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—urope's ail

« The System Pillar is the “generic system integrator” for the Europe’s Rail Joint Undertaking (EU-Rail),
and the architect of the future EU’s railway system.

« Whilst most individual railway systems have views of the future railway architecture, there is no
common EU railway system view that is used today. The problem with this is that innovations and
changes to the system are very difficult and costly to achieve.

« System Pillar is the opportunity for the sector to converge on the evolution of the railway system —
operational concept and system architecture.

Goals
/ Rail as integral part of \
System

/ _ \ mobility services and
Pillar intermodal transport
4 Years SRS
CCS & TMS/CMS . o .e .
Program R COS't efficiency: lntegratlc?n,
maintenance and evolution
~ 400 N Increase Performance and
experts from sessies ol interoperability.
Sector TRK 4 .
ooy Strengthen the market with
large scale, Support
IXL, TRassets ’
Cost 50 m engineering European rail industry
\ EU funded/ Competitiveness.
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Operation Harmonization

Transversal systems

Traffic Management (m)

Traffic control and supervision (traffic cs)

Train control and

Trackside assets control
and supervision (sacs)

Communication Stack L Runtime environment (some standard APIs) 1

Field force applications,

control and supervision
(Field Force ACS)

SUPErvision (Train cs)

Integrated user interface is an abjective,
but the architectural approach is an open point

SP Organization (Domains)

I Scope and depth of specificatid

computing environment is an d




OH current activities and
SP complementarity



Background
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« Already in the last ERTMS Conference 2022, the need for the sector to work on a more uniform
ERTMS deployment was identified by ERA

« Harmonised trackside engineering was recognised to have a strong effect on operational
interoperability

~H ~ 1 =
% EUROPEAN N % i . - | d . I I EUROPEAN
72 ERTMS/ETCS Reference Architecture =%k, Engineering rules and Operational rules & The ETCS toolbox (1/2)
Dimensioning and Engineering rules Engineering rules (non mandatory): The ETCS toolbox offers the
constraints (S5-040) (mandatory) : Functional imol i possibility to design the
. . s i unctional implementation n .
Im‘erk:ct ngs & Trackside GSM Radio & . Placement of devices (max distance between i t:ffill‘:lgem “:::It.r:t‘::“':;.fx:
Objects Ewobslise Ar Gaps 2 balises of the same BG, min distance of a Configuration
-Control Centr balise in rear of EoA, on-board antenna Installati
onmolents =Adjacent Radic position with reference to the 1st train axle nstallation
.Train Detection Blook Centre (L2 and front of the train, track conditions ...) Placement of devices CCS TSI Annex A specifications
" R ly:
Systems Cnly) +  Constraints in ETCS language pe The IM can further affect
Y ERTMS/ (telegrams/messages) foe * System Requirement some onboard functions
-Driver and Waorkers Train Interface to ETCS Specification (Subset 026) . . through the National Values
TS| compliant Reference Rules for on-board configuration data * Dimensioning and Bl Engineering rules B
-Emergency Services Rolling s . (conditions for braking curves values, engineering rules (Subset 040) (the principl lied
Jolling s tock principles applied for
=it - =] Architecture supported levels ...) Q this detailed design phase
-Rsilway Neighbours - ) § "
! . TSI Compliant Rail . Rules for on-board dimensioning (storage National Operational rules CpI AT
«Level Crossings Netwark capacity) . P
intended to regulate the
-Unfitted Infastructure :\HBT‘ crn;e; <:| interaction between drivers
. . App lication
-National Signaling and Opersting Rules @ and signalers
Opersting Rules 7‘-":- i —’/ Harmonised (mandatory) @ Must consider “Link” between the IxL f block
“Existing ATF Systems +Train Data Harmonised Technical specification for degraded situations system/etc. and ETCS trackside
- . interoperability (55-026) H ; :
armonised Operational rules
=Scheme and Train Specific Domain p

Dsts

National Signalling Domain

ETCS “on-board” functions are
mandatory, while ETCS “trackside”
functions are not.

Slide 4

(OPE TSI) (mandatory)
intended to regulate the
interaction between drivers
and signallers

Slide &




&=~ System Pillar operational activities

=—urope's

The work in the System Pillar focuses on a particular subset of implementation — Level 2 ETCS
without lineside signalling , and specific harmonised technical approaches and the associated
operational processes, harmonized architecture, and linked engineering rules.

In this way harmonised operational processes — for this particular subset of implementation -
can be derived beyond the current scope of the OPE TSI.

ETCS toolbox can be used in numerous ways, all leading to TSI-compliant implementations.
However attractive to designers, this freedom can lead to a large disparity among
implementations, each offering substantially different “user experience” to the driver

for ETCS Level 2, there is a certain degree of freedom e.g. when to use which mode, how the
sequences of message exchanges happen, where to place balises with what content, or what
the sequences of human and system actions are in different situations. This freedom leads to
different processes for actors and to different product implementations (for example in
interlockings and RBC) on the trackside




&=~ System Pillar complementarity

=—urope’s

The focus of the System Pillar work on a
harmonised target system - radio-based ERTMS

Implementation without lineside signalling — [ european
potentially allows for a number of complementary [ s | S e |

Defined and
synchronised
Harmonisation
activities for
successful and
coherent

European
Standard
(EN)

changes compared to the current TSI OPE that ™ | Foouon
contribute to a further step towards further sytemilers. | o,/ bocuments
harmonisation of operational processes and | e s [T [t
operational rules = in the case of implementation channels
of the target system. ES * ok ok kK K )

In addition to the currently harmonised system, this uniformity will reduce freedom of
implementation flexibility but also bring several positive side-effects, for example in standardising
hardware and software modules, reducing cost, freeing capacity for faster development and
implementation, accelerating deployment and streamlining certification and authorisation




&= System Pillar complementarity

=—urope's

Scope of actors

Consideration of all actors (especially signaller) included in the analysis beyond a driver focus

Scope of rules

Harmonised rulebook through reducing the variability of trackside implementation, i.e. by discipline
and uniform in the implementation of the functions and engineering

Deeper consideration of processes

Consideration of harmonised degraded modes taking opportunity of new only ETCS lines including
steps of harmonized and uniform system requirements for other underlying systems

Configuration dependency of harmonised operational processes

Presentation and structuring of the Operational rules

A scenario-based (situation specific time-ordered process sequences of state-dependent actor actions
and interactions with systems) as well as functionality-based description, with the advantage of a
description from the perspective of the user that this text can be copied in its entirety in a rulebook
subset for the RU.
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? I ERTMS/ETCS Reference Architecture

AGENCY
FOR RAILWAYS

sInterlockings & Trackside

Objects

SSMRadic &
Ewcbalise Ar Gaps

-Control Centre . .
»Adjscent Radic

=Train Detection Block Centre (L2

Sys tems Cnly) ERTMY

Driver and Work ers «Train |merface to ETCS
TS| comgliant Reference

Emergency Services Rolling s ook B

*R silway Neighbours TS| Compliant R ail

In green those

additional aspects SP "Level Crossings Netw ork
considers relevant for -Urfitted Infastructure (" wHarmeonised
. . Application &
harmonisation -Nstions| Signaling and f:jsi'_ “p .
Opersting Rules Ea——
<Train Dat .
-Existing ATP Systems sinmss Harmonised

Domain

«Scheme and Train Specific
Csts

National Signalling Domain




oy Engineering rules and Operational rules

Dimensioning and Engineering rules Engineering rules (non mandatory):
constraints ($5-040) (mandatory) :

Harmonized Target System

2 balises of the same BG, min distance of a P Configuration OPE TSI

balise in rear of EoA, on-board antenna
Installation

position with reference to the 1st train axle

and front of the train, track conditions ...) v Placement of devices

Constraints in ETCS language

(telegrams/messages)

[l e T
Rules for on-board configuration data “Inteclock s & Tracks ide GSMRagicd I
(conditions for braking curves values, Objects Eurcbalise Ar Gaps
supported levels ... +Conwrel Centre wAdjacent Radio I
Rules for on-board dimensioning (storage Nati N I «Train Detection Bloxx Centre (L2
F ational Operational rules o
capacity) St P | h T Systems Orly) ERTMY I
mten ed to regulate the O I *Drivar and Wokers *Train interface to s ETCS
interaction between drivers TSI compligee ‘ Reference I
*Emergency Services Ral
@ and signalers | . , -ﬁ Architecture
Harmonised (mandatory) [ it ‘ \E @ TP |
Technical specification for sLeve! Crossings “o X sl s I
: il = 5 Unitied Inkastructyr’ Harmonsed
interoperability ($5-026) Harmonised Operational rules ! AP Agplcaticn &
> “Natioral Sigraling and Aty
ETCS “on-board” functions are (OPE TSI) (mandatory) | Orersting Rues Carherie, l
mandatory, while ETCS “trackside” intended to regulate the “Existing ATP Systams Train Dats Harmonlsed I
functions are not. ; ; - P 4
interaction ween driver:
fefachon betwte coms Lsconre saa ramsonase i O
and signallers i Dasts
National Signalling Domain

ot

. _ _ _ New Engineering rules:
Limited diversity of User Experience

e implementation of rules for system functions, which
assure the same system behaviour from operational

Harmonized European Rule books _ perspective (including safety logic rules and situation

Leadlng to specific message protocol sequences) Harmonized
Processes using Harmonized Functions

e Rules for positioning and configuring trackside CCS
assets for ETCS Level 2 for example balises and
boards.

Products Standardization




&=~ Future TSI OPE considerations

=—urope's

Current TSI : App A

Functional based description of the use of the
system that fits in all the variants of ETCS.

(B2, B3, B4, L1, L2, with signals/without signals, with packet88/
without packet88, with baliselist /whitout baliselist etc. )

List of functions from the perspective of the
driver

“Add on”: App B, C, D if also applicable on a
certain implementation

|

Scenario based description of the use of

the ERJU Target System. Including
possible “Add on” from App B, C, D

List of scenarios including perspective of all
relevant actors in the scenario

Easy way to derive content for harmonized
rulebooks.. Or should the rulebook also be
part of the TSI OPE ?



&=~ Future TSI OPE considerations

—urope’s

Current TSI : App A

6.44. .Managing a level crossing not protected

The train is approaching a level crossing which is not
protected.
Levels 1, 2

6.44.1.

Ifin FS, OS or LS

When the following symbol is displayed:
the driver shall apply rule 7 of Appendix B2.

6.44.2.

If in SR

When the following text message is displayed:
“Level crossing not protected”,

the driver shall apply rule 7 of Appendix B2

|

|

SP OD 315 Managing a level crossing not protected
(driver)

When approaching a defective level crossing the following
symbol on the DMI is shown.

A braking curve is offered to an EOA that is in approach of the
level crossing.

If the train is close enough to the level crossing, the MA will be
extended by a maximum speed of 30 km/h.

When approaching the level crossing, the driver sounds the
horn and stops in front of the level crossing if safety so
requires.

If the level crossing is obstructed, the driver shall call the
signaller

As soon as the front end of the train has passed the level
crossing, the LX symbol disappears of the DMI and the MA
shows a higher speed again.



&=~ Future TSI OPE considerations

—urope’s

Current TSI : App A [ }

6.44. .Managing a level crossing not protected SP OD 315 Managing a level crossing not
protected (signaller)

The train is approaching a level crossing which is not

protected.

Levels 1, 2 A route is set to a part of the line in which there is a

6.44.1 defective level crossing. The system will

fin ES. OS or LS automatically detect this defect and give the trains

When the following symbol is displayed: on that line an adjusted MA with an instruction on

the driver shall apply rule 7 of Appendix B2. how to act at the level crossing. The driver follows
up on this MA.

6.44.2.

If in SR " . : L

When the fo”owing text message is disp|ayed: If it is not pOSSIble to give an MA, the train will be

“Level crossing not protected”, _ able to continue in SR.

the driver shall apply rule 7 of Appendix B2 In this case, the signaler must contact the driver

and provide him with a European Instruction #8




From OH to target system
requirements
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Operational
domain



file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1937
file://///polarion#/project/SPT2OperationDesign/wiki/OpCap%20Overview
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-860
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1267
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-4258
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&=~ 1. Scope of Work and Methodology (2)

=—urope's

SEMP methodology

OD Scope of Work: ERTMS/ETCS operational harmonization

Workitems in Business O
D2 Deliverables
"ORS",
coming from ¥ it (Opa E
Operational Analysis
Exchang
Cperat
Actpr Actor .| | |
Operal Opes oo
Opers: ¢
sy Adinr Qpe uirement: PRAMSS 23
Oy o
A ops R -
Workitem:
D3 Deliverables | 5o eovimment ot Aspec!
"FRS"
coming from exchange
System Analysis ;i stem Capabily F 2l chain/Sysiem Sce
l Funation E:
azard
_ e System 1
System actor }~
Actor sk
Workitems Eec
D4 Deliverabl =
wERE" Sy regquin c pEc
Logical & A Logieal funetio
Subsystem - exchange
Architectu e ==
i
gical Funct
Hazard
¥
Logical actor
Risk
Suus;rswe-n
ked to System Lev Subsystem interface
Spacificat

Operational
Analysis

System
Analysis

Logical
Analysis

ARCADIA OA methodology
analyzing stakeholder requirements
analyzing national variants
deriving operational needs
defining harmonized processes

Major advantage of this method
Layering: OD focuses on operational
needs
Other domains: Technological decisions,
migration



&~ 1. Scope of Work and Methodology (1)

=—uropes r

OD Scope of Work: ERTMS/ETCS operational harmonization

SEMP methodology

Red Baxes: Optionally edited in an
extemnal modelling tool like Capella

Workitems in Common Business Objective and then imported to Folarion
D2 Deliverables
"ORS",
coming from Railway requirement (Operational Epic)
Operational Analysis

Exchange ltem

Analysis oD domain

Operational Activity «

S o [ ) Qperational Three sub-groups for concept specification

Opsrationsl requiremert. PRAMSS Operational Hazard WORKFLOW
Actor Actor . 1
Oparational antity/actor €— o m e e o m o m e e
/' Operational Risk ; ) ' OD CONCEPT SPRINT v ARC MODELLING SPRINT
' I '
' '
Workitems in Exchangs ltem ™
D3 Df;gzlr‘ames System reguirement Concept Aspect
i iy System functional
coming frorn_ : exchange SySte m
System Analysis ;i System Capabilty Funesional chain/System Soenario OD domain Capella 0D domain
l Funation };: An aIyS IS ' Review modelling Review
Hazard !
_ - System 1 :START END
System actor }~ H
ARC domai
Workitems in Exchangs fiem
D4 Deliverables N N ) g | ! N
wERE" Systam reguirement - Concept Aspect I ' ' ' v
Logical & “ Logical functons H H H H
Subsystem — — — - exchange | LOQIC8.| e e e e e e e e b e e e e e e e e |
Architecture Logical componant - Functional chain/Logical Scenario |« )
T f Logieal Functon Ana|yS|S
Hazard rY )
X - | —
1 Logical actor
Risk
Suhs;lsm'n
(linked to Systam Lavel § - - Subsystem interface

Spacification)




&= 2. List of Operational Capabilities
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N. 32 Operational Capabilities
N. 12 Regular
N. 3 Transitions
N. 14 Degraded
N. 3 Maintenance

SPT20D-1942

SPT20D-1943

SPT20D-1944

'SPT20D-1945

€:SPT20D-1948

SPT20D-1947

SPT20D-1948

SPT20D-124¢2

SPT20D-1950

' SPT20D-1951

SPT20D-1953

SPT20D-1954

SPT20D-1956

SPT20D-1857

SPT20D-1958

101-Preparation to train departure and starting a journey
102-Operate the train from A to B (force movement permission)
103-Train arrival (ending journey)

104- Spiitting a train

105- Joining trains

106-Change of train orientation

107- Approaching stop location

108-Revoke Movement permission

109- Pass a level crossing

150- Shunting inside controlled areas

152-Entering into a non controlled area {Shunting yard)
153-Exiting from a non controlled area (Shunting yard)
21-Entry Transition from non CCS area

22-Exit Transition to CCS area

[
W

-HO Handover between ETCS systems

& SPT20D-1961

& SPT20D-1962

ESPT20D-1963

ESPT20D-1964

tSPT20D-1965

& 5SPT20D-1966

L SPT20D-1967

6 5SPT20D-1968

& SPT20D-1969

& SPT20D-1970

EEPT20D-1971

& SPT20D-1972

& SPT20D-5637

t:SPT20D-1974

tSPT20D-1975

ESPT20D-1976

302-Maoving under driver responsibility
305-Reversing

306- Continue After Trip/ Post Trip
307-Handling of Emergency situations

308- Train assistance

309-Handling of a train after loss of communica
310-Proceed after TIMS failure

311-Runaway Vehicle

312-05 Sweeping a track section

314-Pass a technically non-supervised point
315-LX Pass a defective level crossing

316-INIT Trackside initialisation

317 - Obstacle detection

401-Working area excluding normal train cperat
402-Working area allowing normal train operati

403-UR Manage usage restrictions

List of Actors: https://polarion.rail-research.europa.eu/polarion/redirect/project/SPT20perationDesign/workitem?id=SPT20D-1568
List of Operational Capabilities: https://polarion.rail-research.europa.eu/polarion/redirect/project/SPT20OperationDesign/workitem?id=SPT20D-1937



&=~ 3. Concept Template

=—urope’s r:
1. Sources
2. Abstract
3. Target and Ambitions
4. Actors
5. Identification of national variants
6. Hazard Analysis
7. Analysis of national variants
8. Harmonized proposal
9. Harmonization conflicts

10. Annex: Remarks and recommendations

ARCADIA diagrams to complement textual description

OPERATIOMAL
CAPABILITY Operational Operational

_—

Activity 1 Activity 2
Operational ¢ Operational
Activity 4 Activity 3
Train Driver Train Signaler
Operational Capability diagram Operational Activity diagram

N

Train Driver Train Signaller

Operational

Activity 1

Operational
Activity 2

Operational

Activity 3

Operational
Activity 4

Scenario diagram

https://polarion.rail-research.europa.eu/polarion/redirect/project/SPT20OperationDesign/workitem?id=SPT20D-860



&=~ 4. Example 315 - Passing non protected Level Crossing (1)
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Target and ambition

Increasing automation of protection measures
Minimize delay to pass non protected LX
Abolish need for written instructions

National Variants

On-Sight (e.g. max speed 5 Km/h) ARCADIA OA methodology
Staff Responsible/Shunting (e.g. max speed 10 Km/h) analyzing stakeholder requirements
Packet 88, LX icon & Full Supervision (e.g. max speed 30 : . :
Km/h) analyzing national variants
European Instruction 8 deriving operational needs
defining harmonized processes

Common operational need
Hazard prevention: Raise the attention of the driver

Harmonized Proposal

Full Supervision with Temporary EoA

Blinking yellow icon shown to the train driver
Acknowledgment before passing the LX
Parameters: Speed and compulsory stop

https://polarion.rail-research.europa.eu/polarion/redirect/project/SPT20perationDesign/workitem?id=SPT20D-1267



&=~ 4. Example 315 - Passing non protected Level Crossing (3)

=—urope's
Excerpt from TSI OPE Appendix A, B, D

Harmonized uniform Proposal

Full Supervision with Temporary EoA

Blinking yellow icon shown to the train driver
Acknowledgment before passing the LX
Parameters: Speed and compulsory stop

6.44 MANAGING A LEVEL CROSSING NOT PROTECTED

The train is approaching a level crossing which is not protected.

Levels 1, 2,3

6.44.1 Ifin FS, OSor LS

When the following symbol is displayed:

i |
i TEMPORARY EOM& i

F5

i
|
' : FS
the driver shall apply Rule 7 of Appendix B. i FS ! (LINE SPEED)
E (e |
\ J /I
1 |
S de |
When the following text message is displayed: . .f f'
|
“Level crossing not protected”, = /f | I I/
_______________ , f
| MANDATORY LXICON 1« |

I (NEED AM IWMPREOWMENT) : || JI
'

the driver shall apply Rule 7 of Appendix B.

HORM
1 [PARAMETER) :
L kil SN

https://polarion.rail-research.europa.eu/polarion/redirect/project/SPT20perationDesign/workitem?id=SPT20D-1267



&=~ 5. Next Steps
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« Consolidating ERTMS/ETCS operational capabillities
* Integrating operational capabilities for GoA 2

* Proposing desired rulebook structure and format




&< ARC domain

=—urope's

Architecture
domain



file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1937
file://///polarion#/project/SPT2OperationDesign/wiki/OpCap%20Overview
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-860
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1267
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-4258
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-2718
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-3235

&=~ ARC domain Key topics

=—urope's

Why Is architecture important?

]g:orq[monl_l#nderstanding through a clear and concise description on the system needs, behaviour and
unctionality.

What do we do?

Analyze Operational Need and determine the system function and actor role responsibilities. Including the
CCS system boundary and external actors.

Functional allocation between different systems based upon functional and non-functional requirements.

What is it used for and by who?
Agree with Operational Design on how the technical system fulfils the harmonized operational processes.

Inform the system domains on their functional and interface requirements.

Provides the link from the business and operational targets to the detailed system specifications.




€~ MBSE systems engineering
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System Model & o In system pillar we will use a model-based systems

. engineering approach based on ARCADIA and
Capella

Processes and methods are defined in the SEMP.
- - Modelling principles are defined in Annex B

= ' \ i
I 1y Documents in Polarion as output artefacts are
L . L~

\ generated from the model

“Avoid writing, encourage modeling” - principle

Logical architecture (Only done for Level 4 systems) Subsystem architecture (Only done for Level 4 systems)

28




&=~ ARC domain involvement
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e oD aud.
r [ One sysemn | \ CA::S d::;a\
i / | N
QA | t | %l effest
e |
| & -\ (Level ®) ’& \\
... | |
‘ ARG g Trossibsoh Jo dsuades
J ™ e lfiple oews | ?
A %A‘ ‘\ " | "%
Sl ( -y %] LS L3 "

Core activities of the ARC domain will be

Define the operational vision together with OD
domain, as a typical operational process
description is a mixture from OA and SA layer

Define the black box level 3 system with
concrete actors

Split the level 3 system into multiple systems
for the individual domain in level 4

29



? How can operational harmonisation be
represented in the CCS system definition

Definition of the system capabilities needed to pass level crossing and Definition of system functions involved into the system capabilities for the
involved external actors black box CCS system

£ oo
P —— [T E e ——

In order to pass the lev . T The train has passed the level crossing, the

ystem needs to be closed the level g f CCS system needs to open the level crossing
(Ij useres when the hes the loca when the train has reached the location
close i

Architecture
domain

where the level corssing can be deactivate

<<e>> extend; <<i>> include; C Capability

Example: Pass Level Crossing.
Show tracing from OD concept over CCS SysC to Traffic CS SysC + functions




&< Traffic Control and Supervision domain

=—urope's

Traffic
control &

supervision



file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1937
file://///polarion#/project/SPT2OperationDesign/wiki/OpCap%20Overview
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-860
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1267
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-4258
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-2718
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-3235

=
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Linking top-down and bottom-up work

Design approach for Traffic CS

Traffic control

& supervision

]

4 W4 W4 )
§ Common Operational Functional
3 Business :

S _— Concept Architecture

& Objectives

S . / \_ J \L J

v Without
operational
concept
- )

= Existing Concepts/drafts for

& harmonised technical

= specifications (e.qg. specifications from

@  ETCS, EULYNX)  RCAand shift2Rail

—

\_

6affic CS Specificatioh

Linking from operational
and functional
requirements to
technical requirements
specification achieves
consistency and
traceability of
requirements as well as
re-use of existing work

as much as possible j




? How can operational harmonisation simplify

the technical specifications of Traffic CS

_iTrafﬁc Control and _iTrackside Assets Control
Supervision and Supervision
085 Aggregated track occupancy and train status information «eox T
@mb.ggrﬁga(i mov:b\e object! | |
information
|
Control the track path o8¢ Allocated track path A N A
@ allocaton o one tain z ’ Aggregate movable object information |
movemen

085 Observed state of trackside asset
« Observe the state of one
@ ' trackside asset

| |
Control the track path allocation for one train
movement
|

Pass level crossing

1
| Observe the state of one trackside

« = asset
] 285 Determined trackside asset target state o R I N
0 s 2 " quested trackside asset state G :
@ Command protection @ Beclest he tares tatsitone . = 1@ bl | Observed state of trackside asset |

I Command protection l

|
|

|
Request the target state of
g;,ccnmlm track path allocation for one train movement D Observed 517[.7' trackside asset | one trackside asset I

Requested trackside asset state

| |
| ")
Control state of one
trackside asset

/ @ Request the target state of one trackside asset

nn (V8

DAl Determined
e |

O-tighl

Aggregate movable object information) /
=
n 3

Traffic control

& supervision

Example: Pass Level Crossing.
Show tracing from OD concept over L3 SysC to Traffic CS SysC + functions




? Traffic CS

Implementation of Harm. Operat. Concept and Roadmap (see STIP)

Ramp-Up sC2.1 sc2.3 Spec Subsystems + IF‘s / GoA2 Update Subsystems + IF‘s / GoA3/4
2022 2023 2024 2025 - 2026 2027 - 2032
Key:
Traffic Management System
TMS
. Adjacent
Traffic CS subsystem Traffic CS
Deliverable: SRS [
@ 2026 |
SCI-OP 2025

Central Services Traffic CS Handover

2025
Interfacing systems \ \ @
» Replacement of legacy »  Connectivity based on
IXL+RBC standardized IF's
Safety system » Leanand s_table generic »  More performance _
Safety Logic Traffic CS »  Shorter deployment times
» Independence from »  Decoupling of TMS and
specific track layout SIL4 Systems
»  Generation of MA’s »  Efficient GoA3/4 operation e
»  Timetable processing >  Energy-optimized driving 1SDI-xx Note: Dates are
FISMi-xx  2025/28 #ahd for all
SS1-xx raffic CS
] b Subsystems
. C
2025 Specifications in the context of GoA2 [ | |
2025
tbc tbc
@ Specifications in the context of GoA3/4 ) |
ETCS airgap EULYNX SCI SCI-TWS
ATO airgap
EULYNX Interfaces mainly specified, |
Upgrade specification date tbc
Train CS Train CS Trackside Assets
— . Trackworker Safety System
ATO-OB ETCS-OB Object Controll
tbe Specification date tbc Ject Controller
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Key:

Traffic CS subsystem
Deliverable: SRS

Central Services

Interfacing systems

Safety system

Traffic CS subsystems and data flow

Current draft from system concept

Traffic Management System
TMS

Optimised State of railway (trains, trackside assets, ...)
timetable| State of timetable execution
Traffic CS
Y

Execution & Adaptation Layer
EAL

Executable/
timetable

Requests to set trackside assets
and authorise trains to move

Status of trains

Status and feedback

Adjacent TPS

Authorisation to
handover train

Request to handover train

ATO Trackside
ATO-TS

Trackside Protection System

TPS

Authorisation

Timetable

. Status of train
for train

Command
Status of train Status

Authorisation
Train positions

Train CS
ATO-OB

Train CS
ETCS-OB

Trackside Assets
Object Controller

Trackworker Safety System




&=~ Train Control and Supervision domain

=—urope's

Train
control &

supervision



file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1937
file://///polarion#/project/SPT2OperationDesign/wiki/OpCap%20Overview
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-860
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-1267
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-4258
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-2718
file://///polarion#/project/SPT2OperationDesign/workitem?id=SPT2OD-3235

&< Train CS way of working

=uropes

ARC Domain

v

study Of FlagshiP © e )
outputs Sub-
system
EDD stud
FP _@2 DATO a Y | Example on ASTP




5\ Preliminary CCS On-board architecture | current understanding in the team

=urope’s ~ail
Operational
Harmonization
““ | Next-steps :
[ Subser119 f——
ﬁ’],; FRMCS (incl. MNO) .
On-board FRMCS — % 7 Refinement of the
Gateway (ERG) architecture with
logical and physical
T TR perspective
— - “
S 129 = —— B v Consolidation of the
. onitoring .
T System functions allocated
SCHIE {OMS),
OH — Diagnosis to components,
OH S based on existing
Automatic .
Processing Module *S — materlal
solute Safe Train
Positioning
Passenger v~ Continuous
nformation . .
System adjustments with
the Top-Down (OH
___________ application layer

Train Display o su::ets ’ andIARC SyStem

SVStem - legacy as per Subset-147 — sections 4, 5 ana SIS

. yor:er.‘....w i "fe.g.Pmﬁb;sJ y )

On-board - w—  ECN os per Subset-147, v2.0 OS5I layers 1to 6,
Recordi ng I Subset-027 I including Train T:'mi ;;v;;
Device




&=> Specific ASTP (Advanced Safe Train Positioning)

=urope’s ~ail
[ operational analysis

- System analysis
[ Logical architecture

First Results by End March 24:
f - D21.1: ASTP User needs.

+ D21.2: ASTP System requirements.

ASTP Operational Capabilities  + Collection and classification of
WP21 ASTP system requirements

I Physical architecture

(including OCORA, EUG LWG,

ASTP System requirements B Clug and X2R5 stream 2
: D21.2 h \ \ ________________ _! requirements).
el ——=——_ - B | ASTP Functional I Collection and classification of
I Econom_lcal »: Reconsiliation :-: Requirement X2R5 stream 1 ASTP system
ASTP System elalﬂatfn_ | ==g========= ' Specification (FRS) || o lEiiEnies
requirements e mmmmmm—m=—=—s 'I » Table of content of the ASTP FRS

&

) W

- | ASTP System Requirement :

D21.1

. _ I Specification (SRS) I
Available Available !
ASTP User needs operational system
: needs requirements ]
. I ASTP Functional Interface :
CLUG, X2R5, OCORA [ WP21, CLUG, X2R5, OCORA, X2R4, TAURO : ___Specification (F1S) __ |}

Year 1 (common work between Train Year 2 (coordination between OD, ARC, Train CS, IP) Next Years
CS and IP)

System Pillar Phase 2.1 System Pillar Phase 2.3 System Pillar upcoming Phases

2022/10/01 2023/10/01 2024/10/01

2024-03-19 2024-03-19 DRAFT ERTMS Conference Train-CS Topics 39
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