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Project Presentation (1/4): Objectives

òTo leverage innovation to design and 
develop highly reliable, and integrity 

compatible UAS PNT navigation solutions.ó

1. A user centric approach, including the definition of use cases mapped to real commercial activities,

ensuring viable business plan and go to market .

2. A Top-Down and Bottom -Up analytical framework (with a focus on the Bottom -up approach) to

define PNTarchitectures and integrity concept covering the different uses cases .

3. An analytical framework sustained by a prototype mapped to one of the use cases, to be chosen

building on inputs from ABZero and DRONE Volt and in agreement with ESAteam .

T O PAS E  K E Y  O U T PU T S
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Project Presentation (2/4): Team Organisation
Thales Alenia Space France leads the consortium ensuring the full project management activities, and being in charge of the design

of the UAS PNT solutions for the three considered use cases including safety analysis, end -to -end integrity concept, end -to -end

simulations, and prototype data analysis.

UPT: is responsible for the fish eye and vision image processing, and leads the payload design and development for integration on board

the UAV (referred as navigation block prototype) .

Trusted PNT for Unmanned 
Aerial  Systems
NAVISP-EL1-073

Task 3:  
Prototype 

development, 
Integration and 

Verification

Task 1: 
State-of-the-art and 

use case analysis 

Task 0: 
Project management 

and coordination 

Task 2:  
Design consolidation 

of reliable PNT 
solutions for each use 

case

Task 5:  
Exploitation of 

innovation

Task 4:  
Validation of the 

solutions, Safety and 
performance 
assessment

ABzero : cont ributes to the use cases

definition and to the design phase as

drone commercial player and is the

provider of the drone platform and the

responsible for the integration and

experimentation phase

DroneVolt provides its support and

expertise for the technical and safety

aspects relying on their deep involvement

in the UAS ecosystem, and standardisation

groups .
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Project Presentation (3/4): Work Logic
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Project presentation (4/4): technical drivers & challenges 

ÅTechnical drivers :

ÅTo address features of the different use cases considering the technical and regulatory

framework

ÅTo develop a methodology for designing different integrity concepts and evaluate the

associated reliable sensor fusion based PNTarchitectures

ÅTo bind the proposed solutions to the target SWaP and cost assumptions that apply to each

use case

ÅTechnical challenges :

ÅHow to validate integrity algorithms targeting low integrity risks

ÅDefine target performance KPIsfor the integrity concept

ÅHow to derive learning from the project, recommendations and way -forward for future

operational UAS systems

  

 

© Thales Alenia Space ð2026 

The copyright in this document is vested in Thales Alenia Space. This document may only be reproduced in whole or in part, or stored in a retrieval system, or 

transmitted in any form, or by any means electronic, mechanical, photocopying or otherwise, either with the prior permission of Thales Alenia Space or in 

accordance with the terms of ESA Contract No. 4000144767/24/NL/AK.



8

Table of contents

Project Presentation

01

Demonstrator Design 

Verification and 

Validation

03

Next step

05

Conclusion

04

  

 

Use cases Trade -Off 

and Selection

02

© Thales Alenia Space ð2026 

The copyright in this document is vested in Thales Alenia Space. This document may only be reproduced in whole or in part, or stored in a retrieval system, or 

transmitted in any form, or by any means electronic, mechanical, photocopying or otherwise, either with the prior permission of Thales Alenia Space or in 

accordance with the terms of ESA Contract No. 4000144767/24/NL/AK.



9

2 ðUse cases design and methodology (1/7)

  

 

Selection criteria:

Ċ Three representative use cases for UAV operating in fully autonomous 

or safety -critical operations , in ôspecific õ and ôcertified õ categories.

Use case 1: Critical infrastructure surveillance (specific 

category)

ĊCritical infrastructures surveillance such as site survey or long -range 

surveillance. 

ðLocal surveillance such as wind turbines or buildings. It is usually multi -rotors 

UAS with a dedicated payload. 

ðLong distance surveillance such as rail, road or energy networks. It is mainly 

fixe wing UAS that are used for the long term surveillance. 

En Route
Take Off 

and 
Landing

Take Off 
and 

Landing

Requirements Take off and 
Landing 

Cruise 

Accuracy (@95%) Position 8 meters in 
horizontal  
13 meters in 
vertical  

10 meters in 
horizontal  
15 meters in 
vertical 

Velocity Proportional to the UAS velocity 

Integrity Position 1.10 3/ Ὤ 

Velocity 1.10 2/ Ὤ 1.10 3/ Ὤ 

TTA Position < 6ί 

Velocity < 6ί TBC 

Alert Limits Position 27 meters in 
horizontal  
22 meters in 
vertical 

32 meters in 
horizontal  
28 meters in 
vertical 

Velocity Proportional to the velocity accuracy  

Continuity Position 
1.10 4/ Ὤ 

Velocity 

Availability Position 
0.9999 

Velocity 
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2 ðUse cases design and methodology (2/7)

Selection criteria:

Ċ Three representative use cases for UAV operating in fully autonomous or 

safety -critical operations , in ôspecific õ and ôcertified õ categories.

Use case 2: Delivery of specific goods between two 

identified points (specific category )

Ċ A specific use case , mainly multi -rotors UAV. Several cases of delivery: 

ðPrivate package delivery: e.g. òlast mile deliveryó (Amazon ) 

ðDelivery of specific goods between two identified points. In this case, the UAS is used 

to deliver as fast as possible its loading. E.g. transport of critical medical goods 

between two hospitals such as blood bag or organ transplants. For this application 

field, ABzero has developed an innovative UAV solution for the autonomous delivery 

of medical goods (blood bag).

Cruise

Take Off 
and 

Landing

Take Off 
and 

Landing

Climbing 
and 

descending

Climbing 
and 

descending

Requirements Take off and 
Landing 

Climbing and 
descending 

Cruise 

Accuracy 
(@95%) 

Position 1 meters in 
horizontal 

2 meters in 
horizontal and 
vertical  

3 meters in 
horizontal 
4 meters in 
vertical 

Velocity Proportional to the UAS velocity 

Integrity Position 1.10 7/ Ὤ 

Velocity 1.10 6/ Ὤ 1.10 7/ Ὤ 

TTA Position < 1ί 

Velocity < 1ί 

Alert Limits Position 5 meters 
(HAL, VAL) 

10 meters 
(HAL, VAL) 

10 meters 
(HAL, VAL) 

Velocity Proportional to the velocity accuracy  

Continuity Position 
1.10 4/ Ὤ 

Velocity 

Availability Position 
0.9999 

Velocity 
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2 ðUse cases design and methodology (3/7)

Selection criteria:

Ċ Three representative use cases for UAV operating in fully autonomous 

or safety -critical operations , in ôspecific õ and ôcertified õ categories.

Use case 3: Taxi drone (certified category)

Ċ Life embedded applications such as taxi drones or transport of 

medical staff for emergency situations. It isthe certified use case . 

Ċ It is also called VTOL -capable aircraft (VCA). 

Cruise

LandingTake Off

Climbing 
and 

descending

Climbing 
and 

descending

Requirements Take off  Climbing 
and 
descending 

Cruise Landing  

Accuracy 
(@95%) 

Position 50 cm in 
horizontal 
and vertical 

1 meters in 
horizontal 
and vertical  

3 meters 
in 
horizontal 
4 meters 
in vertical 

20 cm in 
horizontal  
10 cm in 
vertical 

Velocity Proportional to the UAS velocity 

Integrity Position 1.10 9/ Ὤ 

Velocity 1.10 6 / Ὤ 1.10 7/ Ὤ 

TTA Position < 100άί   ὼ < 1ί < 100άί 

Velocity < 100άί < 1ί < 100άί 

Alert Limits Position 2 meters 
(HAL, VAL) 

5 meters 
(HAL, VAL) 

10 meters 
(HAL, VAL) 

1 meters 
(HAL, 
VAL) 

Velocity Proportional to the velocity accuracy  

Continuity Position 
1.10 4/ Ὤ 

Velocity 

Availability Position 
0.9999 

Velocity 
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2 ðUse cases design and methodology (4/7)

ðSafety assessment: 

üThe definition of the Functional System Architecture allows to 

perform the safety analysis. 

ðDesign of the positioning module: 

üthe requirements defined for the positioning module are used as 

input for the design of this module. 

ðDefinition of the integrity concept for the positioning module: 

üthe proposed sensors and the architecture of the positioning 

module as well as the requirements form the safety analysis are 

used for the final step which is the definition of the integrity 

concept. 

Definition of the integrity concept methodology at the user level of the UAS

Ċ This methodology is organized in four main steps:

ðDefinition of the Functional System Architecture:

üDefinition of the system architecture at the UAS level where several modules as perception, positioning, planning and control interact to 

ensure the functions of the automated driver
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2 ðUse cases design and methodology (5/7)

Applied methodology

Positioning

Dead reckoning 

sensors

GNSS and 
augmentations

Environement 
Sensors (Radar, 

camera,...)

Additional 

sensors/signals

Vehicle 
system

Position with 
integrity 

parametersPerception for 
positioning

Path steering

Perimeter of the analysis

Flight Control 
System

Flight plan
Perception for 

emergency 
avoidance

Requirements Take off  Climbing 
and 
descending 

Cruise Landing  

Accuracy 
(@95%) 

Position 50 cm in 
horizontal 
and vertical 

1 meters in 
horizontal 
and vertical  

3 meters 
in 
horizontal 
4 meters 
in vertical 

20 cm in 
horizontal  
10 cm in 
vertical 

Velocity Proportional to the UAS velocity 

Integrity Position 1.10 9/ Ὤ 

Velocity 1.10 6 / Ὤ 1.10 7/ Ὤ 

TTA Position < 100άί   ὼ < 1ί < 100άί 

Velocity < 100άί < 1ί < 100άί 

Alert Limits Position 2 meters 
(HAL, VAL) 

5 meters 
(HAL, VAL) 

10 meters 
(HAL, VAL) 

1 meters 
(HAL, 
VAL) 

Velocity Proportional to the velocity accuracy  

Continuity Position 
1.10 4/ Ὤ 

Velocity 

Availability Position 
0.9999 

Velocity 
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processing
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2 ðUse cases design and methodology (6/7)

Use case 3 ðapplied methodology

ὪὭὦ
ὦ 

ʖὭὦ
ὦ 

IMU

Taxi drone 
certified

Update
Mechani-

zation

Down 
oriented 
camera

Image 
processing

Maps

GNSS receiver
Augmentation 

System
Fish eye 
camera

GNSS 
Processing

5G as signal of 
Opportunity

Down 
oriented 
camera

ὪὭὦ
ὦ 

ʖὭὦ
ὦ 

IMU

Mechani-
zation

ὪὭὦ
ὦ 

ʖὭὦ
ὦ 

IMU

Mechani-
zation

Majority 
Voting

Majority 
Voting

Air 
Probes 
Data

Down 
oriented 
camera

Checker 
processing

Consistency 
Check

Navigation 
Solution with 

integrity 
parameters

RADAR

Camera 
failure

IMU HW 
failure

IMU HW 
failure

IMU HW 
failure

IMU HW 
Majority vote 

Failure

M

IMU SW Failure

OR

IMU 
erroneous 

HMI at the 
augmentation 
system output
PPP failures

User 
contribution

OR

Erroneous GNSS 
processing

PVT 
erroneous

Air data 
failure

Air data 
failure

Air data 
failure

Air Data Probes 
HW Majority 
vote Failure

M

Air Data Probes 
SW Failure

OR

Erroneous 
Air Data 

Erroneous 
5G SoO

OR

Camera 
failure

Map 
HazardErroneous 

Image 
processing 

Checker Processing
failure

Integrity Event

&

Camera 
failure

RADAR 
failure

OR

&

OR

Navigation System 

architecture

Qualitative 

integrity tree

Safety objective, 

FMEA, é

Apportionment 

Fault Tree AnalysisBottom Up 

approach
DAL 

allocation

Recommendations
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2 ðUse cases design and methodology (7/7)

Methodology extrapolated for the less stringent use cases

ὪὭὦ
ὦ 

ʖὭὦ
ὦ 

IMU

GNSS receiver

Delivery
specific

Fish eye 
camera

UpdateMechanization

GNSS Processing

altimeter

Down 
oriented 
camera

Image processing

Maps

GNSS receiver

Differential 
GNSS

attitude

Down 
oriented 
camera

(re)-
Initialisation

PVT (t=0)

PVT (t=k) PVT (t=k+1)

Down 
oriented 
camera

Image
Processing

SLAM

Consistency 
Check

Navigation 
Solution with 

integrity 
parameters

Augmentation 
System
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3 ðDemonstrator Design Verification and Validation (1/26)

  

 

ĊHigh Level overview of the payload

Ċ The TOPASE project handles use cases considering a multicopter provided by ABzero for the test flights. The prototype takes 

into account the constraints of the UAV (e.g. total volume and mass, power supply, vibrations, temperatures, etc.). The 

navigation function of the UAV is not impacted by the prototype. 

Spoke

AI

Spoke WEB

Spoke

APP
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3 ðDemonstrator Design Verification and Validation (2/26)

Components Proposed Reference
IMU ICM -20649 Pixhawk PX4 board

(Arm® Cortex® -M4 core
running up to 400 MHz,
has 2MB SRAM and
external XIP Flash with
64MB) ðon board of the
drone, as part of the
drone

Barometer BMP388
Gyroscope MPU-6000/ 6050
Altimeter BMP388

Magnetometer BMM150 Part of the drone flight
controller

GNSS1 Mosaic -X5
GNSS2 U-Blox F9P Provided by the ABzero

payload

Altimeter LW20C Laser Provided by ABZero
payload

Camera 1 Raspi Camera Module 2 Provided by UPTPayload
Camera 2 Raspi Camera Module 2 Provided by UPTPayload
Fisheye
camera

GoPro camera Provided by UPTPayload

PC

Payload design

Ċ Parts managed by UPT team are illustrated in 

purple in the picture

Ċ Parts managed by ABzero team are illustrated in 

orange in the picture
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3 ðDemonstrator Design Verification and Validation (3/26)

Hardware design

Ċ From the ABzero part the hardware consists of the following

components :

  

 

Raspberry PI 5

Quad -core Cortex -A76 @ 2.4 GHz, improved
I/O bandwidth , dual 4K display support, and 

PCIe 2.0 for high -performance expansion .

SIMCOM 7600

4G LTE modem with data, SMS, and GNSS 
support for reliable mobile connectivity .

Geekworm UPS module X1202 

UPS board with a four -cell battery pack, 
providing power continuity , automatic

charging , and stable regulated output to 
the Raspberry Pi.

ArduSimple F9P ðBase station

Multi -band GNSS board based on 
the u -blox ZED-F9P, used to 

generate RTK correction data.

ArduSimple F9P ðRover

Identical multi -band GNSS board 
configured to receive RTK 
corrections and achieve
centimeter -level relative 

positioning.
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3 ðDemonstrator Design Verification and Validation (4/26)

  

 

Low -power CPU optimized for 

AI tasks, real -time camera 
streaming with GPU -enhanced

compression , and a user 

interface display.

Structure & 
Storage

Electronics & 
Processing

Power & 
Environmental

Monitoring

Connectivity 
& Access 
Control

Biomedical -grade insulated

polyurethane capsule, sized
to hold X/Y-tube blood bags

and supplied with a 

dedicated transport kit.

Rechargeable battery with 

4 hours of autonomy . 
Internal and external

temperature and humidity

sensors.

4G, dual -band Wi -Fi, 

Bluetooth, a smart electric
lock with event logging , a 

display interface and a RGB 

LED indicator .
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3 ðDemonstrator Design Verification and Validation (5/26)

Real data processing and simulation tool

Ċ To validate the performances of the proposed use case 

architectures, real data collects and simulations need 

to be used .

Ċ Simulations, apart from this performances validation 

aspect, allow to test different architectures. In 

particular, one can think of testing architecture using 

different sensor grades. 

Reference Trajectory
Configuration GNSS
Sensors used, Etc.

Multipath 
database

      IMU 
simulation

Altimeter 
simulation

Fish eye
camera

GNSS meas. 
Fault Free

PVT computation
Results 

& 
Analyses

          GNSS 
measurements
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3 ðDemonstrator Design Verification and Validation (6/26)

Real data processing and simulation tool

Ċ Simulation tools isdesigned to be highly configurable

ðRotor craft / fixed wing trajectory type

ð IMU / barometer hybridisation

ð1 or 3 IMUs / barometers
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3 ðDemonstrator Design Verification and Validation (7/26)

Real data processing and simulation tool

ĊReal Data processing tools compatible with collected data

ðData collected by Abzero and post processed by TAS:

üGNSS data from UBLOX Z9P

ĊGPS L1, L2C and Galileo E1/E5BQ 

üIMU data

ĊLow grade IMU

ĊLever arm in body frame [0; -0.185;-0.14] in meters

üBarometer data

ĊAltitude gain used in the EKF hybrid

  

 

Z

Y

X
Travel direction

Y

Z

Y=-18.5cm

Y=-18.5cm

Z=-14cm
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3 ðDemonstrator Design Verification and Validation (8/26)

The camera vision subsystem (Provided by UPT)

UPT payload :

2 x Raspi Camera v2,

1 x GoPro Camera,

1 x Raspberry 5 15GB Board

1 x Synchronization box

RasPICamera v2 with sync

LED ON

GoPro Camera with sync

LED ON



25

© Thales Alenia Space ð2026 

The copyright in this document is vested in Thales Alenia Space. This document may only be reproduced in whole or in part, or stored in a retrieval system, or 

transmitted in any form, or by any means electronic, mechanical, photocopying or otherwise, either with the prior permission of Thales Alenia Space or in 

accordance with the terms of ESA Contract No. 4000144767/24/NL/AK.

3 ðDemonstrator Design Verification and Validation (9/26)

GoPro installed in a custom housing with an 

external sync LED used to align its footage

with the Raspberry Pi cameras .

LED modules mounted near the Raspberry Pi

camera to provide visual sync signals for the 

Topase payload .

TOPASE payload facing down TOPASE payload facing up
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3 ðDemonstrator Design Verification and Validation (10/26)

ĊReal data processing

ðPost processing step 1: Reference trajectory computation

üUsing both the Rover and the Base station raw measurement

üUsing an OpenSource software (RTKLIB) to ensure independence

between softwares

üBase station localisation obtained by averaging the base station 

standalone navigation solution
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3 ðDemonstrator Design Verification and Validation (11/26)

ĊReal data processing

ðPost processing step 2: EKF with hybridization

üReal GNSS data

üReal IMU data

üReal Barometer data 
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3 ðDemonstrator Design Verification and Validation (12/26)

A fully tested payload é

Ċ Payload component test

Ċ Payload weight test

Ċ Testing the synchronization system

Ċ Payload power test

Ċ Payload reference trajectory test

Ċ Payload connectivity test

Ċ Payload raw measurements test

Ċ Testing the communication between Pixhawk and 

Raspberry pi

Ċ Vision system tests
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3 ðDemonstrator Design Verification and Validation (13/26)

é Before integration inside ABZero capsule

Ċ The tests were conducted using the X6000 Pro drone, a professional -grade UAV designed for precise navigation and reliable 

performance. This platform ensures accurate positioning and stable flight, making it suitable for both real -time operations and 

post -processing applications. 

Ċ The X6000 Pro integrates advanced dead reckoning sensors, enabling continuous raw data output at high frequency. Its 

robust design makes it an ideal choice for validation of navigation performance.

Test S1, S2, S3, S4

# Description
Mission 

ID
Altitude 

[m]
Max Speed 

(m/s)
Path Length 

(m)

S.1
Rural 

scenario 
tests

1.1 15 6, 8, 10 375

1.2 20 6, 8, 10 375

1.3 25 6, 8, 10 375

S.2
Urban 

scenario 
tests

2.1 25 6,8 316

2.2 25 6,8 408

S.3
Langhirano 

scenario 
tests

3.1 75 6,8 1324

S.4
Hospital 

scenario 
tests

4.1 35 6,8 558
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3 ðDemonstrator Design Verification and Validation (14/26)

Base station/rover configuration

Ċ For the tests, an Ardusimple F9P board was configured as the base station, mounted on a tripod with a fixed GNSS antenna to 

ensure stable and accurate corrections.

Ċ A second F9P board was used as the rover, integrated in the Smart Capsule and connected to a GNSS antenna placed on 

top of the drone for optimal satellite visibility.

Ċ The two boards communicated via Xbee radio modules, enabling real -time RTK corrections for centimeter -level positioning.
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3 ðDemonstrator Design Verification and Validation (15/26)

A high valuable flight campaign 

ĊDiverse environment, altitude, speed, etc.

ĊHours of data collected!
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3 ðDemonstrator Design Verification and Validation (16/26)

First Scenario

Ċ The first flight scenario was carried out in a rural environment at the GAPL facility in Cascina (Pisa). 

Ċ The area is characterized by open fields and limited urban interference, providing stable GNSS reception and minimal 

multipath effects. The missions were performed by overflying both natural and artificial ground markers to evaluate the 

capability of the payload in matching satellite images with on -ground features, such as terrain color variations and small built 

structures. 

Ċ This environment was selected to establish a baseline performance assessment under favorable conditions, enabling safe 

flight operations and reliable acquisition of raw dead reckoning data and navigation solutions.

c) Altitude 25 m, Speed 10 m/sb) Altitude 20 m, Speed 8 m/sa) Altitude 15 m, Speed 6 m/s

  

 

#
Mission 

ID
Altitude 

[m]

Max 

Speed 
(m/s)

Path 

Length 
(m)

S.1

1.1 15 6, 8, 10 375

1.2 20 6, 8, 10 375

1.3 25 6, 8, 10 375
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3 ðDemonstrator Design Verification and Validation (17/26)

Second Scenario

Ċ The second flight scenario was conducted at the Polo Tecnologico in Navacchio (Pisa), within an urban environment 

characterized by representative artificial markers, offering a clear contrast to the rural setting previously tested. The pre sence 

of buildings, vehicles, roads, and a nearby railway introduced higher variability and complexity, creating a more challenging

and realistic operational context. This scenario was designed to assess the robustness of the payload in matching satellite 

imagery with diverse ground features, ensuring reliable performance even under conditions with potential signal disturbances 

and increased environmental dynamics.

a) Altitude 25 m, Speed 6 m/sb) Altitude 25 m, Speed 8 m/s

  

 

#
Mission 

ID

Altitude

[m]

Max 

Speed 
(m/ s)

Path 

Length 
(m)

S.2

2.1 25 6,8 316

2.2 25 6,8 408


