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Abstract : Inresponse to the dual demands of high performance and high safety for battery systems in complex
mission environments for unmanned aerial vehicles (UAVs), this paper conducts a systematic study on
intelligent battery balancing regulation and energy efficiency optimization technologies. By analyzing
the electrochemical performance and dynamic load adaptation characteristics of battery systems, a
state coupling estimation model based on multi-modal perception is proposed, an adaptive hysteresis
interval dynamic balancing control strategy is constructed, and a thermal-electrical collaborative
mechanism is introduced to enhance system operation safety. On this basis, the optimization paths of
battery materials and structures are deeply explored, an intelligent balancing regulation mechanism is
innovated, and a thermal—electrical integrated energy efficiency enhancement system is established.
The adaptability and effectiveness of the proposed methods under typical working conditions are
verified through engineering measurement data.
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