vflg : INTEGER NUL L
s ms _id x: INTEGER NUL L
ims g _d e vflg : INTEGER NUL L
ims g _idx : INTEGER NULL

tb _s e sp miprv ctl lo g

p rvc tl_ id x: INTEG ER  NO T NUL L
re g _d ttm : TIM ESTAMP N OT N ULL

p rvc tl_ dv : CHAR(1 ) NO T NU LL
p rvc tl_ dtl dv : INTEGER NUL L
p rvc tl_ le v el : CHAR(1 ) NO T NU LL
a lm_ id x: INTEGER NUL L
s ms _id x: INTEGER NUL L
e q uip _id x: INTEGER NULL
s ub _ id x: INTEGER NUL L
p t_id x: INTEGER NUL L
ims g _idx : INTEGER NULL

tb _m as d d

s d d_ id x: IN TEG ER NO T NU LL
s tn _ cd : CHAR(6 ) NOT NUL L (FK)

s d d_ nm : VARCHAR(2 0) NULL

tb _ aa trninfo

trn _n o: CHAR(5) NOT NUL L

trn _k nd : VARCHAR2 (10 ) N ULL
trn _c nt: INTEGER NOT NULL
trn _k g: FL OAT NOT NULL
trn _m m: FLO AT NOT NUL L

tb_ me a lm lo g

a lm lo g _d ttm : TIM ESTAMP NOT N ULL

a lm lo g _d v: CHAR(1) NOT NULL
a lm lo g _d tld v: IN TEG ER  NO T NUL L
a lm lo g _le ve l: CHAR(1) NOT NULL
a lm lo g _c hk flg : CHAR(1 ) NOT NUL L
stn _c d: CH AR(6) NULL
trn _n o : CHAR(5) NUL L
a lm _ms g : VARCHAR(2 55 ) NOT NUL L

tb _me a lm log __ a ck

a lm lo g _d ttm : DATETIME NOT N ULL

a lm lo g _d v : CHAR(1) NOT NUL L
a lm lo g _d tld v : INTEGER NOT N ULL
a lm lo g _le ve l : CHAR(1 ) NOT NUL L
a lm lo g _c hk flg : CHAR(1 ) NO T NU LL
s tn _c d: CHAR(6) NUL L
trn_ no : CHAR(5 ) NUL L
a lm _m sg : VARCHAR(2 55 ) NO T NU LL
c hk _flg : CH AR (1 ) N OT N ULL

tb _fe almlo g
a lmlo g_ dttm: TIMESTAMP NOT NUL L

a lmlo g_ dv : CHAR(1 ) NO T NU LL
a lmlo g_ dtl dv : INTEGER NOT NUL L
a lmlo g_ le v el : CHAR(1 ) NO T NU LL
a lmlo g_ ch kfl g: CHAR(1) NOT NULL
s tn_ cd : CHAR(6 ) NUL L
trn_ no : CH AR (5 ) NULL

a lm_ ms g: VAR CHAR(25 5) NOT NULL

tb _ fe a lm lo g __ ac k
almlo g_ d ttm: DATETIM E NOT NUL L

almlo g_ d v: CH AR (1 ) NOT N ULL
almlo g_ d tld v: INTEGER NOT NUL L
almlo g_ lev e l: CH AR (1) NOT N ULL
almlo g_ ch kflg: CHAR(1) NOT NUL L
stn_ cd : CHAR(6 ) NU LL

trn _n o: CHAR(5) NUL L
alm_ ms g: VARCHAR(25 5) NOT NUL L
ch k_ fl g : CHAR(1) NOT NUL L

tb _v e almlo g

a lmlo g_ dttm: TIMESTAMP NOT NUL L

a lmlo g_ dv : CHAR(1 ) NO T NU LL
a lmlo g_ dtl dv : INTEGER NOT NUL L
a lmlo g_ le v el : CHAR(1 ) NO T NU LL
a lmlo g_ ch kfl g: CHAR(1) NOT NULL
s tn_ cd : CHAR(6 ) NUL L
trn_ no : CH AR (5 ) NULL
a lm_ ms g: VAR CHAR(25 5) NOT NULL

tb _ ve almlo g __ ac k

almlo g_ d ttm: DATETIM E NOT NUL L

almlo g_ d v: CH AR (1 ) NOT N ULL
almlo g_ d tld v: INTEGER NOT NUL L
almlo g_ lev e l: CH AR (1) NOT N ULL
almlo g_ ch kflg: CHAR(1) NOT NUL L
stn_ cd : CHAR(6 ) NU LL
trn _n o: CHAR(5) NUL L
alm_ ms g: VARCHAR(25 5) NOT NUL L
ch k_ fl g : CHAR(1) NOT NUL L

tb _e e almlo g

a lmlog _ dttm: TIMESTAMP NOT NUL L

a lmlog _ dv : CHAR(1 ) NOT NUL L
a lmlog _ dtl dv : INTEGER NOT NULL
a lmlog _ le ve l : CHAR(1 ) NOT NUL L
a lmlog _ ch kflg : CHAR (1 ) N OT NU LL
s tn _c d : CHAR(6) NUL L
trn_ no : CHAR(5 ) NU LL
a lm_m sg : VARCHAR (2 55 ) N OT NU LL

tb _e e a lm lo g __ ac k

a lmlo g_ dttm: D ATETIME NOT NUL L

a lmlo g_ dv : CHAR(1 ) NO T NU LL
a lmlo g_ dtl dv : INTEGER NOT NUL L
a lmlo g_ le v el : CHAR(1 ) NO T NU LL
a lmlo g_ ch kfl g: CHAR(1) NOT NULL
s tn_ cd : CHAR(6 ) NUL L
trn_ no : CH AR (5 ) NULL
a lm_ ms g: VAR CHAR(25 5) NOT NULL
c hk _fl g: CHAR(1) NOT NULL

Store Safe Data into DB

Accident Cause
Analysis System

Safety Index-based
Risk Monitoring 

Connecting to D
ecision Support System

 (sub-
project #2)

Connecting to D
ecision Support System

 (sub-
project #2)

Collected railw
ay field data

Info from
 decision support system

<XML Editing Tool>

· Controller
· Driver
· Worker

Analysis of 
Accident 
Cause

Real-time
Data Delivery

Safety Control Room

D
ata Conversion

Protocol Transform
ation

Safety M&C 
Platform

 Real-time Safety Info.
 Prediction Info of 
Accident Risk
 Emergency response 
procedure
Work Schedule and 
Train Access Info.
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Real-time Railway Safety Monitoring and Control Platform

<Train Monitoring (4 screens)> <Monitoring of Signal and Station (4 screens)> <Monitoring of SCADA (3 screens)>

<Monitoring of Machines and Facilities (4 screens)> <Monitoring of Safety Facilities (9 screens)>

<GIS-based Console Screen Layout>

 Development of GIS-based Integrated M&C Module 
for Safety Facilities
- 3 Monitors for Safety Monitoring : center monitor displays

GIS-based information for effective safety monitoring
- 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)

Left Monitor Central Monitor Right Monitor



Big data-based
Railway Accident 
Risk Prediction System

III
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Research Goal and Scope

안전관제
통합콘솔

사고재현
콘솔

대형표시반 사고재현장치

컬러
프린
터

흑백
프린터

유지보수
콘솔

안전관제
통합서버

안전관제
DB서버

방화
벽

안전관
제

웹서버
라우터

[1세부] 실시간 철도안전관제 시스템[1세부] 실시간 철도안전관제 시스템

실시간 철도안전관제 플랫폼

철도전용망

광통신, 무선통신 , 시리얼, 이더넷

사고원인
분석시스템

[3세부] 안전검지장치 성능개선 및 고도화[3세부] 안전검지장치 성능개선 및 고도화

열차접근확인장치 터널경보장치열차 상태정보
실시간 전송장치

지장물검지장치 선로상태
상시감시장치

끌림검지장치

Real-time Integrated Railway Safety 
Decision Support System

Real-time Integrated Railway Safety 
Decision Support System

Risk Monitoring Server

Analysis Server
Accident Risk 

Prediction 
Algorithm

Accident information
for accident prediction

Collect/Store
Server

Off
line

이더넷 내부 통신망 DDS

월제어장치

GIS서
버

Real-time Risk Monitoring System

Big data Integrated Platform

DDS기반
표준프로토콜

안전검지인터페이스장치

FT-based Prediction
Algorithm

신호설비 전력설비 기계/설비 안전설비

기존 안전검지장치 및 현장 운영데이터기존 안전검지장치 및 현장 운영데이터

철도차량

실시간 안전 정보, 사고 및 위험 예측 정보,
열차 사고 별 비상대응 절차,

작업스케줄 및 열차접근 정보 전달

안전관제
인터페이스장치

(LTE전용)

현장역 기계실

기관사 작업자관제사

연계기관
(국가재난 등)

감독관/유관기관
(국토교통부

안전감독관 등)

LTE전용
망

연계망 LTE망
(LTE-R)…

..
…
..

의사결정지원
콘솔

Data Analysis &
Visualization
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Big Data Integrated Platform

Preemptive Response

Visualization Prediction InformationMultidimensional analysis

Data Delivery

Result of
Prediction
Analysis

Big Data Integration Predictive Analysis
Integrated
Big Data 

Prediction
Info.

Data Delivery

Fault diagnosis

Risk
prediction
model of 

Train

Maintenance
Pattern / cycle

Maintenance
prediction

for prevention
Prediction of train risk

Intelligent Railway Track Abnormal Risk Prediction

Intelligent Train Abnormal Risk Prediction

Extract features

Extract features

Optimize parameters

Optimize parameters

Variable setting

Track
inspection cycle

Track
risk prediction

Risk
prediction
model of 

Track

Track
maintenance plan

Custom SituationSituation Monitoring

Data Collection

Offline Data Real-time
Monitoring Data

Maintenance
History

Accident
Statistics

Additional
External Data

Data refining Data formatting

Offline/Real-time Monitoring Data Store and Integration

Missing value refinement

Outlier data correction Formulation of accident statistics

Track section segmentation

Fault treeFault code Track inspection

Train status informationMaintenance History Accident statistics

Track Abnormal Risk Prediction

Train Abnormal Risk Prediction

Predictive Response Model
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Major Achievements

Real-time railway safety decision-making support system

DDS

Integrated safety control room

상하행 결함 구분 측정 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

건수 - - 50 112 60 - 57 51 - - - - - 9 52 228 200 35 - - - - - - - - 7 - - 1 - 1 - -

면적 - - 548.6 512.4 518.8 - 496.2 505.9 - - - - - 581.1 503.3 504.6 501.1 595.7 - - - - - - - - 585.9 - - 1993 - 1126 - -

건수 - - 1 - - - 4 - - 1 - - - - - - - - - - - - - - - - - - - - - - - -

면적 - - 253 - - - 449 - - 249 - - - - - - - - - - - - - - - - - - - - - - - -

체결구결함 건수 - - 20 4 15 - 9 4 - 7 - - 6 - 7 5 2 2 - - 4 5 3 - 6 - - - - - - - - -

자갈부족개소 건수 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

건수 - - 43 42 119 4 95 29 - - - - - - 74 137 117 16 - - - - - - - - 8 - - - - - - -

면적 - - 475.3 467.8 490.5 486.5 494.9 470.8 - - - - - - 554.1 481.8 497 451.3 - - - - - - - - 647.6 - - - - - - -

건수 - - 2 2 1 - 7 19 2 - - - - - - 1 - - - - - - - - - - - - - - - - - -

면적 - - 498.5 383 337 - 415.3 361.7 432.5 - - - - - - 466 - - - - - - - - - - - - - - - - - -

체결구결함 건수 - 2 17 5 15 - 3 10 - 2 - - 7 1 8 11 4 - - - 17 11 5 - 1 - - - - - - - - -

자갈부족개소 건수 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

하행

상행

레일결함

침목결함

레일결함

침목결함

선로 결함 세부 정보

구간 건수
평균
면적

건수
평균
면적

건수
평균
면적

건수
평균
면적

자갈부족

구간명 건수 건수 건수 건수

2015년 01월

상행 하행
레일결함 침목결함 체결구결 자갈부족 레일결함 침목결함 체결구결

면적단위 (𝑚𝑚ଶ)

24 - - - - - - - -
25 - - - - - - - -
26 50 548.62 1 253 43 475.3 2 498.5
27 112 512.43 - - 42 467.76 2 383
28 60 518.8 - - 119 490.5 1 337
29 - - - - 4 486.5 - -
30 57 496.23 4 449 95 494.86 7 415.29
31 51 505.86 - - 29 470.76 19 361.74
32 - - - - - - 2 432.5
33 - - 1 249 - - - -
34 - - - - - - - -

노포IEC-부산연결 7 - 2 -
부산연결-부산 - - - -

울산-노포IEC 4 - 10 -
노포IEC구내 - - - -

신경주-울산 - - - -
울산구내 9 - 3 -

고모IEC-신경주 4 - 5 -
신경주구내 15 - 15 -

대구남연결-고모IEC - - 2 -
고모IEC구내 20 - 17 -

동대구구내 - - - -

Big data integrated platform

Real-time risk monitoring system



IVIV
Real-Time Risk 

Monitoring System
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Scope and Configuration

24

Integrated 
Data Collection

Integrated 
Data Collection

Display 
Safety Information

Display 
Safety Information

Instance Accident Risk 
Detection

Instance Accident Risk 
Detection

Risk Monitors

DD Server/
Execution Server

Real-Time Risk Monitoring System
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Features
Monitors hazard(s) of railway system that occur during the 

operation
 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
 Helps the operator to perform the preventive action to deal with 

the failures

Fault location and 
Risk display

Risk evaluation 
using FT/ET



V Advantage & Future Plan
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Technical Advantages
Existing operation control(AS-IS)

 Real-time data 
collection

 Integrated analysis of 
information

 Effective information 
sharing system

Real-time Integrated Railway Safety Monitoring & Control System (TO-BE)

 Non-real-time data 
collection

 Fragmentation of 
information

 Limited information 
sharing system

Station

Operation (CTC)Technical Management Operation (CTC)Technical Management

Field Train

Emergency 
code

LDTS

MaintainerMaintainer

RTU

Machine

M&C

TIMSMUX

SignalPower

Station

Field Train Status 
Transmission

M&C

Safety Information 
Notification Real-time Safety Management and Control

Machine

MUX TIMS LDTS

Interface Device (Integrated data collection)

RTU

Technical Management

SignalPower

LTE-R
Operation (CTC)
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How to Use & Expand it

Wonju-Gangneung Line

Detection Device 1.5 million USD Network Equipment 2 million USD

Safety Platform 2.4 million USD

Interface Device 1 million USD Additional Facilities 2 million USD

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

* Platform and additional facilities are already installed

(Sub-project #4, from 2016)

Easy extension to other railway routs
 Only additional detection device, interface device, network equipment is required for extension

 (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

Section 2
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How to Use & Expand it

Government
Safety Regulation / Supervision Owned / Budgeted

Railway operation
Railway operation

Railway operation Facility construction 
/ management

Intelligent Infra Mngmt.
• Safety
• Efficiency

Improvement Normal
Abnormal

LCC Analysis Rules & Standard
Degradation 

ModelDecision 
Making

Condition 
Assessment

Asset Mngmt.

Property, 
cost, etc

State 
Information

Sensors

Maintenance
Detection 
Vehicle

BIM & GIS 
information

Infrastructure
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How to Use & Expand it
Existing systems

• SENSING  :  X
• COMM  :  OPTICAL
• Analysis, Prediction & Control  :  CONTROL
• IoT/Cloud  :  X

• SENSING  :  O  (Limited)
• COMM  : Wired/wireless, Middleware
• Analysis, Prediction & Control  :  Big data Analysis(Machine Learning)
• IoT/Cloud  :  IoT

Features of this R&D 
achievements 

• SENSING  : Intelligent, Non-powered 
• COMM  :  Wired/wireless, Middleware
• Analysis, Prediction & Control  :  Deep Learning
• IoT/Cloud  :  IoT, Cloud

• SENSING  :  Nano, Robot, Drone
• COMM  :  Wireless, Middleware (Tiny-DDS)
• Analysis, Prediction & Control  : Fully unattended monitoring control, AI
• IoT/Cloud  :  IoT, FoG

Further applications (~2030) Further applications (2030~)



Thank You for your attention!!
Dr. Kim, Sangahm
sangahm@krri.re.kr


