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The application of convolutional differentiator in seismic modeling based

on Shannon singular kernel theory
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Abstract This article provides a technique to model seismic wave propagation in complex media
using convolutional differentiator method based on Shannon singular kernel theory. The high
accuracy of the differentiator has been demonstrated through comparisons with numerical results
computed by staggered-grid finite difference method. Numerical tests suggest that the
differentiator allows sufficient accuracy even in high wave-number domain. Dispersion and
stability condition of the method in velocity-stress equation are also thoroughly discussed.
Experiment in homogeneous medium shows that the 9-point scheme of this differentiator can
achieve analytical accuracy. The application of this differentiator to model seismic wave
propagation in homogenous layered medium and complex medium also shows high accuracy and
robust stability. These appealing characters of this improved method would make it effective to
model seismic wave propagation in complex media.
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Fig.1 Coefficient comparison between staggered-grid
singular kernel convolutional differentiator
d; (solid line) and conventional singular kernel convolutional

differentiator d; (dashed line).
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The solid line is for differentiator with operator length 3;
other lines marked with crosses, circles, triangles and
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separately. All differentiators above

are based on staggered grid.
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Table 1
differentiator with different lengths (c=4.6)

The stability condition of convolutional

AP R d L.y L
3 0.9929 <1.0071
5 1. 0715 <0.9333
7 1.1000 <0. 9091
9 1.1289 <0. 8858
11 1. 1401 <0.8771
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Fig. 6 Waveform comparison for different methods

The solid line are the waveforms at points A, B and C using analytic formula, the dots are

results calculated by pseudospectral differentiator and the crosses denote results

calculated using 9-point scheme staggered-grid convolutional differentiator.
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Fig. 7 Homogeneous layered model
Ve and Vs are P- and S-wave velocities, p is density of the media.
‘a’ and ‘b’ are interfaces between two adjacent layers.
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Fig. 8 Snapshots of wavefields in homogenous layered media with (a) operator length 5 and (b) operator length 9. The total
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time for wave propagation is 0. 6 s. Ux and Uz denote wavefields in horizontal and vertical directions separately.
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Fig. 9 Inhomogeneous model
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Fig. 10 Snapshots of wavefields in inhomogeneous media

Ux and Uz denote wavefields in horizontal and vertical directions separately.
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