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Abstract: The air-gun seismic source signal is a kind of short-time non-stationary signal, and the
spectral zoom algorithm can improve the accuracy of the spectral analysis of such signals. In this
study, the error simulation calculations of the two spectral analysis algorithms of a modified
chirp-Z transform (MCZT) and fast Fourier transform (FFT) were carried out. Second, the under-
water wavelet signal and seismic wave signal of the air-gun seismic source were calculated and compared.
The results show that the MCZT algorithm has a smaller error and its computation time is less than that
of the FFT. It can effectively improve the extraction accuracy of the frequency and amplitude feature of

air-gun seismic source signals. This indicates that the MCZT algorithm is an effective method to analyze
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the spectrum characteristics of air-gun seismic source signals.

Keywords: air-gun seismic source; underwater wavelet; seismic wave; spectrum zoom; modified

chirp-Z transform (MCZT)
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Table 1 Spectrum calculation error of the five signals

5Hz 6 Hz 6.66 Hz 8.88 Hz 10 Hz
FFT MM %%/ Hz 1 1 1.34 1.12 1
MCZT M #i% 22 /Hz  0.03 0.03 0.01 0.01 0.02
FFT I B 1% % /Pa 0 0 0.42 0.04 0
MCZT g & 1% 2% / Pa 0 0 0.02 0.02 0
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Fig.3 Spectrum of the five signals
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Table 2 The calculation error of multi-frequency signal

WA R 2% /He W B2 5T e 22/ dB
3.2 6.6 8.8 3.2 6.6 8.8 10.3
0.08 0.82 0.90 0.01
FFT 0.8 0.4 0.8
(0.29) (4.02) (4.55) (0.04)
0.14 0.21 0.13 0.01
MCZT 0.08 0.12 0.04

(0.52) (0.78) (0.50) (0.05)
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