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ABSTRACT

This study proposes an acoustic sensing framework for estimating major
parameters of raindrop size distribution (DSD) using a low-cost Internet of Things (loT)
sensor. An acoustic signal collection device was developed to continuously measure
rainfall-induced acoustic signals. Acoustic signals corresponding to four rainfall events
were acquired in August and September 2023, with a maximum recorded rainfall intensity
of 141.41 mm/h. The frequency-domain spectrograms were extracted from collected
acoustic signals using the short-time Fourier transform (STFT) and were used as input
data for a convolutional neural network (CNN)-based DSD parameter estimation model.
The proposed model was designed to estimate major DSD-related parameters, including
the gamma distribution parameters, namely the intercept parameter Ny, shape parameter
u, and slope parameter A, as well as the median volume diameter Do and liquid water
content (LWC). The parameters estimated from acoustic sensing were evaluated against
reference observations obtained from an OTT Parsivel? disdrometer. The proposed
model achieved a mean absolute error of 11.74, 3.11, 5.30, 3.41 g/m3, 0.85 mm for
log1o(No), u, A, LWC, and Do, respectively, indicating its potential for practical DSD
parameter estimation. These major DSD parameters provide essential information for
characterizing rainfall microphysical properties and are widely used in radar-rainfall
applications, including the estimation of Z-R relationships and hydrometeor classification.
The proposed acoustic sensing-based framework offers a practical pathway toward cost-
effective and spatially dense rainfall observation networks, with potential benefits for
improving the accuracy, scalability, and accessibility of precipitation microphysical
monitoring.
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