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WHEELED LOCOMOTION IN MILLI-GRAVITY: A TECHNOLOGY EXPERIMENT FOR THE MMX

ROVER.



Abstract

For the Martian Moons eXploration gMMX) mission of the Japan Aerospace Exploration Agency
(JAXA), the French Centre National d’Etudes Spatiales (CNES) and the German Aerospace Center
(DLR) jointly develop a wheeled exploration rover. This paper will discuss the planned analysis of
wheeled locomotion of the MMX Rover. The focus will be on the expected challenges, the methods to
overcome them and the plans on how to achieve a better understanding of wheeled locomotion in a milli-g
environment by performing and analyzing a set of driving activities on Phobos.

With the MMX Rover being the first wheeled system landing on a small body, there is no experience
on how such a system will behave. Topography, rocks and regolith at the landing site will have a large
impact on the achievable performance. To ensure safe operations, the locomotion system, developed at
DLR-RMC, is designed to master a large variety of environments: The wheels are designed for optimal
traction on soft regolith and the legs are actuated individually. Thereby, advanced maneuvers like inching
locomotion allow the rover to climb slopes beyond its regular traction limits. In parallel to the hardware
and software development, a detailed simulation environment was established, which both assists in the
design of the rover and will serve as a planning tool during driving operations.

During the mission, specific locomotion maneuvers are performed and the downlinked data is then an-
alyzed in detail to obtain a comprehensive understanding of the achieved performance and its constraints.
The telemetry from the rover will be used to reconstruct the situation in simulation. After correlation,
the simulator is used to get a deeper understanding of the wheeled locomotion dynamics under milli-g
conditions. Of particular interest are the control strategies chosen and the influence of environmental
characteristics on the rover’s maneuverability, traction achieved, obstacle traversal, and controllability.
Furthermore, the performance of specific components, like the traction generated by the wheels and the
actuator performance, will be compared against expected behavior.

During the mission, the findings will be directly used to improve the day-by-day planning of the rover’s
driving phases. Later, the results will be further analyzed and published to enable better designs with
reduced uncertainties for future wheeled locomotion in low gravity environments. The paper will give
details on the planned maneuvers, strategies to analyze them as well as the expected results.



