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Research on Railway Safety Common Data Model and DDS Topic
for Real-time Railway Safety Data Transmission

Yunjung Park®, Sang Ahm Kim**

Abstract

In this paper, we propose the design of railway safety common data model to provide common
transformation method for collecting data from railway facility fields to Real-time railway safety
monitoring and control system. This common data model is divided into five abstract sub-models
according to the characteristics of data such as ‘StateInfoMessage’, ‘ControlMessage’,
‘RequestMessage’, ‘ResponseMessage’ and ‘ExtendedXXXMessage'. This kind of model structure
allows diverse heterogeneous data acquisitions and its common conversion method to DDS (Data
Distribution Service) format to share data to the sub-systems of Real-time railway safety monitoring
and control system. This paper contains the design of common data model and its DDS Topic
expression for DDS communication, and presents two kinds of data transformation case studied for

verification of the model design.
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Fig. 1. The Structure of Real-time Railway Safety

Monitoring and Control System
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[I. Requirements for Railway Safety
Data Model
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Fig. 2. DDS-based Communication Structure
for Railway Safety Monitoring and Control System
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—— Railway Safety Common Data Model —
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V. Design of DDS Topic
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Fig. 4. Mapping Railway Safety Common Data Model to
DDS Topic Definition
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2.1 Including Multiple Message Types
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Fig. 5. Data Transformation Process #1 — Including
Multiple Message Types
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2.2 Including Multi-level Data Structure
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Fig. 6. Data Transformation Process #2 — Including
Multi-level Data Structure
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Sequence Message
S5TX Data Length No. Type Data CRC ETX
1 byte 1 byte 1 byte 1 byte nbyte | 2byte | 1 byte

= \[essagel'vpe Type of message
0x10 : Initial polling
- 0x20: Polling
- 0x30 : Control

= Data : Target data for transfer
[Data example : if “Message Type’is “‘Update’]
- Data[0]{1] : First device Element ID (2 byte)
- Data[2] : First device status information (1 byte)

- 0x11 : Full update

- 0x21 : Update
- 0x31:ACK

- Data[n-2][n-1] : Last device Element ID (2 byte)
- Data[n] : Last device status information (1 byte)}

Fig. 8. Message Frame Structure and Core Elements of
KRS SG 0062 Specification

2. Mapping to Common Data Model
A5 HlolEE b @ AEsl] Q13X 35 HlolH
2dy} ZF KRS SG 00629 ‘Message Type' 9] Zelz}o] ujjso]
%&3}3} [Fig. 9]+ ‘Message Type'dl| W3t tlo]g wa=z,
819 2= a}vte] ‘Message Type' A o] W= o] 9}

KRS SG 0062
| | 1
Initial . Train
Polling Polling | Control Nutber | Update | ACK |

1 1

Fig. 9. Data Model of ‘Message Type’ of KRS SG 0062
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2 o)9} )<= DDS Topic, 183 2} Topicol w3 ==
KRS #+9 ‘Message Type'ol th3t vjgolt}. KRS %F9
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ook uwEbd RE A dlo]EE  ‘StatelnfoNormal
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f
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<<topic>>
Statelnfo

<<common data model>> Hrgent 0_1
Message

StatelnfoMessage Q—|: <<topic>> StatelnfoData
Statelnfo 1
Normal
Message

[ | I
StartingEntering Shunting
Signal Signalindicator

TrackCircuit |

SwitchPoint

RouteState

Blocksignal

Fig. 10. Mapping Related ‘Message Type’ model of KRS
SG 0062 to ‘StateinfoMessage’ model

[Fig. 111 Alo] dlo]E]o] tig ‘ControlMessage’ 29 2

o]9} t]$-%%= DDS Topic, 183 7} Topicol w13 == KRS
%79 ‘Message Type'oll thgh w*go|t}. ‘Message Type' e
o= A Ao} vlole] Axsl ojE@A o] wjF HEAS
vehilas olek

<<topic>>

ControlMessage K ControlMessage [<— Data

Control

ControlState

’I

[ I I I |
OperatingMode SwitchMachine RouteControl ShuntingRoute SinglelineBlock
Switching Control Command Control Control

Fig. 11. Mapping Related ‘Message Type’ model of KRS

SG 0062 ‘ControlMessage’ model

[Fig. 12] 3 [Fig. 13]2 #lo] dlelEol the Request
Message’” 22 2 ReponseMessage’ E@l3} o]¢} )&=
DDS Topic, 28]a 7z} Topicol w3 T+ KRS ZEF9
‘Message Type'ol tlgh vl T35 viepdch

<<common data model>> <<topic>>

Request
Message

T
T T T ]

Initial pollin Master Train
Polling 6 Clock Number
of KRS

Request

1
Message [<>—] RequestData

Fig. 12. Mapping Related ‘Message Type’ model
SG 0062 ‘RequestMessage’ model

<<common data model>> <<topic>>

Response
Data

1

Response H Response 1
Message Message

ACK NAK

Fig. 13. Mapping Related ‘Message Type’ model of KRS

SG 0062 ‘ResponseMessage’ model

3. An Example of Data Transformation

Z} DDS Topic# "= KRS SG 00629] ‘Message Type’
< 4734 A E dxjo] wet AA DDS HolH dE5S %
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3t] ‘RequestMessageType'ol ¥ HAA] 5 3 7|7k
g3 Agshs & 4 A=F 58 [Table 112 [Fig. 1418
AA dolE] A4S 98 IDL FAoz wast olrk

<
o o RequestMessageType
P A
<atopic>> R (List of Message Typesfor
’ ‘RequestMessage’ Topic)

1)
RequestMessage [O—] Data (union) K

B Initial
S Polling

Doy ™.
0@%3,\
%

Master
Clock

[KRS Message Type)

Fig. 14. Data Transformation Example of
‘RequestMessage’ Topic for Conventional Railway Signal

Table 1. DDS IDL for ‘RequestMessage’ Topic

// Message Type lists for RequestMessage Topic
enum RequestMessageType { INITIAL_POLLING,
POLLING, MASTER_CLOCK, ... };

// RequestMessage Topic Definition

struct RequestMessage {
String id;
RequestMessageType msg_type; // MessageType
RequestData data; // Actual Data

}; #pragma keylist RequestMessage id

union RequestData switch (RequestMessageType) {
case INITIAL_POLLING: InitialPolling i_polling;
case POLLING: PollingRequest polling;
case MASTER_CLOCK: MasterClock clock;

};

struct InitialPolling { // Data Definition of ‘InitialPolling’
String start_elementlD;
String end_elementID;
long total_element;

e

struct PollingRequest { // Data Definition of ‘Polling’
boolean no_data;

1

struct MasterClock { // Data Definition of ‘MasterClock’
String clock_msg;
1

4. Transformation Verification Experiments
d71E wlele] el 5 DDS TopicS #-8-3te] AA|= wlolE
AEo] AgstA o]l FoAAEAE ERlst] et AES 7
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1T N 3@
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Machine2 (M2)

Fig. 15. Experiment Design of Data Transmission of
Conventional Railway Singal Data
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VI. Case Study #2 - Transformation
of Train Data (KTX-II)
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