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An Accuracy Improvement in Solving Scalar Wave Equation by Finite
Difference Method in Frequency Domain Using 49 Points
Weighted Average Method

Seong Hyung Jang*, Chang Soo Shin**, Dong Woo Yang* and Sung Jin Yang*

ABSTARCT : Much computing time and large computer memory are needed to solve the wave equation in
a large complex subsurface layer using finite difference method. The time and memory can be reduced by
decreasing the number of grid per minimun wave length. However, decrease of grid may cause numerical
dispersion and poor accuracy. In this study, we presnet 49 points weighted average method which save
the computing time and memory and improve the accuracy. This method applies a new weighted average
to the coordinate determined by transforming the coordinate of conventional 5 points finite difference
stars to 0° and 45°, 25 points finite differenc stars to 0°, 26.56°, 45°, 63.44° and 49 finite difference stars to
0°, 18.43°, 33.69°, 45°, 56.30°, 71.56". By this method, the grid points per minimum wave length can be
reduced to 2.5, the computing time to (2.5/13)", and the required core memory to (2.5/13) computing

with the conventional method.
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Fig. 1. Finite-difference stars of the Laplacian operator in 9 point weighted average method. (a) conventional five
stars with grid distance A, (b) five point stars with grid distance of V24 in the 45° rotated coordinate system.
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Fig. 2. Finite-difference stars of the Laplacian operator in 25 point weighted average method, (a) five point stars
with grid distance of 2 A, (b) five point stars with grid distance of V5A in the 26.56° rotated coordinate system, (c)
five point stars with grid distance V5A in the 63.44° rotated coordinate system.
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Fig. 3. Finite-difference stars of the Laplacian operator in 49 point weighted average method. (a) five point stars
with grid distance of 34, (b) five point stars with grid distance of VI0OA in the 18.43° rotated coordinate system,
(c) five point stars with grid distance of VI3Ain the 33.69° rotated coordinate system, (d) five point stars with
grid distance of VI8A in the 45° rotated coordinate system. (e) five point stars with grid distance of V134 in the
56.30° rotated coordinate system. (f) five point stars with grid distance of 10A in the 71.56° rotated coordinate
system.
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Table 1. The coefficients for 9,25 and 49 points weighted average method determined by steepest descent method.

5 points
Laplacian term Mass term

rl=1 a=1

9 points
Mass term
2=0.69505, b=0.06175,

Laplacian term
r1=0.64956, r2=0.35035

25 points

Laplacian term

r1=0.15593, r2=0.17976, r3=0.25895,
r4=0.04021, r5=0.18257, r6=0.18258,

Mass term

a=0.37674, b=0.10199, c=0.04578, d=0.00351,
€=0.00034, f=0.00211, g=0.00211

49 points

r1=0.014802, r2=0.031149, r3=0.119221, rd=0. 079367,
r5=0.090665, r6=0.089226, r7=0.165810, r8=0. 039740,

19=0.051063, r10=0.07767, r11=0.115405, r12=0.128538

a=0.196810, b=0.097910, c=0.063107, d=0. 019470,
€=0.006955, {=0.013933, g=0.016162, h=0. 002189,
h=0.000381, 19 i=0.0011370, j=0. 000542, k=0.0016680,

1=0.000583
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Fig. 5. Normalized phase velocity curves for finite-difference solution of 2D scalar wave equation in frequency
domain using (a) conventional 5 points fints difference stars, (b) 9 points weighted average method, (c) 25 points
weighted average method and 9d) using 49 points weighted average method.
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Table 2. Comparison between weighted average methods and conventional difference method.

Grid points per wave length Computer core memory Computing time
5 points 13 (13.138° (13/13)*
9 points weighted average 5 (5/13)° (5/13)*
25 points weighted average 3 (3/13)° (3/13)*
49 points weighted average 25 (2.5/13)° (2.5/13)*
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Fig. 8. Synthetic seismograms generated by the finite o] 8% wel Ao] 2 HEG L BAHET = Tk
difference method using (a) the conventional five

points difference stars, (b) 9 points finite difference A

stars of Jo et al. (1996), (c) 25 points finite difference bAL

stars of Sohn ef al. (1996) and (d) 49 points finite diff-
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