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Non-invasive and quantitative evaluation of swallowing function
by wavelet transform of swallowing sound signals
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Abstract: Swallowing sounds were measured using a bio sound analyzer (BSA) developed by the authors. The BSA is
capable of measuring three channels simultaneously, so the acceleration sensors were affixed at two positions enabling
satisfactory measurement of swallowing sounds. Smoothing was carried out on the swallowing sound signals that were
obtained, then every 16th amplitude peak was sampled. Intervals between sampling points were interpolated using a
three-dimensional spline function, and an approximation envelope of the swallowing sound signals was created. The time
of the peak between the first and third sounds was taken as (T3-T1) and that between the first and second sounds was taken
as (T2-T1). The parameter P expressing the relative position of the second sound to the continuous time of the overall
swallowing sound was determined from the (T3-T1) and (T2-T1), enabling quantitative evaluation of swallowing function.
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Fig.1 Bio Sound Analyzer (BSA)
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Fig.2 Analysis example of shunt murmur of vascular access
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Fig.3 Displacement measurement of throat surface
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Fig.4 Envelope of swallowing sounds signals
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(b) Outer side of trachea under annular cartilage
Fig.5 Swallowing sounds signals and their wavelet transforms
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(a) Concentration of carbonic acid : weak
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(b) Concentration of carbonic acid : medium
Fig.6 Swallowing sounds signals and their envelopes
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