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Avionics 

 
Å The Avionics Embedded System (AES) includes the hardware 

(processor, communication buses, equipments, instruments) 
and software required for the command & control of the 
spacecraft, its telecommand and telemetry handling, its failure 
detection, isolation and recovery and all the mission and vehicle 
management functions including all functional chains. 
 
The AES is the brain of the spacecraft and therefore is a vital 
organ for the execution of onboard functions.  
 
It represents today between 30 and 70 % of the platform non -
recurrent development costs (50% in average for an ESA 
mission).  
 



On Board Computer 
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Payload Data Handling Unit 
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© EADS Astrium 
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Advanced Data & Power Mgt System 
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The LEON processor board (unfolded) 

ADPMS under test 

1,5 Watt 

300 gram 



Avionics 
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Avionics: Overview 
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Avionics: Overview (cont.) 
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Avionics: Redundancy 
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Avionics: Redundancy 
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Both nominal and redundant equipment are On  
and running in parallel 
 
Mandatory if no way to select redundant equipment 
Advantage: no service interruption  
Drawback: reliability, consumption 
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Typical of On Board Computer 
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Avionics: Hostile Environment 

Å Temperature : extreme conditions 

Å Temperature range solar cells   -150 Ą +100 °C 

Å Packaging, isolation and heaters: reduction to -20 Ą +50 °C 

ÅCommercial electronics donôt fit the bill :  0 Ą 70 °C 
(mil range -55 Ą +125 °C) 

 

Å Ion radiation  : electron, proton, heavy ion (solar flare, van Allen belts)  

ÅCumulated Effect:  

ÅModification of the component characteristics 

Å Single Event Effects:  

ÅSET: Single Event Transient (glitches)  non destructive 

ÅSEU: Single Event Upset  (swap)  non destructive 

ÅSEL: Single Event Latchup  (CMOS) 

ÅSEB: Single Event Burnout  (MOSFET)  destructive 

ÅSEGR: Single Event Gate Rupture   destructive 
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Å Radiation Protections  
Å Shielding 
Å Box design 
Å Positioning in the S/C 
Å Technology choices  
Å Build in electronic protection 

 

Å Fault Tolerance  
Å Ability to support temporary or definitive modification or suppression of 

functionality 
Å Redondancy 

ÅProcessing: Spatial or Temporal Redundancy and Majority Voting 
ÅDuplicate the system: when a system is faulty, switch on the other one  
ÅPermit to eliminate the faulty system from the decision path (TMR technology)  
ÅData Redundancy through coding, (RS, CRC, etc) 

Å Error Detection and Correction (EDAC) on memory 
Å Memory scrubbing to ñcleanò changed memory 

 

Avionics: Protection Means 



ON BOARD PROCESSORS 
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OB Processor: Evolution 
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OB Processor: Frequency Increase 
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Increase of the processor clock frequency is a 
method of achieving higher performance. This 
however leads to increase of processor power 
dissipation figure. 



OBP: Multi Core 
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Multi-core architecture is an alternative 
architectural solution that has the main advantage 
to increase the platform performance without 
increasing the power consumption 



OBP: Multi Processor 
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Multi-processor architecture is yet another 
alternative architectural solution that allows for 
distributing the processing (e.g. image processing, 
complex gnc algorithms), on specialized, 
dedicated hardware (e.g. µp, dsp, fpga)  



Processors vs Cores 
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SMP vs AMP 
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