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Proof of concept of an on-board continuous and
safe localisation unit

v’ To provide the position, velocity and acceleration of the train

v’ To replace or enhance the board equipment (e.g. odometry, Balise
reader)

v’ To decrease the cost of the trackside equipment

v’ To foster new concepts as Moving block, ERTMS L3




The CLUG project ID

Certifiable Localisation Unit with GNSS

Funded by European GNSS Agency (GSA)
Horizon H2020 Program
GSA Grantagreement number 870276

CE 24 months

December 2019 — November 2021
AR
WWW http://clugproject.eu/fr
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http://clugproject.eu/fr
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Participant Organisation Name Country
SNCF (Coordinator) FRANCE
AIRBUS DEFENCE AND SPACE FRANCE
CAF SPAIN

DB Netz GERMANY
ENAC FRANCE
FDC FRANCE
NAVCERT GERMANY
NAVENTIK GERMANY
SBB SWITZERLAND
SIEMENS GERMANY




Main objectives

Mission Architecture

requirements definition and

definition. algorithm proof of
concept

Definition of
process and tools
for prototypical
certification of
localisation unit

Demonstration of
the feasibility of a
multi-sensor
approach




CLUG concept

L B GALILEO
EGNOS GALILED

| ]
& ______ - ((ff))

S e e |

TRAIN LOCALISATION ON BOARD UNIT

Rl INTEGRITY

TRAIN LOCALISATION ON BOARD UNIT

Idem * nonsafetrain
position {30) and
Bttitudes




CLUG concept

Train Localization technical
objectives and challenges

O Design and evaluation of
a multi-sensors localization unit

GNSS + EGNOS

IMU

Tachometer

Digital Map

Some remaining Trackside
Balises pending Safety &
Integrity level
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O Definition of and adherence to
integrity and safety targets together
with the train localization accuracy
targets

O Focus on: Digital map definition,
Fusion algorithms, Integrity
concepts, certification evaluation
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GNSS: Galileo & GPS
SBAS EGNOS DFMC
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Requirements definition logic

Mission Definition

HL Mission
Requirements

Operational
Scenarios

)

HL System Definition

HL System
Requirements

Preliminary Hazard
Analysis

HL System Decomposition

Preliminary
Architecture
Definition

Preliminary External
Interfaces Definition

CLUG Wider System of Interest

Perception and Incident Management

[

Determine object position
and speed vector relative Evaluate hazard
to track

Manage
incident
situations

heading angle, TUFE
position, movement
direction, speed, accel.

Traffic Management

movement

[

Monitor train movements

direction,

Je—

TUFE position;

[

Fine-tune speed curve

speed,
acceleration

]‘__-

Passenger Information System

TUFE position;
Enfon’n passengers about realtime]‘, — speed

position and speed of train

Train Control

movementdirection,
TUFE pesition, speed

Release track sections ]l'—’ ——————————————

//[ Accurately stop the train unit ]

Automatic Train Operation

/[ Drive train unit ]

/
TUFE position;,

speed, atceleration

TUEE position—]

TCMS
Verify door positions relative to platform
and control partial door opening

Execute train control functions
(e.g. sound hom)

movement
direction, [ Determine train integrity } -
TUFE position, e o S
e, Train Integrity Monitoring
acceleration
el ~
TUFE position_ \‘[ Supervise safety envelope ]

e
*
~—

:J‘[ Provide train unit rear end location ]1- --F

Train Protection

~[ Determine train unit rear end location ]

Train Rear End Localization

Trackside system

|:| Onboard system

")

Depending on their type, some trains will determine their rear end indirectly with help of
train integrity monitoring and others by a dedicated rear end localization system. The exact

distribution of functions for this purposeis outside the scope of CLUG.(see 2.1.5)




EGNOS augmentation

EGNOS augmentation is required to meet performance
requirements for safety-critical operations (accuracy, integrity)

) 4

Performance assessment based on Dual Frequency Multi-Constellation (DFMC) service (EGNOS V3.2 )

In CLUG Testing (WP4) only EGNOS V2 Single Frequency Single Constellation (SFSC)
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“ite EGNOS DFMC not sufficient for Railway needs

o Tailoredto aviation needs

Railway performance requirements more stringent
Need for a different integrity concept

Integrity for speed estimate
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Availability Nok by GEO dissemination

EGNOS Dissemination means




EGNOS augmentation

EGNOS augmentation is required to meet performance
requirements for safety-critical operations (accuracy, integrity)

\ 4

GNSS Augmentation
Service for Rail

Improved orbit & clock corrections

Doppler range error & bias for speed integrity
Integrity parameters for Bayesian data fusion
Dissemination with safety terrestrial network
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Tests and Evaluation
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Workflow - Sensor Data Fusion

Platform installation
IQ based Sensor

Fusion Workflow

A A
] S5V

Beginning of measurement campaign 5 i .
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Generation of the ground truth { -
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Roadmap

DECEMBER 2021
CLUG Final Results

NOVEMBER 2021
Test results evaluation versus design
Evaluation of EGNSS for rail

—

JUNE 2021

Architecture & design definition
including fusion and integrity algorithms

First test results evaluation

JULY 2020 eo— Q

Preliminary high level mission v
and system requirements

LILILLL)

._

NOVEMBER 2020
v~ High level mission and system requirements
v/ Preliminary architecture and design definition
v/ Beginning of the measurement campaign(s)
Generation of the Ground truth

—O

DECEMBER 2019
v Projectkick-off

—

Test plan definition v/

.



Thank you
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Linking space to user needs
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https://www.gsa.europa.eu/subscribe-gsa-today
https://www.facebook.com/EuropeanGnssAgency/
https://www.linkedin.com/company-beta/1597589/
https://twitter.com/eu_gnss
https://www.youtube.com/user/egnos1
https://www.slideshare.net/EU_GNSS
https://www.instagram.com/space4eu/
http://www.euspaceweek.eu/

