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Abstract

The construction of lunar research stations is a crucial component of deep-space exploration mis-
sions, with lunar surface cargo transportation serving as a core support element for lunar base operations
and mission expansion. Mobile manipulator robot swarms, characterized by high flexibility and strong
fault tolerance, have emerged as a key technical solution for collaborative lunar surface transportation
missions. However, the complex and rugged lunar environment presents significant challenges to trans-
portation tasks. The dense distribution of lunar craters and rock obstacles imposes severe constraints on
collision-free motion for mobile robot formations. Additionally, base disturbances caused by uneven ter-
rain induce internal force fluctuations in the strongly coupled multi-manipulator-payload system, severely
compromising the attitude stability of payload transportation and threatening the safety of mission execu-
tion. To address these core challenges, this paper proposes a hierarchical control architecture integrating
“formation obstacle avoidance navigation” and “payload grasping” for multi-robot collaborative lunar sur-
face transportation missions. Within this architecture, lunar surface obstacles are first categorized based
on traversability with respect to the payload’s ground clearance, enabling the transportation formation
to traverse low-height obstacles and thereby enhancing the formation’s trafficability in obstacle-rich en-
vironments. Subsequently, a hierarchical mechanism for global navigation and local obstacle avoidance
of mobile robots is implemented to enable collision-free traversal of the formation through obstacle-rich
regions. Finally, terrain-induced disturbances are modeled as uncertainties in the dynamic model of
mobile-base manipulators, and an adaptive compensation architecture is employed to achieve stable pay-
load grasping by the manipulators. Simulation results demonstrate that the proposed control architecture
effectively enables stable transportation by mobile manipulator robot swarms on complex lunar surfaces,
providing key technical support for lunar surface cargo transportation missions at lunar research stations.



