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SUMMARY
Many seismic data processing techniques (pre- and post- stack migration, redatuming, forward and inverse
wavefield extrapolation, multiple prediction, etc.) apply spatial summation of seismic traces. A wellknown fact is that the shape of the seismic wavelet is degraded by such summation. Hence, these
procedures should be equipped with a compensation filter. The conventional filter design (Claerbout 1984)
leads to an operator that is stationary with respect to both time and spatial coordinates. On the other hand,
the true signal distortions caused by spatial summation depend on such factors as aperture, curvature of the
summation trajectory, time- and spatial-sampling, etc. Hence, a single stationary filter cannot account for
all the local summation conditions and it cannot well compensate for all the processed dataset. A new
procedure for the design of the compensation filter that provides a non-stationary operator that accounts
for the local spatial summation conditions is proposed. Its application to a synthetic and a real dataset
shows that a significant improvement of the signal shape after 3D migration might be obtained.
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Introduction
Spatial summation always causes signal shape distortion. Usually the expressions for
Kirchhoff migration (Bleistein and Gray 2001), redatuming by wavefield extrapolation
(Wiggins 1984), wave-equation multiple prediction (Berryhill and Kim 1986) etc., are
considered as integrals, i.e. the data sampling is ignored. Such approach has a definite
advantage since it enables simple evaluation of the integrals with the high-frequency
asymptotic method of stationary phase (Bleistein et al. 2001). The single-channel
compensation filters
π
π
F 2 D (ω) = ω exp(± j ) for 2D case or F 3D (ω) = ω exp(± j ) for 3D
(1)
4
2
that arise from the stationary-phase solution do not vary with respect to either time or spatial
coordinates. In other words, the filter is independent of spatial sampling, summation
trajectory curvature or aperture. In these expressions the choice of the sign depends on the
problem solved. For example, the filters for upward and downward wavefield extrapolation
have opposite signs.
On the other hand, it is well known that the true signal distortions that one might see after 3D
processing vary with time and spatial coordinates. A simple explanation for such dependence
is that different summation trajectory curvatures and different spatial sampling increments
lead to different relative shifts of signal summation, therefore the outputs will also differ. The
dependence of the result on the number of summed signals that is defined by the aperture is
also evident.
The advantage of the conventional filter is that it is stationary in both time and spatial
coordinates. In most 2D data processing cases its performance is satisfactory enough, but for
3D problems its application might lead to either undercorrection or overcorrection of the
wavelet.
We propose a method for the compensation filter design that is based on application of the
data processing operator to a synthetic wavefield containing pattern reflections. As a result, in
the vicinity of each reflector we obtain a compensation filter that depends on the summation
aperture, local behavior of the operator trajectory and weights. It also accounts for the data
sampling and possible irregularities in the data acquisition geometry.
Method
The general expression for migration implies weighted summation of the input wavefield. In a
continuous case we write the expression as integration over a specified aperture ~
x ∈ ( A1, A2 ) ,
~
y ∈ ( B1, B2 )
p ( x, y, t ) = f 3D (t ) *

A2 B2

~

~
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∫ ∫ d ( x − x , y − y , t − τ( x, x , y, y , t ))w( x, x , y, y , t )dx dy ,

(2)

A1 B1

where

d ( x, y, t ) is the input dataset, τ( x, ~x , y, ~y , t ) is the summation trajectory,

w( x, ~
x , y, ~
y , t ) is the weighting function, f 3 D (t ) is the 3D compensation filter, p ( x, y, t ) is
the result of migration. The well-known frequency-domain expression (1) for the
compensation filter F 3D (ω) corresponds to the high-frequency approximation of the 3D
migration scheme: this expression is obtained after the asymptotic evaluation of the integral
(2). Such operator is stationary and the compensation for the signal distortions is done by
simple single-trace convolution.
In real cases the data is sampled and we have to replace the integral (2) by summation
~
p ( x, y , t ) = f 3D (t ) *

A2

B2

∑ ~∑ d ( x − ~x , y − ~y , t − τ( x, ~x , y, ~y , t ))w( x, ~x , y, ~y , t )∆x∆y ,
~
x = A1 y = B1
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(3)

where ∆x and ∆y define the spatial sampling and t stands for the time coordinate sample
number. The wavelet distortions due to summation turn out to be non-stationary and they
strongly depend on the local behavior of the summation curve τ( x, ~
x , y, ~
y , t ) and the weights
~
~
w( x, x , y, y , t ) . If we apply the conventional stationary compensation filter, some distortions
will be left uncompensated, as some will be overcompensated.
To account for the non-stationary distortions, a non-stationary operator is to be applied and
now it cannot be put into the conventional stationary convolutional form. Such operator
f 3D ( x, y, t , τ) depends on the spatial coordinates x, y and time t . In this case we do not
need to apply the conventional stationary filter f (t ) . The non-stationary signal correction
transforms into

pˆ ( x, y, t ) = ∑ p′( x, y, t − τ) f 3D ( x, y, t , τ) ,

(4)

τ

where p′( x, y , t ) is obtained via the weighted summation (3), but without compensation
filtering and with the unimportant factor ∆x∆y dropped, i.e.

p′( x, y , t ) =

A2

B2

∑ ~∑ d ( x − ~x , y − ~y , t − τ( x, ~x , y, ~y , t ))w( x, ~x , y, ~y , t ) .
~

(5)

x = A1 y = B1

The data after depth migration should be converted back into the time domain before the filter
application.
To design a compensation filter accounting for the local discrete summation conditions, we
assume that the event has a locally plane moveout. In other words, we tend to compute a
model summation result for a synthetic signal and, hence, evaluate the local distortions.
Furthermore, we can reduce the apertures to take into account only small relative shifts since
the large ones do not affect the distortion of the useful part of the wavelet. We introduce a
new system of coordinates ( u, v ) centered at the tangency point. The position of the tangency
point is assumed to be approximately known (in real cases it is computed from the velocitydepth model used for migration). Having simplified the notations in (5), obtain
p′(t ) =

a2

b2

∑ ∑ l (u, v, t − τ(u, v))w(u, v) ,

(6)

u = a1 v =b1

where u ∈ (a1, a2 ) and v ∈ (b1, b2 ) define the smaller aperture, l (u , v, t ) stands for a
reflection with a locally linear moveout. For the sake of simplicity (although it is not essential
for the filter design scheme) assume that the wavelet s (t ) can be approximated with a zerophase signal with a flat amplitude spectrum within the signal band. Clearly, p′(t ) provides the
signal distortions caused by spatial summation. To design a compensation filter, we need to
compute an inverse to p′(t ) . The straightforward solution is application of the Wiener
filtering theory. For the sake of stability and to make the filter less dependent on the precise
position of the tangency point we have to apply a regularization – averaging over the local
dips of the hypothetical linear event being the reflected wave moveout.
Having calculated the filter in the vicinity of each reflector included into the macro model, we
obtain a set of operators to be applied to the migrated data. In the intermediate points filter
interpolation is required. The designed filter is applied to the depth migrated trace (after its
conversion into the time domain) in a non-stationary manner according to (4).
The regularization mentioned makes the filter stable, but in some cases it might lead to
undercorrection of the signal distortions. Undercorrection of the wavelet shape is not as
noticeable as undercorrection (or overcorrection) of its energy. Hence, we need to consider
possible signal amplitude distortions separately. The high-frequency asymptotic evaluation of
the continuous expression for migration (2) leads to the weighting function that is expected to
make a good amplitude correction (i.e. a true-amplitude weighting function is computed), but
in practice this weighting function is applied to a result of discrete summation: in case of

coarse sampling some deviations from the true-amplitude result will occur. Therefore, the
algorithm should be equipped with an additional special signal amplitude correction step.
Such scheme is implemented similarly to the approach described above. Again, we compute
(6), but with no aperture limitation making the synthetic result p′(t ) closer to the true discrete
spatial summation output. Then the previously designed Wiener filter is applied to the
synthetic signal p′(t ) , and the energy of the output is measured within a specified small time
gate centered at the wavelet’s zero-time sample. The square root of the ratio of the input
wavelet s (t ) energy obtained from the same time gate to the energy estimated from the
filtered synthetic signal will be applied as a factor to compensate for the amplitude
distortions.
Examples
The proposed filtering approach was incorporated into a depth migration scheme and was
applied to a synthetic data set. An in-line section of a stack cube is shown in Figure 1. All the
signals have the same amplitude and shape. Figures 2 and 3 compare the results of post-stack
depth migration in a vicinity of a shallow and a deeper horizons after the conventional and the
non-stationary compensation filtering (traces are shown in depth scale).
Now consider a real data example. Figure 4a shows an in-line section of a post-stack depth
migrated cube after application of a non-stationary compensation filter. Figures 4b and 4c
compare the results of the conventional compensation filtering and the non-stationary
filtering. The result obtained with the non-stationary filtering is closer to the desired zerophase signal.
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Figure 1. An in-line
section of stack cube.

Figure 2(a)

Figure 2(b)

Figure 2(c)

Figure 2(d)

Figure 2. Migrated signals after the conventional stationary compensation filtering. (a) – large
aperture, shallow horizon, (b) – small aperture, shallow horizon, (c) – large aperture, deeper
horizon, (d) – small aperture, deeper horizon.
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Figure 3. Migrated signals after non-stationary compensation filtering. (a) – large aperture,
shallow horizon,(b) – small aperture, shallow horizon, (c) – large aperture, deeper horizon, (d)
– small aperture, deeper horizon.

Figure 4(a)
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Figure 4. A real data example. (a) - section of a depth migrated 3D real data stack cube, (b) zoom of the depth migrated cube section with the conventional filter applied, (c) - nonstationary filter applied.

