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Federation - Open Space Makers

Notre mission

Ouvrir le monde de
l'infrastructure spatiale au
plus grand nombre

Initiée par I'agence spatiale francaise CNES, l'initiative
FEDERATION - Open Space Makers vise a créer un
cadre et faire vivre un environnement permettant a
n'importe qui de se lancer dans des projets de création
d'infrastructure spatiale. Ces projets sont open source,
pour développer des savoir-faire, des connaissances et
du matériel spatial libre de maniere collaborative,
ouverte et responsable.

La charte

Un cadre pour les projets
de fabrication de matériel
spatial open source

C'est la Charte Fédération, qui formalise a la fois les
engagements et actions pris par I'association Open
Space Makers afin de répondre a ses objectifs et les
regles auxquelles doivent adhérer les contributeurs
souhaitant rejoindre Fédération. Elle couvre toute la
vie d’'un projet et formalise ainsi les principes
permettant de créer ou participer a un ou plusieurs
Projets, de mettre a disposition des Ressources ou de
contribuer a la création, au partage et a la diffusion
des savoir-faire et des connaissances.

Cette Charte est construite autour de principes et
valeurs clés de Fédération : collaboration, inclusion,
ouverture, pérennité, responsabilité, bienveillance.
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Une constellation de satellites

Geo Phoen node 4

Pour fournir
un cloud orbital
« as a service »

Customer satellite MEO Phoenix node 2
LEO Phoenix node 1 LEO Phoenix node 5
Customer ground stations Phoenix ground stations

(Al

Link to Internet »
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Une constellation de satellites

Geo Phoenix node 4

NN

Payload Hétérogene : .\@S
* Orbites < & 4 n
« Communications \&‘ -
* Puissances de calcul oo & o
» Capacités de stockage A/v V\A
)\
LEO Phoenix node 1 LEO Phoenix node 5
~
K v
Customer ground stations Phoenix ground stations
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Quels usages ?
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Et si... #1 : Prétraitement

Geo Phoenix node 4

Prétraitement orbital :
1)Réception S
2)Calcul et stockage court .

Intermedlal re Customer saellltew MEO pemx n
3)Stockage moyen terme ‘

4)Emission haute vitesse NS %

3 S
LEO Phoenix node 1 LEO Phoenix node 5
N
/
/
/ \
/ 4
X v
Customer ground stations Phoenix ground stations
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I
Et si... #2 : Transpondeur

Geo Phoenix node 4

O
Conversion a la voléee NN
1)Réception S 4 »
2) Transformation :
3)Emission NV
Customer satellite MEO Phoenix node 2
23 )\
LEO Phoenix node 1 LEO Phoenix node 5
N
Customer ground stations Phoenix ground stations
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I
Et si... #3 : calcul déporte

Geo Phoenix node 4

2
Calcul déporté S
1) Transmission du calcul a

faire ‘&

2) Receptlon des reSU|tatS Customer saellltew ﬂzo Phoenix node 2
v
Afin de ? &,‘ s& J s@

* Economiser I'énergie \ NANV
e Calcul d’évitement LEo:hoemxnodel LEO Phoenix node 5
e Accélération matérielle
Customer ground stations Phoenix ground stations
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. EEESESS—S————————
Et si... #4 : Station-sol

Geo Phoenix node 4

O
Station-« sol » orbitale : X
* « Recette » de Télémétries S 4 »
& commandes < s

* Applique et agit comme une
station sol

.\ \

LEO Phoenix node 1 LEO Phoenix node 5

~ ‘

’ 4

’ y

y \

/ 4
X v

Customer ground stations Phoenix ground stations
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Et si... #5 : loT Orbital BlockChain

Geo Phoenix node 4

loT BlockChain :
1)Reéception depuis loT
terrestre

2)Intégration blockchain % A
orbitale v 7
3)Lecture blockchain 2 QO
NGNS .
LEO Phoenix node 1 i
~ i
‘/ \ V
Customer ground stations Phoenix ground stations

'(‘?‘ Link to Internet ) fr
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Et si... : Votre usage ?

Geo Phoenix node 4

A vous d’'imaginer les cas x@s
d’'usages, Phoenix n'en S A
sera que l'infrastructure. P
q S
Customer satellite MEO Phoenix node 2
R )\
LEO Phoenix node 1 LEO Phoenix node 5
P

Customer ground stations Phoenix ground stations
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. EEESESS—S————————
Au dela de l’'infrastructure...

Geo Phoenix node 4

S
..une constellation ouverte a x@s
des élements tiers (satellites, S 4 »
station-sol) intégrés parmi tous \' ‘
les autres nceuds Phoenix pour _ < o Y

* fournir de nouvelles

capacites, %A/v V\A %
e étendre la couverture, N s

 valoriser financierement LEO Phoenix node 1 LEO Phoenix node 5
'usage de votre payload, /‘

* Accroitre la résilience des a \
infrastructures Customer ground stations Phoenix ground stations

° 'ﬁh‘ Link to Internet ) fr
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De I'ildée a la réalisation...
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PHOENIX MACRO DEV PLAN zt::o - zo|21 - — 20‘22 - - 20|23 - - 20‘24 _ _ = zolzs S
LIFECYCLES — MATURITY GATES W Concept Studies A 4 Phase 1 Phase 2 v Phase 3 IV
Architecture design & integration mE2 Lo uleE Lisrd Mell
XaaS Trade-off & use cases def. P’::"‘:L";’V :::: ':: update wiptiatt
System engineering (MBSE), v v
Functional bench integration|
Functional bench dey|
Software infrastructure dev.|

Preliminary studies|

Soft. platform & orch. framework

Space based infrastructure dev|
Pre. Studies(Plat., P/L, Protocol, etc.)
Mission Analysis|

Space segment system dev|
Platform dev|

P/L dey|

Com. protocols dev|

Control & ground segment dev|
DEMONSTRATION PLAN
Ground demonstration|

Ground software demo

Ground — space protocol demo

2U orbital demo
2U Platform & ground segment dev|

Launch & in orbit demo|

Software ground
app release

Software space
app release

Software space
app release 2

demo1

v

Software | software

demo 2

v

MCR update | update

l

P/L Ground model l

Protocol demo model

Sub sys demo model

Protoco| flight model

GP/L Flight Model 1

[| |I‘yGrounH station model

|

Aél @

GS FM2
4

|

\

| -

[ 3%‘, P/LFM 2
| 8
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Ingénierie systeme

%2, phoenix 2 [SAB] Structure 52

@D grle s @rlaalnn | m

Customer Satelite

CER

@ Capture Picture
Iyl

D=8l Interaction 1

DA ScheduleExchange
@) Receive Transmission Command )
]‘ @ Transmit Ficture
Iyl

il

DS PrtursExchanae

Computation S\ Provider

Customer Ground Station

x| € Store Intermediate Pictures

Provide Docker
Image of the

® Extraction

Software

“ransmissionConmendExchange

D=5l ExtractionCommandExchange

BceiveCommandExchange

& Receive Information
Iyl

D=1 Doc! err@e’;‘y hange
/

D=3l Infommetion T

issignExchal
.

Request Docker Image

- =
DE8) InforvationExchangs - ¥ @ Schedue L& Register Docker Image
De5{ TransmrissionCommandExchange D= Dockerimage

Satellte Operatgr

@ Send Transmission Commmand DH] ReservationOrde:

Use Bxtracted -
& Infomation @ Place reservatiold— |

&) ResolveConflicts

@ Track/ Compute cost
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I SSSS——
Démonstrateur orbital

Mission Objectives

* Execute software code

. received from ground
station after its launch and
to have versatile radio-
communication

 Ability to reconfigure SDR

 Communicate with flat-sat
for TT&C

 Communicate with third-
party satellites (NOAA?)

=1t % s 0 5 o0 o2
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Banc d’essail au sol

SpaceFarm Architecture Overview
Raspberry Pi Compute Modules SDR

Linux + Docker + Swarm/Kubernetes.

NodeA NodeB

G-Ethernet

\

L SpaceFarm:CLI

( SpaceFarm:WEBUI

SPACEFARM:Client

SpaceFarm:ADMIN

SPACEFARM:Client SPACEFARM:Client

Pod : Hardware platform on where to execute a container, ex: RaspberryPi

. Hypervisor : .
Raspberry Pi Compute Module Cluster RTOS + Linuc un (RADLFPGA+ ARM) Agent : Software that manage Pod status and Interfaces (Power Control, interfaces: USB, Serial, Ethernet, Jtag, ...)

Power + LAN SwarmManager + Control + Telem

BD : Database of Hardware platforms status and info on a given Node or group of Nodes, ....

Fhoenty Satembeddad Dverviaw (praposal) Node : Whole Hardware platforms associated physically to a specific location.
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I
Premier Montage SpaceNode

au Technistub
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...et a venir : CubeSat Sim

The New AMSAT® CubeSat Simulator: A New Tool for Education and Outreach

http://cubesatsim.com/
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Logique de fonctionnement SpaceNode

Nats
Message Broker

CubeSatSim Service ] SDR key Service
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* Arduino,
* Raspberry Pi,
* FPGA,
Légende : « FRDM K64F,
P WASM s
Container component °



I
Logique de fonctionnement SpaceNode

CubeSatSim Pod execution

Services
pod-cubesatsim | | pod-ykush | | CubeSatsim Board

T 7

| I I | I
: Initialization : :
i | | St i i i
| I I | I
| :4 sub "spacenode.myspacenode pod.cubesatsim =" ! | !
| I I | I
! ! _ sub "spacenode myspacenode pod cubesatsim =" 0 0 !
| i — i ] |
: - lA:tivation FF - : :
| I I | I
| pub "spacenode myspacenode pod.cubesatsim activationRequested” {T5 | | i i
| I I | I
| r i |
| | | ykushemd -u 1 |
1 ,< pub "spacenode.myspacenade pod.cubesatsim state” {activated=true} | | :
i | | i i
: : { Execution [ : - .
| I I | I
| pub “spacenode myspacenode pod.cubesatsim executionRequested” {THD} ): : 1 '
| PUb “spacenode.myspacenode pod.cubesatsim executionRequested’ 1 THDT ! ! | !
| | par_/ ! ! !
| |.-spacenode myspacenode pod.cubesatsim executionRequested” {TBD} | . :
| . spacenode. myspacenade pod. F.‘.J.b.e..s.a..t.s.‘mE..’F?FHY!F’..’“.’??‘W?SF??..{.T.BP.}. | i
| . PUb "spacenode myspacenode pod.cubesatsim state” {running=true} | | :
| i TBDmodeselection |
! ¢ Pub "spacenode myspacenode pod.cubesatsim state” {running=false} | ! '
| i | i
| |rl_—| ' | |
ation
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I
Systeme de communication

Comment transposer les protocoles
communications 7

%& » Lien Phoenix avec
P - Satellite client
" > |
N2 - Autre nceud Phoenix
< - Stations sol

Y

Customer ground stations

."h“ Link to Internet >
1 (alrp ]
‘« *
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Automated Earth observation using AWS
Ground Station Amazon S3 data delivery

wjm ‘

A
H i —
. 3 L e b
BN ° B=H =R =
Function sHS E shs

Amazon
Lambda Lambda Lambda
Cloudin Function Transform fles from "0 Function e Function (®
ok peap to .bin + >
EI Ground Station | %
Downlink Complete
| Start v n-i':;:ﬁn
P ‘ Insllanne Start
m Instance = " -~
2 P Future Possibility: Extending the solution to introduce computer vision
» Demodulate -»  Decode  f--{-----------TTmeoonnseesoeeeonf oo >
i L ! e
53 A 4
E RT-STPS P Bucket --------1- i I:l IPOPP Processor
AWS Ground Station Progessor : A 4 :
: : R I Pull L0 files
H from 3
Combine raw | H H —i—_
files : i ‘ IPOPP Ingest |
v L A —
RT-STPS : i
H ‘ IPOPP SPAS |
- — N : i
Pushrawand || ... ! H —_—
L0 files to S3 . | | PushL1+12
. 1 / files 10 S3
[ shudown || AWS Ground Gustom
Instance | Shutdown | Station Software HASA Sclware
v Instance | /
Control Data
.............. >
L 8 % A Flow > Flow
Get RT-STPS & Get IPOPP
software software
Gustomers / i
Data Analysis
Amazon
s3
Bucket
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. SSSSSSSS——————
Conclusion

Convergence des concepts sol / Orbite

Efficacité / efficience des implémentations
- Fertilisation croisée

Transposition des implémentations

Nombreuses questions ouvertes :

- Observabilité / monitoring
- Protocoles
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We need you ...or your idea!

* Twitter : @Federation_ OSM
 Facebook : @federation.osm

(=] g [

@) FEDERATION
Open Space Makers 27 / 25

* Youtube
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