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Fig.2. Boundary model between the ray

tracing and the finite difference.
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Fig.3. Choice of a ray for paraxial ray approximation on
the point A. The arrays in the figure are examples,
which reach the boundary surface between areas of the
ray calculation and the FDM. The thick ray, which is
the nearest from the point A on the boundary surface, is
chosen as a paraxial ray in order to -calculate

displacement and arrival time at the point A.
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Fig.4. Configuration of staggered grid on the boundary between calculation areas of the FDM and the ray tracing. The

black circles, which mean particle velocity, are used for input into the FDM from the ray tracing.
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Fig.5. Three-dimensional calculation model for wave propagation.
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Fig.6. Snapshot of vertical component (Z) of
displacement with 0.40s by FDM (above) and Hybrid
(bottom).
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Hybrid simulation (dashed). All waveforms are

normalized by the peak amplitude of vertical
component (Z) of displacement at receiver location with

Hybrid simulation.
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Fig.9. Comparison of horizontal component (y) of
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simulation (dashed). All waveforms are
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Hybrid simulation. Amplitudes of all waveforms should
be nearly zero because direction of y component is

perpendicular to the plane of receivers and source.

Ral—varOMROLE MR Lz, £, BHE
L EREORER COBEREEE2EZRIT N NIZASFE
WDOWTDEBEEZIT, ZRTTCONATY v Ry Ia
b—La VOEMS bRER LT,

AWFFRIC LY, AR L EZmEE RVt 7
Uy RUalb—varOEROLOOEBMEBESR

P wave SV wave

400 AV A e
S

a0 [ =

/\/\H\./‘a.#/é

. -

w/\/\M

300 /\/\/#<;Qc
.

. —_

/\f\/?v‘\_/-
:

ol /M

. -

. K

N

+
o

Ty
RRL LT T

receiver point on the x—axis line{m)

L 1 L s L

H
\ ) 5 o
1) 005 o1 Q15 02 025 03 035 04%,+845
time{s)

Reflection from the side of calculation model
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displacement at receiver location with FDM (lined) and
Hybrid

normalized by the

simulation (dashed). All waveforms are
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component (z) of displacement at receiver location with

Hybrid simulation.
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Hybrid wavefield estimation using asymptotic ray theory and finite
difference method

Wataru Izuhara *, Hitoshi Mikada*™, Yoshinori Sanada*3 and Yuzuru Ashida*

ABSTRACT

A finite difference method (FDM) is a very useful method in seismic wavefield estimation in laterally varying
structures. Although the FDM has some advantages in its simple algorithm and applicability for complex
medium, the calculation may become costly due to enlarged model space when there are zones of low velocity.
The application of ray theory can calculate faster than the FDM in non-complex structures and there might be
a method to exploit the advantages of both the FDM and ray theory.

We demonstrate the hybrid estimation combining the asymptotic ray theory and the finite difference method
to solve these problems in FDM, which has both advantages in two different approaches. In this simulation,
the ray theory is applied for non-complex part of medium and the FDM is for complex part of medium. This
approach can be effective for explorations of resources, which are going to become more complicated in future.
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