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Context

• User requests gathering

• Mission Plan Building
• Sequence of time-tagged 

telecommands

• Sequence verification

• Plan upload
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SYNAPSE: 
“System autonomy & data processing by learning”

• Up-to-date data

o System resources (energy, memory, …)

o File sizes after compression

→ Improve system efficiency

• Increased reactivity

o Recent weather forecasts (TC) 
or onboard detection

→ Decrease rejection rate

→ Reduce response delays
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Synthetic Telecommand (STC)

• Macro command
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Autonomy

Synthetic Telecommand (STC)

• Macro command

• Decomposed on board

• Need to be validated
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Formal approach

Decomposition verification      TC sequence verification
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Specification

 Telecommand
Effect & equipement / function targeted

 Durations
Relative date

 Constraints
Target & expected state

Satellite specification extract (SPOT-like)
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REQ_DOWN_02 - TC MODULON:

Switch modulator to ON.

Modulator is ON after <DURATION_MODULON>
Initial condition: Amplifier is ON
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Specification

 Telecommand
Effect & equipement / function targeted

 Durations
Relative date, variable durations

 Constraints
Target & expected state
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REQ_DOWN_02 - TC MODULON:

Switch modulator to ON.

Modulator is ON after <DURATION_MODULON>
Initial condition: Amplifier is ON

REQ_IMG_05 - TC IMAGING:

...

Imaging STARTS after <DURATION_IMAGING>
Imaging STOPS after <DELTA_MODULON>
...

Satellite specification extract (SPOT-like)
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REQ_DOWN_02 - TC MODULON:

Switch modulator to ON.

Modulator is ON after <DURATION_MODULON>
Initial condition: Amplifier is ON

REQ_DOWN_06 - TC MODULOFF:

Switch modulator to OFF.

Modulator is OFF after <DURATION_MODULOFF>
Initial condition: -

Formal model

o Compact Satellite Model (CSM)

# REQ_DOWN_02, REQ_DOWN_06
block MODULATOR :=
init (OFF)
tc MODULON (OFF, WAITON, ON) {DURATION_MODULON}
tc MODULOFF (ON, WAITOFF, OFF) {DURATION_MODULOFF}
guard (MODULON) [AMPLIFIER:ON]
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 Code and graph generation 
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Formal model

o Compact Satellite Model (CSM)

# REQ_DOWN_02, REQ_DOWN_06
block MODULATOR :=
init (OFF)
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o Ad hoc automata formalism

 Traceability  Modularity

Domain Specific Language (DSL)

 Close to specification (with traceability)

 Compactness and Modularity

 Code and graph generation 
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REQ_DOWN_02 - TC MODULON:

Switch modulator to ON.

Modulator is ON after <DURATION_MODULON>
Initial condition: Amplifier is ON

REQ_DOWN_06 - TC MODULOFF:

Switch modulator to OFF.

Modulator is OF after <DURATION_MODULOFF>
Initial condition: -

# REQ_DOWN_02, REQ_DOWN_06
block MODULATOR :=
init (OFF)
tc MODULON (OFF, WAITON, ON) {DURATION_MODULON}
tc MODULOFF (ON, WAITOFF, OFF) {DURATION_MODULOFF}
guard (MODULON) [AMPLIFIER:ON]

node MODULATOR (MODULON, MODULOFF : bool) returns (res : MODUL_STATE);  
var timeoutMODULON, timeoutMODULOFF : bool;  
let
timeoutMODULON = armTimeout(MODULON, DURATION_MODULON);    
timeoutMODULOFF = armTimeout(MODULOFF, DURATION_MODULOFF);    
res = if ((false -> pre(res) = MODUL_SINK)             

or (MODULON and (false -> (pre(res) <> MODUL_OFF))) 
or (MODULOFF and (false -> (pre(res) <> MODUL_ON))) ) 
then MODUL_SINK
else if (MODULON and not timeoutMODULON) then MODUL_WAITON
else if (MODULOFF and not timeoutMODULOFF) then MODUL_WAITOFF
else if (timeoutMODULON) then MODUL_ON
else if (timeoutMODULOFF) then MODUL_OFF
else MODUL_OFF -> pre(res);  

tel

Specification CSM Lustre
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Sound (Used in avionics, certifiable DO-178A)
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Framework

Same abstraction level

Sound (Used in avionics, certifiable DO-178A)

Available tools (Scade, Prover, Kind2, GaTeL...)

L
U
S
T
R
E

Context – Autonomy | Formal Approach – Specification – Formal Model | Framework – Prototype | Conclusion

13



Prototype
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MODULON when Amplifier is Not ON

o Lustre Simulation
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MODULON before AMPLION timeout

o Lustre Simulation
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AMPLIOFF when Modulator is Not OFF

o Lustre Simulation
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Prototype
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Conclusion

A TC Sequence Verifier

• Verifiable

• Based on formal design

• Minimal human input (code generation)

• Embeddable (small)
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Future work

• Test generation with GaTeL

• Event-based Lustre simulation
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