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Figure 7. Wavefield snapshot by the 8th-order lowrank FD (compact
scheme) in the BP Model shown in Fig. 6.

Song & Fomel (2011) showed an application of FFD method
for TTI media. However, the example wavefield snapshot by FFD
method still had some dispersion caused by the fact that the FD
scheme in the FFD operator is derived from Taylor’s expansion
around zero wavenumber. It was apparent that 4th-order FD scheme
is not accurate enough for TTI case and requires denser sam-
pling per wavelength (8 4.6). We first apply lowrank approx-
imation to the mixed-domain velocity correction term in FFD.
The rank is N = 9M = 9, with the expected error of less than
1056, Then we propose to replace that 4th-order FD operator with
an 8th-order LFD compact scheme. The scheme has the shape

of a disk with a radius of 4 points (L = 25), the same as the
one for LFD in the above BP model. Fig. 8(b) shows wavefield
snapshots by the proposed LFFD operator. The time step size is
1.5ms (¢ 0.37). Note that the wavefront is clean and almost free
of dispersion with 8 2.3. Because we use the exact dispersion
relation, eq. (17) for TTI computation, there is no coupling of
q-SV wave and ¢-P wave (Grechka et al. 2004; Duveneck et al.
2008; Zhang et al. 2009) in our snapshots by either LFD or LFFD
methods.

Next we test the LFD and LFFD methods in a complex TTI
model. Figs 9(a)—(d) shows parameters for part of the BP 2D TTI
model (Shah 2007). The dominant frequency is 15 Hz (fax  50).
The space grid size is 12.5 m and the time step is 1ms. Thus
a 042 and B 2.4. The approximation rank decomposition for
LFD method is N = 22, M = 22, with the expected error of
less than 1056. For FFD, N = 24M = 30, with the expected
error of less than 105°. Both methods are able to simulate an
accurate gP-wave field in this model as shown in Figs 10(a)
and (b).

It is difficult to provide analytical stability analysis for LFD and
LFFD operators. In our experience, the values of « are around 0.5
for 2-D LFD and LFD methods appear to allow for a larger time step
size than that of the LFFD method. In TTI case, the conventional FD
method for acoustic TTI has known issues of instability caused by
shear wave numerical artefacts or sharp changes in the symmetry-
axis tilting (Grechka et al. 2004; Duveneck et al. 2008; Zhang et al.
2009). Conventional methods may place limits on anisotropic pa-
rameters, smooth parameter models or include a finite shear wave
velocity to alleviate the instability problem(Zhang & Zhang 2008;
Fletcher ef al. 2009; Yoon et al. 2010). Both LFD and LFFD meth-
ods are free of shear wave artefacts. They require no particular

Figure 8. Wavefield snapshots in a TTI medium with a tilt of 45 by: (a) Lowrank FD method; (b) Lowrank FFD method.vy(x, z) = 800 + 1054 (x S 1000)% +

1054 (z S 1200)%; v.(x, z) = 700 + 105*(z S 1200)%; n = 0.3;0 = 45 .
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Figure 9. Partial region of the 2D BP TTI model. a: v,. b: v,. c: n. d:6.
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bounds for anisotropic parameters and can also handle sharp tilt
changes.

4 CONCLUSIONS

Explicit finite difference (FD) methods are the most popular and
straightforward methods for seismic modelling and seismic imag-
ing, particularly for reverse-time migration. Traditionally the coef-
ficients of FD schemes are derived from a Taylor series expansion
around the zero wavenumber. We present a novel FD scheme: LFD,
which is based on the lowrank approximation of the mixed-domain
space-wavenumber propagator. LFD uses compact FD schemes,
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which are more suitable for parallelization on multi-core computers
than spectral methods that require FFT operations. This technique
promises higher accuracy and better stability than those of the con-
ventional, explicit FD method. We also propose to replace the 4th-
order FD operator based on Taylor’s expansion in Fourier Finite
Differences (FFD) with an 8th-order LFD operator to reduce dis-
persion, particularly in the TTI case. Results from synthetic experi-
ments illustrate the stability of the proposed methods in complicated
velocity models. In TTI media, there is no coupling of ¢ P-waves and
gSv-waves by either method. Both methods can be incorporated in
seismic imaging by reverse-time migration to enhance its accuracy
and stability.
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Figure 10. Scalar wavefield snapshots by LFD and LFFD methods in the 2-D BP TTI model.
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