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acitoflux transforms technology &
creativity into real-world ventures

that improve people's everyday
life.

Innovation Capital for scale-ups, investors

and corporate partners to grow & speed up.
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Structed process led us to recommended NAVIS 1-3 Elements

Task 1: State of the art Technology (D1)

HP GNSS (High Precision GNSS)
Pre

\

Task 2: Emerging AD/ADAS Applications
(D2) J

Autonomous Excavator / Earthmoving
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Swarm / Coordinated Field Robots
[ oy 00

o Aemeesweem

Driveriess Highway Pilot
(Privetely Owned Cars, L4 - conceptual tomorrom)
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Task 3: Gap Analysis (D3):

= Based on 10 relevant PNT dimensions

Accuracy Precision
PNT usabity througr
state . tunneis, canopy, and
Wweather synchronization with globa tme sources
(e.g. GNSS)
Cluster 2 - Signal Quality, Trust & Resilience
05 06 o7
Integrity Robustness Redundancy
. orhostie
a
i Tallack ncl sensor fusion,aterate
A e o o Teferences and gracoful degrad. srtogies
Cluster 3 - Economic Deployment & Viability
08 09 10
Scalabllity Cost and Business Viabllity Verification and Validation
Costs. capabilty “technicaly  Abiltyto demonstrate tha the ystem
vehicle fleets, use cases, and ODDs good PNT can fely
beyond demoor pot wiong.

= PNT Gap Framework,
scoring per AD/ADAS application / Use Case
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O
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Identified Technology Use Case Gaps,
baseline for NAVISP Elements discussion

Task 4: Derivation of NAVISP Elements (D4)

» Viatechnology-use case-gap analysis
= Statements/Informations of interview

partners, what is needed in the industry
= Qverall PNT tech trend analysis,
in context of AD/ADAS

Element 1: Innovation in PNT

+ Develop novel PNT-related systems and technologies along the entire
value chain

* ITTs released on esa-star

* Fully funded

Element 2: PNT Industrial Competitiveness

* Improve European industry’s capabilities in the global market for PNT
technologies and services (products and services)

« Direct negotiation

*» Co-funded(*)

Element 3: Support ESA Member States initiatives
_| * Support European National Programmes along the whole value chain

« Direct negotiation

* Fully funded

-

Long List: 563 Element Projects
e

Short List: 15 Element Projects
(Recommendation)
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Automated Driving and Assisted Driving Systems shaping a new era of tech

The increasing automation and digitalisation of road
transport is reshaping the European mobility and
automotive landscape. Advanced Driver Assistance
Systems (ADAS) and Automated Driving (AD)
functions are progressing rapidly, driven by
technological innovation, regulatory frameworks,
and societal demands for safety, sustainability,

and efficiency.

A central challenge concerns safety assurance.
Functional Safety (ISO 26262) addresses risks
caused by system malfunctions, while the Safety of
the Intended Functionality (SOTIF, ISO/PAS 21448)
covers hazards arising from performance limitations,
for instance in Al-based perception and decision-
making systems. Both approaches prescribe
lifecycle processes for identifying and mitigating
risks, and their integration is increasingly recognised
as a prerequisite for building a comprehensive
safety case for automated vehicles.

On the regulatory level, the European Union has
taken major steps to strengthen road safety. The
General Safety Regulation (EU) 2019/2144
introduced mandatory requirements for a broad set

of advanced safety features such as advanced
emergency braking, intelligent speed assistance,
lane-keeping systems, driver drowsiness warnings,
and event data recorders.

Complementary to this, Directive 2010/40/EU
established the framework for the coordinated
deployment of Intelligent Transport Systems (ITS),
highlighting the role of interoperable and satellite-
based solutions for positioning and timing.

More recently, Regulation (EU) 2022/1426 defined
uniform procedures and technical specifications for
the type-approval of automated driving systems,
covering use cases such as hub-to-hub freight
operations and automated valet parking.

At the same time, the role of space-based
technologies for road transport continues to expand.
The European Union Agency for the Space
Programme (EUSPA) reports a growing reliance on
precise Positioning, Navigation, and Timing (PNT)
enabled by Galileo and EGNOS, as well as Earth
Observation (EO) for infrastructure monitoring.
Applications include connected and automated
driving, road user charging, eCall, fleet management,
and predictive maintenance.

However, Global Navigation Satellite Systems
(GNSS) face limitations in urban canyons and under
adverse conditions. To address these challenges,
hybrid approaches combining GNSS with
complementary sensors (LiDAR, radar, cameras,
inertial sensors) and emerging technologies such as
5G-based or Low Earth Orbit (LEO) satellite
localisation are being actively explored.

In this context, ESA’s Navigation Innovation and
Support Programme (NAVISP) acts as a strategic
enabler by fostering innovation in PNT technologies,
enhancing industrial competitiveness, and
supporting European sovereignty in this domain.

WP1 establishes the methodological and regulatory
foundation for the project. It integrates user needs,
safety-critical requirements, and regulatory
conditions with the state of technological
development. The objective is to provide a coherent
baseline for subsequent work packages, aligning
technological progress with European values of
safety, resilience, and sustainability.
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Legacy Navigation Architecture

GNSS MODULE

Receives satellite signals
for global positioning.

SD MAP (Navigation Data)

High-resolution navigation map stored
on local secure digital media.

\ STEERING ANGLE SENSOR

‘; Measures precisely the input
! angle from the steering wheel.

Accelerometer
\‘//|§ — Gyroscope

g*l 3
L

<>

IMU (Inertial Measurement Unit)

Measures car's acceleration,
angular velocity, and orientation.

WHEEL ODOMETRY (Front & Rear)

Counts wheel revolutions to determine
precise distance and speed.
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Legacy Navigation Architecture

Telematics ECU

GNSS

Infotainment ECU

SD Map

GNSS

Receives satellite signals
for global positioning.

Y

IMU

Passive/Active Safety ECU(s)

\ 4

e
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SD MAP (Navigation Data)
High-resolution navigation map

stored on local secure digital media.

IMU (Inertial Measurement Unit)

Measures car's acceleration,
angular velocity, and orientation.

IMU

Steering Angle
Sensor

Wheel
Odometry

STEERING ANGLE SENSOR

WHEEL ODOMETRY

Measures precisely the input
angle from the steering wheel.

(Front & Rear)

Counts wheel revolutions to
determine precise distance
and speed.
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GNSS MODULE

Receives satellite signals

for global positioning.

High Automation Navigation Architecture

HP GNSS (High Precision GNSS)

Provides high-accuracy positioning
using correction data from base
stations or satellite augmentation

\§ <~

IN-VEHICLE COMPUTING

Processes sensor data
and runs navigation,
localization, and
decision algorithms.

systems for precise localization.

\\\ GNSS  HPGNSS
7 Y

I
/
/
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WHEEL ODOMETRY

Measures wheel
revolutions to
estimate vehicle
speed and traveled
distance.

STEERING ANGLE SENSOR

to understand vehicle direction
and driver intent.

Measures the steering wheel angle _ /<

CAMERAS

Provide visual information

for lane detection, object

recognition, and environment

understanding.

LIDAR

Measures distances
using laser scanning
to detect 3D structure
of the environment.

RADARS

Detects velocity and
range of objects
using radio waves,
effective in all
weather conditions.
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Central Compute Node

High Automation Navigation Architecture

Infotainment Domain

Safety Domain
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Today four major GNSS constellations are being used for AD/ADAS systems,
oftentimes supporting multi-constellation and dual-frequency receivers

PNT Technology Stack - Industry Standard Today

To support advanced driver assistance and autonomous functions, modern vehicles integrate a diverse set of positioning
and perception technologies.

Below is an outline of the key terms and technologies referenced in the current state-of-the-art PNT technology stack
based on internal expert interviews and literature review:

Global Navigation Satellite Systems (GNSS)

_ o o Major GNSS Constellations
GNSS refers to satellite-based navigation systems providing

global positioning and timing services. Most AD/ADAS systems PN P _— S b
. . . V9% xy\,‘,:\ e i s i . b ;

support multi-constellation and dual-frequency receivers to LN AR N N ey
- [ fllF LI ) S S 3R —-t= A f
improve robustness and availability. b Yo sl a N ‘ i S » "‘@ § o0 ,
« GPS - Global Positioning System (USA) R ) A \X W/ X AL

. / X /é == / -pem \ v 5 e
o Galileo - European GNSS - gl 2R S el
« GLONASS - Global Navigation Satellite System (Russia) %

GPS Galileo GLONASS BeiDou

« BeiDou Il & lll - Chinese Navigation Satellite System

6 Orbital planes 3 Orbital planes 3 Orbital planes 6 Orbital planes
24 Satellite 27 Satellite 21 Satellite 30 Satellite
+ 55° Inclination Angle 56° Inclination Angle 64.8° Inclination Angle 55° Inclination Angle

. . Altitude 20,200 km Altitude 23,616 km Altitude 19,100 km Altitude 38,300 km, 21,500 km
« QZSS (Japan / Asia-Oceania)

NavIC (India
* ( ) Source: Introduction to GNSS Geodesy, Springer, 2022
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Definition of relevant PNT dimensions

3 clusters of PNT Dimensions have been identified to discuss use cases (D2)

Cluster 1 - Technical Performance

Cluster 2 - Signal Quality, Trust & Resilience

performance under normal conditions jamming, spoofing, and interference. allback. Incl. sensor tusion, alternate
includes confidence levels. references and graceful degrad. strategies.

synchronization with global time sources
(e.g. GNSS)

Cluster 3 - Economic Deployment & Viability

beyond demo or pilot. wrong. evidence. Includes certification readiness,
and regulatory compliance.

Source: acitoflux analysis; Detailed description in Chapter 3
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Tiered European Ecosystem Analysis

Mapping of Relevant Actors (Europe/Canada)

This chapter provides a structured overview of the current ADAS/AD
and PNT ecosystem relevant to land mobility across Europe and
Canada. It covers passenger vehicles, commercial and heavy vehicles,
construction and mining equipment, agricultural machinery, logistics
and material-handling vehicles, as well as off-road automation
domains increasingly reliant on precision positioning, localization,
timing and autonomy.

The analysis covers actors across the value chain, classified through
the defined Player Role taxonomy: Vehicle OEMs, Tier 1 ADAS/AD
System & Integration Suppliers, Tier 2 providers across GNSS and
correction services, localization and positioning, mapping and HD
maps, time synchronization and V2X, and ADAS/AD software and
compute platforms, as well as Public Research Institutions and
Standardization Bodies & Regulators.

Actors are further categorized by sector-specific relevance, technology
focus, TRL relevance, regional presence, and representative products,
projects or initiatives. Furthermore, selected global non-EU/Canada
companies of very high relevance in Land Mobility, PNT and ADAS/AD
are included as benchmark cases for comparative technology analysis.

g g e Sy

T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —

—_———— e — -
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Multi-dimensional technology scouting & assessment to evaluate gaps and
opportunities

Inhouse Research acitoflux data-cube /

esa company database
Ideas & industry expertise from + re|eva Nt NA\/|SP _
4#7 A partner project team _ Use-Case Ecosystem
DLR rcrereo projects collection based Evaluation
. Industry Expertise
(ntinental ®
@omoane Expertise from market as identified 1l 2
@ BoscH @ @ in industry research, expert interviews
Valeg MeredesBen and technology scouting
LIAAS

Investor & Ecosystem Network
PULL - Interested parties at industry partner

Open exchange with partner networks PUSH — Exploration of valuable use-cases
B Nsvsnace E (e.g. expert stakeholders, Investors, etc.)
on related topics

Sources: AFX Methodology
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7.PNT STATE OF THE ART | DATABASE INSIGHTS

Data overview of long listed companies

n = 331 screened and long-listed companies

Company Size Player Role TRL Relevance

o\ W

166

96
69

TRL <4 TRL 5-7 TRL =8

[ Vehicle OEM (38) @ Standard Bodies & Regulators (9)
@ Tier 1- Supplier (62) @ Other (19)
@ Tier 2 - Provider (178)

. Public Research Institution (25)
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Source: acitoflux analysis [Link
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Exemplary overview of different player roles

C cronps _ _ KION~ VR g v _
Ay E-,-s,<< ))\ Standard Bodies & Regulators | Vehicle OEM . e Tier 1 - ADAS/AD System
Py ﬂ% NAQie \CXEE @ @ & Integration Supplier
bl sy Aacco @
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AI INBUSTRIAL arrus momlﬁg
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P e, N =) STELEANTIS @ UNIA ERLRES 4\ AUMOVIO
et ZI tukasiewicz Had&abs @ UNECE SGAMx) BMW DAIMLER TR U:‘I,( S[LEcmummn[FENSE V ,
Poznariski Instytut Technologiczny — N
GROUP  komarsu ALEES @ntinental®. ~ Vdleo
The University of INSTITUT =
I Nottingham @ VVEDECOM gﬁfﬁ.ﬁl GrfomERs 4 sE\D R TOYOTA IVECO JOHN@DEERE (o) DoIMGS & IFEN @bl
““‘I',‘B::"ég“ ?jHlE\‘H\ Sheffield \ ’ <()> MATERIAL HANDLING @ SDF S?V;I o b..!F%T ox
. L QNETIQ €)= vt - @ | vorve manl | Amaena  bran®  Ospirent (@) avreusmous
Public Research Institution OVIN ontaric @ YvorLvo VOLKSWAGEN GROUP amooity OSRIE @m sveTems
1 1 1 1
< 1 1 1 @Trimble | applanix <55 ! :
o =
embotech ** A\amotwe | Mmmml OSCILLOQUARTZ = | =BAREWAYs atlatec’ ! s @ ormce : anv o= T =
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W sanzebat sensiblé?) ! i B O tomt: | Saascom * ~zggpoint ! S septentrio 0 o
A i C(O)mmsignia g Yy tomtom . Aamoirace™ oarance FI><POSITION motion .I | v networks Geo++ DDKQ
POTENTIAL 1 dSPACE ' & Manill I GLICON® . exail @ AIRBUS T
I SQMaplliary  qeomate 1 ERSiNG @FocalPoint | ARE2.c w1ELESPAZIO
FERNRIPE . o X ‘v VECTOR GROUP LTD X 9 X ®hensec :‘;Eers | S ,mmmnm@miy o ‘ a
. OXQ  Rosotec® | - : i ! LR e ! spdceopal >
Woobl 1~ .I" 1 Fm Ecopia 1 geiginumerics oy HONEYWELL (‘I iNGage ] 888 ThalesAl )
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— ris R RadChat I | [ | Shnce peee
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A& rFpro GOtracke ° i ‘..:.-:: WI rgl.aESS | N mcppedm g 1 SEEEne %GFEPAT“DN !‘!g!!)c\s confidence. Engineered. | GN SS * HEXAGON ‘ veripos®  * Aj,f;
i ' 1 e 1 1 v v7 1
- ; n 1 - 1 . 1 AW L z 1 & -
Eensy (& ncreencurrure | SATEL o7 mergses § Segmentsaiby Uber : BLUEBOTICS % GBGoysrems ¢ > FOIC | Trimble “OHE < kinéis 9ol =~
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Source: acitoflux analysis [Link]
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Overview Selected PNT & AD Technology Players per Country

!
Selected Polish PNT & AD Technology Players

o o

—— O === o E= o e
Selected Italian PNT & AD fschnology Players
o - &SDF oo QoASCON  Semmem o P

Source: acitoflux analysis [

]
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Selected Hungarian PNT & AD Technology Players

yintegricom v
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2 D EED
Selected German PNT & AD Technology Players
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Selected Chinese PNT & AD Technology Players

|
Selected Canadian PNT & AD Technology Players

x [SITP— geomate e o= e
B e s S
¢ ===

Selected French PNT & AD Tachnology Players

586 s Curtrs e sysnav
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¢
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Selected Spanish PNT & AD Technology Players
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Selected British PNT & AD Technology Players
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Selected German PNT & AD Technology Players

<> Narere Osnabrick

Relies on 3D environment modelling and
local navigation logic to enable GNSS-
independent operation of agricultural

machines

Tier 2 - ADAS/AD Software &
Compute Platform Provider

A ALGONAV Darmstadt

Combines GNSS, IMU and additional sensor
data to generate high-accuracy trajectories
through post-processing and sensor fusion

Tier 2 - Localization &
Positioning Technology Provider

‘I;hensec Karlsdorf-Neuthard

secure solutions

Addresses GNSS interference by detecting
and classifying jamming and spoofing to
support resilient and trusted positioning

Tier 2 - Localization &
Positioning Technology Provider

Source: acitoflux analysis [Link]

N

Geo ++®m Garbsen

PPP-based correction services and
processing software enable centimeter-level
positioning with integrated integrity
concepts at service level

SME Tier 2 - GNSS & Correction
Service Provider

-~
spaceop?/ Munich
Acts as Galileo service operator while
offering PPP-based augmentation to
support high-accuracy positioning across
applications

SME Tier 2 - Gl_\lSS & C_orrection
Service Provider

FERNRIPE Munich

Combines autonomous driving and
teleoperation capabilities to control vehicle
behavior in logistics and terminal
environments

Tier 2 - ADAS/AD Software &
Compute Platform Provider

D I M S Kiefersfelden

Operational supervision services monitor
positioning performance and system
behavior within defined automated mobility
areas

Tier 1 - ADAS/AD System &
Integration Supplier

D Munich

Processes multi-sensor data to enable
perception-driven navigation in off-road and
GNSS-limited environments

Tier 2 - ADAS/AD Software &
Compute Platform Provider

A S Munich

Brings together GNSS, inertial sensing and
additional inputs within multi-sensor fusion
architectures to maintain robust localization

Tier 2 - Localization &
Positioning Technology Provider

&' IFEN o

Covers GNSS receiver development
alongside simulation and test environments
used to analyze positioning behavior under

real and disturbed conditions

SME Tier1- ADAS/AD Sys_tem &
Integration Supplier

ACITOFLUX
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Overview Selcted Leading Projects per Player Role

SELECTED LEADING PROJECTS - Vehicle OEMs

Mercedes-Benz - MAN Truck & Bus - ATLAS-L4
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Agrcuture,
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SELECTED LEADING PROJECTS - ADAS/AD & Compute i
Autonomy Vaicle AGC Autonomy
Autonomy Stack Marsnating Kit
@
P
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-
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SELECTED LEADING PROJECTS - Tier 1 - ADAS/AD System & Integration Supplier

Valeo - SCALA™ Gen 3
LIDAR Platform

Highway Automation Ecosystem

Aptiv-Gen6

L

itk A0S o iy

cepion,ocozaton, com
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‘automatin patforms for road, freight and oft Nghuay vehicles.

making,system monioring and falback handiing.

control and connoctity wth GNSS, map and nertial nputs.

1o dofinad at systom and compute platform eve

within vehico love system archtctures

SELECTED LEADING PROJECTS - Mapping & HD Map Provider

HDLive

Map

’ Mobleye - REM™ Mapping

RoalSimE

Crowdsoured HO mapping plttom

1 samarte Tetres st o

Siand ADAS andstemotes

== =
=
= =
Urifad S0, ADAS 1 HD mapsack 410 maps
rovisng e v r6ad sl o provang.
imagery for ADAS,AD and smar
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localzation referance ayersfor ADAS and automated drhing.

locslzation ralvant qualy matics.

o feature fo map-aligned vehicls positoning

Ireshness, coverage and valdatin readiness at scale.

consistant algnment btuwsen vehicl postion and map dats.
Map-PNT consistency, HD:map validaion and GNSS:degraded ocalzation suppert are
becarming key raquirements fo scalabls ADAS/AD deployment.

SELECTED LEADING PROJECTS - Public Research Institutions

oot ocszatonconcept

AVL ZalaZONE - Smart City. NTUA- CLARITY

Validation

"ADASIAD proing ground enionment

ntasectons complementay 6G postionng. i postioning
Combines roadsidesensors,adge Beiners S, s
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SELECTED LEADING PROJECTS - GNSS & Correction Service Provider

amv Trimble - RTX / RTX-NMA Xona / Septentrio -
Pulsar & LeoRx

Trimble RTXNMA

porh®y

intarty mont vertaence
a0 28282 ST signment ATt
P——— P PP —— e o .22

Technology State of the Art

i anvronmantai and signs condtions.
LE0PNT

and resionce where clasical GNSS a degradsd.

complamantary approsches for positning and tring.

SELECTED LEADING PROJECTS - Time Synchronization & V2X Providers
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Doployment Architecture Platform
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Technology State of the Art Direction & Implications

Including RSUs, 08U,

PTP. NTP and Syrce.

vehile,infastructure and backand systems.

SELECTED LEADING INITIATIVES - Standard Bodies & Regulators
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https://acitoflux.sharepoint.com/:x:/s/0853ESAADAS/IQA2PktS1ZB0Qa4dJ9MdnAFNAV7_lRywF1gFBgR0g66BjCM?e=XNq5gM

SELECTED LEADING PROJECTS - Vehicle OEMs

Mercedes-Benz - MAN Truck & Bus - ATLAS-L4 AGCO / PTx Trimble - OutRun™ Caterpillar - Autonomous Cat®
SAE Level 4 Testing Autonomous Hub-to-Hub 777 Quarry Truck

. Level 4 motorway automation Retrofit autonomy platform enabling Fully autonomous Cat® 777 off-
Approved for public-road SAE Level 4 . . . . .
. ) programme for freight transport driverless grain cart and tillage highway truck demonstrated for quarry
testing on designated urban roads and - ' . . - . . ;
. : between logistics hubs on predefined operations with existing agricultural operations at Luck Stone’s Bull Run
highways using upgraded S-Class test
vehicles routes. tractors. plant.
- i - i i i ™
s e GreEE e i LD, Integrates percgp’u_on systems, QNSS PTX Trimble location tec.hn‘ology, MineStar™ Command exten<‘js‘ proven
supported localization and technical guidance and remote mission control autonomous haulage from mining into
radar, cameras and redundant systems - L . ) ) . .
; . : e supervision within real-world highway support scalable autonomous field quarry environments with site-level fleet
validated in real-world traffic conditions. :
operations. workflows. control.
Source: Welt, Aug 08th 24 [Link] Source: MAN, May 08th 25 [Link] Source: AGCO, Jun 12th 25 [Link] Source: Caterpillar, Jan 07th 26 [Link]
Technology State of the Art Direction & Implications
Vehicle OEMs are moving from isolated ADAS features toward ODD-defined Vehicle platforms require positioning outputs that include confidence, integrity and
automated driving and autonomous off-highway operations. fallback-related information alongside nominal position estimates.
Localization is becoming a system-level function combining GNSS, inertial sensing, Automated driving functions are currently deployed within defined operational domains
perception, maps, route supervision and safety monitoring. with controlled environmental and operational conditions.
Agriculture, hub-to-hub freight and quarry/mining operations show faster autonomy System architectures incorporate multiple positioning inputs and interfaces to support
maturity because their ODDs are bounded, repeatable and operationally valuable. integration into safety-relevant vehicle functions.

Source: acitoflux analysis [Link]
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https://www.welt.de/motor/news/article252961608/Mercedes-testet-in-Peking-Autonomes-Fahren.html
https://press.mantruckandbus.com/corporate/goal-achieved-the-driverless-truck-on-the-road-becomes-reality/
https://news.agcocorp.com/2025-06-11-AGCOs-PTx-Trimble-TM-Wins-Fast-Companys-World-Changing-Ideas-Award-for-OutRun-TM-Autonomous-Grain-Cart-Solution
https://www.caterpillar.com/en/news/caterpillarNews/2026/scaling-autonomy-system.html
https://acitoflux.sharepoint.com/:x:/s/0853ESAADAS/IQA2PktS1ZB0Qa4dJ9MdnAFNAV7_lRywF1gFBgR0g66BjCM?e=XNq5gM

SELECTED LEADING PROJECTS - GNSS & Correction Service Provider

u-blox - PointSafe / PointPerfect

GMV - GSharp® PPP-RTK

\ccumcv
GMV GSharp®
\\_,
CONVERGENCE

TIME

AVAILABILITY

ASIL-B SAFETY

Automotive-oriented PPP-RTK
corrections with a safe positioning

engine for higher automation use cases.

Integrity monitoring, protection levels
and ISO 26262 / SOTIF alignment
support safety-grade localization
confidence.

Source: GMV, Oct 10th 24 [Link]

— @blox

D o

.....

Continental-scale PPP-RTK correction
service delivering centimeter-level
positioning with fast convergence.
Mixed-receiver support and
standardized formats enable scalable
deployment for autonomous machines
and mobility fleets.

Source: u-blox, Aug 31st 21 [Link]

GNSS correction services are progressing from local RTK and best-effort PPP toward

scalable PPP-RTK with defined quality, convergence and service-health characteristics.

Safety-relevant positioning increasingly combines corrections with integrity monitoring,

authentication, protection levels and receiver-side interference mitigation.

LEO-PNT is emerging as a complementary layer to improve signal strength, geometry

and resilience where classical GNSS is degraded.

Source: acitoflux analysis [ ]

Trimble - RTX/ RTX-NMA

Trimble RTX-NMA

Real-time GNSS corrections enabling
centimetre-level positioning across land
mobility, agriculture and construction.
RTX-NMA adds navigation-message
authentication to improve spoofing
resilience and trusted positioning
confidence.

Source: Geospatial World, Aug 18th 25 [Link]

Xona / Septentrio -
Pulsar & LeoRx

Early LEO-PNT validation chain
combining Xona Pulsar signals with
Septentrio’s LeoRx reference receiver.
X1/X5 signal tracking and interference
monitoring assess LEO-PNT as a
resilience layer for autonomous
mobility.

Source: everything RF, Apr 24th 26 [Link]

Correction services provide positioning data together with additional information

related to quality and consistency of the solution.

Positioning services are applied across different operational domains with varying

environmental and signal conditions.

Service architectures consider the combination of multiple satellite systems and

complementary approaches for positioning and timing.

ACITOFLUX


https://www.gmv.com/en-de/communication/news/gmv-gsharp-leading-edge-worldwide-precise-gnss-corrections
https://www.u-blox.com/en/technologies/ppp-rtk-gnss-correction-services-pointperfect
https://www.gpsworld.com/trimble-introduces-rtx-nma-to-combat-gnss-spoofing/
https://www.everythingrf.com/news/details/21891-septentrio-introduces-early-access-leo-pnt-research-receiver-for-signal-tracking-and-analysis
https://acitoflux.sharepoint.com/:x:/s/0853ESAADAS/IQA2PktS1ZB0Qa4dJ9MdnAFNAV7_lRywF1gFBgR0g66BjCM?e=XNq5gM

|

”»APTERZ

ERGING AD/ADAS

Hi a LICATIONS
x ‘/ENVIRONMENTAL ANALYSIS”
e

ACITOFLUX



What’s changing in AD/ADAS Market? - Tech, regulation, and consumer drivers

TECHNOLOGY

pu
Lane-level localization is moving from “nice to have” to “enabler” -
for L2++/L3 use cases (highway assist, traffic jam assist, ALKS, geo-fenced
functions, speed compliance)

Software-defined AD/ADAS: rapid iteration via Over-the-Air updates +

data feedback loops from OEMs

Al as a key technology driver for enhanced supervised L2++

»AD-like® use cases with growing convenience for users

Assured (accurate + trustworthy) positioning becomes a
safety feature (especially for ADAS)

CONSUMER BEHAVIOR / COMMERCIAL

= EU-mandated features like ISA (Intelligent Speed Assistance) are explicitly overrideable, but if the system is noisy (wrong limits, poor positioning/

map matching, harsh interventions), users will fight it

REGULATION
= Increased EU General Safety Regulation (GSR) is bsically forcing

ADAS to become baseline equipment

Practical impact: Scince July 2024 (Stage B) onward, many “modern ADAS”
elements become compulsory for new types / registrations depending on
the measure and vehicle class, and more requirements tighten again
around January 2026 / July 2026 stages.

= Type approval by UNECE and EU for pathways for higher
automation are maturing enabling L3/L4 expansion in constrained
ODDs; motorway pilots, automated parking, hub2hub freight pilots

= EU Al Act: Applies progressively — AD/ADAS is increasingly
regulated as a High Risk Al (software + data product), not only
as mechatronics; PNT is pulled into cybersecurity governance

[(ND\J
1@0
[~

= Safety ratings and transparency are becoming purchase shortcuts and they increasingly evaluate AD/ADAS “behavior,” not marketing claims, e.g. Euro NCAP

is implementing a major protocol overhaul for 2026 and runs an

= First insurence companies adapt to “autonomous car insurance” for half the price, e.g. if driver was using Tesla FSD (Full Self-Driving) mode; Monetary aspect

will quickly change users behavior

ACITOFLUX


https://www.euroncap.com/en/ratings-rewards/assisted-driving-gradings/
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ODD Trends and Implications

Trends

Expansion of ODDs
(from narrow to broader domains)

Standardization and taxonomy of
ODD attributes

Dynamic and adaptive ODDs

ODD-based validation and safety
assurance

Description

ADS functions are being designed to operate under more complex
and diverse conditions. Moving from restricted “highway-only” or
“daytime-only” operation toward more general domains that
include urban areas, bad weather, or nighttime.

Global efforts (SAE, ISO, ASAM) are defining standardized
frameworks for describing ODD attributes, such as environment,
geography, infrastructure, traffic, and time-of-day. ODDs will be
formally specified, verified, and compared.

Because the real world is dynamic, there is growing focus on how
systems can detect and adapt to changes in operating conditions
(e.g., sudden rain, construction zones, or low visibility).

Validation, verification, and safety case processes are increasingly
centered around ODD boundaries.

Implication

Improvements in sensing, perception, and
localization.

Allows regulators and manufacturers to align ODD
definitions and testing requirements.

Leads to concepts like “micro-ODDs,” dynamic
ODD recognition, and automatic fallback
procedures when conditions fall outside the
defined domain.

Need for comprehensive test scenarios and
simulation frameworks that represent ODD
conditions

AD/ADAS is moving from “works in a few fixed situations” to “works across broader, messier real-world conditions,” which means every use case must
be explicitly ODD-defined, continuously ODD-monitored, adaptive when conditions shift, and proven safe with ODD-centered validation.

ACITOFLUX
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Overall State of the Art Trends in PNT regarding AD/ADAS being synthesized

From “accuracy” to “trust” (integrity +
availability + resilience)

= “Position + confidence” becomes a first-class interface to AD stacks

= ODD gating depends on localization confidence (enter/exit conditions)

Corrections scale-up:
RTK is mature; PPP / PPP-RTK is the growth vector

= RTK: operationally proven (but infrastructure-heavy)

= PPP-RTK/ scalable correction services: where the competition is moving
(Coverage, convergence, safety qualification)

“Local infrastructure positioning” vs “pure
satellite resilience”

= Asset heavy: V2X / Road side units (RSU) / Cooperative Intelligent
Transport Systems (C-ITS) / 5G-related positioning

= Still pre-productization compared to GNSS/INS + correction services

Tight GNSS/Internal Sensors (INS) coupling is
becoming baseline for autonomy-relevant localization
= GNSS-only is insufficient (urban canyon, tunnels, interference)

= Multi-constellation / multi-frequency GNSS is the baseline foundation
= Tightly coupled GNSS+IMU with motion constraints now a standard building block

Off-road autonomy is the fastest “PNT-to-
product” pathway

= Better to calculate - earlier deployment : Controlled ODD, lower speeds,
strong business case

= Potential spillover to on-road autonomy

Alternative sensors complementing GNSS

= Vision/camera-based positioning (e.g., Provizio-style perception-aided localization)

= High-grade inertial & wheel-odometry stacks (e.g., ZeroPoint Motion) for GNSS-
denied dead-reckoning

= | iDAR / visual SLAM and HD-map matching as redundant localization channels

ACITOFLUX



When considering emerging PNT technologies [TLR 5-7] in AD/ADAS - Sensor
Fusion (IMU measurements, GNSS, Camara, etc.), High-accuracy corrections,
Resiliency, Al-powered GNSS and 5G Network convergence are key topics

Fixposition Core IP Positioning Solution & Target Mark

Software & Algorithm

Sensor Fusion, depending

Scalable automotive-grade

. . . oy A . .

on precise time alignment e 7 emm{ ‘:mg integration & AD-relevant PPP-
7A . .

Camera/radar/lidar/IMU/GNSS @ {fi\} & e {ﬁﬁ RTK correction services

IS fu.sed across u;/m, = Guaranteed performance (SLA) + safety

Electronic control units (ECUs), ,. _ qualification + fast convergence under

 to deliver a complete positioning solution.

precise time alignment is crucial. % 2 dynamics is still evolving

Al-powered GNSS
receivers to enable AD

Al-powered GNSS might be

an emerging differentiator mainly
for urban robustness and trust
metrics (integ rity-like outputs)

Convergence of GNSS sateite 1 Sateite2. LN N
with 5G Networks

5G will enhance GNSS by delivering
faster, more reliable, low-latency

location services + timing source = Tt e N A e
3GPP Rel. 18 discusses resilient
clock synchronization ?TK base station 5G base statior
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https://framerusercontent.com/images/Bw4dJB9nwro5rMR2uX9Ut6WTvE.png?width=1706&height=818
https://media.springernature.com/lw685/springer-static/image/art%3A10.1186%2Fs43020-024-00149-2/MediaObjects/43020_2024_149_Fig1_HTML.png
https://navisp.esa.int/uploads/cms/eL1034.PNG
https://content.u-blox.com/sites/default/files/2024-02/high-precision-gnss-corrections.jpg

First Opportunities for NAVISP: High Automation Navigation Architecture

LEO NAVIGATION

« Opportunistic or Dedicated
* Antennas / Front Ends

* Receivers

« Signal Processing

TERRESTRIAL WIRELESS

Opportunistic or Dedicated
5G/6G, 802.11, RIS
Dedicated Short-range

VEHICLE-TO-VEHICLE,
INFRASTRUCTURE

Navigation (Literation,
triangulation)
Value-add services

UNLIKELY SENSORS

* Ground Penetrating Radar
* Acoustic Sounding

WHEEL ODOMETRY

Measures wheel revolutions
to estimate vehicle speed
and traveled distance.

AN~ AA~—AN~—P

S
I
|
I
|
\/

MU

Improves navigation accuracy
and system robustness.

Z
* Improve SWAP-C

* Magnetic Navigation
X Y

v

STEERING ANGLE SENSOR

Measures the steering wheel
angle to understand vehicle
direction and driver intent.

Tx=0))
T>=0)
Tx=0)

4

CAMERAS

Provide visual data for
environment perception,
object detection and
lane recognition.

OFF-BOARD NETWORKS

Enable communication with

external networks for

correction and value-add

services.

+ Correction Services (PPP, PPP-RTK, RTK)
* Value-add services (Resilience, Integrity)
« Opportunistic LEO-RTK

PERCEPTION SENSORS

4D Radar, Lidar
cameras, event cameras

RADARS

Detects velocity and range
of objects using radio
waves, effective in all
weather conditions.

« 4D Radar, Lidar

* cameras, event cameras

LIDAR

- Generates 3D point clouds

—=~ to detect and map the
environment.
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Navigation SW
E2E Machine Learning
Spiking Neural Networks
Novel sensor fusion

\4

Central Compute Node 1
Infotainment Domain Safety Domain
SD Map HD Map
e T Ae
& @]
olr_A o
Nav Engine

v

Map Innovations
Collection, updates, processing
Value-add services

First Opportunities for NAVISP: High Automation Navigation Architecture

@% HP GNSS

Steering
Angle Sensor

@
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CHAPTER 2
EMERGING AD/ADAS

APPLICATIONS

“USE CASES & COMMERCIAL
DEPLOYMENT TIMELINES”



<description="ESA ADAS & PNT*“>
<!date=,2026">

8. AD/ADAS APPLICATIONS - RELEVANCY & TRL ASSESSMENT

40 PNT relevant Use Cases have been evaluated regarding Impact and their TRL

uc-01

Uc-02

UC-03

Uc-04
UC-05

Uc-06
uUc-or
Uuc-08

Uc-09
uc-10
uc-1

uc-12
uc-13
uc-14

uc-15

uc-16

uc-1r

uc-18

uc-19
uc-20

Adaptive Cruise Control (ACC)

Lane Keeping Assist / Lane Centering

Automated Lane Keeping System (ALKS)
Traffic Jam Chauffeur
Automated Valet Parking (AVP / AVPS)

Truck Platooning
(CACC / cooperative platooning)

Hub-to-Hub Autonomous Trucking

Autonomous Shuttle Bus (fixed route)

Autonomous Delivery Robot (last-mile)

Autonomous Tractor (field ops)
Precision Spraying & Fertilizing (site-
specific)

Autonomous Excavator / Earthmoving
Autonomous Haul Truck (AHS)

Autonomous Mobile Robot (AMR) / AGV.
Autonomous Yard Vehicle (containers)

Autonomous Baggage Tug / Tow Tractor

Autonomous Yard Shunting Vehicle (rail-
adjacent)

Smart Intersection Assistance (V2X
hazard warnings)

Autonomous Firefighting / Hazard
Response Vehicle

Autonomous Ground Vehicle (UGV)

Source: Data base |Link

Uc-26

UC-30
UcC-31
UcC-32

UC-33

UC-34
UC-35

UC-36

Uc-37

Uc-39
uc-40
uc-41

uc-42
uc-43
uc-44

Uc-45
UC-46

uc-47

uc-48

UcC-49

Intelligent Speed Assistance (ISA) / Speed
Limit Info

Corrective Steering / Lane Keeping System
(steering regulation anchor)

Turn Assist / VRU Turn Warning (bus/truck)
Predictive Cruise Control / Eco-ACC
(topography-aware)

Remote / Assisted Parking

(incl. remote park assist)

Cooperative Hazard Warning (V2X via DENM)
Cooperative Awareness (V2X via CAM)
Remote Operation / Tele-driving for
Exceptions

Fleet Orchestration (AMR/AGYV traffic
management)

Geofencing & Exclusion Zone Enforcement
GNSS-Denied Resilient Navigation (site ops)
Swarm / Coordinated Field Robots

Fleet Optimization & Dispatch (connected
autonomy ops)

Energy-Aware Routing / Range Optimization
Predictive Maintenance for Autonomous
Fleets

Unoccupied Low-Speed Automated Driving
(AVP-like zones)

Driverless Robo-Taxi / Ride-Hailing (L4)
Autonomous Ride-Pooling Van (L4) - Service
Vehicle

Driverless Highway Pilot for Privately Owned
Cars (L4 - conceptual tomorrow)

Universal Full Driving Automation
(L5 passenger car - conceptual)

High

Estimated Business Impact Value

Low

<#ecosystem=,,New Space“>
<lpage="45>

Focus corridor for this study

#48

24 selected use cases were identified
for the scope of this study.

Low TRL High


https://techcrunch.com/2026/01/23/waymo-probed-by-national-transportation-safety-board-over-illegal-school-bus-behavior/?utm_source=FoT&utm_medium=email&utm_campaign=trucks-fot-tesla-cannonball-eaton-lemonade
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USE CASE OVERVIEW, SHORT LIST

Automated Lane Keeping System Tratfic Jam Chauffeur Automated Valet Parking Truck Platooning Hub-to-Hub Autonomous Trucking Autonomous Shuttie Bus
(ALKS) in defined ODD (AveravPs) (CACC / Cospar stive Fatosring) (Nned rowte)
frm— pmycon: —— [ — r— ——— o 00
R— Pa— [r—
e ) — » —m —m - » ™ —» , S .
» - - 2 -4 - z - —» = ki » —n z » - - = - -
- —— —— = — - - — - —~ - —~ -
Autonomous Excavator / Earthmoving Autonomous Baggage Tug / Tow Tractor Autonomous Yard Shunting Vehicle Smart Intersection Assistance Autonomous Firefighting
(o8 socent) (VZX Marard Warnings) (azard Responss Vehicle)
e o 00 - e — 00 - e e - e -

= . = — - —n = = - —m ~
e . - » 2 - » — = - » »
- - - —m — - —
Autonomous Ground Vehicle Cooperative Hazard Warning Cooperative Awareness Remote Operation / Tele-driving for Exceptions - Geofencing & Exclusion Zone Enforcement GNSS-Denied Resilient Navigation
(wav) (VX via DENM) (VZX e CAM) ” (ane opa)
yortum - o —ce o = — - e Comm— o -
- » . - - — — — - » - —- ™ — J . : ] -
~ - - - — — - = — - = » - 2 » » —n - = » - -
- =] —» — - — - =) —» — — - =)
Swarm / Coordinated Field Robots Unoccupied Low-Speed Automated Driving Autonomous Ride-Pooling Van Drivertess Highway Pilot
(AVP-tha r20as) (L4, Barvice Vabicia) (Prhvwtety Ouned Cars, L4 - conceptuntYomerrow)
- e o - -~
- s = . — oz — = e -
- ™ » — - » - - » »
- - - - - - > -

Source: acitoflux analysis
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Automated
Valet Parking

Automated Valet Parking
(AVP/AVPS)

Vehicle Domain: Primary ODD: TRL: Commercial Horizon:
Passenger Vehicle Parking Facility 7 Mid-term, 2029-2032

Short Description
Unoccupied automated vehicle operation inside a prescribed parking-facility area
Includes route planning within facility lanes, obstacle handling, and precision parking into spots

Often uses facility mapping and may require vehicle-infrastructure interoperability interfaces

PNT Requirements
From Decimeter-to-centimeter local positioning is required
GNSS-denied operation is common indoors

Integrity monitoring is required for safety envelopes

Top Critical PNT Dimensions : i Exemplany incustry insight

Commercial SAE Level-4 Automated Valet Parking by
Technical: . ; Bosch, Mercedes-Benz and APCOA at Stuttgart Airport
Resilience: - - ‘
: — T ——
Economic:

UC-05 | Source: acitoflux analysis



https://www.google.com/url?sa=t&source=web&rct=j&url=https%3A%2F%2Fwww.carscoops.com%2F2020%2F10%2Fmercedes-and-bosch-to-trial-autonomous-valet-parking-at-stuttgart-airport%2F&ved=0CBYQjRxqGAoTCJjVv8uopJQDFQAAAAAdAAAAABClAw&opi=89978449
https://de.apcoa.com/news/weltpremiere-fahrerloses-parksystem-von-bosch-und-mercedes-benz-erhaelt-genehmigung-fuer-serieneinsatz/

Smart Intersection Assistance
(V2X Hazard Warnings)

Vehicle Domain: Primary ODD: TRL: Commercial Horizon:
Passenger Vehicle Urban Intersection 7 Mid-term, 2029-2032

Short Description

Cooperative safety function using infrastructure and vehicle messages

Provides warnings about signal phase, VRUs (Vulnerable Road Users), red-light risks, and hidden
hazards

Uses standardized C-ITS messaging (CAM/DENM and intersection-specific data)

PNT Requirements

Good time synchronization and reasonable positioning required

Cooperative applications tolerate moderate GNSS performance

Positioning consistency required for reliable warning relevance

Top Critical PNT Dimensions Exemplary:gEestry Myght

Technical: ‘ ‘ “
Resilience: ‘ ) ﬂ

Economic: alability | w w

UC-18 | Source: acitoflux analysis

Urban smart-intersection and C-ITS pilots by C-Roads
Germany using V2X communication for intersection
safety and hazard warnings



https://www.continental.com/en/press/press-releases/ces2018-1/
https://www.c-roads-germany.de/
https://www.c-roads-germany.de/
https://www.c-roads-germany.de/
https://www.c-roads-germany.de/
https://www.c-roads-germany.de/
https://www.etsi.org/deliver/etsi_ts/101500_101599/10153902/01.01.01_60/ts_10153902v010101p.pdf

Autonomous Firefighting
(Hazard Response Vehicle)

Vehicle Domain: Primary ODD: TRL:
Emergency /
Disaster Zone

Commercial Horizon:
5 Long-term, 2033+

Commercial & Heavy Vehicles
Short Description

Uncrewed or minimally crewed vehicle for hazardous environments such as industrial fires or toxic
spills

Delivers suppression agents, reconnaissance, or payloads

Operates with remote supervision and defined safety envelopes to maintain human standoff distance

PNT Requirements
GNSS-denied navigation is typical
Requires resilient local positioning

Requires drift-bounded odometry

~_Q

Exemplary Industry Insight

Top Critical PNT Dimensions
Robotic firefighting and hazard-response vehicles by

Magirus Wolf R1 and Shark Robotics Colossus for high-
risk firefighting, reconnaissance and hazardous-

Technical:

Resilience: _ : .
environment intervention

Economic: = Source:



https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.shark-robotics.com/colossus-firefighting-robot/
https://www.magirusgroup.com/de/en/products/special-vehicles/wolf-r1/

GNSS-Denied Resilient Navigation
(site ops)

Vehicle Domain: Primary ODD: TRL: Commercial Horizon:
Construction & Mining GNSS-Challenged / . 5
Equipment GNSS-Denied i WSy, A=A

Short Description

Maintains safe navigation when GNSS is degraded or blocked using dead-reckoning and local
references

Uses SLAM landmarks, beacons, confidence estimation, and controlled fallback behaviors

Supports safe transitions between absolute and relative positioning frames

PNT Requirements
Integrity monitoring required
Drift bounds required

Seamless transitions between GNSS and local localization required
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Exemplary Industry Insight

Top Critical PNT Dimensions

Technical: Sandvik AutoMine Mapping Solution and Epiroc Total
L ) Station Navigation
Resilience:

Economic: 8= Source:

UC-40 | Source: acitoflux analysis



https://im-mining.com/2020/09/29/sandvik-debuts-fully-autonomous-battery-electric-cabin-less-automine-concept-vehicle/
https://im-mining.com/2020/09/29/sandvik-debuts-fully-autonomous-battery-electric-cabin-less-automine-concept-vehicle/
https://im-mining.com/2020/09/29/sandvik-debuts-fully-autonomous-battery-electric-cabin-less-automine-concept-vehicle/
https://www.fernride.com/
https://www.epiroc.com/en-er/innovation-and-technology/automation-and-information-management/automation-and-information-management-underground/navigation
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Based on previous results, the following gap analysis will be baseline for NAVISP Elements

Task 1: State of the art Technology (D1)

HP GNSS (High Precision GNSS)
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Task 3: Gap Analysis (D3):

= Based on 10 relevant PNT dimensions
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Identified Technology Use Case Gaps,
baseline for NAVISP Elements discussion

Task 4: Derivation of NAVISP Elements (D4)

» Viatechnology-use case-gap analysis
= Statements/Informations of interview

partners, what is needed in the industry
= Qverall PNT tech trend analysis,
in context of AD/ADAS

Element 1: Innovation in PNT

+ Develop novel PNT-related systems and technologies along the entire
value chain

* ITTs released on esa-star

* Fully funded

Element 2: PNT Industrial Competitiveness

* Improve European industry’s capabilities in the global market for PNT
technologies and services (products and services)

« Direct negotiation

*» Co-funded(*)

Element 3: Support ESA Member States initiatives
_| * Support European National Programmes along the whole value chain

« Direct negotiation

* Fully funded




Based on updated PNT Dimensions, 49 use cases had been re-evaluated, and

filtered to non-TRL9 (24 use cases) - Results

Cluster 2

Scoring Legend:

<0,5: no/negligible PNT dimensional gaps ‘ ’ <1,5: Minor limitations, still workable ‘ ’ <2,5: Strong constraints/limits (e.g. oDDs)

>2,5: Use Case blocked, gap(s) to high |
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Technical performance is not the main bottleneck shown by Gap-Analysis;
NAVISP should focus on trusted, validated and scalable PNT deployment

Key Takeaway 1 - The main AD/ADAS PNT
gaps are availability, robustness, and
verification — not accuracy alone

= Almost all PNT dimensions are relevant for
emerging non-TRLYO AD/ADAS use cases.

= Accuracy and precision remain important, but
they are not sufficient. AD/ADAS systems
need PNT that is continuously usable,
trustworthy, and demonstrably safe across
the intended ODD.

= Typical stressors include urban canyons,
tunnels, canopy, depots, mines, construction
sites, poor weather, and RF-hostile
environments.

= NAVISP should shift the focus from “better
positioning accuracy” to “trusted, resilient,
and certifiable PNT performance across real
ODDs.”

Key Takeaway 2 - Timing and redundancy
score lower today, but remain critical
architectural enablers

Timing & synchronization and redundancy show

lower average gap scores than other PNT
dimensions.

This suggests they are not the dominant near-
term blockers across the current use-case set
- However, they should not be deprioritised
completely.

Timing is essential for sensor fusion, event
ordering, V2X, cooperative manoeuvres, and
future infrastructure-supported automation.

Redundancy is essential for graceful
degradation when GNSS, maps, sensors,
corrections, or communication links fail.

NAVISP should treat timing and redundancy
as cross-cutting requirements in all hybrid
PNT architectures, especially for future V2X,
cooperative driving, and L4 use cases.

Key Takeaway 3 — The largest gap is
economic deployment and viability — PNT
must scale beyond pilots

» The strongest cluster-level gap is Economic
Deployment & Viability, with an average score
of 1.86. Technical Performance is lower, with
an average score of 1.57.

= This means the main challenge is not only
whether high-performance PNT exists.
The harder question is whether it can be
deployed across real fleets, vehicle classes,
regions, and ODDs at acceptable cost and
with sufficient approval evidence.

= Main barriers: receiver/correction-service
cost, map dependency, integ. complexity,
certification effort, fragmented ecosystems,
and unclear business models.

= NAVISP can create the strongest impact by
moving promising PNT concepts from
technical feasibility to industrial
deployment via Element 1-3 projects

Source: acitoflux analysis
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OPEAN STRENGTHS &

' GAPS - SUMMARY



Europe’s PNT strengths must now be converted into targeted NAVISP projects
addressing AD/ADAS deployment gaps

Europe has the foundations for Key gaps
trusted AD/ADAS localisation: Emerging L2++/L.3/L4 use cases require lane-level, continuously available and trustworthy
Galileo/EGNOS, strong OEM and Tier-1 localisation across wider ODDs. Current PNT limitations remain strongest in availability, robustness,

scalability, cost/business viability and verification & validation, especially in urban canyons, tunnels,

capabilities, specialised _ _
adverse weather and interference scenarios.

GNSS/correction/localisation/map/V2X/software
providers, research institutions, standardisation

bodies and regulators. D1 shows that AD/ADAS NAVISP Re|evancy & Outlook Task 4

PNT is shifting from “accurate position™ to

position + confidence: integrity, availability, The opportunity is to translate Europe’s strengths into short-, mid- and long-term NAVISP projects:
robustness, timing, fallback behaviour and authenticated and resilient GNSS, scalable correction services, LEO-PNT, 5G/V2X timing, sensor-
validation evidence. fusion architectures, validation methods and industrial deployment concepts.

. D4-2 therefore matches European ecosystem capabilities with the highest-impact AD/ADAS PNT
European strengths to build on gaps and derives Element 1-3 project candidates, in line with the Statement of Work requirement to
synthesize Tasks 1-3 and recommend NAVISP activities.

Europe can differentiate through open, modular
and certifiable localisation architectures: multi-
constellation / multi-frequency GNSS, RTK and
PPP-RTK correction services, sensor fusion,
authenticated signals, LEO-PNT, 5G/V2X timing

and safety-case-driven validation. These are ‘
directly aligned with the NAVISP opportunity = b %
space identified in D1.

ACITOFLUX



- CHAPTER 4.2
| PROPOSED NAVISP
i ;' OJECTS -

Dverview + Example Element Projects




Overview of the Top 1-3 NAVISP Elements recommendations, out of 53 (long-list)

Artificial-intelligence prediction of Global
Navigation Satellite Systems degradation and
protection levels

Low Earth Orbit augmentation for urban lane-
level vehicle positioning

Hybrid terrestrial and satellite positioning for
tunnels, parking structures and urban canyons

Cooperative PNT Timing and Uncertainty
Framework for Collective Perception

Fleet-sourced GNSS Risk Intelligence for
Robust AD/ADAS Localization

SAFTY-OF-LIFE (SOL)

Indoor-outdoor handover localization product
for airport aprons, ports and yard logistics

Cold-weather PNT validation, benchmarking
and evidence service for automated runway and
off-highway operations

Under-glass PNT sensor and antenna
integration platform for automated vehicles

Localization supervisor for geo-fenced shuttle
and campus automation

Assured geolocation appliance for tele-
operation fallback

Supervisory localization and redundancy layer
for urban robotaxi operations

Localization supervision middleware for lane-
level L2+/L3 highway systems

EU/National automated-mobility PNT resilience
maps and interference monitoring

National Low-Visibility and Heavy-Rain PNT
Validation Framework for Automated Mobility

ACITOFLUX
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<description="ESA ADAS & PNT"> <#ecosystem=,New Space“>
<!date=,2026"> <lpage="60"“>

ELEMENT 1: Fleet-sourced GNSS Risk Intelligence for Robust AD/ADAS Localization

Description Root Cause from Study

interference risk is not yet
established for road mobility.

NAVISP Relevancy
Relevant Use Cases / Applications

fallback preparation and validation of robust UC-07 | Hub-to-Hub Autonomous Trucking
PNT performance. UC-40 | GNSS-Denied Resilient Navigation (site ops)
UC-46 | Driverless Robo-Taxi / Ride-Hailing (L4)

Technical: w Availability iming & Synchronization

Economic: Scalability Cost & Business Viability Verification & Validation

ACITOFLUX



ELEMENT 2: Under-glass PNT sensor and antenna integration platform
for automated vehicles

> Company 1 has strong building blocks in
automotive glass, under-glass antenna
know-how, RF simulation, validation and

Supplier-grade integration platform for placing The study shows that AD/ADAS localization is no sensor-protection concepts.

PNT-relevant antennas, RF components and longer only a software or receiver problem. Reliable > A validated, OEM-ready under-glass

complementary AD/ADAS sensors under or lane-level and safety-relevant PNT also depends on PNT and sensor integration platform for

within automotive glazing. vehicle integration: antenna placement, RF aUtomate.d Veh'o.les S I e st

. i . . . L and requires vehicle-level

The concept investigates how windscreens, roof transparency, multipath reduction, sensor visibility, demonstration

glazing and other glass structures can become weather protection and repeatable OEM packaging. '

functional PNT and sensor interfaces, supporting Today, high-performing PNT and perception

GNSS reception, RF-optimized antenna zones, components often remain difficult to industrialize

protected LiDAR / camera placement and because integration into real vehicle bodies and

vehicle-level sensor packaging. glazing ?s not standardized, especially for shuttle, lisle s i AR B e s

The objective is to create a validated reference robotaxi and L2+/L.3 platforms. because it translates PNT performance into a

integration package for OEM shuttle, robotaxi concrete automotive integration product. It helps

and automated-vehicle platforms. European industry move from individual GNSS,

antenna and sensor components toward scalable

UC-03 | Automated Lane Keeping System, defin. ODD OEM-ready vehicle packaging. The activity could
UC-04 | Traffic Jam Chauffeur / L2+/L3 position glass as a functional PNT and sensor

interface for future automated vehicles, supporting
better accuracy, availability and industrial
deployment.

UC-46 | Driverless Robo-Taxi / Ride-Hailing

Technical:
Resilience:

Economic:



ELEMENT 3: EU/National automated-mobility PNT resilience maps and interference

monitoring

Support Member States in building national — and
cross border connected — PNT resilience maps for
the road mobility sector. It combines crowdsourced
and fixed-station GNSS interference monitoring with
a geospatial assessment platform that gives
authorities, road operators and mobility stakeholders
continuous visibility into the spatial PNT trust level
along critical corridors.

The project could be structured around three
workstreams: — Deployment of a national
interference monitoring network — fixed and mobile
sensors at key corridors and infrastructure nodes
(urban, peri-urban, motorway, border Crossings) -
Development of a Resilience Map Platform
aggregating PNT quality metrics (availability,
continuity, accuracy, signal degradation events)
spatially and temporally — Definition of a Corridor
Readiness Index — a standardised scoring scheme
for authorities to support operational approvals for
automated vehicle deployments

Technical:
Resilience:

Economic:

: : : > The underlying detection and
Public deployment remains fragmented, while the mapping methods exist

study highlights robustness and availability as major
blockers. National visibility of where positioning can
and cannot be trusted is a missing institutional
capability. Sources: INT-07; INT-16; INT-18.

> The gap is coordinated
institutional deployment and
operationalization.

UC-03 | Automated Lane Keeping System (ALKS) The project aligns precisely with all three thematic
UC-04 | Traffic Jam Chauffeur (L2+/L3) plllars @7 RIS Hemsiit 2 , n
: * PNT Resilience: Establishing a national monitoring
UC-06 | Truck P|at00n|n9 (CACC) infrastructure and an institutional situational picture
UC-07 | Hub-to-Hub Autonomous Trucking for GNSS interference, a core Element 3 objective,
. . . . following the precedent set by INSPIRe (UK, EL3-
UC-46 | Driverless Robo-Taxi / Ride-Hailing (L4) 020) and the National GNSS Knowledge Center (NL).

UC-48 | Driverless Highway Pilot for POVs (L4)

» Public Services Preparation: Road authorities and
certification bodies gain a data-driven, operationally
actionable tool for corridor approvals, analogous in
intent to the SPARK Report (UK) but delivering a live,
spatial output rather than a strategic study.

» Test Ranges for Mobility: Complements existing EL3
test infrastructure (e.g. PNT Center for Automated
Road Transport, IT) by extending PNT quality
monitoring from controlled test sites to full-scale
operational corridors.



VEHICLE SPECIFICATIONS
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