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Abstract

In seismic data inversion, deconvolution is an important seismic data processing method that
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compresses seismic wavelets and improves the vertical resolution of thin layers. Due to the layered
structure of the strata, the reflection coefficient can be regarded as a sparse pulse sequence, so seis-
mic deconvolution can be described as a sparse solution problem. However, deconvolution prob-
lems are often pathological and require the introduction of regularization constraints to obtain sta-
ble and accurate solutions. This study introduces several different regularization methods, includ-
ing L1 regularization, L2 regularization, Cauchy regularization, and methods combining L1 and L2
regularization. Their mathematical models are given, and the comparison between Cauchy regular-
ization and methods combining L1 and L2 regularization is emphasized. We evaluated the perfor-
mance of these regularization methods in sparse pulse deconvolution through experiments using a
simple one-dimensional model and a complex Marmousi2 (two-dimensional) model. The results
show that the joint method combining L1 and L2 regularization performs well in noise suppression
and resolution improvement, and can more accurately restore the true reflection characteristics of
underground structures. This study provides theoretical support and practical guidance for select-
ing appropriate regularization strategies to optimize the deconvolution processing of seismic data.
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Figure 1. Convolution model of earthquake records: (a) earthquake wavelet, (b) reflection coefficient, (c) earth-
quake record
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Figure 2. Ormshy wavelet in time domain (red) and frequency domain (blue) with a frequency range of 5~10~60~80 Hz
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Figure 3. Wavelet (top) and noisy seismic record (bottom)
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Figure 5. Comparison between the reflection coefficient obtained using the L1/2 method and the true reflection coefficient
(top); Comparison between the reconstructed seismic signal and the original seismic signal (bottom)
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