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{ Geophysics Simulation }

Reverse Time Migration (RTM) is one of the most widely used technique of

Seismic Imaging. It is based on successive solutions of the wave equation.
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P-wave velocity model in a salt dome example

During the simulation, we can-
not reproduce exactly the domain
which is infinite in comparison with
the wavelength. Thus, the com-
putational domain is reduced to a
box and efficient boundary con-
ditions are applied so as to atten-
uate the reflexions.

It exists two common ways to do
that: the Perfectly Matched Lay-
ers (PML), [1], which are easy
to implement but instable with
anisotropy; the Absorbing Bound-
ary Conditions (ABC), [2], which
are quite complex to implement
with anisotropy.

/—{ Absorbing Boundary Conditions h

{ Anisotropic Elastodynamics }

Denoting x = (x,z) and ¢t > 0, the
elastodynamics system reads as

{p(x)@tv(x, t) = V.g(x,t),
B0 (x. 1) C(x) : elv(x.1),

with p > 0 the density, v the ve-
locity field, g the stress tensor, ('

the stiffness tensor and € the strain
tensor with ¢(v) = $(Vv+(Vv)T).

Iso VTI

Subsurface layers are assumed to be
locally polar anisotropic, also called
Transverse Isotropy (TT).

- Isotropic media are defined with
the physical parameters p, V), V.

- Vertical TT (VTI) media use ex-
tra parameters €, ¢ (and v in 3D)

- Tilted TT (TTI) media use all of
them plus an angle 6 (and ¢ in 3D),
see Thomsen [3].
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Wavetronts for isotropic and TI media

{ Space & Time Discretization |
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The methodology for the construc- In case of a vertical boundary, the
tion of ABCs is based on the diago- isotropic P-waves ABC reads as
nalization of the elastodynamics sys-
tem, see Enquist and Majda [1]. In Ozz = =T 4/pVpVs,
practice, it can quickly become un-

easy to use because of the coupling

terms between P-waves and S-waves. And the isotropic S-waves ABC is
A possible approach consists then in

uncoupling these waves and con- Ore = 0,

structing ABCs for each of them. Orz = £./pVsvs.

0z = 0.

Elliptic anisotropy means that the TI coefficients are equal: 0 = €. In this
case, the slowness curve of S-waves forms a circle, as in the isotropic case,
whereas the T'TI P-waves slowness curve form a rotated ellipse .
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P-wave curves in isotropic (left) and TTI (right) media

The construction of the new ABC is based on a change of coordinate
which transforms a circle into a rotated ellipse. Introducing x = /1 + 2¢,
TTI P-waves ABC reads as

Orw = + PV rel i 0 [ (1 c0s? 6 + sin® ) v, + (1 — 1) cos Osin 6]
Oz = £ /0V, (r—1)cosbsinf (1 — k) cos Osin Ov, + (cos? O + ksin® O)v, ] .

(cos? 0+k2 sin2 0)1/2

For a P-wave source, the figure
| P ' shows three discrete energies mea-
o \ sured in the same TTI medium, ac-

\ cording to the type of ABC which
o0 Ny is used. Our TTI ABC is the
0.001 I best, then the VTT and the isotropic
ABCs lead to a worse absorption of
about two-times higher.
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Discrete Energy

The space discretization with the Discontinuous Galerkin Method (DGM)
consists in approximating the functions v and g by discontinuous functions,
regular enough on each mesh cell. The variational formulation reads as:

[ Perspectives }

A serious lead to obtain higher-order
ABCs is the CRBC-LK idea (Com-
plete Radiation Boundary Condi-

RTM involves massively parallel
computing. In this context, a com-

parison between ABC and PML

(EK: /KpK(‘?tvde = EK: (/FK{{gnK}}-[[V]]dx — /Kg : VWdX) ,
|5 [ozgn=X ([ 1g:gneno- |

K K

v.V.(C - é)dx) ,

with the centered fluxes: {{u}} = (uk, + uxk,)/2, [u] =ug, —ug,.
The time discretization is done with the classical Leap-Frog time scheme.

( n+1l  n
<

O_n—|—3/2 . O_n—|—1/2

=h =h n+1 -
\Mi o + RyVv =0

Since M, and M, are block-diagonal, this scheme is quasi-explicit.

tion), which means an iterative would be interesting. The question
boundary condition with a low-order is to know if ABC or PML are more
ABC as final step. adapted to supercomputing.
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