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1.- Dust Optical Depth & Angstrom parameter: direct vs diffuse ratio observations 

Wide-FoV detectors to ensure Sun enters into FoV at some time.
About dust deposition:

• AOD retrieval procedure based on relative signals.
• Certain estimation of the dust deposition rate can be done based on abosulte signals

2 different spectral bands  Angstrom parameter and CI

reff = 1.4 mm
veff = 0.3
n = 1.5
K(UVA) = 0.015
K(NIR) = 0.001

• Ratio scattered-direct flux and shape of the SISsignal strongly depend on DOD
• Best fit between simulation (RTM) and realsignal provides the DOD

Simulations 
from DREAMS 
(Schiaparelli) 

General science goals of SIS
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• At least 12 lateral sensors (one NIR and 
one UV) each 60° of azimuth

• FoV = ± 5°
• Inclination = 20 °

2.- Scattering Phase Function:  adjust AZ observations (lateral detectors) to model predicitons (@several SZA)
General science goals of SIS
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3.- Vertical column: very low elevation (SZA: 85… 95) observations adjust to model predictions (for a total colum OD previously estimated)

Zenith-pointed detectors, with FoV > +/-30 deg.
• Duration of twilights is relatively short  good temporal 

resolution is needed
• Solar radiation is weak during the twilight  the 

sensibility must be high 
• Dynamic range has to allow: direct Sun w/o saturation 

and scattered light until SZA = 96  High dynamic range

Two steps process:
1. During the day: the average daily AOD is be estimated (typical vertical aerosol profile), since for SZAs lower than 80°, the
vertical distribution of dust has a low impact on the simulated SIS signal.
2. SZA: 85 – 95: different aerosols profiles are used to simulate the SIS’20 measurements, in order to check out which of them
provide the best fit with the measurements (AOD constrained by value obtained during the day)

General science goals of SIS
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4.- Clouds: color index  altitud and COD, main parameters affecting signal (with known AOD by 1)

CI evolution at twilight:
• Cloud detection
• COD
• Altitude

• 2 different spectral ranges
• Great FoV and/or great gain
• Sensor pointing to zenith
• High dynamic range and sensitivity needed
• High temporal resolution measurements needed

Cloud detection also posible during daytime
(Simulations from DREAMS-SIS)

General science goals of SIS
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5.- Ozone variation estimations: relative 255 vs. 295 nm observations
• Differential measurements between the 2 detectors
• Zenith Pointing
• FoV TBD (Simulations work on-going)
• High dynamic range needed

General science goals of SIS
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This is the story of a family... A “saga”!

And every saga has an origin…

Now let’s go to the technical matters
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Access to Space through Small Platforms

1997

2004

NANOSAT 1B2009

1974 2013
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Then came MetNet…

… and that was our introduction into the Martian “arena”
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MetSIS on MetNet Precursor:
- 32 sensing channels
- 11 spectral bands
- Compact, unique box (114 g)
- OWLS data link

The father: MetSIS
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10 krad

Environmental qualification

The father: MetSIS
MetSIS Datasheet
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Shock SIS Y-axis 45.99m/s P=0.47bar

-400
-200

0
200
400
600
800

50 60 70 80 90 100 110 120 130

Time (ms)

Ac
cel

era
tio

n (
g)

FMI  instruments Test 2 - P=0.41bar ; Vel= 42.3m/s

-200
-100

0
100
200
300
400
500
600

65 70 75 80 85 90 95 100 105 110

Time (ms)

Ac
ce

ler
ati

on
 (g

)

Special test facilities were been developed for shock tests within MetNet Precursor Project

The father: MetSIS
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DREAMS on ExoMars 2016 and DREAMS-SIS
DREAMS (Dust Risk Assesment and Environment Analyzer on the Martian
Surface): a suite of sensors for the characterization of the Martian basic state
meteorology and of the atmospheric electric properties at the landing site of the
Entry, descent and landing Demonstration Module (EDM) of the ExoMars
mission.
On board the ill-fated Lander Schiaparelli, ExoMars 2016.

DREAMS Solar Irradiance Sensor (SIS) main goals/capabilities:
• Measurement of irradiance in the UV (315-400 nm), IR (700-

1100 nm) and “panchromatic” (200-1100 nm) bands.
• Estimation of Optical Thickness and its variation within a Sol.
• Color Index analysis (IR vs. UV)
• Includes an accelerometer for Lander attitude determination,

once landed.
• Includes a sensor for the estimation of radiation received

during the trip to Mars
It is composed of 2 units: Optical Head (SIS-OH) and Processing
Electronics (SIS-PE).

SIS-OH mounted 
on DREAMS Mast

SIS-PE (left) and 
SIS-OH (right)

Our sweetheart: small but powerfull!!
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Sahara campaign with DREAMS-SIS

• Absolute irradiance estimation with TOP detector.
• Comparison with 2 pyranometers (shadowed + unshadowed)
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Sahara campaign with DREAMS-SIS
• Different AOD estimation methods. Comparison with Microtops & CIMEL
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The big brother… or maybe the “spoiled-child”!MEDA-RDS: Radiation & Dust Sensor
• 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

Cre
dit:

 JP
L
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TOP 
Channel 

Center 
Wavelength (nm)

Bandwidth 
(nm)

1 255 ± 5
2 295 ± 5
3 250-400
4 450 ± 40
5 650 ± 25
6 750 ± 10
7 190-1100
8 950 ± 50

The big brother: MEDA-RDS

• DP: measure during 22 minutes each hour, 
24 times by sol. 

• 16 photodiodes
• DP electronics: 0.145 W
• DP processing board: 0.352 W
• Total power for DP: 0.537 W
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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

The big brother: MEDA-RDS

• Heritage from previous rovers engineering cameras

Credit: JPL
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The big brother: MEDA-RDS
Electronic design
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EM integration

The big brother: MEDA-RDS
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The big brother… or maybe the “spoiled-child”!MEDA-RDS: Radiation & Dust Sensor
• Skycam allignment
• Vibration test (STM)
• Shock test (STM)
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Package Qualification and Verification (PQV): a real pain in the…

Why did I say “spoiled child” ?
It is requiring the most of our attention and care!

INTA's family of compact Sun Irradiance 
Sensors for the Martian surface

Ignacio ArruegoEUROPLANET Atmospheric Science & Missions  meeting Saariselkä, March 2017     28/41

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

Technology 
Tested

NUMBER OF 
ITEMS

Paint 1 Type
Glue 3 Types
Silicones 2 Types
PCBs 1 Type
Coating 1 Type

MORE THAN 170 DOCUMENTS
18 EGSE BOARDS

7 PEOPLE HAVE WORKED INTENSIVELY
300k€ ESTIMATED COST

20 UUT BOARDS
2 RDS SUBASSEMBLIES

PQV numbers
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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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PQV in images
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PQV in images
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PQV in images
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SIS’20: virtue is in the happy medium
• Part of METEO – ExoMars 2020 Lander
• Mid-term between DREAMS-SIS and MEDA-RDS: 180 g, 600 W
• 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
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• Electronics design in an advanced stage
• FPGA design building blocks 90% (design and validation)
• Functional EGSE 60%

SIS’20: virtue is in the happy medium
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Structural & Thermal Models

Electrical Interface Simulator

SIS’20: virtue is in the happy medium

Thermal model
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SIS’20: virtue is in the happy medium Miniaturization efforts:
• ASIC: Front-End + A/D for photodetectors, 3-

axis accelerometer, Thermal sensors, etc.
• Qualification of compact mid-resolution (10 

nm) spectrometer
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CMOS detector, 340 to 780 nm, 10 nm resolution, 256 pixels
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Successfully passed test at this moment:
- Vacuum
- Operation down to -135ºC
- Thermal Cycling > 1000 cycles
- Vibration and Shock (as per DREAMS
reqs.)
- Optical characterization.

SIS’20: virtue is in the happy medium
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A “new” potential misión concept: MarsDrop

• Entry mass limited by the need to provide a subsonic 
parachute deployment:  3-4 kg probe entry mass 

• Accommodates a ~1 kg science payload 
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