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Introduction: OMEGA-Py [1] is a Python 3 mod-
ule dedicated to the scientific use of data provided by
the Observatoire pour la Minéralogie, l’Eau, les Glaces
et l’Activité (OMEGA) instrument onboard the ESA
Mars Express (MEx) orbiter [2]. It has been developed
as an alternative to the IDL routines of the OMEGA
legacy software provided by the instrument team for the
past 20 years [3] and its validation by comparison with
the results of the IDL routines has been endorsed by the
OMEGA PI.

The module notably includes a Python re-
implementation of the most recent release of the
IDL OMEGA software (v10, SOFT10) [3], which
performs the reading, calibration, and reduction of the
level 1B data publicly available on the ESA PSA to
produce level 2A data (calibrated reflectances cubes)
that can be used for the scientific analysis. In addition,
the module also include built-in functions to perform
the atmospheric and thermal corrections of the data
(using previously published methods), and graphic
tools dedicated to the OMEGA hyperspectral data
including interactive visualization of the cubes or
generation of composite OMEGA maps.

Also, since the release of its version 3.0 in October
2023, OMEGA-Py is now distributed as part of the of-
ficial OMEGA software ecosystem (https://www.
ias.u-psud.fr/omega/software.html).

Why this module?: The accessibility of data re-
turned by space missions is a crucial point to ensure
the development of open science, and unfortunately the
OMEGA dataset has acquired over the past years a rep-
utation in the community for being challenging and re-
quiring a significant amount of investment to use. With
OMEGA-Py we aim to tackle this reputation by provid-
ing a free all-in-one toolbox to load, correct, analyze,
and visualize the OMEGA data, along with a full online
documentation with examples (available at https:
//astcherbinine.github.io/omegapy).

Plus, while the OMEGA dataset is publicly available
with yearly releases, the legacy pipeline uses a propri-
etary software (IDL), which raises some concerns in-
cluding: (1) the cost of an IDL license makes it not
available to everyone; (2) as the community is moving
to use mostly Python instead of IDL, this language re-
quirement can limit the access to the OMEGA dataset,
especially for the younger generation of scientists and

students.
Data handling: OMEGA-Py includes a reimple-

mentation of the readomega.pro routine of the IDL
software, which reads and processes the L1B data
that can be downloaded from the PSA to generate
the L2A. A sensible improvement with OMEGA-Py
is its implementation in Object Oriented Programming
(OOP), which makes the simultaneous handling of sev-
eral OMEGA observations easier. When loading an
OMEGA observation, all the extracted data are stored
within an OMEGAdata object. The loading process
is as simple as omega = OMEGAdata("0967_3")
to load the OMEGA observation cube 0967 3 for in-
stance. Then, all the data (reflectance, geometry, wave-
lengths...) and metadata (Ls, MY, quality flag...) can be
accessed as attributes of the newly created object.

In addition, the wavelengths are also automati-
cally reordered in ascending order and the spectra
are ”cleaned” to remove the overlaps between the
three channels (V, C, L) as well as the corrupted
pixels previously identified with the ic array of the
readomega.pro IDL routine. This allows the user
to have a direct access to reflectance spectra that can be
used for scientific analysis purposes.

Data correction: Using orbital remote sensing
observations like OMEGA data for scientific analysis
and research may require to apply some corrections to
remove the atmospheric and/or thermal contributions
that affect the spectra. Methods to correct the OMEGA
observations have been described in several publica-
tions and extensively used over the past 20 years [e.g.,
4, 5], but they have never been part of the distributed
IDL software.

Atmospheric correction. The correction of the av-
erage atmospheric gas absorptions in the OMEGA
spectra is performed using the widely used volcano-
scan technique, which consists of scaling a typical at-
mospheric spectrum from the intensity of the 2 µm CO2
atmospheric band [4].

Thermal correction. If the thermal emission of the
planet in the OMEGA spectra can be neglected for
wavelengths smaller than ∼ 3 µm, it has to be taken into
account when using larger wavelengths (i.e., data from
the L-channel). The idea is to assess the temperature at
the surface of the planet for each pixel, then the surface
emission is modeled as a black body with a Planck’s
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law to remove it from the measured spectra to have only
the reflectance. Two methods have been implemented,
with one relying on the availability of data from the
C-channel [5] and an other that can be used with the
L-channel only [6] (the C-channel stopped working in
August 2010).

As the thermal correction of an OMEGA observation
is resource and time-consuming, parallel processing us-
ing the multiprocessing module has been imple-
mented for the first method.

Visualization: OMEGA-Py also comes with a set
of visualization functions specifically developed for the
OMEGA data.

Data projections. The user can choose to project
the data on a longitude/latitude equatorial or polar grid
according to the geometry of the observation, or to
display an image without projection (axes in pixel #).
When generating a projected map, it is possible to spec-
ify whether you want to use the geometry computed for
the V-channel or for the C/L-channels (as the two opti-
cal blocks are not perfectly co-aligned).

Composite maps. It is also possible to easily gen-
erate composite maps from a series of OMEGA obser-
vations, either for the reflectance or a previously com-
puted spectral criteria. See for instance Figure 1 that
shows the intensity of the 1.9 µm band around the north
polar cap.

Figure 1 – 1.9 µm band depth map in the North po-
lar regions from OMEGA observations, excluding ar-
eas covered by water ice, made with OMEGA-Py [7].

Interactive display. In addition, one of the very
useful tool provided by OMEGA-Py is the interac-
tive visualization of an OMEGA observation with
the show_omega_interactif_v2() function. It
provides a graphic interface to explore the spectra of the
data cube, similar to what can be done with ENVI for

IDL users. By clicking with the mouse on the OMEGA
image (reflectance map or higher-level derived map),
the user can display the spectra from the selected pixels
on the map. This is a very useful way to explore the
spectral and spatial diversity of an OMEGA observa-
tion.

Conclusion & Perspectives: With OMEGA-Py
we provide a new and complete solution to use and
analyze the data that are returned since 2004 by the
OMEGA instrument. The Python implementation and
the presence of built-in correction and visualization
functions will help in making the huge and very com-
plete OMEGA dataset (now rich of more than 20 years
of observations) more accessible, especially for the
younger generation of scientists and students, or for
people who want to have a quick and easy access to
some OMEGA data for comparison with other instru-
ments, models or lab work. Plus, its very easy way to
load OMEGA data and the functionalities to improve
the processing time make the module perfectly suitable
for batch processing or data mining.

The official validation of the module by the in-
strument team in 2023, as an alternative solution to
the legacy IDL software, is an important step for the
project. Following this release, an article dedicated to
the OMEGA-Py module is currently under review for
publication in the Journal of Open Source Software.

Since its first release in 2020, OMEGA-Py has been
used in published studies and ongoing projects [7–10].
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