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Abstract

The noise characteristics of ship propellers serve as the basis for underwater target identification
and acoustic stealth technology. In this study, systematic underwater ambient noise measurements
were performed under strict far-field conditions, including hydrophone calibration, in situ ambient
noise testing of a freshwater lake, noise measurement of a static two-blade propeller, and noise feature
analysis of ship propellers under sailing conditions. Combined with MATLAB-based signal processing,
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multiple analytical methods were adopted: time-domain statistical analysis, multi-dimensional fre-
quency-domain analysis (one-sided amplitude spectrum, logarithmic spectrum, Welch power spec-
tral density), time-frequency joint analysis (Short-Time Fourier Transform (STFT), Continuous
Wavelet Transform (CWT)), and LOFAR (Low Frequency Analysis and Recording) fine-line spectrum,
to obtain multi-dimensional feature distributions of typical underwater noise sources. Experimental
results indicate that the lake ambient noise maintains a stable wideband distribution within 10~100
Hz, with a decay slope of -9 dB/oct across the mid-to-high frequency band. Non-cavitating propeller
noise is characterized by discrete harmonic line spectra; under non-cavitating conditions, the blade
passing frequency (BPF) exceeds the shaft rotational frequency by 10~20 dB and dominates spectral
energy. For sailing vessels, shaft unbalance and asymmetric inflow wake shift the dominant spectral
component to shaft rotational frequency. The experimental data can provide reproducible bench-
mark references for underwater target recognition, ambient noise suppression, and the design of
underwater acoustic detection.
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Figure 1. Time-frequency analysis of 10 kHz continuous signal
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Figure 2. LOFAR analysis
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Figure 3. Power spectral density analysis of the whole frequency band
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Figure 4. Spectrum analysis in the low frequency band
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Figure 5. Time-frequency analysis
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Figure 6. Line spectrum analysis of propeller noise
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Figure 7. Line spectrum analysis of ship propeller noise
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Figure 8. High-order harmonic analysis
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