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Application of Convolutional Perfectly Matched Layer Method to
Numerical Elastic Modeling Using Rotated Staggered Grid
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Abstract: Finite difference method using not general SSG (standard staggered grid) but RSG (rotated staggered grid)
was applied to simulation of elastic wave propagation. Special free surface boundary condition such as imaging method
is needed in finite difference method using SSG in elastic wave propagation. But free surface boundary condition in finite
difference method using RSG is easily solved with adding air layer or vacuum layer. Recently PML (Perfectly Matched
layer) is widely used to eliminate artificial reflection waves from finite boundary because of its' greate efficiency.
Absorbing ability of CPML (convolutional Perfectly Matched Layer) that is more efficient than that of PML and CPML
that don't use splitting of wave equation that should be adapted to PML was applied to FDM using RSG in this study.
Frequency absorbing characteristic and energy absorbing ability in CPML layer were investigated and CPML eliminated
artificial boundary waves very effectively in FDM using RSG in being compared with that of Cerjan's absorbing method.
CPML method also diminished amplitude of waves in boundary layer of solid-liquid model very well.
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Fig. 2. 2-D elastic model with air or vacuum layer as surface
boundary condition.
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Fig. 3. Comparison of horizontal (a, ¢, e) and vertical (b, d, f) components between analytic and numerical solutions of elastic waves using
RSG FDM with vacuum surface boundary at 50 m (a, b), 200 m (c, d) and 500 m (e, f).



186

% 7

oF F& AFHE AL 5 9
W AAEAE 48T o)

(Levander, 1988). ©] -

2 a}gstogn B u Bt AR =5

S ARE Folok F

Displacement

-3.0E-005

6.0E-005 —

0.0E+000

Displacement

6.0E-005 —

0.0E+000

Displacement

-6.0E-005

0.0E+000 —

-4.0E-005 —

A
Z%

ST

AzA k] Ha AT 15~3070] ARE Fo
3 okl sk th SSG WM E A E

2 AFE A7) Hske] FHa 9

ofelsis AL

M= FHa T

2 484 A
°F 3679 A=t

RSG ZD Free
= RSG ZD Air

4.0E-005 —
2.0E-005 —

0

T
0.5

Time (

(@

T s 1
1 15
Sec)

RSG ZD Free
= RSG ZDAir

-2.0E-005 —
-4.0E-005 —
-6.0E-005

4.0E-005 —
2.0E-005 —

0

T
0.5

Time (

©

RSG ZD Free
* RSGZDAirr

P -

T : 1
1 15
Sec)

-2.0E-005 —
-4.0E-005 —

0

T
0.5

Time (

©

T T 1
1 15
Sec)

o182l

30mol T o] upgelE F4AARAL Nasle] ol
AE ARG TA S

o}
o
‘0,
&2

Fig. 49= A% AW 2702 375 A3 1y 43
£ vk Aog Aapyt dRjsh= AS & & U
Fig. 59} 6= A% 77 2710] JFd Wt 3715S F
AL wo] 02%, 0.5%, 0.75%Y w] FRAAEI} AR
$5S HAFI Utk JF AA 24Y ) Axae w2

shshe el poish s3t, el pobst SuRE AAshe
AL e 22 2 otk 27159 A9elE Y
%‘

3 Aol L]'E]r‘/]u—’— 17lzgi Kl ﬁJré]:— A% py}, 37)

CPMLZ} Cerjan2| & ZA| =24 H|1

CPMLe] & &35 A¥H7] 913 Cerjan (1985)°]
A EIE o] get W vlwataral Rk dellA] ARg-g
4] Aol CPMLY Cerjan] 7] AAZRAE #HE319S
wo] AE AH R IR} ST Cerjand] ZAZASZ 4070
o] Aztg AHESHATE olwf AMEE 7422 exp(-[0.01 x

1.2E-004 —

RSG ZD Free

* RSGZDAI
3.0E-005—

4.0E-005 —

0.0E+000 —

Displacement

-4.0E-005 . : T . T !
0 0.5 1 15
Time (sec)

(b)

1.2E-004 —

RSG ZD Free

* RSGZDAir
3.0E-005

4.0E-005 —

Displacement

0.0E+000

-4.0E-005 . . : . . !
0 0.5 1 15
Time (sec)

(d)

1.2E-004 —

E RSGZD Free
3.0E-005 - * %+ RSGZDAI

4.0E-005 —|

0.0E+000

Displacement

-4.0E-005 : T : T . 1
0 0.5 1 15
Time (sec)

(H

Fig. 4. Comparison of horizontal (a, c, e) and vertical (b, d, f) components between numerical solutions of elastic waves using RSG FDM
with vacuum and air layer at 50 m (a, b), 200 m (c, d) and 500 m (e, f).
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Fig. 14. The layered solid-liquid model used by Chen et al. (2006).
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