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Introduction

RIOM & BRIO are Ethernet-based input/output controller designed to be embedded on-
board rolling stock vehicles.
RIOM & BRIO are fully compliant with the EN50155 standard for railway systems.
This application note describes the implementation of TRDP communications in the TCMS.
Following User Manuals for RIOM are available:

v' User Manual “Hardware specifications” P_DOC_RIOM_001E

v'User Manual “User’s manual STRATON programming” P_DOC_RIOM_006E

Prerequisites

It is necessary that the user have technical knowledge in mechanical, electrical, and
Ethernet networks for railway systems; following standards IEC61375-2-3, IEC61375-2-4
& IEC61375-2-5 are used for the network configuration and communication definition.

Safety instructions

Following symbols are used in this documentation in order to avoid user for potential risks:

A Risk of personal injury or damage to the equipment.

A Risk of an electrical hazard.

Intellectual Propert

Leroy Automation owns the sole industrial and intellectual property of the products.

The company Leroy Automation maintains and regularly improves its hardware and
software products. The information contained in the document herein may be altered,
removed or modified without prior notice, and this does not engage the responsibility of
the company. This application note cannot be released, copied or duplicated in any forms
without the written authorization issued by Leroy Automation.

Contact

>4 Leroy Automation
250 rue Max Planck
31670 Labeége - France

z +33 562 240 550

+33 562 240 555

' E-mail: sales@leroy-autom.com

= Web site: www.leroy-automation.com
technical support:

a +33 562 240 546

e E-mail: support@leroy-autom.com
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1. Introduction

TRDP (Train Real-Time Data Protocol) is a new Ethernet communication protocol dedicated
to TCMS (Train Control and Monitoring System) applications.

TRDP is defined in the IEC61375-2-3 standard: this standard specifies rules for the data
exchange between consists in trains, in order to define a TCN (Train communication
network) communication profile.

The objective of the communication profile is to ensure interoperability between consists of
the trains with respect to the exchange of information.

This communication profile is adhered to the Ethernet Train Backbone (ETB) technology as

defined in IEC 61375-2-5 standard. TRDP is also used in Ethernet Consist Network (ECN)
technology as defined in IEC 61375-3-4 standard.

This application note describes TRDP communications over ETB and ECN networks.
TRDP is now available on all new Leroy Automation Ethernet devices designed for train.

1.1. Hardware Description

RIOM, acting as a VCU (Vehicle Control Unit), BRIO, acting as a remote 10, DDS (Driver
Display Unit), Routers (ETBN: Ethernet Train Backbone Node) and Ethernet Switches () are

units fully compliant with the EN50155 standard, and are designed to be integrated in
embedded railway systems and subsystems.

Figure 1 : Leroy Automation BRIO
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Figure 5 : VDS Ethernet Train Figure 4 : VDS Consist Switch
Backbone Node
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1.2. System architecture

The system architecture is defined according to IEC61375-2-5 and IEC61375-3-4
standards.

The system described in this application note implements the following features:
e ETB line redundancy: redundant Ethernet line between each ETBN.
e 3 consists management: train inauguration process.

e Leader consist management: ECSC (ETB Control Service Client) & ECSP (ETB
Control Service Provider) communication.

e TRDP communication: between RIOM (VCU) & ETBN (ETB Node), RIOM (VCU) &
BRIO (remote I0).

e Process management (Doors) through the RIOM device
e DDS : monitoring of the Door & Speed process

ETBN3 | .

BRIO

o ——

Figure 6 : System architecture with 3 consists

To increase the ECN availability, the architecture can be improved: the architecture below
includes for ECN1 the following features:

e ETB-ECN line redundancy: two Ethernet lines are available between the ETB and
ECN1: ETBN1 & ETBN2 are in redundancy mode.

e ECN Ethernet redundancy: two consist switches (CSW1 & CSW2) are connected
together with a redundant Ethernet line.

e VCU redundancy: two RIOM (VCU) in this consist are in redundancy mode.

N 7 \
f’ ECN1 R e s S v ECN27T \
\ “=4L 1| cswi cswz| C|T - [ A  CSW I
| : ) Ly ' 1B bt I
| PC [ |
I il I
I RIOM RIOM | | Riom .
: —ea _— ._f!l.--l-l | e BRIO I
| DDs ':-':: * = : : == DDS :
1y 1

\ PR

Figure 7 : System architecture with 2 consists, in
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System implementation

2. System implementation

2.1. Network configuration

VDS router & switches are configured with a PC software called “TTCMP Network
Manager”; scripts are used in order to configure and enable the TCN and the TTDP (Train

Topology Discovery Protocol) management.

¥ thernet TCMS ETB.. - TTCMP Network Designer - 8 x
Kmshell i* [ Interfaces| & Device info
Global commands
ITBN-T
" Select many
Select z00m - { ] B -
Link nodes ECN-TC1 ECN-TC2
— Set Clear Reset
Elements
Text note - Device commands
Generic End-. - Selected device: ITBN
7l Aceess Point
@ Camera
M Display
Z Dual-homed
Host
Set Clear Reset
Node commands
Selected node: ITBN-TC1
eonfi interface vlanl wrrp instance-id 1 Y
<o interface vianl vrrp vrid 1
3 co tor nl v ip 18.8.8.1
Speaker P ttdp consis t etb total 2
<o ttdp consist etb position 1 e
VDS Rail Router . set Clear Reset
VDS Rail Switch
@ Cars @ Coupled-Switch B DHCP aption groups [ Provisioning [ Ethernet [l Routing [ Qos B Redundancy (] 1P | VLANS 8 Outiine
D Name Network Netmask -
1 Default 10000 2552551920 - = -
DA\doc_log\Fabriqua_TBN_REDUNDANCY1 ned | Leroy1 Rev.1 °|

o Figure 8 : VDS TTCMP Network manager

User manuals are available on request.

Deployment of the configuration in a router or a switch and all verifications are performed
using VDS virtual machine called “Konfstation”. Once uploaded to a router or switch, the
configuration is automatically deployed to all other routers or switches in the Consist.

X Konfig =l - [

Calact tha 1

Figure 9 : VDS Konfstation virtual machine
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2.2. RIOM programming

The IDE used for programming the RIOM is the Straton software from Copa-Data: its
main features are listed below:

e Processes programming in IEC61131-3 languages
¢ Networks configuration through a Fieldbus editor
e Real time monitoring tools for the projects debugging

The project developed for this application note is divided in several programs each
managing a process:
e Redundancy management with the second RIOM: "REDUND"” program

e TRDP communication: “TRDP” program calling sub-programs located in folder
“TRDP FUNCTIONS”

o within the Local consist :
= With remote IO : PD for the local process control

= With the local ETBN: it is the VDS router (ECSP): standard TRDP PD
and MD messages comID 100 to 131, for the train database, and the
train leading control.

o through the ETB, with the other consists:

= With the RIOM of each other consists, TRDP PD messages, for the
train process control.

e DDS communication management : "UDP_management” program
e Doors management : "DOORS” program

STRATON V10.0 - demo_red_trdp21.wSl - a8 x|
File Edit View Insert Project Tools Window Help
ME 8y X x|l o 8 &) vour MERE OF fulFrad

[Workspace DASTRATON_PROJEC TSITCMS_DEMO\demo_red_trdp21IVCU1 - TRDP | DASTRATON_PROJECTSITCMS_DEMOldemo_red_trdp21VCU1 - TRDP_ECSP_CONTROL WX

2 RIOMI ~fae ~ ~ [¥[Name Type
BTROP o 0 4 1 TRDP_ECSP_CONTROL ~
4 2veun T Fun LOCAL_IP_ADDR . STRING
- - RESTART BOOL
2 2 Direction BOOL
= = Leading BOOL
LOCAL_CONS CONSI
B pStartup 3 ! . opTrDir TROP_
Programs * * Dir ): TRN TRAIN
COMMUNICATION = * = URI_ECSP STRING
= 0 OR LeadingCdButton): L SEND_MD_130 BOOL
)i ETBN_STATUS TROP_
Button) ; ECSP_STATUS TRDP_
leadingReq USINT
claanDan HRINT

< >

« | variablos

T [Nams Typs

nt = 0 OR RESTART)AND SEND_MD_110=F
te, opTrnDir, trnDir, trnNetDir )7

Call tree 'D:\S TRATON_PROJECTSITCMS_DEMO\demo_red_trdp21\VCU1" X
B v v
¢

Watch (for debugging)
& DATE_TIME_VIEW

W sonScopel
& TRAN = Tirs B—>— CYClE WEASURE W
B TRAIN_VIEW_ETH)
& TROP DATE_THE T
B infinl volues
& Fieldbus

“

W——p— DOORS TRAN MGT |m—p—] RS Wi m
§a Giobal defines
(2 Verisbles RS WGT > > SOR WGT B

4 F Types

E. Fit Fields T TS WS T
[T workocs, S+~ MRy ..
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2.2.1. Straton database

Straton allows defining variables, arrays, and structures: all the structures defined in
IEC61375-2-3 are defined in the Straton library "TRDP”, used by the RIOM project:

[Fame < Time Tor intvaioe TUserGr. [7a0 [Desepion
« ¥ TROP_CLTR_CST1RO

Figure 12: Straton TRDP structures definition

2.2.2. Communication with remote I0 within the local consist

TRDP communication programming is available through the Straton fieldbus editor:

sene [DASTRATON_PROJECTS\TCMS_DEMO\demo_red_trdp21\VCUA - Drivers EJS]
£ 4 "B TROP ~ | Hom [Waleur
fix 4 i Telegrams nom RIOK1
“H 4 "B [iel¥] Type Process Data
=1 Com D 1100
H B [ OCAL_COMNSIST VEHICLE[N].DOORS_LEFT.DOOR[0).CLOSED = TRUE Mode Subscribe
e & LOCAL_CONSIST YEHICLE[D] DOORS_LEFT.DOOR[0].LOCKED = TRUE Payload lenght 32
@ Source URI
- & LOCAL_CONSIST YEHICLE[D] DOORS_LEFT.DOOR[0).POSITION =70 Destination URI 10.00.30
B =1 PD Periadicity {us) 50000
o B [ OCAL_COMSIST YEHICLE[D].DOORS_LEFT.DOOR[1].CLOSED = TRUE Fedundancy group identif.. 0
pS & LOCAL_CONSIST YEHICLE[N]. DOORS_LEFT.DOOR[1].LOCKED = TRUE PD Timeout (us) 500000
i =1 FD Timeout Behaviour DEFAULT
4 & LOCAL_CONSIST YEHICLE[0] DOORS_LEFT.DOOR[1].POSITION =70 Quality of Service 5
=]
@ LOCal_COMSIST YEHICLE[0] DOORS_LEFT.DOOR[2].CLOSED = TRUE
& LOCAL_CONSIST YEHICLE[N] DOORS_LEFT.DOOR[2).LOCKED = TRUE
=]

Figure 13: Straton fieldbus editor

2.2.3. Communication with the local ETBN:

A specific sub program “TRDP_ESCP_CONTROL” manages the communication with the
ECSP (ETB Control Service Provider) that is provided by the ETBN:

TFD;_E.“SP_*OMFOL( ‘:"'_'L'_IP_ADDF.E.SS, Restart, DirectionCd, LeadingCd, LOCAL CONSIST, opTrainDir, TRN );
The RIOM act as the ECSC (ETB Control Service Client).
This sub program manages the following MD and PD:

e PD ComliID 100: TTDB_OP_TRAIN_DIRECTORY_STATUS_INFO

e MD ComlID 101: TTDB_OP_TRAIN_DIRECTORY_INFO

e MD ComID 110 & 111: TTDB_READ_COMPLETE_REPLY

e PD comID 120: ECSP control telegram

e PD comlID 121: ECSP status telegram

e MD comID 122: ECSP confirmation/correction telegram

e MD comID 123: ECSP confirmation/correction reply data
The complete TTDB will then be acquired by the RIOM with message ComID 111.

004_APN_002_A.0 Page 9
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The ECSP control telegram allows to change the state of the local consist, from follower
state to Leader state.
2.2.4. Communication with other consists

The RIOM, VCU in Leader consist, will send PD command messages to other VCU in
follower consists, as defined in IEC 61375-2-4:

( )

QO HnN NN (

train backbone
consist network D

function function
device device

function

et follower

consist network D

function
device

function
device

Figure 14 : communication with other consists

A specific sub program “TRDP_TRAIN_PROCESS_MESSAGES” manages all PD messages
over the ETB: those PD messages depend on the local consist state, follower or leader:

Those PD are managed dynamically at each TTDB change detection.
Each VCU in follower consist sends its function states to the VCU in leader consist.
The VCU in leader consist sends the function commands to each VCU in follower consist.

transport (UDP) [ header transport service provider protocol data unit (TSP — PDU) |

TSP-PDU contains 1 TRPPDU

I
process data (TRDP) ‘ header ‘ train realtime data protocol data unit (TRDPDU) u
1
1
I
1
I

function data (FDU)

IEC

Figure 15: Function Data Unit definition

FDUs are automatically managed in the "“TRDP_TRAIN_PROCESS_MESSAGES” sub
program.
In this project, the following functions are managed: External doors, Driving and brake
controls, and Interior lighting equipment. Function Id and Subld are compliant with
UIC556.

\\\\\\\\\\\ ION FOR SENDIN MMANDS TO FOLLOWER NSISTS AAkkkdkkax)
FDU_SEND LEADER[(0].Header.FunctionId := : H External doors
FDU_SEND LEADER [ .Header.FunctionSubId := H External doors

]

]

FDU_SEND LEADER[(0].Header.Channelld :=

FDU_SEND LEADER[(C].Header.InstanceInfo := 1; Left Doors

FDU_SEND LEADER[(].Header.ControlInfo :=
]
]
]
]
]

FDU_ SEND LEADER[0].Header.LifeSign := LifeSign;
FDU_SEND LEADER[(0].Header.Datalength :=
FDU_SEND LEADER [ .DatasSet[0] := ANY NT (TRN.CONSIST[CST_INDEX] .DOORS_ LEFT.CD LOCK);

FDU_SEND LEADER [
FDU_SEND LERDER[

.DatasSet[1]
.Dataset[2]

ANY
ANY

T (TRN.CONSIST[CST_INDEX].DOORS LEFT.CD CLOSE):
NT (TRN.CONSIST [CST_INDEX] .DOORS LEFT.CD OPEN);

Figure 1_6:_Function Data Unit application

U

Page 10 004_APN_002_A.0
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2.3.

DDS programming

System implementation

The PIXY touch screen is programed with PIXY PAD software: it allows to define screens,
configure the communication and to program action on events.

Ethernet communication is only with the VCU within the consist.

£ PIXY Application Designer - SIP20 UDP

Fle Edt View Project Lengusges Disgnosic ScreenEditor FieldBus Target Took Window Help

TE 9 ¢k
e

- 8

Description Type
ket UdpSocket
chet2 UdpSocket

Component Box 8
Ansiogock
oate
DagrossTable
DigtaCiock
~ Application Color Digital Clocks
Lo |

Basic

~ Taansparent Digital Clocks
Basic wowss LCD

~ User defined

Dstancsbar

HortsontalEargraph

Tachometer

VestcalBargragh
Ready

=

- 8 x
B 1P T PR = wn on cwg of
. O VDA Fm € o e HEIE=EE Y P
& X | Ethemet Socket Details - Joined Multi. 8 X | Ethemet Ports 5 x
x| - x| = | X %
Bind Interface Marme Descrption Name Description Port number A
L2 PartRec 12000
Len2 PortSend 13000
amPort 0 2
2L 2 Etvamat Parts
7| Objects on Screen? 5 x
| [ objeat Component ~
BrightnessSoftk... Softkey
CONSIST_STATE  Label
s Label
on Label
csn Label
DayNightSoftie.. Softkey
DIRY Label
DIR2 Label .
< gl >
Configurations 5 x
TARGET SPEED: 0 km/h -
PERMITTED SPEED: 0 km/h
Properties 5 x
Property Value ~
~ Screen
creenNa.. | Screent
L ] ] s N WE NN B N HE NN B oy
screencol... [l 10,0, 0] (255) pei

screenCol... I 13,17, 341 (259) .
~ Application ..
wamingC... I [223,233,01@55) ,
||« - >
Gric Spacing: 10 X: ¥ Widthe_Height (3

Event/Action editor:

Figure 17 : PIXY PAD software
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Figure

18: Pixy PAD event/action

editor

£ Event/Action Editor s
File
Show Event/Action Collection: | All el Manage...
Search: X
- Events Action Groups Enabled

1 g% | startup © |timer

2 g% | UDP_message received © | VCU informatien

3 &% | UDP_message_send ©  lifeword

4 ﬁ lifeword < | lifeword reset

5 d% | actual speed © | VCU information

6 g% | consist © | VCU information

7 §3 | Ethemet counter variable change © | Nbfield!

8 ﬁ Ethernet socket ready > Set property [currentConfigurationindex] of La...

9 §% | Ethemet Socket Bind Error © | Set property [currentConfigurationindex] of La...

10 g% | Ethemet Socket Error © | Set property [currentConfigurationindex] of La...

11 §®3 | Touch Area Released [send_leader] © | Send Leader Request Ethernet Message

12 ﬁ Touch Area Released [send_follower] € | Send Follower Request Ethernet Message

13 &% | direction1 © | VCU information

14 g% | direction? © | VCU information

15 g% direction © | VCU informatien

16 E‘;@ consist < VCUinformation

17 &% | consist © | VCU information

12 &% | consist © | VCU information

Delete @ ¥ Chase
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2.4. System test

At startup, after inauguration step, all consists are enumerated and in the Follower state.

2.4.1. Consist 1 Leader state case

VCU in consist 1 sends a Leader request to the local ETBN in order to change the local
consist state from Follower to Leader.

Result: Consist 1 becomes Leader and consist 2 & 3 remain as Followers: all the train
programmed functions are driven by the VCU in Consist 1: Doors commands, Traction
commands, Light commands.

VCU in consist 1 sends a Follower request to the local ETBN: Consist 1 returns to the
Follower state.

2.4.2. Consist 3 Leader state case

VCU in consist 3 sends a Leader request to the local ETBN in order to change the local
consist state from Follower to Leader.

Result: Consist 2 becomes Leader and consist 1 & 2 remain as Followers: all the train
programmed functions are driven by the VCU in Consist 3: Doors commands, Traction
commands, Light commands.

VCU in consist 3 sends a Follower request to the local ETBN: Consist 3 returns to the
Follower state.

2.4.3. Straton Monitoring, Debugging & list view

Straton in “"Online” mode allows to animate any edition view with real values defined in the
Straton project:

Straton graphic views allow to define process animated views:

H&EWE OF §al AIRUN  sscm BgERE N A D
s ne [DASTRATON_PROJEC TS\ TCMS_DEMO\demo_red_trdp21VCU1 - TRAIN_VIEW_ETH4.gra]

Ethernet TCMS - TRDP : VCU - RIOM - HMI - ETBN - ECN

— R o >«

10 ETB o= ; =R
43 = STran Topece
L % : = a e
CH
£ E C N Total Consist number 3 Total Vehicule number 3
CONSISTNo 1 opCatio 1 2 3  vehd 312 34 316
£
leading opCstOrient 1 1 1 opVehNo 1 2 3
nCstho 1 2 3 isLead 2 1 1
- IeaaDir 1 0 0
~a o4 . e 1 2 3
. &3 ] wehOrient 1 1 1
2 oooRsIFTORN | DOORSRKGHT 0RO
= 1 a ownOpCstia 1 2 3
TR MRTAT) 0 - i bocesucrTcioss | doomsmeeler
DDS RIOM BRIO
ECSP STATUS om:__om oFE___on Actual Speed O
Leader state | 9
LLLLLL el q ’ Target Speed 0
ToE e | 0 LEADING Permitted Speed| ()
DN state 1 -
ome [ 1 UNCONFIRM___CONFIRM q q

uuuuuuuuu

Figure 19: STRATON Graphic View
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Conclusion

Straton programs are animated with variable real values; for structured text programs,
real values are inserted dynamically next to each variable name:

IR I v

RE {0yl e masauss

. m
(4545 (018 TRATOW_PROJEC TSITCH
A= 1

WO OF Gl ILARN RS EED
DEMOIdema_red_irdpd1 WCU1 - TROP] mEX
o ¥Tame C i T S —
birectioncdsasten KA1 )5 T RO (TR P 8 WD~ communeston wah ECSP) s
DirectionCd. BOOL
O onCatutn Boo.
e st e 5wt
gt F ThiG
e F e
s Ve
ot g
LoadingCd BOOL
Loatingcotiion BooL
ReSTART Boo.
wigt RTRIG
2 gl
+ @ Gioval vanabies.
s ALVE Boo
iz oot
B X1 2z o
5 LOCAL_GONSI CONSIST
aplraDir THDP. 0P TRAI_DIRECTORY
TRDP st TRDP siites .

Vosiabios

[ Value Din. Descrption
Dir d + Leadingcd 0
Le : ©7
e
| osag
:
!
' ,
Figure 20 : Straton program online view
Straton spy lists allow spying the real value of any Straton variable:
wsns DASTRATON_PROJECTSITCMS_DEMO\demo_red_trdp21\VCU1 - TRAIN.spl *
[Name [Value [ Description ]
4 opTesinDir ~
B version 256
etbld 0 he ETB the P 0=ETE network): 1 = ETB1 (multimedia network): 2 = ETB2 (.
opTmOnent 1 operational frain onentation : 00'B = unknown ; '01°B = same as rain direction : “10°B = inverse to train direction
opCstCnt 3 number of consists in train (1.63)
b opCatlist dynamic operational consist list ordered list starting with opCste = 1
opVahCnt K] number of vehiclas in train (1_63)
4 opVehList dynamic vehicle list q opVehNo =1
4 opVehlist{) dynamic operational vehicle list ordered list starting with opVehMo = 1
wehld unique vehicle identifier
opVehNa 1 operational vehicle sequence number in train value range: 1. 63
isLead 1 vehicle is leading (ANTIVALENTS)
leadDir (1] wehicle Isading dirsction: 0 = not relevant: 1 = lsading direction 1: 2 = Ieading direction 2
wmvehNo 1 vahicle saquence number within the train with vehicle 01 being the first vehicle in ETB reference direction 1 as defined in IEC 61375-,
wehOrient 1 ion: 0B = not wehiclg): 01'8 = same as operational train direction; 10°8 = inverse to operational ra.
ownOpCsthio 1 operational consist number the vehicle belongs to
4 opVehlisf1] dynamic operafional vehicle list orderad list starting with opVehNo = 1
wehid . unique vehicle identifier
opWehNo 2 operational vehicle sequence number in train value range: 1,63
isLead 1 vehicle is lzading (ANTIVALENTS)
leadDir 0 wvehicle leading direction: 0 = not relevant 1= leading direction 1: 2 = leading direction 2
tmvehMNo 2 vihicle sequance number within the train with vehicle 01 being the first vehicle in ETB reference direction 1 as defined in IEC §1375-.
wehQrient 1 ion: ‘T8 = not wehiclg): 01'B = same as operational train direction; ‘108 = inverse to operational ra.
ownOpCsthNo 2 operational consist number the vehicle belongs to
4 opVehlisi2] dynamic operafional vehicle list ordered list starting with opVehhNo = 1
wehld unique vehicle identifier
opWehNo 3 operational vehicle sequence number in train value range: 1,63
isLead 2 wvehicle is leading (ANTIVALENTS)
JeadDir 1 wvehicle leading direction: 0 = not relevant 1= leading direciion 1: 2 = leading direction 2
tmvehNo 3 wiehicle sequance numbear within the train with vehicle 01 baing the first vehicle in ETB referance direction 1 as defined in IEC 61375-
wehOrient 1 hicle ori ion: TE = not k d vehicle). 01°B = same as operational train direction. 10°B = inverse to operational fra,
ownOpCstho 3 oparational consist number tha vehicla balongs to
b opVehList3] dynamic vehicle list g with op\ehNo = 1

3. Conclusion

Figure 21: Straton Spy list view

This application note shows that it is possible to control a complete train from any VCU
with the TRDP communication protocol.
This application note shows also the use of several redundancy systems at different levels:
Ethernet line redundancy (ETB and ECN level), Ethernet train node redundancy, VCU
redundancy, Remote IO redundancy, in order to provide a high level of system availability.
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