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(a) Wa(t); (b) a(t); (c) Vu(t)
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Figure 5 The simulation results of modulation envelope

(a) Uniform rotation; (b) constant acceleration
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Figure 6 The 2-D distribution of SFRFT magnitude of a chirp periodic signal without second harmonic in

chirp rate-frequency plane
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Figure 8 The variations of SFRFT magnitude of demodulation output with the chirp rate

(a) Simulation data 1; (b) simulation data 2
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Figure 9 The demodulation output of the experimental data
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Figure 10 The variations of SFRFT magnitude of demodulation output with the chirp rate

(a) Experimental result 1; (b) experimental result 2
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Table 1 A comparison of estimation results and nominal values

Estimation results Nominal values Error

fo(Hz) po(Hz/s) fo(Hz) #o(Hz/s) fo(%) #o(%)
1 22.6424 0.7220 22.7367 0.7349 0.4186 1.7541
2 20 1.2540 20.1023 1.2557 0.5088 0.1330
3 21.9656 0.3380 22.0898 0.3340 0.5621 1.2051
4 22.1043 0.7597 22.0691 0.7640 0.1596 0.5635
5 20.4723 1.6929 20.4209 1.6840 0.2509 0.5274
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Modeling and characteristic analysis of underwater acoustic
signal of the accelerating propeller

FENG Yuan, TAO Ran* & WANG Yue

School of Information and Electronics, Beijing Institute of Technology, Beijing 100081, China
*E-mail: rantao@bit.edu.cn

Abstract The signal feature of propeller cavitation noise during acceleration or deceleration procedure can be
used to passively detect and classify moving vessels and underwater vehicles in the port regions. By analyzing
the chirp periodicity of the variation of propeller wake velocity under acceleration situation, this paper presents
the time domain expression of the modulation envelope signal of the accelerating propeller noise, treating the
signal as a Gaussian-shaped chirp periodic pulse train with increasing trend and fluctuating pulse amplitude. The
paper investigates the characteristics of simplified fractional Fourier transform (SFRFT) spectrum of the chirp
periodic signal, and thus obtains the relation between the chirp periodic signal and its chirp harmonics under the
conditions of underwater passive detection. Furthermore, the experimental data of the cavitation tunnel satisfy

the results obtained by simulation, which verifies the correctness of the proposed signal model.

Keywords accelerating propeller, modeling of underwater acoustic signal, chirp periodic signal, simplified frac-
tional Fourier transform
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