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Roadmap and projects: last 10 years

Satellite
technologies for
a connected,
cooperative, safe
and
decarbonized
transport system

Technological

synergies to
enable
automation for
cars, trains, ships

Key potential
users involved
since the
beginning
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Introduction

® GNSS positioning is a core
technology for automating
transportation systems

® Key differentiator with
respect to other
applications is the safety
attribute
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Why
Satellites Technologies?

Reduce operating and maintenance
costs and increase line capacity

MAIN CHALLENGE:
Achieving the same

LEVEL OF SECURITY as provided by
traditional technologies
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High Accuracy,
High Integrity
Positioning

To satisfy accuracy and
safety (i.e. integrity)
requirements two types of
unintentional hazards must
be mitigated:

® Global Hazards

® Local Hazards

In addition, security attacks
targeting the Signal in
Space must be tackled
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Global Hazards
Mitigations

® Dual Frequency Rx
® lono Free combinations

® DFMC SBAS
® EGNOS V3

® Multimodal Multiservice
Augmentation Networks

® HELMET
® GALILEO HAS
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Local
Hazards
Mitigations

® Advanced RAIM

® Fault detection and
Exclusion

® Solution Separation
® Local Hazard Causes
Maps
® Multi-Sensor Positioning
® IMU,

® Imaging &Visual
Odometry

® LIDAR, ...



Local Context:
Integrity

To enhance Integrity, “Local Hazard
Source Maps” can be exploited:

® Satellite visibility Map, whose purpose
is the exclusion of those satellites with
a LoS signal strength not enough so
that they can be used for GNSS fixing

® Map of LoS Multipath Hazard Causes
providing the information about the
local multipath statistical model

® Map of Radio Frequency Interference
Hazard Causes (RFl)

SATELLITE #n VISIBILITY MAP
As list of visibility segments defined by the
end points’ coordinates (e.g. mileage)
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GNSS only train
position

! estimate (RTK)



R Multi-Sensor PVT

Integrity Enhancement

Rail/Road Traffic and Signs
detection Mechanical

. Odometry
Track detection Visible/IR Imaging
Road Markings detection Lidar Point Cloud
Heading and lateral positioning L magps

Sky Visibility Map

Raw Data Rail/Road Digital Map

Perceptive
sensors’ data

Rail/Road Local hazard
Sources

Digital TWIN Digital Map
________________________________ LOCAL CONTEXT

LM locations Mechanical
Rail/Road™Digital Map Odometry
Visible/IR Imaging
GNSS Lidar Point Cloud
Augmentation & « Landmarks’ detection R vees

Integrity * Relative positioning w.r.t. LMs
Monitoring Data * Visual Odometry

MULTI-SENSOR PVT

Availability Enhancement

\
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X Railway Digital Twin

Track &

Trackside
;:_\ Elements
N
Y Train PVT Al object detection, classification,
) Accelerations - y il
Local B —r— S —— and positioning AV
Curvatureand _rates

Torsion
estimate

Local Curvature and
Torsion pseudomeasure

* Use of Local Landmarks Ty B

corrections Upd ReEion :

LMs TrackPath  corections ) ek 2P%™  _ Digital Network Layers
AA estimation . =
refinement Map

* LM class id and Location 1 |
part of the Digital Twin
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Global
Hazards
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" GALITS
GAlileo Localization In Train Signalling

O Innovative, flexible and customizable GNSS
receiver and antenna suitable for safety-related

railway applications

© Enhanced GNSS receiver chain for high accuracy

high integrity train localization

O Advanced integrity algorithms, based on reduced

complexity DFMC ARAIM schemes with coupling 4“

to on-board sensors

© Designed to be integrated with additional sensors

and compatible with on-board train control

systems for various applications
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The Zero on-Site Test Ap

S

proach

-
EM
environment  DIGITAL TWIN of the
Hazard system under test
Models \ (Augmentation included)
Ll
Operational

CAPABILITIES

GATE4RAIL

Simulate rare events

Simulate various configurations encountered in the
railway operational environment

Assess the safety level of a solution with a far larger

Geo-Distributed Simulation
and Verification

data sets than what could not be obtained by field Infras”u‘:ture

tests

Use methods and tools for test environment
accounting for a set of common requirements for
notified body approval

KNOW-HOW on

GNSS behaviour in the
operational environment
Impact on the Vehicle Control
System (VB detection in Rail)

REDUCTION of

* Experimentation costs
(Test before Invest)
Certification cost
Time to market
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The Zero on-Site Test Approach-

N
. W -
VIRGILIO SIMULATOR
VIRGILIO SIMULATOR
= = 3 Position error w.r L Confidence bounds i Staniord Dingram (48 epochs )
v E 5
RINEX)| — o T .
o 3
file E ; L]
Bx
4 5
e e Tt e
Reference Reference bl
Station #1 °*° | station #n . it of U sed Bmalitne va. 098 Tina
‘ l a1 .
2
AUGMENTATION AND INTEGRITY . g . 3”
MONITORING NETWORK CONTROL Analytics . 3
CENTRE & 5
Reporting :
AIMN Simulator 4
O T amrms  tmemwr  imomeez  1ssomess  1samiost 1
A Fropilars
arrarn . 4 y - sNR
, b
4 P w
OBU #1 SPIFIBEN = 20
Y
Simulator . b -
7y : R ’
i 2 5 VO5UBSE POFIPE POSH0SE OS50 30 = a1 a2 aza @
rrrrrrrrrrrrrrrrrrr Liagain R
- v
12°16'E 12°18'E 12°20E 12°22'E 12°24'E 12°26'E 12°28°E D A D D 00D N
Longitude g ‘(7%‘(7 (34 ('?\Ca" FFF VP @

» ' ‘




}{‘ f v
P.To{r/x_c&”; Olbia
'fo SASSARY

RrY . "0z.Chilivani

Macomer

a

/

P
o¢ | ORISTANO

& San Gavino
1Y -I
5 lelesias W pecimo &
3 g
B

2\, & .
2 Carbonif’

P T
%

£
=
=
g
g
=
£
3
o

g
&
3
=
z

RFI SARDINIA TESTBED

PLMN
core(s)

PLMN tranpsort
protocols

PLMN/Sat
gateway(s)

GNSS positioning: State of the Art
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SPACE-SIDE
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