Description of Additional Supplementary Files

Supplementary Movie 1: Dynamic variation of DC output under two scenarios: fixed focusing and tracked focusing.
When AWPN operates in the fixed focusing mode, the DC output significantly decreases as the receiving terminal deviates from the focus, resulting in low energy efficiency. In contrast, in the tracked focusing mode, when the receiving terminal deviates from the focus center, the metasurface is capable of realigning the focus onto the receiving terminal, thereby enhancing the DC output.

Supplementary Movie 2: Simultaneous target positioning and tracking focusing under the ‘X’ trajectory.
The receiving terminal moves along the ‘X’ trajectory. When the terminal deviates from the focusing spot, the DC output decreases obviously. To reposition the terminal, the receiving channel collects a 2s feedback signal. After extracting the harmonic amplitudes, they are input into the CNN model for feature extraction and classification, thereby determining the position of terminal. Subsequently, by adjusting the coding matrix, the energy focus is refocused onto the terminal. Then, the DC output is significantly enhanced once again. Besides, based on the wireless-powered sensing, processing, and communication, the real-time environment temperature is displayed.

Supplementary Movie 3: Simultaneous target positioning and tracking focusing under the ‘D’ trajectory.

Supplementary Movie 4: Simultaneous target positioning and tracking focusing under the ‘U’ trajectory.

Supplementary Movie 5: Temperature warning and adaptive regulation during high- power wireless charging.
To simulate the scenarios of battery heating during high-power wireless charging in the future, we dynamically adjust the temperature of the heat source. When the temperature exceeds a certain threshold, such as 50℃, the terminal receives a safety warning. Subsequently, AWPN adaptively adjusts the energy focus to reduce the charging power, thus safeguarding the battery equipment. Additionally, after the temperature decreases, the power focus is realigned towards the terminal.
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