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Bio-inspired Path Planning Method for Multimodal Flying-rolling Spherical Robots

ZHOU Xi-Dong"? ZHONG Hang"*? CHEN Ming-Yuan“®> ZHANG Hui"*?> WANG Yao-Nan"’

Abstract The multimodal flying-rolling spherical robot (flying-rolling robot, FRR) combines aerial flight and
ground rolling capabilities, showing strong potential in search and rescue, inspection and reconnaissance tasks.
However, autonomous navigation in indoor environments remains challenging due to the complexity of environment
modeling and insufficient path-planning efficiency. Inspired by biological systems that achieve efficient locomotion
through environment simplification and energy trade-offs, this paper proposes a multimodal path planning method
for FRRs based on a hierarchical grid map. A hierarchical grid map composed of a building-structure layer and an
obstacle layer is constructed to efficiently represent key elements of indoor environments. An improved Jump A* al-
gorithm is then designed, where jump point search is used to plan ground rolling paths on the building-structure
layer, while A* search is applied to plan aerial flight paths on the obstacle layer. An energy consumption term is in-
troduced into the cost function, enabling a trade-off between path length and energy expenditure via tunable
weights. Experimental results demonstrate that the proposed method can effectively construct a hierarchical grid
map for indoor environments, and enables multimodal path planning on this map according to different distance
and energy consumption objectives, providing a feasible solution for the autonomous navigation of FRR in complex
indoor scenarios.
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(a) Local point cloud map
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(b) Local octree map
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(d) Obstacle voxels
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(¢) Building structure point cloud
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Fig.4 Mapping process of the layered grid map
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Fig.5 Updating process of the obstacle layer
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Fig.6 Comparison of mapping experimental results
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Table 1  Parameters of the improved JA* algorithm
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(a) Planning results using the improved JA* algorithm
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(b) Planning results using the RRT* algorithm
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Fig.7 Simulation results of comparison experiments
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Fig.8 Path-energy weight comparison experiment
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Table 2 Path planning experimental results
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Fig.9 Experimental results of the
improved JA* algorithm
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