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Satellite -based train Iocalisatioafor saf
critical applications.
The challenges of performance demo and
certification -
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YOU ARE HERE

Advanced 72 channel L1/L2/L2C/GLONASS/RTK capabilities
Makes the 442 receiver an excellent high accuracy RTK receiver using a local
RTK network or base station.

Internal long life Lithium-ion battery POS iti O n

Provides 10 hours of operation as a base

station and 12 hours of operation as a Rugged IPG7 environmental rating

Fover Can withstand the tough Agriculture
— environment.
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- ) ~ GPS receiver and radio in one housing
» Configurable front panel Easy Reduces cabling and setup time.
’ g ; setup for both the GPS reciver
Q- and radio. ‘
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SATELLITE-BASED POSITIONING SYSTEMS

GNSS =

Global
Navigation
Satellite
System

Generic term that concerns every satellite-based
systems (including GPS)
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REPORT ON RAIL USER
NEEDS AND REQUIREMENTS

OUTCOME OF THE EUSPA
USER CONSULTATION PLATFORM

Why are we talking about GNSS?

Passenger
iInformation

management

New signalling

Predictive e ot SN T = solutions
maintenance >



YOU HAVE A « GNSS » IN YOUR POCKET!

What?
How?
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GNSS IS A SYSTEM
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https://www.gsa.europa.eu/galileo-your-pocket

WHAT YOU HAVE IS A GNSS RECEIVER

Satellite signal is

JJ broadcasted
28

GNSS

Receiver

vt

{latitude, longitude, altitude}
in a global reference network
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ARE GNSS SYSTEMS SPIES?

Does the system know  your position?
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THE | NTEREST OF COMMU
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How does it work?
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BASIC PRINCIPLE
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FROM POSITION TO APPLICATION

For navigation, you will need to compute
optimal trajectory, and rely on a digital
map

You may need a
specific database

Signaler un Pokémon !

Carte interactive

®
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What are the performance?
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« GOOD » MOST OF THE TIME!
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WHAT ABOUT AVAILABILITY? WHAT ABOUT ACCURACY?
e

4 o,
"‘l'

et

ZD>
(itray\ =
}
i

)‘.’< Université
»~.' Gustave Eiffel



DO YOU TRUST YOUR GNSS RECEIVER?

OFFICER... MY
G.P.S. ToLp ME TO

Turn Here !
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RAILWAY REQUIREMENTS FOR LOCALISATION

Non -safety vs safety

Non safety-critical Safety-critical

applications applications

Apolications Asset Passenger Trackside personnel Signalling and train
PP management Information protection control applications

Accuracy Accuracy Accuracy Accuracy
' [ 1
Key GNSS (10 metres) (5 to 100 metres) (1to 10 metres .3_n|:|. (1to .2!Il_mE.~1:r_E~5J .
4 P o track discrimination) Availability (High)
requirements Availability Availability Awailability Integrity
PG 1 P
(High) (35%] (95%) Robustness
Other Connectivity . Connectivity . Connectivity N
i . (communication (communication Interoperability
requirements Power Consumption fink} fink!
2] L

* https://www.gsc-europa.eu/sites/default/files/sites/all/files/Report_on_User Needs and_Requirements_Rail.pdf

REPORT ON RAIL USER
NEEDS AND REQUIREMENTS

OUTCOME OF THE EUSPA
USER CONSULTATION PLATFORM
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GNSS LIMITS

MP““ All starts with time propagation measurementé

6 Satellite Clocks

Ephemeris
(orbital position)

GLOBAL ERRORS
LOCAL ERRORS |
6 Atmospheric Delays
Multipath N

%
¢ =

6 Receiver Clocks, etc.
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IN RAILWAY ENVIRONMENTS AS IN ANY GROUND
TRANSPORT ENVI RONMENTEé

Variation of the performance in time and space

Optimal conditions of signal reception vs Land transportation systems

Global errors/known models Local errors/unknown models
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IT IS ABOUT SURROUNDINGS

Ty 000 gk
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GNSS

l Interference:

‘)

TV/Cellular
Microwave devices

~ ‘ Radars
@‘4 Atmosphere:
& - Scintillation
/ 4 '\\ - Solar activity
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IT IS ABOUT SURROUNDINGS

&
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__GNSS

Spoofing l Interference:
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GNSS IS VULNERABLE

Russia is jamming GPS satellite signals in
Ukraine, US Space Force says

By Elizabeth Howell published 14 days ago

'Ukraine may not be able to use GPS,' a Space Force official told

NBC.

0000060

New GPS ‘circle spoofing’ moves ship
locations thousands of miles

Est. reading time: 2 minutes ()

May 26, 2020 - By Dana Goward

GPS services appear to be under threat in Ukraine. (Image ¢redit: Lockheed Martin and U.S. Space Force)
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| T I'S ABOUT TI ME TOOEé
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Figure 28 GPS Satellite Orbit

>‘.’< Université
»~.' Gustave Eiffel

“l‘v O*cﬁ&s :




.
:O: A CHALLENGE FOR PERFORMANCE DEMC

Geometry of
Interferences visible
sat el

/.'TION OF PRECISIC

States of
reception

Satellite
visibility
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SOeée DO WE REALLY WANT TO USE GNS
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There are many reasons to have GNSS onboard!

© Continuous absolute position, 24h/24nh, 7/7
© No borders

© « Cheap» chips

© On-board equipment (no infra)

© No fees

©@©New services (I .e. signal aut
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GNSS FOR RAIL

What will be facilitated with GNSS for rail?

Attractiveness Efficiency
New services for clients Improve maintenance
- PaSSengerS’ - Realtime diagnostic

Anomaly detection and localisation
Predictive maintenance

- Freight customers

(0 1 4 g EUSPA
1 ot ol S EO and GNSS

Market Report
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€DITOR'S SPECIAL

https://www.euspa.europa.eu/sites/default/files/uploads/euspa_market_report _2022.pdf

©Traxens/SNCF Logistics

Ko
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Safety

POSITIVE TRAIN CONTROL & SAFETY

Amtrak Accident
Renews Push
for PTC

he faral derailment of an Amrrack

passenger train in Washingron state
has, once again, prompred calls for instal-
lation of GPS-aided positive train control
(PTC) systems on board American rrains.

On December 18, 2017, passenger

train 501 — a Talgo Incorporated loco-
maotive on irs inaugural passenger service
trip — went off the tracks ar an estimared
78 mph in a 30-mph speed zone near
Dupont, Washingron, a small communiry
berween Tacoma and Olympia.

PTCis designed to preventé overspeed derailmentsé

Passenger train 501was equipedwith PTCé but t h
had not been activated é becausethat section of the line
had non been tested

POSITIVE TRAIN CONTROL

PTC cantinsicd from page I

mandate. In a January 8, 2018, letter to.

the heads of the Oregon and Washingron
dep ion, Amtzaks

President and CEO Richard Anderson
said that 51 percent of Amtzak's nation-
wide diesel locomortive fleet has PTC o 3
cquipment installed, with 151 units com- Amtrak and other organizations

missioncd and readly to operate responsible for the track where the ac-
cident occurrad “hould have ... installed
Ater the Fact PTC, regardless of the December 31,

As with past incidents,in the wakeof the | 2018 deadline mandated by Congress.™
Dupont dersilment agency officiak and i
politicians weighed in on the need to im-

Mement PTC for el i e In Decen-
ber 27 lesters to the heads o
ailroads, US. por
tion (DoT) Secrecary Flaine Chao sent a ible for sfecy.” adding

501 was operating

I Amg o&

I comments reflecting an iniiaive

that has been gerting ready to et started

for a0 e, Chao s s

Federa R o (FRA)
for

PTC mandate had been et t work
with your arganizatio lnamh,, w©

he engineer
,hmduwnamnhm cunve.
1fthe engineer did not take sppropriate
act pecd, PTC

in e bencies beyond

passenger ral -&whmﬂdhdyﬁ ight

s well s passenger railroads to

more efficiently, enabling the companics
s afaidly h n Rail- o incecase erack capaciry and use their

good record at trying to mect the PTC woads, Pipelines, and Hazardous TR - productivly. @

ch the specd

‘Winter 2018 n 10N Newsletter

ION Newsletter, Volume 28 No. 1 Winter 2018

system
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https://www.ion.org/publications/upload/v28n1.pdf

TODAY, GNSS RECOGNIZED AS A GAME CHANGER FOR ERTMS

EU Parliament calls for fast adoption of satellite-based train localization in railway signaling

Adoption of the owninitiative procedure 2019/2191 (INI) in July 2021, the European
Parliament highlights the need to take advantage oftlhé=ntial cost savingshat
GNSS offers in railwasignalling

The Parliament calls specifically on:

AThe EU rail industry to develop technical solutions in order for the GNSS to enable the ERTMS on a large scale
AThe European Commission (EC), to consider introducing the GNSS in the upcoming ERTMS TSI CCS revision in
order to close the remaining technological gaps and embrace innovation

AEuropean Railway Agency (ERA) to closely coordinate, support and streamline research and development
projects of space and rail stakeholders in order to include GNSS train location data in the ERTMS as early as
possible

AThe cooperation between ERA and the European Union Agency for the Space Programme (EUSPA) to be
stepped up in order to phase the GNSS into ERTMS standards
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https://www.euspa.europa.eu/newsroom/news/eu-parliament-calls-fast-adoption-satellite-based-train-localization-railway

GNSS IS PART OF THE EU R&D PROGRAMS

(=

EU-Rail Multi-Annual Work Programme

Network management planning and control (new processes " Transversal Provide Digital Twins Design toolbox for design as well
and automation for decision support) & rail management in a Topic as for validation, verification and test + a Federated

multimodal environment (real-time demand-driven operations,
including demand from other transport modes)

FAT- new

approaches
Digital “Automated & Autonomous™ Train
Operations  building upon the next gen
Automatic Train Control based on ERTMS +
enhancements on TCMS for integration at the
on-board level

FA3 -‘Assets Mngt FAB - Regional

services
Knowledge from the digital transformation will
feed back into the design, construction,
manufacturing as well as into operation and

maintenance processes

Innovative solutions and services based on
leading edge technologies to minimize the
overall energy consumption and
environmental impact of the railway
system

E-GNSS IN RAIL

SIGNALLING

dataspace where all digital elements of the system can
play together in a coherent and interoperable way

Explore non-traditional and emerging flexible
and/or high-speed guided transport systems,
as well as to create opportunities for
innovators to bring forward ideas for shaping
those future systems

Decreasing cost while offering a high quality of
service and operational safety + increase
customer satisfaction and attractiveness

Digitalization and automation of operational functions (e.g.
DAC) and processes as well as increasing the efficiency of the
immaterial (informatiocn/data) layer of transport in logistic

https://space4rail.esa.int/opportunities/ba-s4r

EUSPA EUSPA- FUNDAMENTAL ELEMENTS | INDUSTRY & USER DRIVEN INITIATIVES

EUSPA RGD ACTIVITIES ESA ACTIVITIES CETERMAL Lot 10 £58 SLPBORT

https://www.euspa.europa.eu/sites/default/files/roadmap 2021.pdf
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https://www.euspa.europa.eu/sites/default/files/roadmap_2021.pdf

TWO /| APPROACHES AND PROGRESSES

___________ N
N

- virtual balise = 1 Passenger \
: Information System
&

© Hitachi Rail STS 2019

The use of GNSS for Virtual Balise A continuous localisation of the train
ETCS GNSS Wider System of Interest
e SR Antenna N\ “ “ ' ncident Incident Mgmt &
| Management Perception
GNSS Interface IL (trackside) (onboard)
Virtual balise RIS Localisation system o et
reader : Traffic Management | incl. application layer Bisealan
'L TLOBU
,_+ Train Protection
T
1 Train Control
: 1_T TCMS
L \
1

Train Integrity
Monitoring [ Train Rear
End Localisation

&

:-_j Trackside system © CLUG
D Onboard System
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What are the chall en
éin particular with 1o

|



2 MAIN FEARED EVENTS

Alongtrack x
error 2 Direction of movement W&

End Of Authority

TrainB speed profile

- |
v
Estimated Position &
Along Track Protection Level

Risk of
collisions

True Position

Which virtual balise to trigger?
Crosstrack
error

position

Wrongtrack
identification

20
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GNSS LIMITS

w_‘_‘}“ All starts with time propagation measurementé

Satellite Clocks

Ephemeris
(orbital position)

GLOBAL ERRORS

Atmospheric Delays

Multipath

Receiver Clocks, etc.
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A 1st LEVEL OF ANSWER: EGNOS, for global errors

Satellite Based augmentation System (SBAS)

Y in Europe : EGNOS

GSD More accuracy (correct

EGNOS improves the accuracy and reliability of
GNSS positioning information

cs; Error bounds

PrOteCtion Level Data Date: 21/122016 10:30:59 GPST T Google Earth
[
| With EGNOS V2
‘h ----------------------- ’
With EGNOS DFMC
e = e ————— - P!
With EGNOS for Rail
8 B B N _B B B |
1
_ ] .
' True position

Estimated position )V< Université
®
S~

Figure 13: Qualitative train protection levels versus EGNOS versions ©CLUG Gustave Eiffel



A 1st LEVEL OF ANSWER: EGNOS, for global errors

Satellite Based augmentation System (SBAS)

Y in Europe : EGNOS
Processing... Cf. CLUG Recommendation (D34)

CSDMore accuracy (correct imomor—ou b FGNgsgrjproect

EGNOS improves the accuracy and reliability of
GNSS positioning information

q8; Error bounds E
=
Protection Level '{'3
I %
| With EGNOS V2 e
T e e e e e d=——————————— > %
With EGNOS DFMC %
e e e ——————— = '-@'DJ
With EGNOS for Rail
- 1
p ] .
' True position
Estimated position “  Université
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Figure 13: Qualitative train protection levels versus EGNOS versions ©CLUG



2"d: WE HAVE TO DEAL WITH LOCAL EFFECTS
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HOW DO WE DEAL WITH LOCAL EFFECTS?

1. | DENTI FY, CHARACTERI ZE, MAP, LOCALI SE THEMEé

‘ | —

Based on interference

R

Basedon MP and NLOS

http://www.ersat-qgc.eu/

Detection

Interferences

Multipath and NLOS

Degraded performance

Basedon degraded perf. —
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