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Figure 1 Flowchart of 3D model processing with tree structure.
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Figure 2 (Color online) The 3D mesh to describe the geometric shape of an object. (a) The geometric shape of an object; (b) the 3D mesh.
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Figure 3 Dynamic collision detection of manipulator.
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Figure 9 (Color online) Hierarchy of 3D model components.
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Figure 10 (Color online) Diagram of planned trajectory of manip-
ulator.
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Figure 11 (Color online) Simulation of interaction between sampling
shovel and lunar soil. (a) Before sampling; (b) sampling; (c) after
sampling.
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Simulation and verification technology for lunar sampling
manipulator control
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It is common for lunar in-situ observations to use a manipulator to sample the lunar surface soil. A planning verification method for
the manipulator has been designed to ensure sampling efficiency and safety. However, because of the limited autonomy of the
detector and the robotic arm, the sampling process needs to be planned on the ground and carried out via Earth—lunar teleoperation.
Addressing the problems of the tight lunar surface sampling time window, high safety requirements, and the irregular manipulator
motion space, this paper proposes a simulation verification method for the manipulator teleoperation based on three-dimensional (3D)
structure modeling. First, using the component sequence code, the 3D model file is quickly and automatically transformed into a 3D
tree structure to enable a dynamic representation of the geometric shape of the robot arm during joint motion. Then, the robot arm is
modeled based on the hierarchical bounding box strategy and the separating-axis method. A rapid and accurate collision analysis,
including the complex shape of the detector, ensures the safety of the manipulator operation and the efficiency of the sampling task.
Next, for the lunar surface-touching sampling process of the sampler, an interaction method between the sampler and the simulated
lunar soil is designed to enable interactive simulations. The experimental results and analysis show that this method has a high
detection accuracy and response speed and can therefore support the verification of the lunar sampling planning.

lunar sampling, manipulator, planning verification, collision detection
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