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We are a publigprivate entity for Research, Innovations and Technology transfer

C created in 2001 as consortium between universities and industries

C non profitorganisation

C SME status

C members of the consortium are three universities, RefiRE, Roma Td¥ergata
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15 highlyskilledresources MD, PhD

President VicePresident Technical Director are full professors

Scientific commette

Board of directors: Pepresentativedor eachmemberwith equalvote right VElEELTE

Threespecialisedaboratoriesat eachof the three Universities
U Roma TRResearclon Multi-sensomositioning,Phasecdarrayantennaswith meta-materials
U Roma Tor Vergat&®Researclon Multi-bearertelecombasedon Satcom& Cellular forrail applications
U[Q ljdAf Y +£H-3X *HL ¢St SCdMectectauthlibniztistarapficatiodsy 3> / & 6 S N.

Tun2 3SNJ HAHNY M®POoT ac

Scientificpubblicationson international journals and conferencesllectedabout500 citations
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Radiclrabs

Vision
The 3Spriorities:

U Vehicle positioning
with Safetyproof

U Sustainability _
Ieveragimg on a mix of
technologies including
satellites

U Synergybetween rail,
road and maritime
technologies for
autonomous driving

Preparing for the digitalisation of transportation
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RHadiclhabs

* NeXt Generation . § e %.’:‘V — “.ﬂ 'fai‘”;: .“:"“':.:Q? ’Qﬂ' \* i = . .
. Isnéeg:;ztlzg FIATCOTES AR % Transportation Systems
* Low Latency Multi-Access \ . o
: ; Multi -Sensor Positionin
Edge Compqtmg AR | ' 9
* Secure Communications . W\ v W Al -based connectivity platform
* State of the Art Crypto - T to use cellular -satcom networks
Engine R > Q
* NIST Elliptic Curves & Ve Laboratories to simulate, test
* Post Quantum SR ey and validate new technologies
Computing NIST B SN for safety critical operational

Encryption scenarios




Radiallabs Multi -year Research & Innovation plan
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Pioneersof GNS$or train positioningand satcom communications we
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Gz Radiolabs core
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fi E deeds to build its own B
industrial capacities for connected
and automated vehicles to use
spacebased data and services for
navigation, high precision
positioning, secure connectivity
provided by Galileo/EGNOS/IR4S*

Cybersecurity

Testing& Validation

* Brussels, 5.3.2025 COM(2025) 95 final
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Radiclrabs GNSShasedmulti-sensors for high integritpositioning & perception

The digitalisation of the transport®lies on the availability of accurate géo2 Ol €t AT I GA 2y (2 3Idzl NI
positioning everywhere with high integrity and safety. GNSS absolute positioning is complemented by other sensors
leading to multisensors applicatiotailored solutions.

Our capabilities spans
the entire innovation
lifecycle to guarantee the
safety, competitiveness,
‘j= compliance to standard
and more importantly
the independency in a
sector crucial for the
economy, knowhow and

Positioning Perception

iob : _ Object detection
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Hadclabs A pl a’2Tife®r Augmentati on Network for Rail

The goal is to use EGNOS, GALILEO, HAS and Local networks

2012 5 2 Tiers Architecture using EGNOS
3INSAT

ﬁ # Assessment & safety proof B - 5 g

R ' 1 “  Allin-one infrastructure providing

£~ incremental services with the latest
AR TR technologies DGNSS, NRTK, f/AK

2016 - RHINOS ) ARAIM for Rail : RTCM S@04 and S 34 standards
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2020 ﬁ? Rail & Automotive
HELM

2025 RAN: Prototype and Test a national system

@
Agenzia Spaziale Italiana

HELMET Satellite technologies for autonomous, connected acdsustainabléransport | Radiolabs
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Radicllabs

RAN - Rete di Augmentation Nazionale

Development and prototyping of an Augmentation Network for Rail and Automotive applications @

Multi o tiers architecture: EGNOS
+ Local networks

National coverage
ERTMS and CCAMpplications

Compatible with COTS receivers
RTCM SC104, 134

Demo tests for Rail & Automotive
applications
RAIL: EGNOS only, AU -

messages using a FRMCS
channel

RAIL & Automotive: 2 -Tier
AU -network (EGNOS +
Local)

Li ai son

- Rail - ERTMS

Agenzia Spaziale Italiana

& tRa6IFEwtrAmeae|] e ct

Railway Test Bed - OBU
Onboard
ERTMS/ETCS
P 4G/5G Internal

Antennas

Data Logger ‘
GNSS

data data data ' - 7
Antennas
=S
Receiver (PVT/RAIM/FDE)

> GSM-R
external

M =Y w668 3168 ([N
. RS R

- Automotive - CCAM-Smart Roads

GNSS Antenna 2 |
(TBC)

GNSS Antenna 1 |

" Automotive GNSS

OEM GNSS Module Computer Module Communication
(e.g. Septentrio Mosaic -H) (e.g. 64bit ARM Cortex A72) interface

MMI/Debs
Reference Clock X Kot
interface

, e or be
ARC) (include LEDs) o it

=1 [ -~

12VDC or PoE

| Ethernet/USB/RS232
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https://www.radiolabs.it/en/radiolabs-partner-of-the-national-augmentation-network-for-autonomous-mobility/

. Multi -modal augmentation network for different services
Radiallabs

Focus on Resiliency proaiake the multimodal augmentation network and consequently the
entire EGNSBased positioning systenobust and resilienagainst potential cybeattacks

Radiolabs multimodal-secure GNSS augmentation

@ Integrated-Security Operation Centre | SPACE-SIDE | ] ) ;

@ network architecture supports multiple Service
- e w‘. Levels (SLs), where each SL satisfies a set of
] b T { s 2na { @ ~< ' requirements linked to specific rail, automotive and
g e > & 3t - maritime. High accuracy and integrity positioning.
5 e @ e | T * SBAS and Local Networks are combined in two-
E ALUGMENTATION

DISTRIBUTION
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Controller
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support g “@ Conirol SBAS + MCMF Rx T y Reference
g - stations
H A . by :
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Radiiabs Gedocali zation platform with FDE for EI
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R ™ abs Geo-localization performance for the ERTMS train positioning

Ground Truth

GNSS
SBAS FDE IMU+GNSS
Processing (DFMC) o Track DB
SBAS — _
Satellite Corrections
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Our new GNSB/IU Positioning platform is
compatible with the virtuabaliseapplication and
the requirements of the Advanced Safe Train
Positioning ASTP device.

Protection Level(im)
(5 R

Number of'Points per

"
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Radicliabs GNSS, Video sensor s, Di gital maps f or

High accuracy integrity positioning

based on GNSRTK and t ph
asedon and smart phones Platform for the production of highintegrity digital maps

Fault detection
and Exclusion g
(FDE) m

Analysis of
confidence
boundaries

PPP/RTK

Vehicle absolute
3D positioning

INS/GNSS

Sensors PointCloud ) ] _
3D Object relat 3D Object absolut
Road object Extracted positiojrﬁﬁgrree:;zi o ;:;:r::pi; SMART ROAD
. A (o8 -
detection object G e S e DIGITAL MAP

Intelligent Speed Assistance (ISA)
with GNS&Digital Map, Video

, —

~

Object
coordinates

Physical building of
Digital Map

Road object
dataset

< Road data L

MRIRALN o oo
' I;‘.‘._; ’ 2 -u-! i ;j i‘a i Entering 40km/h speed zone
2 2400 ~
£ 4 N e e e

- A

On road data acquisition 51 0F LINRPOSaaAy3a FT2NJ RAIAGIHC




Poadiiabe VIRGILIO 6 High Fidelity Simulator for GNSS  -based multi sensor positioning systems

= = RI NEX|f i T
EGNOSsalileaDual Frequency ready J J

cloud-based architecture

Reference Ref erence
Station #1 Statl on #n

VIRGILIO is a digital environment entirely L g
developed by Radiolabs to simulate with H/W - = ‘ ﬁ s

\

|n the Ioop the performance Of GNS$a8ed AUGMENTATION AND INTEGRITY MONITORING NETWOR

CONTROL CENTRE Analytlcs

multi-sensor positioning solutionsT including N—
Augmentation networks- for safety-critical rail, " R
road and maritime applications. The

*

performanee of VIRGILIOfor the most stringent ~ N

safety requirements Si. of the ERTM®ave \ |
.

been validated through the MAASVI4tLab T
[

Reportmg

///GJ
sy % ‘
l.
|
9

i S

Algorithm Availability Simulation Tool) of the
Stanford University GPS Laboratory within a
cooperation with Radiolabandalsoby several
intensive test campaigns

OBU #1
Simulator




Radicelhabs

Geo-localization with high accuracy -integrity for autonomous ship berthing

’9‘/

F Trustworthy reference trajectory DS®B2O0FtATFGA2Y LXLFGF
Aioisted Bartiing J
_ Trustworthy re ety ce
baseline for t sition o
o> of the vessel —q Digital Maps Communication j
berthing , : l Subsystem
| Kinematic
| | Sensors Augmentation
- Sensing syst al M fL Inltel?(;ictgltl)-la;aards Map$
ensin S S O Diglta ap INCI. Z
motion 0 N 6D 0 P I NTEGR
| . age A MONI T OR
Ashore segment ! Onboard segment RADAR 4
_ GNSS reference - 4 GNSS antennas 4 t' <
-2 IMUsin ord e
B
Visi i position of the vessel. Confidence
o o B
Y | ]
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Radicliabs High accuracy and secure positioning for Assisted Berthing systems

Anti-jamming
RF
FRONTEND Jammer Jammer
+ Detector DOA
ADC =5

Anti-Spoofing [

Spoofing Spoofer
Detector DOA

Tracked Satellites, Spoofing Warning,
Jamming Warning

YyVvYyYy

. Carrier
Carrier phases
; Phases
tracking S
Denoising

Beamformer

PVT

engine

Rx position

Attitude Estimation

Carrier Phase Double Ship Attitude
Differences based
Attitude Estimation

Ship distance from the dock, speed and bow
angle must be estimated with high precision
and must be resilient to interferences

The signals of the antennas are demodulated using the same oscillator, clock, and a common carrier phase trackingraigmabo fa
differences eliminate the need to solve both phase ambiguities and receiver clock signglwittois drastic increase diie navigation data
availability. Moreover, the use of a common digital loop for carrier phase tracking reduces the probability of havingdingisi®ormation
due to cycle slip. In addition, high rejection of interference signals, including jamming and spoofing, is provided. TleeeBNEIS the
evolution of the Digital Beamforming developed for rail applications



Radidiabs Use of GNSS,Video, LIDAR sensors for train applications

3D & 1D Positioning

3D landmark
detection

Enhanced Odomet er
IMU/GNSS I
module

Pointcloud
odometry

A Track Discriminatiog Responsible for discriminating the Track in view
where thetrain islocated.

A Enhanced Odometeg Providing odometer information with
performances better than those described in Subset 041 ISSUE 3.2.0.

A 1D and 3D Position

A 1D positioninformation is the estimated relative position on the
track of the Train

A 3D positioninformation is the estimated position information when
Enhanced odometry the track has not been discriminated yet or the localization is totally
unknown g.g.start-up).

POINTCLOUD

Fusion EEEEEEEEN

Go ahead to VOLIERAroject | Radiolabs
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Radicdlabs Virtual environment for digital twin of rail scenarios

Degraded
operational Motion system
conditions manager

i Speed and
limat Acceleration profiles

I
Buidings close to tracks

bridges, tunnels l
¥ 4

LIDAR

Landscape generator Railroad generator

(GeoGen) (Train Template)
Camera

T UnrealS Visual Odometry
1D & 3D position
Function

Function/algorithm
3D position under test

Results

Track manager

GNSS raw

GNSS +IMU
Simulator

IMU

StellaMNGC




Radiallabs Digital maps

Track
geometry

S 'y
E Fault detection B
4y andDiscard
. oy \ ’ \ (FCD) ) Track lengths,
':"\: ' ¢ geocoordinates,
# - ; curvatures,
.. e =2 - Anal_ySIS of gradient, etc o
g : confidence g
y boundaries =
! PPP/RTK = -
g Position&Orientation Train atsdute ©
o~ - Engine 3D positioning 2 DII\/CI;AITDAL

' R » INS/GNSS 2
o s O o N =
: 2 < !
- i ' I
g T - o 7 [ =y | Q
- . - » PointCloud 9
- 3 { v o

< L] 3 . . . "

»‘t‘??:? Al assisted 3D Object relative 3D Object absolute
SR g . Extracted - e
«g) Images railway object et positioning respect to positioning respect to S
Sk detection ) bodyframe global frame

A GNSS + Visual +LiDAR _ =
o Railway ject
Training DL coordinates

L. algorithm
A Computer vision on Deep
Learning

object
dataset

Digital maps and object recognition for GN#Sed | Radiolabs
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Radicliabs FDE process for Camera and LIDAR

: Calibration process
Data processing

h
m_’ s Cameras and LIDAR
Th2

1 Full filtered
perception o Data outlig Poin Coud
robustnessnustbe Cloud processing Detect

. . dataset

assessed sindenpacts

FDE process

RAW-DATA

Nominal

operating
condition

on the safety of LIDAR
autonomous driving

systems FDE applied arbeolL e DA
the identification
Detection pro faults and prevent
" the processiddqptsat ag
o IR N individually assess
st etection Detecting and di sca
Li DAR point <clouds
Camera ! . ensuring tB®E accur a
_ environment al mo d e |
FDE for camera starts with cal g o n whereithhmeas kel 45 g2 '
determine image quality based on the meaﬂaﬁss’hﬁﬁalséad"rdarr@ggdeed"t
above four KPI s. Next i1Is the detection phase, where the dat
against these threshol ds. | mages scoring below the threshol
as "good," while those above are "bad." The final detection
computed using an OR operation. on each i mage quality evalua



Radialhabs FDE for a Camera -LIDAR sensor fusion solution

LIDAR a9wD®9
Point [L5! w
Cloud at . t2AY Camerabased methods leverage
Of 2 dzR'a . .
) feature tracking and visual
Pre-Process . .
Sva g Remove odometry for localization but are
- : [ Temporal Alignment " . . .
dzil NE Outliers [ [ sensitive to illumination changes
LIDAR . .
l s l cvermaom | i Sz ] and occlusions. LIDAPbased
Pre-Processing int cloud i
point clouds Downampl approaches rely on geometric
SerfaiEiE Ve (R R features and point cloud

registration but struggle in
texturelesenvironments and
L2 Ay U g@ff@rdffigdm drift. Both modalities
degrade under challenging
environmental conditions: camere
suffer from poor contrast and
occlusions, while LiDAR returns
become sparse or noisy due to
u scattering and absorption. The
fusion of these two modalities
enhances perception robustness
mitigating individual sensor
limitations, thereby enabling more
accurate and complete mapping
railway environments

al lOK LR2Ayta o0Si
Il

LRy G Of 2dzRa Registration using ICP

al GOK LR2Ayida o0Si
[

Remove incorrect matches }

Remove incorrect matches

erlr?r

| 2y 3SNESYOS OK

!

Alignment

I
Recover rotation and translatiorg minimize
EIiI’(I)I’

I
Recover rotation and translatiom minimize ]

Convergence check

Alignment & Merging

Alignment

Alignment & Merging

Point
clouds . Outliers
FDE processing Detection



Radiallabs Core Technologie s

High integrity
positioning

Testing& Validation




Radicllabs Pioneering Satcom & Terrestrial Telecom Networks for Rail Applications

The growth of cellular and satellite telecom systems with the 5G and broadband mobile satellites are creating a global and\zsive

telecom infrastructure offering connectivity services in any place of the world. Furthermore, 5G will provide millisecond &tcies and
Ulqgs Yl t Wt GRARUNwIWAEC GE HRIRQRIJY Waécaqllec ! DWRT ¢ d Wa Y W ¢ in RuAdaiiH 1.
orbits are delivering internet access globally with latency comparable t@iber optics without building a dedicated infrastructure

;00 Costs of publiesatcom solutions vs dedicated networks x&
N A
£ 2500 3GPP Release 17+ NTN: Directo-Device Satellite
53 Release 17 allows direct access to satellite with
o 200 standard mobile phones opening the way for the
‘g W public M dedicated interoperability among different networks that can be
5 100 used overcoming the distinction between satellite and
§ 8000trams terrestrial access with seamless roaming capabilities
% 1000 between the two segments This standard allows today
. aooomnns data rate up to tens of kilobits anticipating Releases 18
500 and 19that will allow higher data rates and better
l performance with on board processing satellite
. — I . payloads, ensuring global connectivity

1000 km 10000 km 20000 km 50000 km
Total railways lenght

[ wn nQohd LIR T wlk RA2fl 64 fSIRAYI | &dGddzRé 2y SYSNHAyYy3 GStSO2Y
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Radiclrabs

Multi-bearer network with same KPI and resiliency
of dedicated networkslreadytestedwith RFI in

Multi -bearer Capabilities already Validated

Sardinia and other projects

Cellular

Satcom

World standard

Multi operators
High capacity

Global coverage
pre-emption
capability

Building a bearer independent solution

1 Service based model: pay per use

Quality of Sevice can be guaranteed

No need for a dedicated - permanent infrastructure

Ready to use
Reduction of CO2 emission

Number of satellites launched, by year

2,000
Starlink
1,500
1,000
500
Other US Russia Other —=
0

1956 70 80 90 2000 10 23

Source: Jonathan McDowell

Reference The Economist

Starlink opened a new era with + 7000 sat i
orbit and new oneso allow smartphones to
connect to sat using theGmobile standard,
without any special antenna. Kuiper of
Amazon startedaunching first sats of a
3200 sat constellation. In Europe OneWeb ¢f
Eutelsat and the IRISfrom EUCommission
are following this path

Migration from legacyGSMR to technology neutral FRMCS

FR(M)CS-System

_ Railway Sub-System
: Application domain

 Core domain

radio access

(4G and beyond)

FR(M)CS-Equipment ‘

non3GPP

radio access |

? ‘ Wireline access |

|

"

Object Controller SWOC

Control Center
(e.g. Interlocking)

@) Q
Eﬁi 0

Maintenance
Terminal
e

(pl9MmB 9 {1 G§02Y F2N wl A The erduliadip4Rail préjgcthdslbaed completed successfulig first test in virtual mode | Radiolabs

FR(M)CS-User 1

Migration from wirednetworks to wire-less solutions for Smart Wayside

Smart
Object
Controller

Field Elements /
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Radiclhabs Simulator -Emulator for Telecom Networks

Simulatoremulator tool to analyse the performance of various telecom networks in the operational scenario

On-board telecom device (OBU):
[ Communication manager ]« . . | Coverage . Intelligent handover between
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Radicllabs Cognitive Algorithms

Raw Cleared Choose an Training i i i
,e_’ Data A{) Prepare Data Algorithm ) | Acarthen Al is used for processing non tru;ted public networks
to create a multibearer network with at least the
IL ‘? same QoS achievable with a dedicated network. This
S Choosc a . . . ]
U:dluiﬁtlgn 4 gl | Model K Fita Model process is pased on the colleguohissmcatlon of
o Method representative data from the field and of a proper
JL B learning methodology to train the algorithms
Examine Fit c Update
and Update @“ Model

o

Use Fitted e
New Model for |—— Prediction
Data Bredicfi —

redictions L,

satcom

Multipath
Router

SAT4TRAIN | Radiolabs



https://www.radiolabs.it/en/progetti/sat4train-2/
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Radilrabs GNSS Anti -jam RF-to-RF On Board Unit for ERTMS Train Control

Y 2§ ‘ Anti-Jamming Processing Module =
5 10 0, GNSS RX o VT

T g ( Up convertion ) Engine
= . B i

| |8 {

. l 1} Anti-spoofing

3 calibration 8@ Processing Module

module .

— R sigeals - Antispoofing Flags
Q) Atreme = (Obs/Nav data
= Control Dota

The platformconsists of a €lementphased array
antennaand a 4coherent channels froréndto
detect, mitigate thejammersandclearnng GNSS
signalsat the input of the receiver.This platformg
alreadyverified for the ERTMSwill be engineered &
testedfor the Rail& Maritime applications

Novel AntiJamming Techniques for GN&Bed ERTMS Train Contrbiside GNSSGlobal Navigation Satellite Systems Engineefftalicy, and Design

a GNSS positioningas tobe resilient
< to signal jamming and spoofing
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https://www.radiolabs.it/en/cyber-secure-vehicles-positioning-with-post-quantum-blockchain-technology/
https://www.radiolabs.it/en/cyber-secure-vehicles-positioning-with-post-quantum-blockchain-technology/
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Radicliabs The Role of Hybrid Testing for V&V and
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GATE4RAIL


https://gate4rail.eu/

Hybrid Virtualised Testing for Certification of EGNSS in Railway Train Positioning

Radicl.abs
Li ai son with Europeds Rai l FA R2 DA
zUsSPA
VICEZRAIL

On Field HyVICE Orchestrator

GNSS SIS Communication

generator

system

Real Time
DUT emulator Ground Truth
CEDEX ERTMS Test Bench

Radiolabss partner of the VICBRAILprojectto developand deployHyVICE the HybridVirtualizedTestingCertificationplatform to validate
GNSSbasedpositioningdevices TheVicedRailsystemconsistsof a dedicatedtrain, the railwayscircuitat SDonato(5.5 Km),the laboratories
of Radiolabgo emulate GNSSignalsincludingglobal/localhazards augmentationsignalsand of CEDEXor the ERTMSThe GNSSunit on
board the train is fed by synthetic RFsignalsto emulating different operational scenarios The IMU data - synchronisedwith GNS§; are
recordedon the field to reproducerealisticbehaviours The GNS&nd IMU data are then transmitted to the ERTM3aboratoryto assessn
one placethe end2end performance of the ERTMS$vith GNSS$asedtrain positioningdevicesunder different operationalscenarios

https://www.vice4rail.eu/
https://www.linkedin.com/in/vice4draproject/

(including Global
and Local Hazards
effects)

Rail Testmg Slte (Rlan Donato
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Radicliabs P-CAR aboratory

~ Baseliinnffer as tfrowcatl u rdea tai foinrssetb f

. . \/ phase-tompleted
Connecamcdut onomausvi @ADN)uncti ons

accortda mrgrreegtul atmdee ® mmendati ons

~ CCAM services assisted by smart road/smart infrastructure
~ Extension to terrestrial and non-terrestrial communications
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~  Geo-distributed laboratory platform
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Radiclrabs

The Role of Hybrid Testing for V&V and Safety Assurance

The performance of a GNSS-Based Positioning Terminal (GBPT) can be tested, validated and verified by the
manufacturer as individual subsystems and as part of the entire vehicle architecture

Sensor
manufacturer

Sensor

manufacturer /

/

/
/

Sensor
manufacturer

Certification
authority

cloud-based geedistributed infrastructure
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to access computational resources for Big Data analysis.
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Radialhabs P-CAR Services

esa
The PCAR Laboratgiis designed as an independent testing fadiitige accredited — PC AR (8
at European level for testing audlidatirg Positioning, Telecom and Cybersecurity ‘ "
technologies for the Connected and Autonomous driving applications .s -
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Radiclrabs

Starting from the ¢ u st o nhazard sand
safety risk analysis , P-CARwill:

2

o

(@l
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(@l

reproduce the operational
environment where the system is to be
tested

inject faults typical of the selected
environment

analyse the results

collect the results into a report.
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Radielabs P-CAR Hardware in the Loop Laboratory

Mobility and vehijcle dynamics
P-CAR ASSETS Gl obal and | ocal |hazards model s
Environmental <conditions
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Ground truth and
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Sensor Data Generator > Input data
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F’.ad@abs Sensor data acquisition and processing facility

Mobile -Lab for GNSS, Lidar, Camera, IMU data acquisition and processing. Ground truth unit for independent and trustable
reference trajectory against which to evaluate the performance of each sensor in the position domain. Storage and playback
processing for performance and safety assessment and for training Al algorithms. Data acquisition rate 8h @1.5Gb/s with local
storage of 6TB. The standardised set -up can be installed on different vehicles and a motorcycle to get a massive data set
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Third-party
sensors and/or
ad hoc systems

including sekl
standing ADAS
equipments
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Green light to the STEV projedilulti Sensor Positioning for Connected and Autonomous Vehicles* | Radiolabs



https://www.radiolabs.it/en/green-light-to-the-stev-project-multi-sensor-positioning-for-connected-and-autonomous-vehicles/
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