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Abstract

Based on locomotion modes, lunar surface explorers can be primarily categorized into wheeled, legged,
and internally actuated types. Compared to Earth, the lunar environment is characterized by low grav-
ity and complex terrain—conditions under which internally actuated explorers demonstrate significant
advantages. These systems can overcome the inherent drawbacks of wheeled and legged robots, such as
the propensity for tipping over or becoming entrapped in soft terrain depressions. Furthermore, their
payloads and actuators are fully encapsulated within an outer shell, protecting them from collision dam-
age. Inspired by the Cubli balancing cube and M-Block self-assembling robots, this study proposes a
functionally distributed swarm-based internally actuated lunar mobile robot system. Each unit within
the swarm is assigned a distinct function—such as imaging, navigation, or computing—ensuring a clear
division of labor. This distributed architecture not only reduces the volume of individual units but also
lowers manufacturing and replacement costs. Additionally, this paper analyzes the dynamic characteris-
tics of balancing, tumbling, and jumping under various configuration modes. Finally, the rationality and
effectiveness of the proposed system are validated through ground-based experiments on sandy terrain.
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