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SWARNM MISSIONS

Increasing new missions concepts with multi-satellites
collaborating (mothership centered up to completely fair)

From 3 to 50+ satellites
Either LEO, GEQ, lunar, asteroids or interplanetary centered

Aim at constituting large scale distributed instruments (multi-
point measurements such as interferometry, ..)

Acting following a collective scheme and managed as a single
object

High level of autonomy, resilience, with auto-reconfiguration
capabilities
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SWARNM MISSIONS - ARE WE READY ?

New challenges at Software level on the following
topics:

Interconnecting ISL, TTC, intra-sat networks

= Swarm autonomy wrt Flight Dynamics functions

= Systemresilience

= Distribution:
"  Collaboration of functions across the swarm

" How to design at SW level one distributed
payload ?

How to manage such a system from the Ground ?

Speed: 0,00000 m/s

+ Blatit Tranguillitatis

R 1=

dim. 27 oct. 2030 00:23:25
17000 faster

+ Baldsfpecic=r
+ Diigpblieineles s

Sync Orbit barycenter_Qsw,

FOV: 31°03'6.9" (1,00x)
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* Typical « pulsed » orbits for NOIRE mission
courtesy from E. Rouille, LESIA
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AVIONICS / FLIGHT SOFTWARE ARCHITECTURE -

SWARNM MISSIONS
T
) computer level
; e e [ D
functions
(( JoNss Aocs

Logical view

Unique at satellite level Unique at swarm level

HW New communication
board functions

New autonomy

functions
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ISL CONCERNS L -2 N e

?n':\ A4 I
The most dimensioning enabler for swarm missions / \ \,
* Technology (omnidirectional antenna vs directive links, RF vs optical) Tf\ Tf\ T\ '?\

* Topology of the network : full duplex, FDMA/TDMA/CDMA, point to point, 1to n, nto n, bandwidth ?

* Usable for ranging and collective time when no GNSS is usable ?

> = Decouplethis ]ohysical layer / datalink function as much as possible from the others (follow the
OSl approach l)

Adapt easily the ISL properties on the simulator .
Application

PUS/TCP/
FTP/CFDP/..

Unicast, multicast, broadcast

Couches hautes

Proof of concepts for ranging, GNSS messages diffusion,

TCrelay across the swarm

PHY/Datalink

TMTC or P-1
or UART
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SWARM NETWORK STACK

_— \

Application CCsw BSW
PUSITCPIFTPI APPx GNSS APPi APPj
CFDP
Network Application Application
P T T PUS PUS
PHY/IDatalink e S A
Application Application Application
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TCP PUS PUS Rest of th ft
esto € spacecra
G L l / ntra-sat
- <::ncrt‘::mi:{> ™TC CL CL CL), [Chle > 103 <j”em°":> 105
N ewWo _JCP PUS PUS UART
( :‘%' P - CJ. Y - Application
"i~ ™ TG
\‘ w Application PUS
PU 5&%‘;” P PHY/Datalink
Router UART
Network
P
h‘|' C:L':: et cL | —routing tables

7y
' v
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|

" Q:SWAR::> ISL x Application CGR
e Application " Application — PUS —>
' Application PUS PUS

PUSITCPIFTP! * v
CFDP .
Network gl
P NAV y COA
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SWARM NETWORK STACK

SAT 1

Calculator 2
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SWARNM TEST BENCH - 2 CONFIGURATIONS

1 simulator Discrete-event simulation infrastructure,
4 SMP/SMP2 simulation standard

Chaining into a simulator, including flight software

FSW running as a model thanks to a XNG-

A653 emulator that enables to run FSW

Eartitions on Linux — compiled with the
ostcompiler

Processor in the loop — THW
board for each computer

N TTC and ISL links
Swarm specific SW \ through UART i

Used for mono-satellite tests with Used for system tests, with
stubbed neighbours — no each satellite running the real
scalability FSW simulated - easily scalable

Swarm specific SW
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SWARNM TEST BENCH - OVERALL VIEW

Every 1.0s: ps -eo psr,pcpu,pmem,cmd --sort=-pcpu | grep ske tu-apis-p0l.cst.cnes.fr: Mon Sep .

Satellite 1 : >-
Satellite iy 11 21.
W B 22

4 0.1 ske_bsl_standalone 90 91
\ .2 0.1 ske_bsl _standalone 109 110
BASILES 24 21.1 0.1 ske_bsl_standalone 71 72
: 17 9.5 0.0 nav-xng_ske-debug.elf
S;g?!:j ! 32 9.5 0.0 nav-xng_ske-debug.elf
; emulater 28 9.5 0.0 nav-xng_ske-debug.elf
data ISL Link Propulsion €— . 33 4.5 0.0 apppus-xng_ske-debug.elf
base data R E 43 4.5 0.0 apppus-xng_ske-debug.elf
ORB/ENV 15 4.5 0.0 apppus-xng_ske-debug.elf
46 4.0 0.0 isl-xng_ske-debug.elf
G 27 4.0 0.0 isl-xng_ske-debug.elf
® Satellite 2 E 36 4.0 0.0 isl-xng_ske-debug.elf
sandland ol le emulater 26 3.9 0.0 rap-xng_ske-debug.elf
Kit PE O 5 3.9 0.0 rap-xng_ske-debug.elf
¢ 23 3.9 0.0 rap-xng_ske-debug.elf
37 3.5 0.0 instrum-xng_ske-debug.elf
Satellite 3 SKE R 5 3.5 0.0 W:Lnstrum-xng_ske-debug.elf
s L _ emulater 5 40 3.5 0.0 instrum-xng_ske-debug.elf
. FF OBSW Propulsion «€—— - 41 3.4 0.1 ske_bsl_standalone 74 75
- DRBIENV |« 6 3.4 0.1 ske_bsl_standalone 93 94
45 3.4 0.1 ske bsl_standalone 112 113
E - 12 3.1 0.0 ccsw-xng_ske-debug.elf
Operator emulater = G 5 3.1 0.0 ccsw-xng_ske-debug.elf
Propulsion €——— - 7 3.1 0.0 ccsw-xng_ske-debug.elf
P = 18 3.1 0.0 router-xng_ske-debug.elf
ORB/ENV 29 3.0 0.0 router-xng_ske-debug.elf
23 3.0 0.0 router-xng_ske-debug.elf
|_> G 21 2.9 0.0 gnss-xng_ske-debug.elf
- 14 2.9 0.0 gnss-xng_ske-debug.elf
2 2.9 0.0 gnss-xng_ske-debug.elf
26 2.6 0.0 ios-xng_ske-debug.elf
32 2.6 0.0 ios-xng_ske-debug.elf
Ex
REPUBLIQUE Insérez dans la zone de pieds de page, si besoin, vos informations annexes (Iégendes, sources, crédits, restrictions, logos

F

partenaires, etc).




EQUIPEMENT FUNCTIONAL SIMULATIONS
ENVIRONMENT

Real GNSS constellation data (GPS, BEIDOU, GNSS) retreived on the net. °  Precise

¢ Based on Patrius

*  GNSSreceiver simulated for each satellite : , ) , , , )
®  Environment: simulation of tidal forces/atmospheric density/earth

- Based on Patrius (CNES generic Flight Dynamics Library) gravity up to high orders/Sun and moon Gravity/Radiation pressures
- Simulated CODE, PHASE measures for each emittor of solar irradiance + integrator

- Simulates a table of ntracked GNSS emittors

- DeltaV, direction, noise
®  (Geocentric

« Datarate = function of (SNR for each couple of satellites, distance, ..)

* Inter-satelllite messages emission commutation/decommutation
capacities in the simulator
® Using generic TC/TM kits

* Broadcast, Unicast messages, ..
® 2databasesfor com/decom
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SWARM SYSTENM TESTS

4 Sat 3
Sat 2 i / 3 a
N Use case 1:sat Trelay between ground and 2 other satellites
Sat 1
TC

EXN
EEPUBLlQUE Insérez dans la zone de pieds de page, si besoin, vos informations annexes (Iégendes, sources, crédits, restrictions, logos 16
partenaires, etc).




SWARM SYSTENM TESTS

Use case 2 :sat Trelay between 2 other satellites and ground

If No visibility : data storage
Sat 2 4 Sat 3

\

Sat1

™

D

EXN
EEPUBLlQUE Insérez dans la zone de pieds de page, si besoin, vos informations annexes (Iégendes, sources, crédits, restrictions, logos 1
partenaires, etc).




SWARM SYSTENM TESTS

Sat 2 //\4\/ I >at3
N Use case 3 : navigation data exchange between satellites
Broadcast mode
N Sat 1

EXN
REPUBLIQUE Insérez dans la zone de pieds de page, si besoin, vos informations annexes (légendes, sources, crédits, restrictions, logos
FRANCAISE partenaires, etc) 8




 STATUS AND WAY FORWARD
: : ' i : . s E 5 s oo : . & = '_ “' ; .-J 7 -‘,’ '.’- E ’.‘ = i " ? i, o7 : . s ; = / . : -
PRRRIOMISING PErformances of the simulator to run the swarm with an appreciable functional representativity:
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