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Non-Destructive Watermelon Firmness Classification Using Acoustic Decay Analysis
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Abstract

This study proposes a non-destructive approach to
evaluate the ripeness and firmness of watermelons by analyzing
the decay characteristics of acoustic tapping signals. The
prototype system utilizes a Raspberry Pi to control tapping and
record sound, while signal processing is performed in Python
using the Short-Time Fourier Transform (STFT) to track time-
frequency energy variations. The decay constant (k) and
acoustic time constant (7) are estimated through exponential
decay modeling. Experiments were conducted on 24 “Thumb
Up” watermelons representing three ripeness levels. Results
reveal that the maximum frequency magnitude from the
conventional Fast Fourier Transform (FFT) fails to differentiate
firmness groups effectively, whereas the decay constant k
derived from STFT exhibits a significant inverse correlation with
firmness (R?=0.5708). These findings demonstrate the potential

of the proposed method for integration into rapid, accurate, and
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non-destructive automated sorting systems, with promising

implications for agricultural quality assessment.

Keywords: watermelon, firmness, acoustic analysis, short-time

Fourier transform, exponential decay
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