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The Italilan Rail Network

Lines classification related to the traffic
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Renewal Technology Program of regional line

The ERTMS L2 Satellite / L3 Regional project is one of the steps of
the renewal technology program of regional lines aimed at:

REDUCING the operating costs (OPEX) of the
"Regional” lines with the aim of making them more
economically sustainable
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What is the context?

»  Secondary medium / low traffic lines

»  Normally simple track

»  Normally not electrified or electrified 3 kV

»  «Multistation» operating rules without attend PP

»  Automatic Train Supervision
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How to achieve the goal?

"W

»  Class B protection systems

»  Light signals

> i jon systems (track circuits, axel counter) bo station

> INTRODU | f troTTy:
IXL functions according to ACCM logic with non-attend PPs

~>~__SDT functions through ERTMS (L3)
>  The adoption of a GSM-R or public radio system/ satcom

> rst anct CRIGUIN

~>—Ihe function of "virtual balises" through the use of satellite technolm;)

7 » OBU ETCS «Regional» with simplifications that can reduce costs with
interoperability




Satellite Application Development Plan

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 |
sinsat .> K Commissioning \
. Pinerolo —Sangone
W
ﬂ \\\\&\:esa ERSAT EAV + First Pilot Line By
ERTMS-ETCS Te 2020

GNSS Signalling Regional & Local lines
Demonstrator renewal at lower costs,

with higher capacity

ERTMS Application and ensuring the

highest safety level of
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Antispoofing and Antijamming tecnology

(| ‘ /”

V o 4
g RF/
RETE FERROV/IARIA ITALIANA

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO




a
O
)]
Y

RFI partner of ESA 3INSAT Project

—_—

Objective: to develop, test and validate in a real set up a new satellite-based

platform suitable for a Train Control and Management System meeting the SIL4

safety requirements and compatible with the ERTMS standard.

» Location Determination System (LDS) including Au-Network

> Integrated TLC solution based on SatCom, 3G/4G, TETRA to realize a linl
between the on board train control system interfaces (e.g European Vital

Computer EVC) and the ground based infrastructure (e.g the Radio Block

Centre RBC)AHS&MO STS  Anitachi Group Company ':‘E":‘&{abs Double
EAHN J‘ Vi F g track line
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DB4Rail — ESA Project

UMitigation of such a . Qintentional interferences
kind of hazard has been W@a s 6~ affecting the received

primarily  investigated GNSS Signals, represent a
for military applications. major

7T L
%

~ —}v -

DAvailability of low cost wideband SDR transceivers
V- o w designed for the mass market of LAN (e.g. IEEE 802.11
crrmmmmmm—m—m—— ac) and mobile communications (LTE advanced)



Trial Site Architecture and Configuration for Demonstration

————

RS
Centralized MRB_C Diagnostic atellite Radio Communication Netwark
Traffic Control Sl Monitor

RBC&IXL %1 )}
“ Y
TALS& CTC g - W,
“ - Y,
- - - Signalling &
RELSDH 7 Auggmentagtion
) R ——_______Data
= = == =
TAN - CC

RSs & Servers (about 50 Km long)

(EGNOS / GALILEO) Virtual Balise Only
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Field Test Results - Position

The expected value of GNSS Average Accurancy per train run is less
than +/- 3 meters

4,00 (@
200 10.000 km of
1,00 Bl GNSS Position fIEId teSt
0,00 - I I | | 1 |“-""t'*‘;' un (%)

' I I I ' 7 QIT T TI ITITIJHH ﬂsi 13 35| T‘sg (C)
e ) Grouns 1 Truth based on RTK

Std Dev is less than 4 meters (GPS) About 2 m
7 g RF/ ; with Galileo 2
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Field Test Results - Speed

The ex_pected value of GNSS Average Accurancy per train run
Is less than +/-5 km/h

2,50 B

2,00 10.000 km of

[l GsSS Speed fl el d teSt
Average Accurancy

:hlh‘ll i‘” 111117 LI

1 3 5 7 9111315171921 232527 293133353739

Std Dev is less than 2 km/h
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Field Test Results — Control Command System

Expected Delivered vs. Planned Virtual Balises per train
run (expected greater than 95%)

v" PASSED

except two cases (one for
two different train runs)

ERTMS Signalling KPlIs

Correct Sequence of Provided Virtual Balises per train
run (expected no error)

v PASSED (at 100%)

Virtual Balise Groups detected inside the Expectation

Window per train run (expected greater than 95%) v" PASSED
Train Position Confidence Interval (the actual safe front =)
end, based on the Ground Truth, must be never
r r V/
outside the train confidence interval for every PASSED 22.000
measured distance from the applicable LRBGs) virtual balises
P 4 gen erated
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Economic Sustainability

The main benefits of the new solution are two:

- the reduced need of physical balises, which generates savings in the
associated capex and opex

- avoided investments in additional GSM-R infrastructure, which also
generates savings in capex and related maintenance opex

An application Of a CAPEX ground CAPEX board OPEX ground OPEX board Other OPEX
Cost-Benefit Analysis
to compare the
convenience of GNSS-
based ERTMS vs
traditional ERTMS at
the European level
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(source: Bocconi
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— University)
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PILOT LINE MONCALIERI SANGONE - PINEROLO

Total lenght 30 km: Stazioni e fermate
. . . 0+000 Torino Porta Nuova 239 m s.l.m.
* Single track , 1 train each 30 minutes
* Lineis electrified 3KVcc
*  Vmax 135 Km/h
»  Operators Trenitalia\ Mercitalia
*  Mixed passengers/freight trafic
« 17 automated Level crossings
* No tunnels, only bridges for autoroutes
« Passengers trains:
- TAF
- JAZZ
*  Freight trains:
— E633 MERCITALIA
— E652 MERCITALIA

linee per Milano e per Modane
4+318 Torino Lingotto 234 ms.l.m.
torrente Sangone

g:ggg Bivio Sangone linea per Genova e per Savona

Tranvia Torino-Saluzzo (* 1881 1+ 1950)
0+739 Moncalieri Sangone 222 ms.lm.
3+035 Nichelino 230 m s.l.m.

Autostrada A55 - Strada europea E70
7+822 Candiolo 237 m s.l.m.
torrente Chisocla
13+199 None 246 m s.I.m.
Alirasca (vecchia)
17+828 Alirasca 259 m s.l.m.

linea per Saluzzo 1+ 1986

1
I

Autostrada AS55 dir. Pinerolo
22+460 Piscina di Pinerolo 286 m s.I.m.
Riva di Pinerolo t 2003[®] 325 m s.l.m.
29+533 Pinerolo Olimpica * 2008[€]
1882 t 2012

39+479 Pinerolo FS / Pinerolo TPP 368 ms.lm.

o
— =

Tranvia Pinerolo-Perosa Argentina (™ 1882 T 1968)
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Pinerolo — Sangone Plan

I 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |
12/10/2017 08/06/2018 29/11/2020 2171172021 29/11/2022  55/09/2023
Train Activation ERTMS L2 ERTMS ERTMS L3  ERTMS L3
dentification, ACCM system system implementati  gctivation
t will be fitted Pinerolo — activation with activation with on with with satellite
by Candiolo GNSS system GNSS system  satellite  |gcalization
technology Local EGNOS  |ocalization + 4+ pypblic Tlc
on board and Augmentation Augmentation pybblic Tlc
Reference + Pubblic Tlc + Pubblic Tlc
Station
03/12/2017

ACC Activation
Pinerolo-Piscina
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Activities to support the certification process

GNSS and public TLC networks are external components to the ERTMS standard

GNSS Adoption and Public Communications are required the definition of
interfaces / Service levels between service providers and the «core» ERTMS

» Evaluate the impacts on the safety and availability of the ERTMS with
'‘External’ servic es to the ERTMS ecosystem

- Augmentation System
- Virtual Balise reader

- RBC Interface - Augmentation Network
- Multi-bearer telecom

» The Safety Case must be set up with the service levels required by the
operators of the service
Support and involvement of experienced ASI, ESA and GSA
y o4
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User Requirements - PHA

RFI has activated the certification process for using GNSS & Public telecom as

primary communication means in the ERTMS platform First formal process in
—— Europe
Preliminar
Sept.2015 y to validate/certify GNSS

Hazard Analisys
y June 2016 | and Public telecom with
ERTMS
RFI____—{NoBoj)

Request to put in
CE 402/2013 Regulation ANSE ser\?ice the slz/stem

Pilot Line

Coordinator of technical committee & Responsible for Authorization
Request to ANSF: RFI
Jeam of outside experts: Ansaldo STS, Radiolabs, Sogei, Telespazio

L 2L oinin sracisna

GRUPPO FERROVIE DELLO STATO ITALIANE



Game Changers

Future Evolution of ERTMNMS and Roadrmap

Mew Capabilities — Game Changers

Soopee extemsior o
P 5"' '2"‘ S ) glubal Paerspective anunmsv
o bhe phacsed i

Futwure Ewolwuticors
? (e.g. SHIFTZ2RAIL)

spErox. 5 pmmrs

Mext Evolution _
L=, GPS, Automation

Bl_= e

2.3.0d

Com patibility Referance

ERSAT exploits the potential benefits of GALILEO & ERTMS to innovate ERTMS with newest

technologies impacting the «vehicle automation» landscape....and
sinergy with driver-less cars innovation as valuable resource — ANAS-RFI, first opportunity

on cross-technology fertilization between two sectors with mutual benefits on rail know how
and new technologies being mass-developed for intelligent vehicles & roads
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Conclusions

» The Virtual Balise Concept is now a reality. The Sardinia Trial Site
demonstrated that the proposed ERTMS based on the satellite L
corr works _ v,

> The SAT technology + H
Swi Euroradio over public bearer + 3 in

> Bart appear as a feasible way for achieving
freq a safe and sustainable (for Total Cost of Ownership -

> Add TCO) railway (at least in the regional low traffic
EGN domain)

> Sta provided that benefit are equally shared among IM
gua'I and RUs
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m.ciaffi@rfi.it

Thanks for your attention
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