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Abstract: Path planning is critical for autonomous underwater vehicles to achieve efficient and safe navigation in dy-
namic ocean environments. However, in complex marine settings characterized by coexisting strong shear currents and
vortex fields, autonomous underwater vehicles face challenges such as excessive energy consumption, path oscillations,
and inadequate threat avoidance. To address these issues, firstly, a multi-physics-field-integrated ocean environment model
was constructed, enabling high-fidelity characterization of complex marine environments featuring coexisting shear cur-
rents and vortex fields. Subsequently, a novel MFD-A* (multi-field-driven A*) algorithm was proposed. By formulating a
comprehensive cost function, three key hydrodynamic constraints-a drag energy consumption model, a heading synergy
model, and a vortex threat field model- were embedded into the A*-search framework, achieving global optimization of
energy efficiency, heading stability, and navigation safety. Simulation results demonstrate that in ocean environments with
strong shear currents combined with dual-vortex and multi-vortex configurations, the MFD-A* algorithm reduces energy
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consumption by 15.04% and 22.89%, respectively, compared to the standard A* algorithm. The average heading-current

angle is reduced by 27.48% and 34.2%, while 100% avoidance of vortex core regions is achieved in both scenarios.
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