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caused by random perturbations of the velocity model are incoherent spatially and temporally
and cancel out by local cross-correlation and averaging. The same observation lies at the heart
of some velocity analysis techniques (Dussaud, 2005).

Borcea et al. (2006) exploit the idea of achieving statistical stability for imaging in random
media by developing the coherent interferometric imaging technique. Interferometric imaging
methods are capable of reducing imaging artifacts and statistically stabilizing the image by
averaging locally in space and time (or frequency) the fluctuations caused by the random
variations of the medium. The modified imaging functional is
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where |, represents the frequency integration variable in a frequency window  (decoherence
frequency), and x, is a space integration variable in a space window X (decoherence length)
defined around a receiver location on the acquisition surface. Upon rewriting equation (3) in
the time domain using equivalent time variables t., and t,, we note that each time subinterval
corresponds to a different depth through mapping using the background velocity v,. The
entire imaging process can therefore be viewed as a sliding window experiment, or
equivalently as an expanding window experiment (Fougue and Poliannikov, 2006), where
different depths are probed recursively.

Interferometric imaging condition

An alternative approach to the coherent imaging problem is to reconstruct wavefields at all
locations in the imaging volume from recorded data and attenuate the random fluctuations in
the wavefield by local cross-correlations in small windows around the image point. In this
case, we can define another decoherence length around an image point Y , which is analogous
to the decoherence length defined on the acquisition surface X . The imaging functional is

I(ym)= dWm deGo(Xs’ym’Wm)
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The imaging procedure described by equation (4) exploits two ideas: The first idea is that of
extended imaging conditions (Rickett and Sava, 2002; Sava and Fomel, 2006) where space
and time lags of the wavefield cross-correlation are evaluated. In particular, y, is interpreted
as the 3D spatial lag of the cross-correlation. This lag can be used for decomposition of
migrated images function of scattering angles (Sava and Fomel, 2003; Biondi and Symes,
2004). Here, we use Yy, as a summation variable during averaging around image locations. The
second idea is that statistical stability in random media is achieved by space and time
averaging of wavefield cross-correlations in local windows (Papanicolaou et al., 2004;
Fouque et al., 2005). We exploit this idea similarly to Borcea et al. (2006) for coherent
interferometric imaging in clutter. The local averaging variable yj, is similar to the local
averaging variable x,, but y;, is defined in the image space, around particular image points.
Unlike x, which is a 2D quantity defined on the acquisition surface, y;, is a 3D quantity
defined in a volume around the image locations. Unlike x, which requires close spacing on the
acquisition surface, yy, is defined around image locations and does not require special
sampling assumptions.

We can name the imaging method summarized by equation (4) interferometric imaging
condition (11C), since it acts similarly to CIC, but ads robustness with respect to random
fluctuations due to local interferometric averaging around image locations.
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Example

We demonstrate the interferometric imaging condition applied to complex stratigraphy in a
medium with random velocity variations. Accurate imaging in this situation requires velocity
models incorporating all random velocity variations. However, practical migration velocity
analysis approximates models them with smooth fluctuations one order of magnitude larger
than the typical seismic wavelength. This situation is simulated using the models in Figures
1(a)-1(b). The imaging target is represented by the lines located around z = 700 m,
representing a cross-section of a complex stratigraphic model. Data are simulated in the two
respective models, but imaging is done using the smooth model from Figure 1(a). Figures
1(a)-1(b) show wavefield snapshots in the two models, and Figures 1(c) and 1(d) show the
corresponding recorded data.

Data migrated using CIC equation (2) are shown in Figures 1(e) and 1(f), corresponding to
data from Figures 1(c) and 1(d), respectively. Modeling and migration in the smooth model
produce the image in Figure 1(e). The targets are well imaged, although the image also shows
artifacts due to truncation of the data on the acquisition surface. In contrast, migration with
the conventional imaging condition of data simulated in the random model using the smooth
velocity produces the image in Figures 1(f) showing many imaging artifacts due to incorrect
velocity.

Data migrated using I1C equation (4) are shown in Figures 1(g) and 1(h). Artifacts caused by
the inaccurate velocity model are attenuated and the imaging targets are more clearly visible
and easier to interpret. Furthermore, the general patterns of amplitude variation along the
imaged reflectors are similar between Figures 1(f) and 1(h).
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Figure 1: Velocity models and simulated wavefigl@ls(b), recorded data (c)-(d), migration
with Conventional IC (e)-(f), and with InterferometIC (g)-(h).
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