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What are we talking about?

GNSS

Position 

Velocity

Time



Global 
Navigation 

Satellite 
System

Generic term that concerns every satellite-based 
systems (including GPS)

SATELLITE-BASED POSITIONING SYSTEMS

GNSS = 



Why are we talking about GNSS?

Passenger 

informationAsset 

management

New signalling

solutionsPredictive 

maintenance



YOU HAVE A « GNSS » IN YOUR POCKET!



GNSS IS A SYSTEM

https://www.gsa.europa.eu/galileo-your-pocket
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https://www.gsa.europa.eu/galileo-your-pocket


WHAT YOU HAVE IS A GNSS RECEIVER

Satellite signal is 
broadcasted

GNSS 
Receiver

P, V, T

{latitude, longitude, altitude} 

in a global reference network



ARE GNSS SYSTEMS SPIES?

Your receiver computes its own position

With a GNSS receiver alone, no com.

Does the system know your position?



THE INTEREST OF COMMUNICATINGé



How does it work?



BASIC PRINCIPLE

The receiver 
measures signal 
propagation time

x c

©EUSPA

Pseudo-range
Time of 

propagation



3 OR 4 SATELLITES?

Pseudo-range 1



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



What are the performance?



« GOOD » MOST OF THE TIME!



WHAT ABOUT ACCURACY?WHAT ABOUT AVAILABILITY?



DO YOU TRUST YOUR GNSS RECEIVER?



RAILWAY REQUIREMENTS FOR LOCALISATION

Non -safety vs safety

https://www.gsc-europa.eu/sites/default/files/sites/all/files/Report_on_User_Needs_and_Requirements_Rail.pdf



GNSS LIMITS

All starts with time propagation measurementé
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IN RAILWAY ENVIRONMENTS AS IN ANY GROUND 
TRANSPORT ENVIRONMENTé

Variation of the performance in time and space

Optimal conditions of signal reception

*

Global errors/known models

Land transportation systemsvs

Local errors/unknown models



IT IS ABOUT SURROUNDINGS



IT IS ABOUT SURROUNDINGS



GNSS IS VULNERABLE



IT IS ABOUT TIME TOOé

GPS

Galileo



A CHALLENGE FOR PERFORMANCE DEMOé

Satellite 
visibility 

States of 
reception

Interferences
Geometry of 

visible 
satellitesé



SOé DO WE REALLY WANT TO USE GNSS???



Continuous absolute position, 24h/24h, 7/7
No borders
« Cheap » chips
On-board equipment (no infra)
No fees

New services (i.e. signal authentication, High accuracyé) 

There are many reasons to have GNSS onboard!



GNSS FOR RAIL

Improve maintenance
- Real-time diagnostic
- Anomaly detection and localisation
- Predictive maintenance

What will be facilitated with GNSS for rail?

Attractiveness Efficiency

New services for clients 

- Passengers, 

- Freight customers 

©Traxens/SNCF Logistics
https://www.euspa.europa.eu/sites/default/files/uploads/euspa_market_report_2022.pdf 



ION Newsletter, Volume 28 No. 1 Winter 2018 https://www.ion.org/publications/upload/v28n1.pdf

PTC is designed to preventéoverspeed derailmentsé

Passenger train 501 was equiped with PTCébut the system 
had not been activated é because that section of the line 
had non been tested

Safety

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 
https://www.euspa.europa.eu/newsroom/news/eu-parliament-calls-fast-adoption-satellite-based-train-localization-railway

Adoption of the own-initiative procedure 2019/2191 (INI) in July 2021, the European 
Parliament highlights the need to take advantage of the potential cost savings that 
GNSS offers in railway signalling.

The Parliament calls specifically on:

ÅThe EU rail industry to develop technical solutions in order for the GNSS to enable the ERTMS on a large scale

ÅThe 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

ÅEuropean 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

ÅThe 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

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

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

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

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


TWO // APPROACHES AND PROGRESSES

The use of GNSS for Virtual Balise A continuous localisation of the train

© Hitachi Rail STS 2019

© CLUG



What are the challengesé 
éin particular with local effects?



2 MAIN FEARED EVENTS

Along-track
error

Risk of 
collisions

Cross-track
error

Wrongtrack
identification



GNSS LIMITS

All starts with time propagation measurementé



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

More accuracy (correct iono, orbitsé)

EGNOS improves the accuracy and reliability of 
GNSS positioning information

Error bounds

Satellite Based augmentation System (SBAS)

Ÿ in Europe : EGNOS

Estimated position

Protection level

True position

©CLUG



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

More accuracy (correct iono, orbitsé)

EGNOS improves the accuracy and reliability of 
GNSS positioning information

Error bounds

Satellite Based augmentation System (SBAS)

Ÿ in Europe : EGNOS

Estimated position

Protection level

True position

©CLUG

Cf. CLUG Recommendation (D3.4)

Cf EGNSS-R project
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2nd : WE HAVE TO DEAL WITH LOCAL EFFECTS

Multipath

Interferences

Masking



HOW DO WE DEAL WITH LOCAL EFFECTS?

1. IDENTIFY, CHARACTERIZE, MAP, LOCALISE THEMé

Basedon interference

Basedon MP and NLOS

Basedon degraded perf.

Interferences

Multipath and NLOS

Degraded performance

Measured 

data

Detection 

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


