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ABSTRACT

The real-time railway safety monitoring and control system is for prevention of safety accidents, and this system
adopts DDS (Data Distribution Service) standard based data transmission method to support integrated management of
data from existing on-site safety detection devices. In this paper, we introduce the design of DDS-based data
specification from on-site signal equipment on the conventional railway. For this, we (1) design UML data model of
KRS SG 0062 standard which defines existing data specification, (2) define DDS Topics for DDS transmission and
map KRS model to DDS Topic model, (3) suggest data transformation rules and (4) design network control QoS
polices. In addition, we analysis actual on-site log data and validate our data specification design. DDS-based data
transmission enabl es data compatibility among on-site devices and the real-time railway safety monitoring and control
system, and allows efficient network management for alarge amount of data transfer.
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Fig. 1 Data Transmission Structure for Real-time Railway
Safety Monitoring and Control System
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Fig. 2 Conventional Railway Signal Transmission Structure
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STX | DataLength | Stauence | Message | oo | cpe | ETX
No. Type

1 byte 1 byte 1 byte 1 byte nbyte | 2byte | 1byte

Message Type : Type of message/ Data - Target data for transfer

Data Length : Length of target data / S No.: M ission S

STX : Start of message frame / ETX : End of message frame / CRC : Error detecting code

[An example of ‘Data’ field : if “Message Type’is “Update’]
-Data[0][1] : First device Element ID (2 byte)
-Data[2] : First device status information (1 byte)

-Data[n-2][n-1] : Last device Element ID (2 byte)
“Dataln] : Last device status i ion (1 byte)

Fig. 3 Message Frame Structure of KRS SG 0062
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Table. 1 State Information Table of Switch Machine

Bit Name Description

0 NP 1:Normad position, 0:Other position
1 RP 1:Reverse position, 0:Other position
2 LK 1:Locked, O :Released

3 PF 1:Fault States, 0:Normal State

4 MN 1:Moving to normal, 0:Other position
5 MR 1:Moving to reverse, 0:Other position
6 - CU(Current Unused)

7 - CU(Current Unused)
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Table. 2 DDS Topic Definition and Matched Types

Topic Matched KRS Message Type
ControlMessage Control
Statelnfo
UrgentMessage Update and other response messages
Statelnfo that contains machine state information
NormaMessage
RequestM essage Other request messages (Palling...)
ResponseM essage Other response messages (ACK...)
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Topice] +ZEU
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Blocksignal

Fig. 5 DDS Topic Model of ‘Update’ Message Type
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Table. 3 IDL Expression of Switch Point State Info

IDL Expression

struct SwitchPoint {
boolean NP; // 1:Normal position, 0:Other position
boolean RP; // 1:Reverse position, 0:Other position
boolean LK; // 1:Locked, 0:Released
boolean PF; // 1:Fault States, 0:Normal State
boolean MN; // 1:Moving to normal

boolean MR; // 1:Moving to reverse

h
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Deadline, Latency Budget, Transport Priority Management

Resource

Time Based Filter, Resource Limits
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Entity Factory, User Data, Topic Data,
Group Data, Liveliness

Configuration
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Lifecycle

Writer Data Lifecycle, Reader Data Lifecycle Management

Fig. 6 DDS Qos Definition
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HEHESLEE=EA

24X|7F 572 AdofA] Z 897ke] o] glo]g ko]
Fsdon, 1 % Qs ol g AS
3] ol FAlo] WA A d S Alesto] 10%te] 7<)
tloJEl & tiF o8 HA 0 A8 7Hs o] E HES 2
&}

STX Data Length Data Length
N\
[2014/12/09 00:00:02] [CHO6 TX]  62)(08|5a|20|(3b 78|[03
[2014/12/09 @0:00:02] [CH1® TX] 62 |@e|5a|20/|3b 78[e3
[2014/12/09 @0:00:02] [CH11 TX] 62 |00|7c|31/|88 a3l[e3
[2014/12/09 @0:00:02] [CHO6 RX] 62 |09|5a|21 60 38 06 00 61 01 00 12 08 [df Ba|63
[2014/12/09 60:00:02] [CH10 RX] 62 |09)5a|21 @@ 38 00 60 61 01 00 12 68 |df 8a03
Sequence Num CRC(high, low)
Message Type

Fig. 7 Sample Log Data from OOO Station
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Machine 1 o ! oNomm ! Data Machine 2
(M1) Writer T Topic | Reader (m2)
| e [

Data i Urgent | Data
Writer _’, Topic 1 Reader

Hardware Specification(M1, M2)
CPU: x86_64

RAM : 4GB

Interface: RTPS over Ethernet
Software: DDS Middleware(C Languge)

Fig. 8 Experiment Environment for Data Transmission
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Table. 4 An Example of Analysis of ‘Update’ Message
and Mapping to DDS code of a Switch Machine
(ElementID : 07)

Analysisof aSwitch Machine Update
(1) Description of Target Machine

ElementID 07

Machine Type Switch Machine
Update Message Count 50

Update Period Irregular

(2) Part of Messages (Summary)

[2014/12/09 00:56:02] [CHO8 TX] ... 0007 01 ...
[2014/12/09 01:17:31] [CHO8 TX] ... 0007 05 ...
[2014/12/09 01:49:07] [CHO8 TX] ... 0007 01 ...
[2014/12/09 02:13:05] [CHO8 TX] ... 0007 05 ...
[2014/12/09 02:15:32] [CHO8 TX] ... 0007 01 ...
[2014/12/09 02:15:37] [CHO8 TX] ... 0007 05 ...

(3) Analysis of Messages

000701 1D 07, Normal position, Released
0007 05 1D 07, Normal position, Locked
000701 1D 07, Normal position, Released
0007 05 1D 07, Normal position, Locked
000701 1D 07, Normal position, Released
0007 05 1D 07, Normal position, Locked

(4) Mappingto DDS code
[in case of ‘00 07 05']

switchPoint.NP = 1; // 1:Normal position
switchPoint.RP = O; // 0:Other position
switchPoint.LK = 1; // 1:Locked
switchPoint.PF = O; // 0:Normal state
switchPoint. MN = O; // O: Other state
switchPoint. MR = 0; // O: Other state
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