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A staggered grid finite difference method based
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Abstract; Staggered grid finite difference techniques have been widely used in
numerical simulation of seismic wave field, but the interpolation might enlarge
the simulation errors when the elastic moduli change dramatically. Rotated
staggered grid can overcome this drawback thus be more applicable for modeling
the anisotropic media. However, for the grid cells with the same size, rotated
staggered grid needs larger step than conventional staggered grid does, conse-
quently, the gradient operator and divergence operator generate larger errors
which are more likely to cause spatial numerical dispersion. Aiming at the above
problems, a combination of rotated staggered grid and compact finite difference
method is proposed, simultaneously, global optimization is preformed based on
simulated annealing algorithm to suppress numerical dispersion and to broaden
the range of wavenumber. Numerical simulation results show that this method
can effectively suppress the numerical dispersion and exhibits high simulation

accuracy at the same time,
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Table 1 Optimized coefficients of 10—16-order compact finite-difference
r a b by b by /1072 bs/107° bs /1073 by /107°
10 0. 85 0. 384 0.728 0. 369 —0.015 0.152
12 0. 87 0. 390 0.720 0. 376 —0.016 0.171 —6.49
14 0.89 0.434  0.658 0,434  —0.022  0.361  —74 0.138
16 0. 85 0.452 0.633 0.458 —0.0252 0.452 —114 0.322 —7.79
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Fig. 2 Dispersion comparison by 10-order conventional finite-difference, 10—16-order
conventional compact finite-difference and the corresponding optimized compact finite-
difference. % denotes the wavenumber, and Ax is spatial grid spacing
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Fig. 4 Comparison of waveforms by using 10-order conventional finite-difference (FD) (dark line) ,

10-order conventional compact FD (blue line) and optimized 10-order compact FD (red line)
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, PML
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) 30
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< . ’ Fig.5 Schematic diagram of
. . the depression model
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Fig. 6 Wavefield snapshots of x -(left) and z-component (right) at 600 ms using optimized rotated
staggered-grid compact finite-difference method (PML layers are outside the dashed box)
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Table 2 Parameters of the depression model

¢, /GPa ¢13/GPa ¢33/ GPa ¢55/GPa /(kgem™?)
31. 77 42.68 31.77 13.75 2200
42. 33 47.04 42. 34 18. 82 2400
87. 88 21.22 67.60 22.56 2500
7 x ) =z )

Fig. 7 Records of x-(left) and z-component (right) of the depression model using

optimized rotated staggered-grid compact {inite-difference method
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