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Abstract To address the insufficient naturalness of timbre in audio synthesis, this study pro-
poses a multi-stage framework integrating feature analysis and intelligent optimization. First,
a dataset is constructed by synthesizing three types of sound waves, from which acoustic fea-
tures are extracted. Dimensionality reduction and clustering are employed to quantify the
differences between synthetic and natural sounds. Second, Bayesian optimization is applied to
adaptively assign feature weights, identifying key discriminative indicators. Finally, reinforce-
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perimental results demonstrate that this method significantly enhances the naturalness of synthesized
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