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Abstract: This paper introduces mainstream ultrasonic velocity measurement methods, and details the fundamental
principles and calculation formulas of the transit-time method and the Doppler method. It focuses particularly on the ill-
posed inverse problem inherent in ultrasonic velocity field reconstruction, and provides an in-depth analysis of the mecha-
nisms, strengths, and inherent ill-posedness of classical inversion algorithms including the least squares method, Tikhonov
regularization, and truncated singular value decomposition (TSVD). The paper summarizes key physical -signal joint pro-
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Fig.1  Principle diagram of transit-time method
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Fig.2  Principle diagram of Doppler method
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Tab.1  Comparison of main ultrasonic velocity measurement methods
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Fig.3 Acoustic measurement path and grid division of
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Tab.2  Comparison of reconstruction algorithms
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