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Abstract : To address the inefficiency and redundant data generation inherent in conventional linear frequency—
sweep methods during physical experiments, this paper presents an "Al-driven" acoustic computed
tomography (CT) measurement system. Using a Helmholtz resonator as the test object, the study
leverages the synergy between an edge computing platform and algorithmic models to reframe the
physical probing process as an optimization task guided by active learning. Within the algorithmic
framework, Bayesian optimization is introduced, where a Gaussian process regression surrogate
model is employed to characterize the physical field, and an expected improvement strategy
dynamically determines the subsequent measurement frequency points. Experimental results
demonstrate that the proposed method accurately identifies resonance peaks within approximately
50 iterations on average, reducing the measurement time by roughly 60—fold compared to traditional
approaches. Furthermore, an integrated large language model (LLM) module provides preliminary
logical interpretations of experimental deviations. This work highlights the potential of artificial
intelligence in enhancing the autonomy and parameter identification accuracy of physical experiments.

Keywords : Bayesian optimization; acoustic computed tomography; Helmholtz resonance; active
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