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Themission

The WISDOM ground
penetratingradar will
givean insight on the 

structure and 
composition of the 
subsurfaceprior to 
drilling operations.
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Theinstrument
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To test the processingchainof the instrument, a datasetof 
soundingshave been acquiredon naturalenvironmentin 
the last 10 years:

ü TheEtna Mt. (a) in 2010. 

ü TheDachsteincaves (b) in 2012. 

e
ü The LATMOS « Mars 

Yard» (c) in 2017.

ü The Atacama desert
in 2019 (d).

ü The TU Dresden
« Mars Yard» (e) in 
2019.

Measurementcampaigns
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Theprocessingchain

1001 frequencies
spectra

(0.5-3 GHz)

Temperature
correction

Hilbert 
transform

Horizontal 
mean 

removal

Blabla
Blabla
Blabla

Gain
corrections

La !

(Obtainthe
imaginarypart of 

the signal)

(Removeconstant
signals: antennas
coupling, internal

couplingΧ ύ

(Compensatethe
effect of the gains
of the electronics
and the antennas)

(Compensatethe
effect of 

temperatureon the
amplitude)

WISDOM transmit
the equivalentof an

impulse in 
frequencydomain.
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Theprocessingchain

Windowing
(Hann)

IFFT (with
zero-padding)

Soundingsin 
time-domain

Stacking
soundings

horizontally to 
obtain an image

Radargram

(To avoidside-lobes
effectsin time-

domain)

(InverseFourier 
transformto obtain
soundingsin time-

domain)

(Thehorizontal scaleis the distancetravelledby WISDOM, 
the vertical scaleis the time delayof echoes)
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Theresolution

Thevertical resolutionof WISDOM 
dependson itsάBandwidthέ ό. Ґ нΦр 
GHz): 

ü‏

For instance, a resolutionof 3 cm can
be expectedin dry sand(‐= 4).

A largerBandwidthwould increase‏.

ü For this reasonwasappliedthe 
BandwidthExtrapolation super-
resolutiontechnique (BWE). 
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Theresolution

B

3xBBandwidth
Extrapolation

(BWE)
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BandwidthExtrapolationand AR-models

ί ὥί

ί ὥί

ί ὥί

ί ὥί

A WISDOM spectrumcanbe modelledas a sumof 
sine-waves. This model canbe describedas an 

Auto-Regressivemodel.

The Burg algorithm returns the coefficientsof a 
model minimizingthe forward and backward

errors, but needsthe order as an entry.

Orderof the model

Elementsin the spectrum

Coefficients
of the model

Frequency

Amplitude
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Determiningthe order for the model

WISDOM spectrumof 1001 frequencies

CutWISDOM spectrumof 701 frequencies

CutWISDOM spectrumof 701 frequencies BWEBWE

ReconstructedWISDOM spectrumof 1001 frequencies

Comparedin 
time-domain

Theprocessin repeated
for everypossibleorder

Foran entire
radargram

Theorder corresponding
to the bestcorrelation is

selected
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Determiningthe order for the model

Onsimulatedsoundingswithout noise

No evident bestorder
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Determiningthe order for the model

Onsimulatedsoundingswith a SNR = 20 dB
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Determiningthe order for the model

Onsimulatedsoundingswith a SNR = 10 dB



The WISDOM                                                                                                                       

Martian

radar

Application of 

super-resolution

techniques

Preparing for

Mars on Earth

Work in 

progress ê

Determiningthe order for the model

Onsimulatedsoundingswith a SNR = 5 dB
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Determiningthe order for the model

Ona radargramfrom the Dachsteincaves campaign
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Determiningthe order for the model

Ona radargramfrom the Etna campaign

N/3
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Applicationto experimental radargrams
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Applicationto experimental radargrams
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Measuringthe improvement in resolution

O X I
A P L
A N U
M

6 cm of 
resolution
in the air ! 
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Measuringthe improvement in resolution
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Measuringthe improvement in resolution

TU Dresdenanechoicchamberset-up

Forwhichdistancecan the
reflectorsbe seperated?

What is the error on the
estimationof this distance?
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Measuringthe improvement in resolution
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Measuringthe improvement in resolution

TU Dresdenanechoicchamberset-up

Forwhichdistancecan the
reflectorsbe seperated?

What is the error on the
estimationof this distance?



The WISDOM                                                                                                                       

Martian

radar

Application of 

super-resolution

techniques

Preparing for

Mars on Earth

Work in 

progress ê

Measuringthe improvement in resolution
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Measuringthe improvement in resolution

LATMOS radar lab set-up

(Due to multiple reflectionsbetweenthe plates, this set-up is
not an exact 2 reflectorssituation, but isclose to beingone).


