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Planetary Exploration missions impose some special conditions to any Space H/W to be put on-board:

• Low power available

• Low mass and volume

• High performance desired

Technology Development programs with a Non-Specific-Mission approach

have existed for long, both in NASA and ESA, to boost Planetary Exploration

capabilities.

1.- The need for miniaturization:	synergy between Planetary
Exploration and	Small	Satellites

At a reduced scale, we started a similar programworking on: 

1. A bottom-up approach, fromcomponents to systems

2. Technology developments that we test within our Small Satellites

Program, which also demand low-power, low-mass, high-

performance.

Robotic Exploration Technology Plan (ESA, by 2010):

Mars Technology Program (NASA, by 2010):

Sci. Instr., Observatories & Sensors Roadmap (NASA, by 2010):
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2.- Starting from the basic building blocks:	EEE	parts,	OE,	MEMS	
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• Analysis & selection
• Intensive testing
• Qualification and Screening for COTS
• Low temperature + Resistance to termal cycling, also
for Space Grade parts

TOTAL: 103

2.- Starting from the basic building blocks:	EEE	parts,	OE,	MEMS	
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EEE Parts
Tested

NUMBER OF ITEMS

Photodiodes (stand 
alone)

6 Large size
6 Small size

Opto-mechanical 
sets

6 Large size
9 Small size

Cristal Oscillator 3 FMI
3 QTech

Operational
Amplifier

3 National
3 Analog Dev.

ADC 3 Maxwell
3 Texas Instr.

SERIAL DRIVERS 6 Intersil
3 Texas Instr.

FPGA 3 Actel

RAM MEMORY 3 Atmel

DAC 3 Texas Instr.

PASIVES TONS

MULTIPLEXER 3 Intersil
3 Maxwell

Tested
Technology

NUMBER OF ITEMS

Paint 2 Types

Glue 3 Types

Silicones 2 Types

PCB material 2 Types

Coating 1 Type

MORE THAN 170 DOCUMENTS

18 EGSE BOARDS

7 PEOPLE HAVE WORKED INTENSIVELY

300k€ ESTIMATED COST

ALMOST 4 YEARS OF UNINTERRUPTED THERMAL CYCLING!!!

20 UUT BOARDS

2 RDS SUBASSEMBLIES

E.g. PQV for Radiation and Dust Sensor (RDS) on Mars 2020 Rover

2.- Starting from the basic building blocks:	EEE	parts,	OE,	MEMS	
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2009

1974
2013

3.- Gaining in-orbit Experience
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In-orbit test-bed for: 
• AMR magnetic sensor. Later used for

Mars
• Faraday Effect Magnetometer (on

nano-structured material)
• Porous Silicon Sun Sensors
• Diffuse Optical Wireless Comms. With

OE parts later used for Mars

NANOSAT-01 (2004 – 2016)

• Improved communications S/S
• Radiation Monitor (particle flux, 

fluence, TID)
• Magneto-impedance sensor
• Micro Sun Sensor

NANOSAT-1B (2009 – 2016)

3.- Gaining in-orbit Experience
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IOD of Optical Wireless CAN in a big S/C

• 1 OBC, 2 RTUs
• COTS microcontrollers, later used for

Mars

FOTON-M3 (2007)

“The Two Towers”
SEOSAT/INGENIO (2015)
• Space Weather Monitor
• Autonomous Instrument
• Payload Computer
• 5 Radiation Sensing Technologies
• Microcontroller, OE Detectors, later used

for Mars

3.- Gaining in-orbit Experience



June 2018 Ignacio Arruego Rodríguez, arruegori@inta.es

InMARS: a comprehensive program for the development of 
key-technologies for miniature Martian probes. 

• Hi-Rel, Low-Cost Distributed Computer
arquitecture

• Diffuse Optical Wireless OBDH bus: first
ever 100% wireless satellite

• Deployable solar pannels for 2x power
• Different experiments: GMR sensor, 

Radiation monitor, APS camera, Bragg
grating thermal sensor.

• OE parts and Magnetic Sensor, later used
for Mars

OPTOS (2013 - 2016)

Xatcobeo (2012), Humesat (2013)
(Not INTA’s)

• On board processor

3.- Gaining in-orbit Experience
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• Air	temperature sensors
• Pressure
• Humidity
• PanCam
• DesCam

• Tri-axial	accelerometer
• Megnetometer
• Photometer
• Dust sensor

ED L system 12      kg
Penetrator 9.2   kg

Sci. Payload 4      kg  

TO TA L             25.2   kg

MetNet - Meteorological Network

4.– Going to Mars – Scientific instruments
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+ 2 ASICs

AMR-based
magnetometer:
70 g
400 mW
2000g, 20ms

Sun Irradiance Sensor:
11 spectral bands
28 detectors
114 g
500 mW

Dust Sensor:
35 g
500mW

4.– Going to Mars – Scientific instruments
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DREAMS:
Dust characterization, Risk assessment and Environment Analyzer on the Martian Surface

4.– Going to Mars – Scientific instruments
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SIS’20
ExoMars 2020 Lander

4.– Going to Mars – Scientific instruments
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Montmorillonite dust sample

DS’20
ExoMars 2020 Lander

4.– Going to Mars – Scientific instruments
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MEDUSA 
(TRL=5.3 at PDR 2009)

MICROMED 
Laboratory B/B 4<TRL<5

MICROMED
ExoMars 2020

MicroMED nephelometer
ExoMars 2020 Lander

4.– Going to Mars – Scientific instruments
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Radiation and Dust Sensor on Mars 2020 Rover
(part of the MEDA meteo station)

4.– Going to Mars – Scientific instruments
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Small Martian Probes & 
Instruments:
• LIDAR à High BW opt.RX
• CO2
• Proximity Comms.
• High-Eff Power Sys.

Small Sats’ clusters:
• O-ISL
• Ranging àHigh BW opt.RX
• High-Eff Power Sys.
• CO2 monitoring
• (Pointing/tracking)
• Proximity comms.

Advanced intra-OW L and 
O-ISL:
• High BW optical RX
• (Pointing/tracking)

5.– Future?	– Synergies	between	our	3	present	lines	of	work
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Thank you!!


