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Signal processing for Mars spectral data 
 

Summary 
The Planetary Fourier Spectrometer (PFS) instrument onboard the Mars Express mission 

(European Space Agency, ESA) recorded a very large dataset of spectra, thanks to 10 years of orbital 
observation around the Red Planet, at various places, local time and season, with unprecedented 
spectral resolution. Among other new detection, the PFS provided a very debated seasonal detection 
of atmospheric methane of several parts by billions. If true, this detection implies a large amount of 
methane released at present time, but also imply that methane is destructed very efficiently. Several 
candidate processes are proposed, including rocks alteration or life. This question has been considered 
at the top level by the ESA at the point to send the ExoMars Trace Gaz Orbiter mission (planed to 
launch in 2016 and arrive in 2017) to unravel this mystery. The main objective of this PhD program 
will be to correct the major limitation of the PFS instrument to have access to local atmospheric 
properties: the effect of micro-vibrations that can be corrected by blind deconvolution using complex 
variables. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: (Left) The detection of methane in the atmosphere of Mars. Synthetic spectra computed for 0 
ppbv (green curve) and 10, 20, 30, 40, and 50 ppbv (violet curves) of methane, compared with the PFS 
average spectrum (black curve) (from Formisano et al, 2004). (Right) Seasonal map of methane at a 
spatial resolution of 20° latitude (all longitude are averaged) and 20°Ls (1/18 of the Martian season). 
The colors refer to the methane column density in unit of 1015molecule/cm2. 

 
 

data to reach a good signal to noise ratio (SNR). Therefore, we only
select the incidence angles between 01 and 901 (daytime), but this
and other parameters like local time are biased by the orbital
evolution over the seasons.

Fig. 1 shows the latitudes versus solar incidence angles for
northern spring (Fig. 1a), northern summer (Fig. 1b), northern fall

Fig. 2. Methane line intensities from HITRAN 2004 database.

Fig. 3. Methane mixing ratio as function of solar longitude: new data (red points)
compared with the Geminale et al. (2008) results (black triangles) (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

Fig. 4. Seasonal map. The resolution is 201!201. The colors refer to the methane column density in unit of 1015/cm2.

Fig. 5. (a) Average of 20,361 spectra over the south pole (latitude range
["901,"701]) during the local spring. (b) Average of 2633 spectra at latitude
range [101,501] and east longitude range [801,1201] during northern fall.
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pericenter pass of orbit 145, with an air-mass
factor of 1.12, is shown in Fig. 3. Upon taking
into account the air-mass factor, we obtain a
methane mixing ratio of 30 T 5 ppbv. This
value is higher than the global average ratio
of 10 T 5 ppbv and indicates that the methane
mixing ratio may be variable. Motivated by
this possibility, we have examined several
other orbits, including orbit 68, 202, and 72,
for which the air-mass factors are, respective-
ly, 1.03, 1.33, and 2.1. We discovered that
orbit 72, for which the air-mass factor (2.1)
was even greater than in orbit 145 (1.12),
gives another extreme in CH4. Because the
number of measurements for this case (120) is
close to those in orbit 145, a similar sigma
value is obtained. Figure 4 gives the average
PFS spectrum for orbit 72. However, there is
no indication of the methane line, and the
synthetic spectrum with no methane fits the
data nicely. Because the synthetic spectrum
fitting orbit 72 data has been computed using
the same solar spectrum as we used for other
fits, this indicates that the 3018 cmj1 line was
not due to the Sun. From the four orbits 68,
145, 202, and 72, with respective air-mass
factors of 1.03, 1.12, 1.33, and 2.1, methane
mixing ratios of 9, 30, 30, and 0 ppbv are
derived by comparing the observed methane
line depth to synthetic spectra, after taking
into account the air-mass factors. In the case
of orbit 72, we conclude that the methane
abundance is below our detectability limit:
lower than 5 ppbv.

The above variation in CH4 could repre-
sent either spatial or temporal changes or
both. Because the time span of our observa-
tions (January through May 2004) is short
compared to the martian year (almost 2 Earth
years) and seasons (about 6 months each),
the CH4 variation mentioned above can be
studied versus spatial changes. Space varia-
tions could be present because of localized
sources and/or localized surface sinks. We
can attempt to determine whether the spatial
variations occur over a large range of
longitude by dividing our original 16 orbits
(or 24 orbits) into three longitudinal ranges:
longitudes –55- to –170- (orbits 10, 30, 32,
41, 44, and 202); longitudes þ52- to –55-
(orbits 20, 61, 100, 103, 145, and 148); and
longitudes þ52- to þ190- (orbits 24, 71, 72,
and 97) (the numbers in italics represent
inertial orbits) (Fig. 5). The three sets of
orbits for the second group are as follows:
longitudes –55- to –170- (orbits 390, 386,
394, 397, 400, and 401); longitudes þ52- to
–55- (orbits 404, 405, 408, 410, 411, 426,
427, 428, 429, 430, and 431); longitudesþ52-
to þ19- (orbits 414, 417, 418, 420, 421, 424,
and 425) (the numbers in italics represent
inertial orbits). The three sets of longitudes
are presented in different colors in Fig. 5.

The methane mixing ratio decreases from
group 1 to group 3 (Fig. 6). The best fit is

obtained for the methane mixing ratios of
25 T 5, 15 T 5, and 10 T 5 ppbv, respectively,
for the three longitude ranges, going from
eastern longitudes to western longitudes.
However, orbit 145 in group 2 has the
highest mixing ratio of any individual orbit,
implying that methane concentrations can be
high in smaller regions within these longitu-
dinal ranges.

Previously, an upper limit of 20 ppbv of
methane was obtained by Mariner 9 (17),
and another one of 70 T 50 ppbv was inferred
from ground-based observations (18). How-
ever, recently two ground-based detections
of methane were reported (19, 20) with a
mixing ratio of 11 T 4 ppbv (20), in agree-
ment with the Mars Express PFS result for
the global methane mixing ratio.

On Earth, the dominant source of methane
is biogenic sources such as termites and cattle
(21). Other sources of terrestrial methane
include marshes, rice paddies, natural gas,
lakes, and oceans. On Mars, methane could
be derived from biogenic sources such as
subsurface microorganisms (1) or nonbio-
genic sources such as the slow release of
methane stored in subsurface reservoirs, out-
gassing from volcanic/hydrothermal reser-

voirs, or the destruction of meteoritic or
cometary material during infall. We estimated
the global methane mixing ratio produced by
each of these sources. The observed global
average mixing ratio of 10 ppbv amounts to a
column abundance of 2.2 " 1015 cmj2 CH4

molecules at the surface of Mars. Assuming a
CH4 photochemical lifetime of È2 " 1010 s
near the surface (5, 23) we estimate that a
flux of È1 " 105 molecules cmj2 sj1 would
be required to explain a CH4 mixing ratio of
10 ppb on Mars (16). Integrated over the
planet, this would amount to a methane
source strength of È4 g sj1; that is, È1.26 "
105 kg yearj1 or È126 tons yearj1.

The flux of micrometeoritic dust at Mars is
estimated to be È300 g sj1 or È9000 tons
yearj1 (24). Most of it would burn up in the
atmosphere, but allowing for a generous 25%
surviving to the surface (24), nearly 2300 tons
yearj1 could reach the surface of Mars. If all
of the micrometeoritic dust is assumed to be
from carbonaceous chondrites, then organic
materials would comprise about 3% of the flux
(25): È70 tons yearj1. If all of the organic
materials could be converted to methane, then
micrometeoritic sources of methane would be
roughly comparable to that needed to explain
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Fig. 2. (A) Synthetic spectra computed for 0 ppbv (green curve) and 10, 20, 30, 40, and 50 ppbv
(violet curves) of methane, compared with the PFS average spectrum (black curve). The synthetic
spectra have been computed for 6.7 millibars of CO2, including 350 ppm of H2O, along with dust
and water ice clouds. The temperature profile obtained from simultaneous measurements in the
thermal radiation was used. (B) Same as (A), with the PFS mean spectrum shown in Fig. 1B.
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Fig. 1. (A) A portion of the first averaged PFS spectrum (January-February 2004, black curve), with
T1s confidence (red lines). The SNR is about 1300. Methane is identified at 3018 cm–1. There are
three water lines (at 3003.5, 3022, and 3026 cm–1) and two solar lines (at 3012 and 3014 cm–1). The
continuum slope is due to water ice clouds in the atmosphere. The small peak at the left of the main
solar line is due to instrumental response function. (B) The second averaged PFS spectrum (May
2004) in the same frequency interval. The caption is the same as for (A). The SNR is about 1500.
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Among blind inverse problems, blind deconvolution is one of the much harder. Indeed, traditional 
mathematical priors such as sparsity inside dictionary of elementary atoms do not lead to satisfactory 
solution. However, a lot of advances have been made, especially when strong priors can be made on 
the convolution filter, such as in speech dereverberation. Even if the transfer between the signal 
processing community and some specific applied domain is successful, the PFS instrument has not 
benefited yet of such advanced signal processing techniques. 
 

We plan to adapt and develop new deconvolution tools, and propose them as a end-user toolbox. 
Especially we will focus on the implementation on very parallelized architecture (GPU/Xeon Phi) to 
process very large dataset. 
 

Figure 2: Simulated PFS data and the effect of micro-vibration (from Shatalina et al., 2014) 
 

Team 
The team around this PhD will be: 

- Frédéric Schmidt (GEOPS, Paris) is Co-Investigator of the PFS instrument. He will be the 
official PhD advisor (Habilitation since January 2014). He is an expert in surface/atmosphere 
interactions in Planetary Science. He is also developing innovative signal treatment tools for 
remote sensing data. 

- Mathieu Kowalski (L2S, Paris) is expert in signal processing and blind deconvolution. 
- Nicolas Gac (L2S, Paris) is expert in signal processing and implementation on GPU. 
- Marco Giuranna (IAPS, Roma) is Principal-Investigator of the PFS instrument since 2012. He is 

leading the calibration of the instrument, the technical and scientific operations and analysis. 
- Bortolino Saggin (Politecnico di Milano) is expert in Fourier transform spectroscopy and space 

engineering. 
 

Skills 
The Phd candidate must have the following skills: 

- High academic skills in at least two domains: signal processing, physics, programming, 
planetary science, remote sensing 

- Language skills: good English level (if possible basic French level) 
 

Condition 
Phd funded for 3 year: from ~September 2015 to ~September 2018 



Salary: 1400 €/month net (social security and taxes included) 
Student with equivalent Master degree. 
Location:  GEOPS (University Paris Sud/CNRS)  

Bâtiment 509 
Université Paris Sud, ORSAY, FRANCE 

 
Optional Master internship 
Student in Master degree could spend their internship before the PhD program in our lab. 
Duration: ~March 2015 to ~September 2015 
Salary: 500 €/month net (social security and taxes included) 
 

Contact 
Frédéric Schmidt  
UMR 8148 GEOPS 
Batiment 509 
Université Paris-Sud 
91405 Orsay, FRANCE 
Phone: +33 (1) 69 15 61 52 
E-mail: frederic.schmidt@u-psud.fr 
http://planeto.geol.u-psud.fr/Frederic-Schmidt.html?lang=en 
 
 
Matthieu Kowlaski 
Laboratoire des Signaux et Systèmes (L2S) 
UMR 8506 SUPELEC-CNRS-Univ Paris-Sud 
3, rue Joliot-Curie 
91192 Gif-sur-Yvette Cedex, France 
Phone: +33 (0)1 69 85 17 47 
Email: matthieu.kowalski@u-psud.fr 
http://webpages.lss.supelec.fr/perso/matthieu.kowalski 
 


