Thalesﬁﬁrf O . T e e

aﬂvales/Leanardocompany Space A / S e g A' i 4’.', o, . SRR e 8 e - b : s

IS SPACE READY FOR THE QUANTUM LEAP'?

QUANTUM @ THALES ALENIA SPACE

TOMMASO CATUOGN’O
MATTIA VERDUCCI

Ratecben PROPRIETARY INFORMATION 7
/111 Ref: xxxxx © Thales Alenia Space, 2022 All rights reserved THALES ALENIA SPACE OPEN Tha IeSA|Eﬁ|a
S

Template: 83230347-DOC-TAS-FR-009



;

TABLE OF CONTENTS

Thales Alenia Space &
, The Space Sector

, What We Are Doing

Quantum Technologles For Quantum Computlng Use
’ Space | 2 , Cases .

TASI Roadmaps For ‘ ’ _

Quantum Tech o , Conclusions

ThalesAlenia



PART 1:

THALES ALENIA SPACE & THE SPACE SE

<J g fy . - t e

T

el 00202 PROPRIETARY INFORMATION 7
I3 Ref: N/A © Thales Alenia Space, 2022 Al rights reserved THALES ALENIA SPACE OPEN Tha IeSAlefﬂa
Template: 83230347-DOC-TAS-FR-009 a Space

do company.



THALES ALENIA SPACE - COMPANY OVERVIEW

/Il Thales Alenia Space delivers cost-effective solutions for telecommunications, navigation, Earth
observation, environmental management, exploration, science and orbital infrastructures
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SPACEALLIANCE

Thales Alenia Space teams
up with Telespazio to offer
a unique combination of
expertise covering the
entire value chain

System & Services
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'FROM EARTH TO DEEP SPACE...

36 000-KM “ L2 23000 KM. 8,000 KM 800 KM

PROPRIETARY INFORMATION
c \Il rights

mnmi



Competencies
Satellite assembly integration testing
Space systems design
Earth observation radar
Navigation
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 DONI MISSION

. o =  COSMO-SkyMed
/|| DESIGN, MA‘-NIFACTURE AND SUPPLY :
'END-TO—END SYSTEI\/\ FOR '

. Copernicus

“:_ w,

"
57
\ 4

. SATELTE

7& OBSERVATION& '

~ NAVIGATION
SOLUTIONS

Gallileo .
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e DONI Product Lines s
. quar & - EO MW systems and constellation :
@Ij , EO Radar PD&T

4 products coverlng almost all gl ' State of art Payload Data
EO applications, from very hlgh : ’ issi

- s
> \@%\i

N

A}

ww - resolution (HP -R, HE-R)to - " = g =) = solutions to enable-high . MI rosatellit & i ;
" high revisit acquisition - crosateliites : DONI Space Segments‘

_ scenarios (consteltatlon HE-R,
HR R).

4 data volume/rate

Brovision. - -.* =+ Constellatibns :

“ . s PRISMA platform product family
Mlcro constellatlon solutions + ¢ 2 so}utions & optlcal satellltes
NlMBUS/ PLATINO: muItl-Qussmn : 3

Ground Systems & E2E Solutlons platform to be used also o HR-

wGround solutlons encompassmg product conCept t6 - . SR e ; .
* enforce “bundle” concepts capabilities and small sat - o o RN .
.constellations management. Usmg Big data and deep ; S . i el
: Iearmng!echnologles W|th cybersecurlty solutlons :

&

Nawga’rlon systems p'd'y.ldad.'sf satelllies &Aerocom
: Nawgatlon & Aerocom Systems

Nawgatlon Users Solutlons
Solutlons

Spaéeborne. and C_-}round ‘navigation Solutions for :
specific user contexts (Space, Sok railway solutions, ~ System and Payload/SateIhte Solutlons for Alr ;
synchronets, navigation aSS|sted solutions, Space &  Traffic Management. Safety. of Life communications

ground receivers) - : b Integrated with GNSS Navigation Solutions.
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l NAVIGATION SATELLITES - GALILEO SPACE SEGMENT

The Galileo Space Segment will comprise a constellation of a total of 30 Medium Earth
Space Segment Orbit (MEO) satellites, in a so-called Walker 24/3/1 constellation. The Galileo satellite
constellation has been optimized to the following nominal constellation specifications:
»  Circular orbits (satellite altitude of 23 222 km)

o _ >  Orbital inclination of 56°
= E it >  Three equally spaced orbital planes
s S >  Eight operational satellites, equally spaced in each plane
»  Constellation geometry repetition period of 10 sideral days (corresponding to
17 orbital revolutions)
IOV Phase FOC Phase
4 satellites In-Orbit 24 satellites In-Orbit
Mass at Launch 700kg Mass at Launch 733kg
Power Consumption ~ 1420W Power Consumption 1900 W
Dimensions 27x16x145m Dimensions 25x11x14.7m
Orbit Injection Direct into MEO orbit Orbit Injection Direct into MEO orbit
Attitude Profile Yaw Steered Attitude Profile Yaw Steered
HATL st Notrotorores Y AT e s ThalesAlenia
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NAVIGATION SATELLITES -
GALILEO SECOND GENERATION

I/l On-board Galileo 2" Generation to boost
performance and cybersecurity for the
constellation

Inter-satellite links

Digitally configurable Antennas
Full electric propulsion systems
First satellites in orbit by 2024

y wy Wy,
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NAVIGATION SATELLITES -
LUNAR NAVIGATION

/Il Thales Alenia Space Has Been Selected By The
European Space Agency To Study Specific
Technical Aspects For A Future
Lunar Radio Navigation System

I Real-time On-Board Navigation
I Earth Sciences

I Launch Vehicle Range Ops

I Attitude Determination

I Time Synchronization

R&D — Autonomous Orbit Determination With Crater Matching

Date: 06/09/2023
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| SPACE TO OBSERVE & PROTECT

LAND MONITORING

EMERGENCY
MANAGEMENT

MARINE
MONITORING

y R e S e
SNg
‘t.." 3 v
-

OPEMMICUS
Europe’s eyes on Earth ATMOSPHERE
: ‘ MONITORING

| SECURITY
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THE ITALIAN CHAMPION IN EO (1/2): COSMO-SKYMED

The COSMO-SkyMed (Constellation of small Satellites for the
Mediterranean basin Observation) Series consists of two generations of
Synthetic Aperture Radar (SAR) satellites with the overall objective of

providing frequent all-weather Earth observation, which can be applied to
defence and civil needs.

/Il 4 satellites High resolution, X-Band,

/I'> 2 x 650 km on ground access capability

/Il Global Earth access (including polar caps) with all weather /
night-daylight sensing capability

/Il Conceived for dual use: performance, accessibility,
operational capability and security.

PROPRIETARY INFORMATION
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THE ITALIAN CHAMPION IN EO (2/2): COSMO-SKYMED & COSMO SG

COSMO-SkyMed Second Generation (CSG) consists of two enhanced
SAR satellites. It provides Polarimetric SAR.

/Il 2 satellites, Last launch on Jan 2022.

CSK CSG

. i Resolution
High Res .

B
8 Defense use SPOTLIGHT
> 3
g 3 Resolution < 1m %
E".' Single Polarization
] 3 Resolution: 1 m or
3 Single Polarization Resolution: 1 m
e Size 10 km x 10 km Double Polarization
= Civilian and Defense use Size 10 km x 10 km

Civilian and Defense use

STRIPMAP

Resolution : 3 m
Swath Size Dual Pol 40 km
Swath Size QUADPOL 15 km

Resolution: 3 m
Single Polarization
Swath Size 40 km

Civilian and Defense use Civilian and Defense use

Resolution : 4 x 20 m
Double Polarization
Swath Size : 100 km
or
Resolution : 6 x 40 m
Double Polarization
Swath Size: 200 Km

Civilian and Defense use

Resolution: 30 m
Single Polarization
Swath Size: 100 km

or

Wide field images

Resolution : 100 m
Single Polarization
Swath Size: 200 Km

Civilian and Defense use
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THE ADVANCED TECHNOLOGIES UNIT

TASI
Telecom:ﬂ:?cl:tion Ital Domain Observation and Domain Exploration and
(DTI) Y Navigation Italy (DONI) Science ltaly (DESI)
|
|
Research, Innovation
Advanced and
Constellation Projects
Focus ON j

/1l Artificial Intelligence Advanced Projects &

Technologies

/Il Quantum Technologies

/Il Cyber Security ~ ceo

/1l Virtual Reality, Augmented R. ,Mixed R.
Advanced Technologies

/Il GNSS-Reflectometry

/11 Digital Twin

eGP 202 PROPRIETARY INFORMATION
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OUR INTERESTS IN HPC APPLICATIONS

Payload Data processing (oil spill detection, Vessel Detection, ...)
Mission Planning Optimization & Acquisition Scheduling
Mission Analysis Optimization and Complex Orbital/Trajectory Simulation

Critical Failure Prediction

Sub-system Failure detection and reaction
Processing of SAR Raw data (on-board focusing)
Cognitive radar (automatic detection of targets)
Data compression

Automated collision avoidance

Security (anti-jamming, chiphering, ...)

Formation flying satellites

Precise spacecraft attitude determination

Date: 06/09/2023
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THE PROBLEM OF ON-BOARD COMPUTING

1 data acquisition, transfer, storage, data compression
1 it is not possible to reuse in a straightforward way the hardware
platforms
GROUND SEGMENT SPACE SEGMENT Strong Interest of TAS in testing
The Training stage defines the weights of The Inference stage uses only NN novel Computlng par‘adlgms tO
h jon: architecture with weights : H
2 Massive dataset T eeat e anahsi » Increase Computational
High computational efforts : Low computational efforts effICIenCy

 Reduce Power

Offli On- I|ne Real Light- We|ght
me /Transfe lnfe Learning &l C t
onsumption

NVIDIA GPU Cloud g =

High Performance Computing/High Energy Cost Edge Computing/Low Energy Cost

Rl PROPRIETARY INFORMATION
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TREND ON DISTRIBUTED COMPUTING ON-BOARD SATELLITE

Multisensor
// Satellites
7
e\
ISL
% \
N
////// \\\\\\ ISS offloading ™
M of big data calculations a’:‘iﬁ
\\\\ ///// Operative - - =

satellites
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QUANTUM TECHNOLOGIES FOR SPACE
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DONI’S INTEREST IN QUANTUM TECHNOLOGIES

High Performance/Secure
Communications

Empower Computing Enable New Sensing

~

/Il Goal:

Exploiting quantum systems to measure a

physical quantity (classical or quantum)

= Increase Sensitivity, resolution and
quality of the measurements

= Overcome classical Measurement limits

/Il Goal:

Enable New previously impossible
applications enabled by Quantum
Computing exploiting quantum systems’
properties (superposition, entanglement)

/Il Goal:

Exploiting quantum systems to develop new

ways for encoding and transmitting

information over long distances

= Upgrade existing critical communication
infrastructures to prevent quantum attacks

= Exploit Distribution of Entangled state to
implement protocol for new features

+ Identify advantages and drawbacks compared to classical solutions

» Space application sustainability (costs, operational and environmental)

+ Identify expected time frame for use in loD / Commercial missions

» Define a technology roadmap for space misisons

* Develop, at short term, solid demonstrator to show capability and space use feasibility

Common Objectives
for all topics of interest

06/09/2023 Date:

Hp22 Ref:
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DONI APPLICATIONS OF QUANTUM TECH

TASI is putting in place a long term research and development programme on
quantum technologies applied to space. In this frame, Domain Observation and
Navigation Italy (DONI) sees potential Technologies in the three branches of QT:

/' QUANTUM SENSING

= Explore Performance, limitations and applicability for Quantum Navigation systems
based on Quantum Accelerometer, Gyroscopes, Gravimeters, proposing novel
schemes and implementing porotypes where possible

= Quantum llluminations techniques analysis, including FSO feasibility and
performance analysis with Channel Impairments simulations and device prototyping

= RF Signal Generation and Manipulation via Integrated photonic circuits

/' QUANTUM COMPUTING

= Quantum computation architecture and processing models case studies targeting
on-board satellite QC. (LOQC, Boson Sampling, Superconductive,...)

= |dentify and Engineer Quantum Algorithms assuming NISQ computational
capability, impacting the Satellite Communication/Navigation/Observation

/' QUANTUM COMMUNICATION & TIME METROLOGY

= Quantum protocols adaptation for secure Time-Frequency satellite transfer

= End-to-end QKD protocols, architecture and components vulnerability analysis
taking also into account trusted nodes

= Quantum & Photonic Clocks benchmarking and study

Date: 06/09/2023 )
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DONI APPLICATIONS OF QUANTUM TECH

MACRO-AREA SPECIFIC AREA DESCRIPTION TIME PERIOD TARGET USE CASES
Unconditionally Secure Information Exploring new solutions enabled by hybrid QKD systems (fiber ) ) . .
Transfer and free space) together with the concept of &Trusted nodes Near term (< 5y.) ?al'le? Time Generation, Encryption and
rasnrer
QUANTUM Satellite autonomousnes enanchment due to
COMMUNICATION & Photonic quantum Clocks for ground and space segment Middle term (5+10y.) highly stable clocks (Lunar environments or
TIME METROLOGY New systems for time\frequency beyond)
generation and distribution Scientjfc EO payload (e.g. gravitational wave
QKD based optical Time Transfer in FSO Middle term (5+10y.) detection)
Enabling on-board Satellite computing with
Testing and benchmarking photonic processors as hardware Near t <5 resilience to cosmic rays and van allen belt.
accelerator both onboard and at ground ear term (< 5.) Integrated, efficient (space and energy
Enabling HPC both in space and on consumption) computing platform
QUANTUM ground exploting hybrid Study, |r_nplementat|on and benchmarking qf po_tentlals Qu_antum Constellations for Distributed computing in
COMPUTING Quantum\Classical computing to speed Algorithms for space related tasks, considering all possible Long term (> 10 y.) space
p 9 p platforms (lon, Cold Atom, Superconducting, photons) .
up space related complex tasks. New platforms for efficient ground and on-
board computing
Photonic quantum machine learning and modular (NISQ) . . ; i ; ;
photonic machines Middle term (510 y.) Sc'>IV|Ing compl'ex optimizazion problem like
mission planning
Study, characterization and Space qualification of quantum
platforms for sensing (superconductors, diamond vacancies, Near term (< 5y.) .
) ) cold atom interferometers, photons) New generation quantum payload to
Quantum Sensing devices - - - enhance sensing capabilities for navigation,
Testing and benchmarking quantum devices as quantum EO and SSA
gravimeters, magnetometers, gyroscopes, accelerometers, Middle term (5+10y.) S .
QUANTUM antennas (Augmented Orbit Determination systems,
Magnetic/gravimetric field Mappings)
SENSING
Testing Microwave Photonics for RF Signal Manipulation Middle t 5:10
A ation of EO svst (in SAR Satellite systems ) iddle term (5+10y.) Augmenting capabilities of EO imaging
ugmentation o systems systems with quantum physics (Entangle-
Evaluating new system for EO augmentation based on Quantum Enanched SAR, LIDAR)
Mechanics: Long term (> 10y.) '
Quantum lllumination, Radar, Ghost Imaging
Date: 06/09/2023 )
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TECHNOLOGY READINESS LEVEL

Forschungszentrum

ESA TRL For Space Technologies Quantum TRL 9 JULICH

QT R L QCs (QAs) exceed power of >
classical computers

Quantum Technology e

Readiness Levels Scalable version of QC (QA)

describing the maturity completed and qualified in test

of Quantum Computing
Technology

Prototype QC (QA) built solving

Flight proven
small but user-relevant problems

Flight qualified
Model demonstration for operational
environment

TRL 7

TRL 6
Space Technology R&D

Models (full scale} demonstration in relevant environment

TRLS5

Breadboards ({reduced scale} verification in relevant
environment

TRL 4
TRL 3

Functional verification

Proof-of-concept

TRL 2

Application formulated

TRL1

Basic principle

© Kristel Michielsen, Thomas Lippert — Forschungszentrum Jiilich
https://www.fz-juelich.de/en/ias/jsc/about-us/qip/technology-readiness-level-of-quantum-computing-technology-

qgtrl?expand=translations,fzjsettings,nearest-institut

Date: 06/09/2023 PROPRIETARY INFORMATION
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PART 3:

TASI ROADMAPS FOR QUANTUM TEC
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ROADMAP 2/3: HYBRID QUANTUM \ CLASSICAL COMPUTING

Quantum Computing

on-board processing for EO - + Constellation of Satellites @
forin space HPC by means \

of distributed hybrid
omputing ¢

e .
peed up ground an T i

In-orbit validation and benchmarking of an
hybrid quantum / classical platform

Study and identification of

potentials quantum based *
applications and algorithms for
space related tasks,
independently on the adopted
platform.

Study quantum distributed
protocols enabling new Features
and applications

(Blind Quantum Computing,
Leader Election, Position
Verification)

Identify trade-off between

Q. Computing platforms
(Superconducting, Photons, lon,
atoms) and mapping with
quantum applications over space
domain.

Space Validation of
Photonic based

Processors

Implementation and testing of
PoC to demonstrate relevant
End-User Applications for Earth

Testing & Benchmarking Observation and Navigation Y& Funded activity

Photonic processors

(classical) for Space Y Submitted proposal

Date:

PROPRIETARY INFORMATION
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ROADMAP 1/3:QUANTUM COMM. & TIME METROLOGY

— « Highly Secure time
Unconditionally Secure . s
e generation and distribution

: : systems for GALILEO
(impacting both ground and
Qko space segment)

» Highly Secure EO data
transfer (TT&C & EO data)

* New payload for scientific
missions in EQ; Optical
Synthetic aperture telescope

In-orbit Satellite QKD
Benchmarking and

*

Testbed for Lo _Orhi I

. Validation In-Orbit validation of

QKD based Time optical synch via ISL
Transfer

Quantum Key Distr.
(Fiber-FSO) with TASI
acting as Trusted node

Fiber QKD Secure time
transfer between Operative

Ground Stations

(demonstrating chains of * Funded activity
Trusted Node)

Optical Synch of
TASI buildigm

* Submitted proposal

Date: PROPRIETARY INFORMATION
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ROADMAP 2/3: QUANTUM SENSING

* New EO imaging Systems .
. * New generation quantum
augmented with quantum .
payload to enhance sensing

capabilities (Cosmo capabilities for Navigation, 4
of EO systems SKyMed, Sentinel) EO and SSA §

Quantum devices

Missions including
quantum payload for
sensing

Study of Quantum
photonic systems
for microwave
generation

Test Case definition and Testing of
devices as quantum magnetometers,
gyroscopes, gravimeters, antennas

Study of inertial
quantum

sensors based on Cold
Atom and BEC

For Space

Study and
characterization
of SQUID device
for Space

Test of Quantum
Illumination &
LIDAR/Ghost Imaging
systems for EO

Qualification and
In-Orbit Testing
validation of
quantum devices

Feasibility analysis
and Evaluation of

Actively Optical and
Quantum lllumin. EO

Y& Funded activity

Study and characterization of

NV center devices for Space * Submitted proposal

Date:
Ref: © Thales Alenia Space, 2022 All rights reserved THALES ALENIA SPACE OPEN Tha IeSAI lIa
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WHAT WE ARE DOING
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PASQUANS2: PROGRAMMABLE ATOMIC LARGE-
SCALE QUANTUM SIMULATION

Objective: Develop next-generation programmable, large-scale atomic quantum
simulators operating with up to 10000 atoms

PAH“@.n G
e

Austria Italy
Alpine Quantum Technologies GmbH Consiglio Nazionale delle Ricerche
Osterreichische Akademie der Wissenschaften Universita degli Studi di Padova
Parity Quantum Computing GmbH
Universitat Innsbruck Slovenia

Univerza v Ljubljani

France TASI I . E d
Atos BULL Spain roie. =na user
Azurlight Systems ICFO - The Institute of Photonic Sciences
Centre National de la Recherche Scientifique

Electricité de France
Institut d“ Optique Théorique et Appliquée
Exail

Develop one (or more)

PASQAL
Gomary representative case studies to take
E Ka sitat Tubingen .

Pzl rsechnd s ofice Gt advantage of several different

er: erl
degMa'mI U rsitdt Minchen
Max-Planck-In: tttf Q anten ptk
Menlo Systems GmbH

Qruise GmbH

computational paradigms and
computational platforms (NISQ, real

Ruprecht-Karls-Universitat Heidelberg
et eenene and emulated quantum computers)
PAS@Niahs’

atogito08 2022 PROPRIETARY INFORMATION
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QC4EO — QUANTUM COMPUTING FOR EARTH QCesa
OBSERVATION

Objective: identification of interesting quantum computing use cases for space
(within next 15 years) and roadmap definition

| Scenarios n° 1 and n°4: Thi mission planning problem |

| | Scenario n°3: QFT for SAR raw Il scenario n°2: Classification of time
I data processing series optical image
Sce'narios f1° '11:>SAR antenna : tS]cenarios "_° 7: radar digital | Zcenarito n®s: M:.Itiﬁl.e-wew I scenario n°8: SAR image segmentation
design optimization eam-forming cometry on optical Images I
| 1 Scenario n°6: The phase Scenario n°9: optical and radar data fusion
Scenarios.n° 13: !.arge 1 | unwrapping problem I
constellation design | 1 Scenario n°10: Algorithms for INSAR ! ‘ ’ J U L I C H
| l Co-registration I Forschungszentrum
| | Scenarios n° 12: SAR raw 1
I | datacompression | 7
: ) I ThalesAlenia
: I 1 s ocarons” SPCACE
| I :
! | i INFN
| l o
l 1 .
I |

Numa

| QM
ThalesAl 9;753

o s Lot~ S ACE

Mission analysis

Raw data acquisition Raw data processing Data analysis

Date:06/09/2023 PROPRIETARY INFORMATION
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l NATIONAL RESEARCH CENTER ON HPC, BIG xl ICS
DATA AND QUANTUM COMPUTING

Objective: build a world-class supercomputing cloud infrastructure to store, manage I I
and process all the produced data. Set up strong links between Academia, Industry

0 SUPERCOMPUTING CLOUD INFRASTRUCTURE

- EUNDAMENTAL @

FUTURE HPC = RESEARCH S 0
& BIG DATA it} i & SPACE ECONOMY p 0 ke 1

A3$TROPHYSIC§\§@ 14 2 }NPI Software
COSMOS EARTH S
OBSERVATIONS &CLIVATE @& Layer 1. Applications
1 Layer 2. Algorithms
MULTISCALE MODELING ;
ENVIRONMENT Fp e WPZ. Middleware
Barr Network & NATURAL DISASTERS | APPLICATIONS .

Layer 3. Emulation

mﬂnu HPC Centre 7 x%‘g- 8 ot
I Fure e conre IN-SILICO  Hgt ‘L Layer 4. Compilation

MATERIALS & MEDICINE

lll Big Data Centre
MOLECULAR SCIENCES & OMICS DATA

[]§ Future Big Data centre

WP3. Hardware
9 Layer 5. Firmware

- 5 n L& - 7 '
B 27 g7
K8 y B Y
N % By
Sesd I o
EDUCATION & TRAINING, ENTREPRENEURSHIP, KNOWLEDGE TRANSFER, POLICY, OUTREACH

I
)
o
a
-3
]
=
o

equipped with high-level teams of experts integrating
the Spokes working groups (mixed cross-sectional teams)

DIGITAL SOCIETY QUANTUM Layer 6. Hardwa re
& SMART CITIES COMPUTING
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QU-PILOT

Obijective: develop and provide access to the first, federated European fabrication
(production) capabilities for quantum technologies. Provide experimental
production capabilities for quantum technologies on the superconducting,
photonics, semiconducting and diamond platforms, which will find application in
computing, communication and sensing

TASI role: end user, benchmarking. Develop a

— highly sensitive superconducting - (
>/ Serial SQIF 8 magnetometer for space applications >
§ / -
OO0 2
o 4 Quantum Antenna or Magnetometer
Parallel SQIF Iy 4 .
T3 {13 3 2[a.sauiD 1. Wideband sensor
o 5 ; 2. Sensitive to the magnetic component of
Magnetic Flux (®/®,) EM waves

@ ® 3. Determination of the direction of arrival
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l NATIONAL QUANTUM SCIENCE AND TECHNOLOGY st

1l 35

INSTITUTE

Objective: strengthening and coordinating the low-TRL research up to its translation
into prototypes, favoring interfacing with industrial needs thanks to outreach and

continued-education programs.

/

Research activity \

:

TASI is part of the Spoke 7, being interested

in:

* Quantum devices for sensing
(magnetometer)

e Quantum illumination

« QKD

#

Theory Platforms » S
SPOKE 1 SPOKE 3 Integration
Information Atom-based ‘
processing and » -
communication '
e —— « SPOKE 4 '
Photon-based
SPOKE2 4|
Simulation, sensing SPOKE 7
5 SPOKE 5
Complete
and metrology Elicovi based ‘ sysths
e —— 2
\ _// 4 J
SPOKE 8: » SPOKE 9:
Technology transfer ‘ Education & Outreach
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[Lanzagorta, Marco, and Jeffrey Uhlmann. "Space-based quantum sensing for low-power detection
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CYBER 4.0 - QUANTUM COMMUNICATION AND SYNCHRONIZATION
TESTBED

Objective: to industrially evaluate and demonstrate a set of enabling technologies LEBRE&‘EFE‘N“&'”
in the field of Satellite based network security. More specifically:

Satellite FSO QKD

Hybrid Fiber & FSO QKD
Unconditional Cyphering of a Timing Distribution signal
Trusted node over Satellite assets
W‘ ,W o link £SO End-Point
_[_o_ _
" gigmn_k: Siunenaionedi ." Baselne
- QKD Sy SecureTime N >=500mt
L @
Control Link Control Link
FiberLink: Time @
Thalestlenia | (% TELESERZO Y @VIPR | | @ | NRM. L €D

PROPRIETARY INFORMATION
Ref: © Thales Alenia Space, 2022 All rights reserved

Template: 83230347-DOC-TAS-FR-009

L

CYBER 4.0

CENTER

FSO TRANSMITTER - Telespazio

TELESPAZIO QOfUm Nel¥ifelS]

THALES ALENIA SPACE OPEN

ThalesAl ﬂ?a

o s Lot~ S ACE



CYBER 4.0 - QKD SYSTEM VOLUME SIMULATOR

CYBER 4.0
Obijective: to develop a simulator of QKD constellations for secret key distribution Lgéfﬁ{é%#éé”
g Q NODEE (GS) ' G ' .v ‘Z:l;fj SA] I I
S e ¥ SN g e I HW resources optimization (number of
 _movensn e P q4; satellites, size of ground and space

o > J’L ; \\ 4
¥ 3' 3 b { S8 s - . .
}&E,(us,g —— @ LA optical terminals, ...)

¢ , ’ ” : I Costs optimization
I Performance evaluation of different
scenarios
ThRKQUANTUMI | | ThalesAlents | € E-ES202E [52encrseres o 8] Enginom 3. I Risk analysis;
oreen I Realization of a digital twin of the

system.
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PART 5:

= J— ' . e i+

QUANTUM COMPUTING USE CASES

R — .
Aalh
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l THE MISSION PLANNING PROBLEM (1/2)

139

Optimal scheduling of satellite observations for a given list of user requests (Knapsack problem)

-2 Phe /m/

ASERTI b
/Q\ . ‘::‘{ \-/ Agi
| ‘\“j‘ s} J“ ‘\\

SAR Parameters Calculation

D .

Acquisition Maneuver Sun Pointing Maneuver Downlink Maneuver Platform Activity
18:21 @ Mission Plan General tion @ 06:21

2(N*M*9) hssible solutions

N is the number of satellites ~ 100
M the number of AR for each satellite ~ 1000
9 the number of DTO for each pair of satellite-AR ~ 10
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THE MISSION PLANNING PROBLEM (2/2)

Full guantum solution

Ground

: state
mapping search

=@) QUBO Ising

problem formulation

Stollenwerk, Tobias, et al. "Image Acquisition Planning for Earth Observation
Satellites with a Quantum Annealer." arXiv preprint arXiv:2006.09724 (2020).

Hybrid approach

v

0y X (6) Pz H x6) Py >

0y [ X(0) Z@)H X©) B

0y {.X(0) Ja [Z@H x0 ] Ja

[0) 4. X(6) D }ngléH X(9) } O

Satell_ifi
8 layers T~
Rainjonneau, Serge, et al. "Quantum algorithms applied to satellite mission M

planning for Earth observation." arXiv preprint arXiv:2302.07181 (2023).

Date: 06/09/2023 PROPRIETARY INFORMATION

/// 40 Ref: Not referenced © Thales Alenia Space, 2022 All rights reserved
Template: 83230347-DOC-TAS-FR-009

THALES ALENIA SPACE OPEN

ThaIesAlé;faa

o s Lot~ S ACE



SAR RAW DATA PROCESSING

SAR raw data are processed on ground because of the huge computational power needed. Main
bottlenecks is the number of FFT \ IFFT needed to focus a SAR image

Raw Data

Range Compressed Data Image Data

Range =

(|0> + @2mil0z1...xn] |1>)

S-

:1’5 (I()) + @2mil0.22..2n] |l))
Azimuth =

1 22mi(0.23...2n)
5 (10) + e2ril0za-zul 1))

Range Reference Function Azimuth Reference Function

A VVW | For Range

7l5 (|()) + @27il0zn_12n] ]1))

®
6
¢

. 715 (|0> + e2mil0.zn] |1>)
AV
m Near Range
Amplitude = Azimuth =

QFT does not offer a direct quantum speedup compared to FFT. However, a speedup can be achieved

by incorporating multiple classical processing steps in a more complex quantum circuit and exploiting
the quantum representation of data.
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a2

MULTIPLE-VIEW GEOMETRY ON OPTICAL IMAGES

Alignment of multiple images of a given area of interest to analyse the changes that have occurred on
the area of interest as time has passed and perform terrain reconstruction. This problem can be

tackled with bundle adjustment, which consists in estimating the different changes by minimizing the
re-projection error.

™=

(a) Extraction of 10 keypoints on (b) Extraction of 10 keypoints on (c) Extraction of 20 keyp |
a single image patch. every image patch. 4 x 4 grid.

Full quantum solution 2> QUBO
Hybrid approach 2> QML

Piatkowski, Nico, et al. "Towards Bundle Adjustment for Satellite Imaging via Quantum Machine Learning." 2022 25th International Conference

on Information Fusion (FUSION). |IEEE, 2022.
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THE PHASE UNWRAPPING PROBLEM

recovering unambiguous phase values from a two-dimensional array of phase values known only
modulo 21 rad

¢i = @i + 2mk;
E = Z Wy (kt — ks — ast)2 + Zws (ks - a‘S)2

(s,t)EA sEA

find the best array ok k (one k value for each pixel in
the INSAR image) that minimizes the energy cost
function E

Full quantum solution 2> QUBO

L =
3,444 6,082m
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QUANTUM COMPUTING FOR EM SIMULATION (1/2)

Simulate the EM response of a complex-

shaped target for SAR Antenna fje5|gn optimization
: : * Improving overall performances of SAR
* Improving target detection systems
+ Improving system calibration with non- . :
. * Improving beamforming
conventional target
e“‘od ISAR / Circle SAR Spotlight Stripmap

“a\ Azimuth

Azimuth
Azimuth

Simulated polarimetric
SAR images

Chiang, Cheng-Yen, et al. "SAR Image S|mulat|on of'bomplex
Target including Multiple Scattering." Remote Sensing 13.23
1): 4854,
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QUANTUM COMPUTING FOR EM SIMULATION (2/2)

/Il Cast the problem into the solution of a linear system of equations:
I Help in solving PDEs based on FEM techniques
I Based on HHL algorithm

I 1t has been proven that calculation of EM scattering cross section of an arbitrary target is exponentially faster than the
best classical algorithm

; i [zl s z__,
10) 4 T AQE 17T 1) 4
g QPE part----—--- \‘E ;E ~Inverse QPE part \‘E
&n i P i H ' ~\ N
0) g+ HE" FAFTH SHFT A H® 0) R
T ~-AQE part -\ T I
By +——Ual— U —— o)y
\ -y Hh 1
(a) (b) (c)
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PART 6:
CONCLUSIONS

& Thales / Loonardo company
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| CONCLUSION

Is Space ready for the Quantum Leap?
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| CONCLUSION

Is Space ready for the Quantum Leap?

NO
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| CONCLUSION

Is Space ready for the Quantum Leap?

WHATIEITOLDNOU

NOT
ENTIRELY

..but we are working for turning this answer into “yes” W|th|n next
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| CONCLUSION

111 50

Is Space ready for the Quantum Leap?

/Il Quantum tech is a huge word encompassing a large area of applications and not all of these share
the same maturity

/Il Quantum communication is ready for the market with several industrial applications, while quantum
sensing is approaching this status with high value demonstrations

/Il Quantum computing is still in its infancy, in particoular when applied to space systems. However,
interesting applications are emerging also in space area and these could be potential breakthrough

/Il There is a growing global trend of investing resources in quantum applications for space. Europe
and our company are stronly involved in this trend

/Il Space companies are looking to make their systems as independent as possible and to move
computation in orbit. Hybrid model that combines classical HPC tasks with quantum properties
could be the winning solution
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Vil 51

ARE YOU READY FOR THE QUANTUM LEAP?

/I/Do you want to contribute to develop new technologies for space?

/IlJoin us at Thales Alenia Space in Italy, where we have a lot of opportunities
for students and seniors:

I Staff position within out team in Rome
I Industrial PhD

I Thesis

I Stages

/I/Don’t hesitate to get in touch with us for further information
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THANKS FOR YOUR ATTENTION

TOMMASO CATUOGNO@THALESALENIASPACE COM
MATTIA.VERDUCCI@THALESALENIASPACE.COM :

. 06/09/2023
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