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A study on the improvement of computational
efficiency of seismic numerical modeling by using both

logarithmic grid and expanding domain method
Hong, Bo Ram

Department of Energy and Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Numerical modeling in seismic survey was performed to simulate wave
propagation and to understand the behavior of seismic waves. Compared with
seismic survey in field, it has no limits In space and time and can acquire
data for various types of model in a short time. To perform numerical
modeling, many numerical methods are introduced such as finite difference
method(FDM), staggered-grid FDM, spectral element method, and finite
element method. Especially, finite difference method is used widely among the
various numerical methods. Because it is relatively easy to implement and can
accurately simulate the wave propagation for complex model. However,it
requires high performance computing resources. To overcome this limitation,

more efficient algorithms are needed.

In this study, seismic numerical modeling algorithm was developed. To
develop the algorithm, two techniques are applied in time domain. One is

logarithmic grid, and the other is expanding domain method. In order to verify

,Vi,



the proposed algorithm, several numerical tests are conducted.

Based on numerical test results, reduction of the computation and memory
usage is confirmed. Finally, this algorithm can be applied more efficiently to

3D numerical modeling in time domain.

KEY WORDS: Numerical modeling <% =2 &, Finite difference method 3224,
Computational efficiency #|4F&-&; Logarithmic grid Z 14X} Expanding domain

method G <&,
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r<0,y<0,2=0 ;
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ox” 8y2 87>
uy (X —dX,Y,Z) = 2u,(X, Y, Z) + u, (X +dX, Y, Z)
- (&
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+ dx € (26)
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Table 2 Modeling parameters to verify the effects of logarithmic grid

Parameters traditional proposed

number of grid point, x-axis 200 183
number of grid point, y-axis 200 183
number of grid point, z-axis 100 48
grid interval 0.002 In(1.002)
number of samples 3001 3001
sampling interval (ms) 0.1

cutoff frequency (Hz) 200
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Fig. 7 velocity model and source and receiver position: in the (a) linear grid
and (b) logarithmic grid
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Fig. 9 Verification results of proposed algorithm: in the (a) linear grid, (b)

logarithmic grid, and (c) normalization result
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Table 3 Computational resources in the linear grid and logarithmic grid

Linear grid Logarithmic grid
number of grid point, x-axis 200 183
number of grid point, y-axis 200 183
number of grid point, z-axis 100 48
memory capacity (MB) 15.26 6.13
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Fig. 12 The velocity model transformed by logarithmic grid (3D)
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Table 4 Computational resources for numerical test

traditional proposed
memory capacity (MB) 953.7 69.9
calculation time (min) 199.8 34.05
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