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Numerical Simulation of Seismic Wave Propagation Using Convolutional Differentiator
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Abstract: To improve the accuracy and the efficiency of seismic wave simulation and to couple the local and global informa-
tion better, this paper develops a novel modeling approach referring to the convolutional differentiator based on generalized
Forsyte orthogonal polynomial, which applies optimal convolutional operators for spatial differentiation in wave equation.
The numerical experiment of complex heterogeneous model demonstrates that the algorithm can bring reliable results with
high precision and can be extended to seismic wave simulation in anisotropic media. This method is highly precise in general-
ized orthogonal polynomial convolutional differentiator and also highly efficient in finite difference short operator method.
The local and global information can be considered at the same time by optimizing the coefficients of the operator and adjus-
ting the operator length.
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Fig. 2 Numerical test for differentiation accuracy com-

parison

— 0. 027 4, 0. 085, 0. 0, — 0. 085, 0. 027 4,
—0. 008 74,0. 002 34, s

1 9

, 59

]"(Jr):e*“%'2 , a=1/Ax,Ax=10
) Forsyte
2 Forsyte

2 ,9  Forsyte

Sd, Ao - vz(n,m—j,/eJr%)},

j=—mz

At . mx . . ) . _-
pi(nm’mz){m i;ﬂdl(zAl) G (n—ivmak) +
Az e zc‘z](m@ -ou(n,m—j,/e)}, D)
Jj=—mz
1., 1
Vz(namvk—i_?) - Vz(n9m9k*?) +
At . mr R ) . _-
pi(nAIﬂnAz){AI i;udl(zaﬁ o (n—ism, k) +
Az e zal(jAz) °6u(n,m—j,/e)}, (8)
Jj=—mz

O (Mymyk+1) =g, (iom,k) + At »

{IA(AZ s mAD) + 2u(nAx.mAz) | « Ax »

mr

z&ll(iAx) . u(,(n—i,m,/ch%) +A(nAx,mAz)

i=—mx

mz

e e D1d(GAD sy Gm—jk ), (©)

Jj=—mz

oensm,kb+1) =06 (n,m,k) + At »

mr

(AnAz.mAD) « Ar e D d GAX) v, (n—i.mik+

i=—mr

)+ AGAT D + 2undrma) ]« Az »

(10)

o (namk+1) = oo (nam,k) + At « p(nAx,

mr

mAz) °{AI - > d G . v:(n*i,m,/e—i—%)ﬁ—

i=—mx

mz

b DAGAD vl —j k) AD

j=—mz

Ricker

Gauss , Ricker R



864

33

FO=[1—(xfot)? Jexp[ —(xfot)?].

(

, 1996)

f(x.2)=expl—ad’ * [(a—x)*+(z—z)"]}.

,fo  Ricker

H a

(Cerjan et al. s 1985).

b

2

G = exp{— [B(N—D) "} .
B
tion rate) ; N
(1I<i<<N); G

3.1 Marmousi

Marmoust

384 X122,

10 m. Forsyte

SRR
50 100 150 200 250 300 350
| | | | | |

3 Marmousi

500 ms

;(l'o 120)

b

(12)
(attenua-
Axr = Az =
At=1ms,

Fig. 3 Snapshots for the Marmousi velocity model at the

time of 500 ms

a. ;b x

(192,20) ,Ricker 25 Hz.
Marmousi
’ : VS = ‘/P/N/§ ’
Gardner p=310XVp?» . 3a
Marmoust 3b 3¢
X(km)
0.0 0.5 1.0 1.5 2.0 2.5
0.0 ¥ ¥ T T ¥ v T T Y v T
* Source
0.5F ¥ Receiver
1.0 *
E
=
N o5t
2.0F
2.5t
4

Fig. 4 The geometrical structure of the testing model
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