PhD position @ ISAE-SUPAERO
Determining the surface properties of Phobos using the MMX rover
WheelCams
Thesis advisors: Naomi Murdoch, David Mimoun (DEOS, ISAE-SUPAERO, Toulouse)
Contact: naomi.murdoch@isae.fr
Scientific domains: Planetary science, Physics of granular materials, Computer Science, Image
Processing
Deadline for candidature: 31st March 2022
Application process: Candidates should contact the PhD supervisor before applying through the CNES
website (https://cnes.fr/fr/consulter-les-offres). Applications will be accepted between January and
March 2022. There is also a possibility for the student to complete a 6-month Masters-level internship
on this project before starting the PhD.
Summary: In 2024, the Japanese Space Agency (JAXA) plans to launch the Martian Moons Exploration
mission (MMX) to the target bodies of Phobos and Deimos. The mission’s primary objective is to study
the formation and origins of the moons of Mars. The MMX spacecraft will deploy a rover, contributed
by the French and German space agencies (CNES/DLR) to the surface of Phobos [Michel et al., 2021].
This rover will be the first of its kind to attempt wheeled-locomotion on a low-gravity surface. As such,
this rover provides a unique opportunity to study not only the surface properties of Phobos, but also
regolith dynamics on small-bodies [Murdoch et al., 2021]. Such information is valuable for
understanding the surface processes and geological history of Phobos in addition to being of high
importance to the landing (and sampling) operations of the main MMX spacecraft [Michel et al. 2021].

Figure 1. (Left). Phobos. (Right) Artists impression of the MMX Rover on the surface of Phobos.

Data from previous observations indicate that the surface of Phobos is covered by a fine regolith [e.g.
Kührt et al. 1992]. The low-gravity on Phobos, coupled with a granular surface, presents an interesting
challenge for rover mobility. Terramechanics equations have been developed and successfully used in
order to describe wheel-soil interactions on Earth [e.g., Wong 1984]. However, as these solutions are
semi-empirical [e.g. Bekker 1969, Wong 1978], they contain multiple parameters that must be
determined by experiments. In addition, the low gravity will influence not only the normal force
applied on the ground by the rover wheels, but also the behaviour of the regolith itself [e.g., Murdoch
et al. 2017, 2021; Sunday et al., 2021a]. The consequence is that the behaviour of regolith in a low

gravity environment remains poorly understood and, therefore, difficult to predict. This is further
exacerbated because of the major role played by cohesive forces in low-gravity environments.
The MMX rover will be equipped with two wheel cameras (WheelCams) mounted on the under-side
of the rover’s body and oriented towards one of the rover’s wheels. The WheelCam images can be
used to constrain the surface properties of Phobos, by determining, for example, the wheel sinkage,
the wheel traction and the trench morphology. Recent work has shown that (for idealized spheres)
both sinking and rolling behaviour scales with the ratio of the inertial to the gravitational forces in the
system [Sunday et al., 2021b, Sunday et al 2022], providing a new approach for studying regolith
behaviour in low gravity environments. However, this work holds for idealized and non-cohesive
spheres and its applicability to materials with varying size distributions, irregular shapes and different
levels of cohesion is still unknown.
The key objective of this thesis is to further develop our understanding of the role of gravity in wheelsoil interactions in order to correctly derive the properties of Phobos’ regolith from the WheelCam
images.
The thesis will make use of experimental and numerical tools (Fig 2) to (1) extend the work of Sunday
et al., (2021b, 2022) to determine if regolith behaviour scales with the ratio of the inertial to the
gravitational forces for a larger range of material properties and, (2) develop the scientific framework
that will be used to invert the MMX WheelCam observables in order to determine the properties of
the regolith on Phobos, accounting for the low-gravity environment.
Candidates should have a Masters-level degree (or be in the final year of a Masters degree) ideally in
planetary science, physics or material science/mechanics but other backgrounds will also be
considered. The candidates should also be rigorous, autonomous and have experience in experimental
work and/or numerical simulations (C/C++/Matlab). Experience in image processing would be an
advantage.

Figure 2 : (Left) ISAE-SUPAERO rover-wheel testbed [Passoni et al., 2021]. (Right) Numerical simulations of
wheel-regolith interactions [Sunday et al., 2020, 2021b].
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