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Modeéles de réseaux de neurones appliqués a I'optimisation de lois
d’alimentation de réseaux d’antennes

Abstract
L'obtention des lois d'alimentation d'un .
réseau d'antennes peut étre couteux en e aridani
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Il est proposé d'étudier des modéles a base de
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Assistance par machine learning

d’algorithmes d’aide a la décision

(application a la planification de
satellites)
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Machine Learning assistance'to satéllite
mission critical decision making
algorithms

Historical experience in ion critical decision making algorithms for Earth Obsarvation
History: Decision Making aigoritums for Earth Observation satelite Critical mission planning:
mission plaaning « Frequen: exgculion
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Machine Leaming for Decision Making Online ML Assistance applications

ways to use ML for Decision Making
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Perspectives

Knowledge on tha Machine Leaming assistance to mission critical Decsion Making algarithms bull on 10 of opéraliandi nesearch applications.
Hawever, i remains. challenging to have operaiosal use of ML forcriical software for mission operation.
Current work with JoRd<ain 10 Move lowands move operatonal use of 1hose lchniques (i pariculir for fully ML decision making, less rsk for offina).
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Edge computing is a

distributed computing
paradigm that brings
computation and data
storage closer to the
sources of data :

History

WIKIPEDIA

. | New Siace
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COTS Automotive processes C!oud ) /
Smartphone High Reliability .
. Availability > 99% o
E. SR150R#
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S250 product

l}//\
o P

* Alt: SSO 500km

* GSD: 50cm ->40cm

e« 7000 RGB img/ day/ Sat
e 7000 NIR img / day / Sat
e 250000 kmz2/ day / Sat

» Life time: 8 years
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S250 concept

U Home made solutions HW and SW O Industry proven solutions
P
Q Custom data format A Standard format
U Payload TCand TM AN » Command line, logs, timeseries DB
o i1

U4 Space only standard A Mainstream standards and tools

O Packet store > Files (File based operations)

d  SpaceWire > Ethernet
a OBMP/OBCP > Shell script

4 Monolithic SW O Multi-applications, software center / smartphone

KE EP O All reprogrammable
)

Q Standard PC
SIMPLE’ andar
ST“PID O Standard OS

U Embedded SW developer O Industry SW developer
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U Some parts reprogrammable
4  On-board computer

U Real-time OS

THE KISS PRINCIPLE
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Payload focus ek
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Constellation Constellation
Front-End Front-End
Electronics Electronics
(CFEE) (CFEE)
Opticat Optical
'd \/ \/ )

Processing module #1 Processing module #3
(PM1) (PM3)

Processing module #2
(PM2)

Sandbox board
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IP integration
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Airbus S250 Data Handling architecture (File based) el

e

. d Mainstream standards and tools
“EMC _ _ .
“EMC RE mezza. > Files (File based operations)

Opt_mezza > Ethernet Linux f\
Software . "l
» > Shell script
- L4 |
J

O Standard format @

> Command line

> Logs %

> Timeseries DB

[ e g !

Multi-applications
Software center / smartphone

Containers ‘Ill]
puthon

1 Offthe shelflibs ¢y T

Opencv  TensorFlow

Application A All reprogrammable (including
Software .
—— FPGA partial repro f
AR
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CALYPSO : Sandbox Objectives

Test applications and
new functions on-board
of the satellite...and
become operational

Light application
validation

Downlink of only useful
information (higher
value information with
lower data rate and
short reaction times)

Shorten time to
market from app
development

Dev. env. as PC: Linux,
Python, Libs...

Easy portability

Bring non space labs to
space
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CALYPSO

CALYPSO - Sandbox - Custom AppLYcation

) ; Processing Service in Orbit
Software Defined Satellite 9

= Link to a mission Validate Use on board

Long lead time (Years)

Devzlr(])g ;v;t:uﬁ:/;/ PA Integrate/ App/business case outdated
7
standards Launch @Iaun'cr'] it
No flexibility

[
Smart Idea for Data Run/ Validate in Uplink to satellite
Processing Software
On Board Development Kit

v ¢
Short lead time (Months)
Adapt App to changing

business needs

With or without Al

Web Applications Reuse Application

Adapt Interfaces

CALYPSO

No quality or security
standards requested Update
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Software Development Kit for Flight-Application

Develop on Evaluation Bord Package Upload

SW + HW accelerator

Designed for our Smart Payloads

STUDIO Bringing the smartphone revolution
to our satellites

like
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Mask - Object ID - Better Compression b4
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Use Cases

Forest Fire Detection

mous Collision Avoidance F:,. .
- % 'j' £

4

. Change detection f ’

Mobile Tracking &1 |

___

ED Multi process SW
A [ W]

TIFF File Based Payload
\ —

||
HpE
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[l Std Ethernet Network

@

EE%®™ Mezza std form factor

@ Std libraries
] SW Center

M\ Software Defined Radio

Linux Operating System
Linux

v
(/) VHDL Framework

VHDL

a Sandbox (CALYPSO)
o Al hardware A|RBUS
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Activity Monitoring 3 i " .,
"v* A
g ‘ 5 &P

R ;:

1 ?'48 ."f_ 174,

A Change detection with alert
O Object counting

[ Ship detection (CNES)
 Traffic measurement
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Forest fires

13

Forest Fire Detection

4 Avril, 2024 © AIRBUS SAS 2024. ALL RIGHTS RESERVED. CONFIDENTIAL AND PROPRIETARY DOCUMENT

@ )

Location
Intensity

Wind direction
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Venhicle Tracking
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Detalls extraction, higher compression

Mask — Better Compression

Cloud detection

5 4 v, 2024 © AIRBUS SAS 2024. ALL RIGHTS RESERVED. CONFIDENTIAL AND PROPRIETARY DOCUMENT AIRBUS



DEFENCE AND SPACE

Applications on CO3D Satellite (1/2)
Application by CNES : Ship detection

Clément Coggiola

16 AIRBUS
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CNES demo application on CO3D

cnes

17

¢

Objectives

CNN:s training, distillation and on-board
implementation

Semantic segmentation: targets of interest in
very-high resolution images

PoC: a client provides an algorithm

Why?

4 Avril, 2024

New space system capabilities

Optimized downlink: data reduction as
compression

Reactivity (which needs constellations)

Script 1
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CNES demo app: results (work in progress)

Ship detection (200k parameters, run on hardware)

"]

2000
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CNES demo app: results (work in progress)

Ship detection (100k parameters, run on hardware)

0
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Demonstration on CO3D Satellite (2/2)
Application by ADS : MoblA 1 et 2

Fanny Morel

20 AIRBUS
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Application de demonstration Airbus Defence and Space sur CO3D - MoblA1&2

En collaboration avec le CNES depuis 2020

Objectifs :

 MoblA 1: Prouver l'intérét de I'utilisation d’lA embarquée pour la détection automatique de pannes, en complément de la FDIR
* MoblA 2 : Une fois cet intérét confirmé, prouver la possible industrialisation de cette IA embarquée, via la Sandbox Calyspo.

Intéréts identifiés :

¢ Optimisation de la FDIR (Failure Detection, Isolation and Recovery) via IA a bord, pour des pannes ciblées

* Meilleure réactivité de I'lA embarquée (vis a vis d’'une solution IA au sol)

FDIR globale = décision centralisée basée
sur les inputs x, y, z, ML, ...

gyro x gyroy gyro z
EDIR FDIR EDIR ML algo

Autres possibles inputs (statut
des composants...)
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Application de demonstration Airbus Defence and Space sur CO3D - MoblA1&2

En collaboration avec le CNES depuis 2020

Objectifs :
* MoblA 1 : Prouver l'intérét de I'utilisation d’lA embarquée pour la détection automatique de pannes, en complément de la FDIR
* MoblA 2 : Une fois cet intérét confirmé, prouver la possible industrialisation de cette IA embarquée, via la Sandbox Calyspo.

Intéréts identifiés :
» Optimisation de la FDIR (Failure Detection, Isolation and Recovery) via IA & bord, pour des pannes ciblées
* Meilleure réactivité de I'!A embarquée (vis a vis d’'une solution IA au sol)

Opportunité d’utilisation de la Sandbox Calypso
pour démontrer 'embarquabilité du modele ML :

Environment CALYPSO \

Carte ZUS+

Modele CNN

Simulateur satellite = OneSim

Inputs du modeéle = TM réelles (Orbit
Auxiliary Data Files)
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Application de demonstration Airbus Defence and Space sur CO3D - MoblA1&2

En collaboration avec le CNES depuis 2020

_ #ib " On-board IA-based Monitoring

MoblA 182 - ADAP
Pour en savoir plus => venez nous rencontrer devant notre pos

4 Avril, 2024
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Welcome to Edge Space !

P 4 >
Questions and Answers ’\
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