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Abstract: Reserve-time migration (RTM) using a two-way wave equation is one of the most accurate migration
techniques. RTM has been conducted by assuming that subsurface media are isotropic. However, anisotropic media are
commonly encountered in reality. Conventional isotropic RTM may yield inaccurate results for anisotropic media. In this
paper, we develop RTM algorithms for vertical transversely isotropic media (VTI) and tilted transversely isotropic media
(TTI). For this, the pseudo-acoustic wave equations are used. The modeling algorithms are based on the high-order finite-
difference method (FDM). The RTM algorithms are composed using the cross-correlation imaging condition or the
imaging condition using virtual sources. By applying the developed RTM algorithms to the Hess VTI and BP TTI models,
we could obtain better images than those obtained by the conventional isotropic RTM.
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Fig. 1. The structures of (a) VTI, (b) HTIL, and (c¢) TTI models. S
indicates the symmetry axis.
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o] W3k} gk g ol2 Qlste] A WA 5 3
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g2 Al Liu ef al. (2009) E3= Chu et al. (2011)0] #IF
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Fig. 2. Snapshots of pressure wavefield at time t=0.5 s in (a) a
VTI medium with vp, = 3 km/s, vg, = 0 km/s, £ = 024, and & =
0.1, and (b) a TTI medium with vp, = 3 km/s, vg, = 0 km/s, &=
024, §= 0.1, and @ = 45°. The source is located at the center of
the model and Ricker wavelet is used as the source wavelet.
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Fig. 3. Snapshots of pressure wavefield at time t=0.5 s in (a) a
VTI medium with vp, = 3 km/s, o= 0.75, £ = 0.24, and & = 0.1,
and (b) a TTI medium with vp, = 3 km/s, 0= 0.75, £ = 0.24, 6 =
0.1, and 9 = 45°. The source is located at the center of the model
and Ricker wavelet is used as the source wavelet.
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Fig. 5. The 360th common-shot gather of the Hess VTI dataset.
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RTM image.
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Fig. 7. RTM results for the Hess VTI model obtained by computing virtual sources instead of forward modeling. The Laplacian filter is applied
to the migrated images: (a) Isotropic RTM image and (b) VTI RTM image.
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Fig. 8. BP TTI model: (a) Vertical P-wave velocity model, (b) Thomsen’s £ and (c) & model, and (d) tilted dip angle model, 6.
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Fig. 10. RTM results for the BP TTI model obtained by using the algorithm which propagates the source wavefield forward and the field
data backward in time. The Laplacian filter and time-variant filter are applied to the migrated images: (a) Isotropic RTM image and (b) TTI
RTM image.
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Fig. 11. Enlarged RTM images of Fig. 10 for the area with narrow salt body (left), the area with the anticline structure (middle), and the area
with steeply dipping faults (right): (a) Isotropic RTM images and (b) TTI RTM images.

Distance {km)
0 10 20 30 40 50 &0 70

Depth (km)

(@)

Distance (k)
[} 10 20 30 40 50 80 70

Depth {km}

(b)

Fig. 12. RTM results for the BP TTI model obtained by computing virtual sources instead of forward modeling. The Laplacian filter is applied
to the migrated images: (a) Isotropic RTM image and (b) TTI RTM image.
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