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Abstract

Time-frequency analysis, a mathematical tool for studying the characteristics of signals in the joint
time and frequency domain, reveals the local time-frequency characteristics of a signal by simultane-
ously expanding it in both time and frequency dimensions. The S transform is a commonly used and
effective time-frequency analysis method, but it suffers from problems such as a single window, in-
sufficient time-frequency resolution, and dominant frequency offset. To address these issues, this pa-
per proposes a descaling generalized S transform with four-parameter control. First, a Gaussian win-
dow with four variable parameters is introduced to make the window shape more flexible. Second,
the scale factor in the generalized S transform is modified to optimize the dominant frequency offset
toward high frequencies, a common problem in traditional time-frequency analysis. This helps bet-
ter determine the dominant frequency position of seismic signals. Furthermore, the proposed method
is applied to seismic signals. Results show that it not only improves the time-frequency resolution
of the signal but also effectively addresses the dominant frequency offset problem.
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Figure 1. Effect of parameters on window size
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Figure 2. Effects of different parameters on window shape. (a) Effect of parameter k (p =1, m=1,n
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Figure 3. Ricker wavelet with a dominant frequency of 30 Hz and a center position of 0.5 s and its
time-spectrum. (a) Ricker wavelet; (b) STFT time-spectrum; (c) ST time-spectrum; (d) UST time-
spectrum; (¢) AGST time-spectrum; (f) QCDGST time-spectrum
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Figure 4. Ricker wavelet amplitude spectrum
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Table 1. Comparison of the main frequencies estimated by different time-frequency analysis methods
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Figure 5. Synthetic seismic record and its time-frequency analysis results. (a) Synthetic seismic record,
(b) STFT time-frequency spectrum; (c¢) ST time-frequency spectrum; (d) UST time-frequency spec-
trum;(e) AGST time-frequency spectrum; (f) QCDGST time-frequency spectrum
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Table 2. Comparison of CM values corresponding to different time-frequency analysis methods

2. FRIESRS 7 AR B CM {EEL
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CM 4 0.0082 0.0084 0.0080 0.0090 0.0098
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Figure 6. Comparison of amplitude spectra of different methods at=0.1 s
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Table 4. Comparison of the main frequencies estimated by different time-frequency analysis methods
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