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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	&	Small	Satellites

At a reduced scale, we started a similar program working on: 
1. A bottom-up approach, from components to systems
2. Technology developments at instrument/unit level, 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	– Roadmap	approach
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3	– Starting	from	the	basic	buildng	blocks:	EEE	parts,	OE,	MEMS	

• Analysis  & selection
• Intensive testing
• Qualification and Screening for COTS

TOTAL: 103
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3	– Starting	from	the	basic	buildng	blocks:	EEE	parts,	OE,	MEMS	

• And PQV – Package Qualification and Verification, 
including:
‐ Components
‐ Different soldering techniques
‐ Materials: PCBs, structural, optical, etc.
‐ Coatings, adhesives, paintings, surface finishes
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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

20 UUT BOARDS

2 RDS SUBASSEMBLIES

3	– Starting	from	the	basic	buildng	blocks:	EEE	parts,	OE,	MEMS	

E.g. PQV for Radiation and Dust Sensor on Mars 2020 Rover
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PQV	in	images
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PQV	in	images
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PQV	in	images
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5	– And	finally,	going	to	Mars	 (A)	MetNet
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• Air	temperature	sensors
• Pressure
• Humidity
• PanCam
• DesCam

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

5	– And	finally,	going	to	Mars	 (A)	MetNet
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5	– And	finally,	going	to	Mars	 (A)	MetNet

+ 2 ASICs

70 g
400 mW

114 g
500 mW
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5	– And	finally,	going	to	Mars	 (B)	ExoMars’16	EDM

DREAMS:
Dust characterization, Risk assessment 
and Environment Analyzer on the 
Martian Surface
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5	– And	finally,	going	to	Mars	 (B)	ExoMars’16	EDM
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SIS’20

• Part	of	METEO	– ExoMars	2020	Lander

• 180	g,	600	mW

• 6	lateral	faces:	UV	+	NIR	on	each	(20	deg.	Elevation,	+/‐5	deg.	FoV)	

• TOP:	UV,	NIR,	255	nm,	295	nm,	“panchromatic”

• Incorporates	Microspectrometer:	340‐ 780	nm,	5g

5	– And	finally,	going	to	Mars	 (C)	SIS’20	on	ExoMars’20	Lander
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• Ultra-compact design, fully digital

• 17 discrete detectors (several wavelengths, FoVs, pointing)

• 2 microspectrometers

• Accelerometer for attitude determination

5	– And	finally,	going	to	Mars	 (C)	SIS’20	on	ExoMars’20	Lander
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Miniaturization efforts:

• ASIC: Front‐End + A/D for photodetectors, 3‐

axis accelerometer, Thermal sensors, etc.

• Qualification of compact mid‐resolution (10 

nm) spectrometer

5	– And	finally,	going	to	Mars	 (C)	SIS’20	on	ExoMars’20	Lander
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Montmorillonite dust sample

Accomodation Mas
s (g)

Volume 
(mm) Power (W)

Active 
time per 

sol 
(minutes)

Energy per 
Sol (W·h)

Data per Sol 
(kBytes)

D
S

Facing open 
atmosphere. 
Emitter and 

detectors vertical 
to avoid/reduce 
dust deposition

101 110x67x36.8

Warm-Up: 
0.36@5V
Avg. while 
measuring: 

0.6@5V
±12V<<1m

A

Day: 264
Night: 144

Day: 2.59
Night: 1.35 13.2

5	– And	finally,	going	to	Mars	 (D)	DS’20	on	ExoMars’20	Lander
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MEDUSA 
(TRL=5.3 at PDR 2009)

MICROMED 
Laboratory B/B 4<TRL<5

MICROMED
ExoMars 2020

5	– And	finally,	going	to	Mars	 (E)	MicroMED	on	ExoMars’20	Lander



Junio 2017    Ignacio Arruego Rodríguez

Estrategia para el desarrollo de instrumentación científica compacta 
para exploración planetaria in-situ

• MEDA: Mars Environmental Dynamic Analyzer

• On board Mars 2020 Rover (NASA/JPL)

• Main actors: INTA, CAB, CRISA, UPC, AVS

• Heritage from: REMS, DREAMS, MetNet

• 2 Wind Sensors, 3 Thermal, TIR, Pressure, Humidity

• + RDS: Radiation & Dust Sensor (SIS)

• + ICU

C
re

di
t: 

JP
L

5	– And	finally,	going	to	Mars	 (F)	MEDA‐RDS	on	Mars	2020	Rover
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• SkyCam: 7 pictures by sol, at 5:30am, 6am, 6:30am, 7am, 5:30pm, 6pm, 6:30pm. 
• Picture acquisition is 60 seconds (TBC).
• CCD: 0.25 W
• E-unit: 2.44 W
• Total power for SkyCam: 2.69 W • Heritage from previous rovers engineering cameras

C
redit: JP

L

5	– And	finally,	going	to	Mars	 (F)	MEDA‐RDS	on	Mars	2020	Rover
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5	– And	finally,	going	to	Mars	 (F)	MEDA‐RDS	on	Mars	2020	Rover
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• Entry mass limited by the need to provide a subsonic 

parachute deployment:  3-4 kg probe entry mass 

• Accommodates a ~1 kg science payload 

6	– The	future?	MarsDrop	initiative



Junio 2017    Ignacio Arruego Rodríguez

Estrategia para el desarrollo de instrumentación científica compacta 
para exploración planetaria in-situ

Thank you!!


