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ASTERIA PRINCIPLE1



@ cnes

AOC principle

- best reactivity
- more anticipation
- better mission programing satisfaction
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@ cnes

AOC principle: controllers
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- 2D reference orbit 
(Ω l o n g , α ) w i t h 
J 4 0 * 4 0 E a r t h 
potential effects

- 1D guidance orbit 
(α)

OD using GNSS and 
last squares method 
( a l l p e r t u r b a t i o n 
forces)

Polynomial curve 
fitting comparisons 
on orbital deviation 
and their derivatives

In- t rack and out - t rack 
controllers using Gauss 
analytical propagation and 
same polynomial curve 
f i t t i n g i n t e g r a t o r ( a l l 
perturbat ion forces) to 
deduced orbital increments

O r b i t a l 
i n c r e m e n t s 
conversion into 
c o m m a n d i n g 
maneuvers



@ cnes

AOC principle: horizons
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Station 
keeping AOC 

add 
maneuvers in 
search time 
and semi-

frozen 
adjustments

If risk: CAM 
added in 

search time

If risk: semi-
frozen 

adjustments 

If risk: 
maneuvers 
cancellation

If risk: CAM 
added where 

needed



@ cnes

AOC – ACA coupling
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@ cnes

Risk mitigation
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Conjunctions without CAM

Conjunctions with CAM



ASTERIA CONOPS2



@ cnes

CONOPS comparison
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Legacy ground solution

ASTERIA solution



OPSSAT EXPERIMENT



@ cnes

OPSSAT a flying laboratory
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- High computation capacity: ARM dual-core Cortex-A9 800MHz / 1Gb / SD 
Card 16Gb

- SSO 6h LTAN – 515km
- Java compiler
- Open-source NMF (Nanosat CCSDS MO Framework)
- Java SDK + simulator + mission control segment NMF
- Remotely web based operations with EUD4MO mission control segment 

NMF



@ cnes

OPSSAT application architecture & packaging
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@ cnes

Experiment ops
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- Ref orbit SSO closed to OPSSAT one
- Propulsion hypotheses: electric 25mN, ISP 2100s, Robbins penalty 

95%
- 3 days testing + 20 CDM + 1 risk covering all sub-modes (risk 

threshold 5e-5)



@ cnes

Experiment results
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Running time at each 
ascending node 
activation

Risk 
avoidance



@ cnes

Experiment results
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Computation time distribution

CPU 
charge 
examples



CONCLUSION4



@ cnes

Conclusion & improvements
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ASTERIA considerably increases on-board autonomy by coupling AOC & ACA with a 
relevant solution
First flight tests with OPSSAT show CONOPS and OBSW packaging feasibility 
On-going improvements:

• Multi-risks management
• Legacy OBSW architecture coupling 
• “road traffic standards” for risks with maneuverable satellites
• Flight tests with maneuvers: CNES demonstrator ?

With the multiplication of constellations and the improve of on-board computing 
capacities such solutions are the keys for a global Space Traffic Management !



THANKS 
 
ANY QUESTIONS ?5



ANNEXES6



@ cnes20
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CDM: 



@ cnes21
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2D ref 
orbit: 



@ cnes22
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In plane 
evolutions: 

Out of plane evolutions: 



@ cnes23
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OPSSAT 
architecture: 



@ cnes24
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OPSSAT ops 
architecture: 



@ cnes25
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CCSDS MO 
layers: 


