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Abstract :

In mountainous and hilly areas, unmanned aerial vehicles (UAVs) often face challenges such as

perception limitations, excessive energy consumption, and insufficient navigation accuracy when

performing tasks. To address these issues, this study proposes an innovative integrated system

solution that combines multimodal sensor technology, adaptive power regulation mechanisms, and

three—dimensional terrain matching technology. By adopting an advanced quantum-enhanced

federated Kalman filtering algorithm, the system can effectively optimize the dynamic aerodynamic

performance of variable—pitch rotors, thereby improving the flight efficiency of UAVs in complex

environments. Additionally, the integration of an improved collaborative T-SLAM algorithm and a

redundant control system significantly enhances the overall reliability of the UAV system. In summary,

this research provides a solid theoretical foundation and technical support for the application of UAVs

in complex terrains, with important practical application value and broad market prospects.
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