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FMI’s Activities in Planetary Research 

INSTRUMENTS!
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MODELLING!

ASPERA-3/MarsExpress!

IBS/CASSINI!
PPI/Huygens!

2001! 2002! 2003! 2004! 2005! 2006! 2014!

SOHO/SWAN!

SERENA, SIXS/BepiColombo!

COSIMA,ICA,LAP,MIP,PP/Rosetta!

ASPERA-4/VenusExpress!

CIDA/Stardust!

SPEDE/Smart-1!

Mars 96, Beagle-2, Phoenix, MSL, MetNet, Exomars !
Mars admospheric Mezoscale Model MLAM, Planetary Plasma Hybrid Model !

Operations!
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Example Instruments 

Permittivity Probe on ROSETTA’s 
Comet Lander PHILAE 

Plasma Monitor SPEDE on 
SMART-1 satellite 

ESA ESA 
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Constraints for Instrument Electronics 

The requirements especially for planetary exploration 
are partly contradictory:  

Ø High demands on processing speed but low power 
consumption 

Ø  Low mass and small volume 
Ø Operational at extreme low and/or high temperatures 
Ø Hardened against large accumulated radiation doses 

but low mass allocation (shielding ?) 
Ø Recovery possibility from many failure causes 

without requiring extra resources.  
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Rosetta And SMART-1 Electronics 

FMI 

Rosetta/Permittivity Probe Controller 
with analog electronics + separate DPU 

SMART-1/SPEDE combined Controller-
DPU with analog amplifiers 
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Power Consumption Control 
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Rosetta / SESAME / PP Electronics Design 
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Guard 
Transmitter 
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Plasma Monitor 
Digital Electronics 

-  Separately Powered Electronics Groups 
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Power Consumption Control 

FPGA 

External Clock Static logic 

Address Bus 
Start 
/Stop 

Clock Freq. 
Control 

CLK1 
CLK2 

CLK3 

Areas 
with 
different 
clock 
networks 

or Telecommand 
Software 
Control 

I/O 

-  Software / Hardware controlled clock 

-  Optimized clock speeds for different application areas 

Power consumption with disabled clock: 50 µW 
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Low Mass / Small Volume 

•  Integrating most components into 1 chip saves both. 
•  Many earlier available radiation hardened components 

are no longer available. Rad.tolerant devices need 
extra mass for shielding. 

•  Digital implementation offers raditation hazard 
avoidence techniques without excess shielding needs 
(majority-voting logic, error-correcting codes) 

•  Reducing amount of components reduces needed 
connections, solder, cable 
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Operation at extreme low / high temperatures 
 
•  Removing component types reduces temperature 

optimization to fewer problem areas 
•  Low temperature limit of electronic components often 

defined by ceramics carrier, not the die itself 
Example: APX on Pathfinder, Rosetta etc uses standard 

dies, but selfmade high quality ceramics and bonding. 
Temperatures of < -180°C were be reached 
Bonding to carrier can be done with high-temperature 

welding, extending upper temperature limit 
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FPGA-Based Low-Power Processor 

SMART-1/SPEDE: 
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Processor Characteristics 

•  16-bit RISC processor code, 510 modules in FPGA 
•  8-bit external memory architecture 
•  Sequencer, Telemetry and low-power events directly 

mapped into flag register: no interrupts needed 
•  RISC instruction set includes conditional subroutine 

return definition for each instruction 
•  Memory management system separates code from 

data area by hardware 
•  Page control system allows simple cross-page 

subroutine calls and returns 
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Software Characteristics 

•  Strictly sequential code with endless main loop 
•  Real-time aspects are handled by separate sequencer 

block 
•  Software language: Specialized assembler 
•  Extremely compact code:  
Total code size including wavelet data compression and 

telecommand/telemetry handling < 16kByte 
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Software Integrity Checks 
•  Boot code implemented in hardware inside FPGA 
•  Software pages are checksum protected 
•  If uncorrectable error dected during boot phase or if 

software crashes (SEU,error,..) system boots 
automatically from other memory page. 

•  Per telecommand inter-page copy / refresh can be 
initiated. 

•  Allows co-residing of different software versions for 
different operational scenarios 
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FPGA-BASED DAC 
•  Software controllable analog voltages are generated 

by a combined serial-parallel resistor network 
connected to the FPGA I/O-ports. 

•  Any precision, dynamic range and characteristics can 
be implemented 

•  Conversion time is extremely short. Only 1 external 
buffer-amplifier for decoupling and passive resistors 
are needed. 

Reference 
Voltage 

FPGA I/O Ports 
Inverted logic 0V 

2n     …..       23 22 21 20  0 
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FPGA-BASED ADC 
•  Analog voltages are converted to frequencies by small rad-

hardended Voltage-To-Frequency Converters 
•  Frequencies are compared to system clock 
a)  Number of pulses per integration window 
b)   Number of system clock pulses per pre-defined number of 

converter pulses 
c)  Combination out of a) and b) 
Note: c) was used for Huygens/HASI pressure sensor data digitizing 

T 

n Pulse-
length 

Advantage: Integrating, no loss of information 

Disadvantage: Slow conversion times. 
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INSTRUMENT CONTROL & SIMULATION 
•  A highly integrated system needs good verification tools 
•  FPGA constructs were directly transferred into C-language 
•  Connection between simulator and GUI via network port 
•  Simulator includes hardware access option for direct 

instrument control 
•  Concept allows identical environment for FPGA 

development, software development, hardware testing and 
flight operations. GUI and hardware interface can be at 
different network nodes 
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SPEDE EGSE Interface 
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SPEDE EGSE Interface 
Data Area with Calibration Alternatives 
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SPEDE EGSE Interface 
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SPEDE EGSE Interface 
Communication 

Control to 
Simulator / 

Hardware Interface 

Telemetry 
Type 

Monitor 

Memory Load / 
Software 
Patching 

Simulator 
Commands 
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Simulator Output at Breakpoint 
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… And Corresponding Code Part 
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SPEDE Simulator Command Set 
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SPEDE Simulator Command Set 
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SPEDE Simulator Command Set 
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SPEDE Simulator Command Set 
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SPEDE Simulator Command Set 
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SPEDE Simulator Command Set 
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Detector Simulation for Analysis Development 
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Detector Simulation: Added Noise 
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Summary 
•  Using a system approach which covers all aspects of 

an instrument up to operations and data analysis, 
highly integrated solutions with minimized resource 
demands might be possible. 

•  Current FPGA components allow integration of many 
instrument control electronics functions into  a single 
chip, which can be optimized for harsh planetary 
landing environments. 

•  High-performance processors are not always the 
optimal answer for a set of requirements. 

•  Remaining analog functions can be integrated into a 
hybrid solution, partly available in rad.tolarant 
technology already today. 


