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Abstract: Resonant frequency drift and impedance mismatch are critical factors that constrain high-
efficiency ultrasonic power transfer through metallic walls. For applications operating at different frequen-

cies, accurately identifying the resonant point is crucial for enhancing the broadband dynamic response per-
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formance of ultrasonic power transfer systems. This study proposed a dynamic resonant frequency tracking
design method for an ultrasonic wireless power transfer system. To improve energy conversion efficiency,
a field-programmable gate array (FPGA) controller was employed to construct a full-bridge inverter cir-
cuit with Gallium Nitride High Electron Mobility Transistor (GaN HEMT) as the core. Together with a
dedicated L.C impedance-matching network, the system improved the energy-transfer path by increasing
switching speed and reducing losses. To efficiently track the optimal resonant state of the transducer under
varying loads, a four-stage adaptive Maximum Power Point Tracking (MPPT) algorithm based on the
Perturb and Observe method was proposed. Through a progressive search mechanism integrating coarse
scanning, adaptive search, fine-tuning optimization, and peak verification, real-time tracking and locking
of the resonant frequency were achieved. Experimental results demonstrate that, under four representative
resonance models: sharp resonance, broad resonance, asymmetric resonance, and moderate-width reso-
nance, the tracking error remains below 30 Hz, with an average tracking accuracy of 99.96%. The sys-
tem exhibits excellent adaptability and transmission stability under variable-frequency operating environ-
ments, demonstrating significant application potential for broadband ultrasonic energy transfer through
thick walls of sealed metal cavities.
Key words: ultrasonic power transmission; resonant frequency; impedance matching; maximum power
point tracking; FPGA
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Fig. 1 Block diagram of ultrasonic wireless power transfer system
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Fig.2 Full-bridge inverter circuit
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three channels
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Tab. 3 Comparison table of the performance of different frequency

tracking methods
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