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artifacts. First, image amplitudes are mostly positive values, and the overall amplitude
of the upper part is higher than the bottom part. It is not surprising that stacking of shot
images will have the same feature. Second, the bottom-left and bottom-right corners are
not imaged or poorly imaged. This is reasonable since seismic reflections from those parts
can barely reach the surface receivers. If the seismic source is put close to the left part of
the surface, one can expect the image of the bottom-left corner will be improved. It is the
same with the bottom-right corner. In addition to the above two features, there is some
other imaging artifacts, which might be the results of poor preprocessing of the surface
record before reverse-time extrapolation. For example, the rough process of muting might
be one of the causes.

Stacking of shot images

The third step is stacking shot images obtained from the second step. The stack process
improves signal-to-noise ratio, similar to the processing of CDP stacking.

FIG. 10: Stacked RTM image of shrunk Marmousi2. It is the stack of 49 shot images.

The image shown in Figure 10 is the stacking result of 49 shots. Seismic sources are
placed at lateral 50th to 2450th finite-difference nodes (offset from 75m to 3062.5m), with
distances being 50 nodes (62.5m). ICs of Equation 6 are applied.

Compared to the centre shot image, the areas close to bottom-left and bottom-right cor-
ners are better imaged because of higher folds. Also the subsurface structures are clearer,
indicating a higher signal-to-noise ratio.

Poststack processing: highpass filtering

A fourth step of poststack processing, applying a highpass filter on the stacked image
to remove the very low frequencies in the stacked image, is necessary.

Figure 11 shows results of the multicomponent prestack migration of the shrunk Mar-
mousi2. They are obtained by the workflow described in Figure 7. Data from 49 shots are
used in the prestack migration. The only difference between the images shown in Figure
11 are ICs. Each of the images corresponds to one of the source energy normalized ICs in
Equation 5 or 6.

The migrated images show different features, in terms of depths of penetration and
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(a) HV (Equation 5c)

(b) HH (Equation 5d)

(c) VH (Equation 5b)

(d) VV (Equation 5a)

(e) Stack of above images (Equation 6)

FIG. 11: Migrated image for shrunk Marmousi2.
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resolutions. These features are connected to the ICs applied.

Different ICs provide different depths of penetration with the same input data and under
the same processing workflow. The VV IC (Equation 5a, see Figure 11d) provides the
deepest depth of penetration among the four ICs in Equation System 5. This is reasonable:
usually P waves are the main contributers to the vertical component in seismic surveys, and
with faster velocities they cover deeper depths.

Different ICs provide different resolution of the subsurface geology in both the vertical
and horizontal dimensions. Resolution is a measure of the ability to recognize individual,
closely spaced reflectors. It is judged by image amplitudes and their continuity of the
subsurface interfaces in the migrated images. In this sense, Figure 11d and 11b show
better vertical resolutions than Figure 11c and 11a, while the latter two images show better
horizontal resolutions. That is, the VV and HH ICs provide better vertical resolutions,
while the VH and HV ICs provide better horizontal resolutions.

Figure 11e, which is the stack of Figure 11a, 11b, 11c, and 11d, shows the best image.
First, it shows the deepest depth of penetration. Second, it shows the best resolution in
both the vertical and horizontal dimensions. And third, as a result, it shows the highest
signal-to-noise ratio overall. Thus, the stacking IC (Equation 6) is the best in all of the five
proposed source energy normalized ICs.

CONCLUSIONS

A new set of imaging conditions for multicomponent imaging, so-called ‘source energy
normalized imaging condition’, is proposed. The imaging conditions suppress both strong-
source effect and weak-source effect of two other imaging conditions.

It was found that groundroll suppression is not critical for RTM at all. This was proved
by the shrunk Marmousi2 migration experiment. Hence, the procedure of noise attenuation
in RTM may be able to exclude groundroll suppression.

FUTURE DIRECTIONS

Further studies on wave modelling and RTM would be irregular topography, efficient
3D implementation, modelling based on more advanced medium descriptions, wavefield
decomposition, and applying RTM to real data.

Irregular topography

The wave modelling and RTM methods developed assume plain horizontal free surface,
which is usually not true in real seismic surveys. It is necessary for one to integrate an
irregular topography algorithm into the modelling method.
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Efficient 3D implementation

Although some preliminary 3D modelling results has presented (Jiang, 2012), the effi-
ciency needs to be improved.

Advanced medium descriptions

The implemented wave modelling method is based on an isotropic elastic earth de-
scription. Although an isotropic elastic model of the earth is much more accurate than an
acoustic model, there are still more advanced models available.

Wavefield decomposition

The ICs discussed are based on elastic wavefields without being decomposed into P
and S waves. Research on ICs based on wavefield decomposition is also an interesting
direction.

Applying RTM to real data

To apply the RTM method to real data, one needs to consider more issues. First, build-
ing an accurate subsurface velocity model is critical for a migration process. Second, it is
necessary to verify that noise attenuation can exclude groundroll attenuation in real data
processing, although it has been shown by a numerical example that groundroll attenuation
is not critical. (It is a known fact that multiple attenuation is not necessary.) Third consid-
eration is given to data regularization and interpolation. In order to get accurate modelling
and reverse-time extrapolation results, common practice in the literature is to set spatial
grid step to the level of 1m and time grid step to the level of 0.0001s. Usually seismic
records are sparsely and irregularly sampled. Does one need to regularize and interpolate
the surface records to those fine meshes? The answer is no, according to Zhu and Lines
(1997). “Fortunately, reliable interpolation of missing traces is implicitly included in the
reverse-time wave equation computations. This implicit interpolation is essentially based
on the ability of the wavefield to ‘heal itself’ during propagation.” Thus, explicit interpo-
lation is not necessary for a RTM method to use sparsely and irregularly sampled seismic
data as the input. This poses as another advantage of RTM.
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