Downloaded 10/10/18 to 109.171.137.212. Redistribution subject to SEG license or copyright; see Terms of Use at http://library.seg.org/

Zero-Offset Sections with a Deblurring Filter in the Time Domain
Shihang Feng', Oz Yilmaz>3, Yuging Chen' and Gerard T. Schuster
! King Abdullah University of Science and Technology (KAUST)

2Anatolian Geophysical
3GeoTomo LLC

SUMMARY

We present a workflow for reconstructing a high-quality zero-
offset reflection section from prestack data. This workflow
constructs a migration image volume by prestack time migra-
tion (PSTM) using a series of constant-velocity models. A
deblurring filter for each constant-velocity model is applied
to each time-migration image to get a deblurred image vol-
ume. In order to preserve all events in the image volume, each
deblurred image panel is demigrated and then summed over
the velocity axis. The resulting demigration section is equiv-
alent to a zero-offset reflection section. Compared with the
workflow without a deblurring filter, the composite zero-offset
reflection section has higher resolution and a better signal-to-
noise ratio. Numerical tests are used to validate the effective-
ness of this method with both synthetic and field data.

INTRODUCTION

Seismic imaging problems can be separated into two parts: fo-
cusing and positioning (Kim et al., 1997). These two prob-
lems can be solved step by step. The zero-offset section can
be obtained by a series of constant-velocity PSTM followed
by time-migration velocity analysis and poststack demigration.
Then poststack depth migration is applied for proper position-
ing of reflectors (Deregowski, 1990; Bloor and Deregowski,
2005; Zhang et al., 2002; Lee et al., 2008). This method has
several advantages: 1) it allows for zero-offset extrapolation
of the seismic data obtained for non-zero offsets, even in the
case of complicated kinematics (Lailly et al., 1998), 2) PSTM
is less sensitive to velocity errors and velocity information can
be obtained using time-migration velocity analysis (Kim et al.,
1997), 3) the cost of poststack migration is less than prestack
depth migration for updating the velocity model.

A workflow is designed to get velocity independent zero-offset
gathers and therefore circumvent the velocity uncertainty prob-
lem instead of eliminating the velocity uncertainties (Yilmaz,
2017, 2018). Instead of building a velocity model using time-
migration velocity analysis, all the time-migration images are
demigrated and summed to obtain a composite zero-offset sec-
tion.

One of the problems with the above workflow is that the mi-
gration image can be polluted with artifacts associated with a
poor source-receiver geometry and a limited migration aper-
ture. This can significantly affect the quality of the interpre-
tation as well as the estimation of the velocity model. In this
paper we propose to mitigate these two problems by the ap-
plication of migration deconvolution (Hu and Schuster, 1998;
Yu et al., 2006; Aoki and Schuster, 2009) to the time migrated
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image.

This paper is divided into four sections. After the introduc-
tion, the second section presents the theory that combines a
deblurring filter with PSTM to obtain the zero-offset section.
The third section presents numerical tests of our MD time-
migration strategy on synthetic and field data. The conclusions
are given in the last section.

THEORY

Construction of the Zero-offset Wavefield
For a constant-velocity model, the sequence of NMO, DMO,
CMP stack, and poststack migration operations are kinemat-
ically equivalent to prestack migration (Judson et al., 1978;
Yilmaz and Claerbout, 1980; Hale, 1984). Following Yilmaz
(2001, 2017), this statement can be expressed by the following
equation:

Lﬁoszdposf - Ll];redprm (1)

where Lgm, stands for poststack time-migration operator and
Lg,e represents the PSTM operater. Here, d s is the zero-
offset section obtained by the application of NMO, DMO and
CMP stack and dp. is the prestack data before processing.
Yilmaz (2017) utilized this equivalence to construct the zero-
offset wavefield. Demigration is treated as the inversion of
poststack time migration (L;m,)*1 and applied to both sides
of equation 1 to get:

dPOSf = (leust)il]-‘gredpre‘ 2)

This implies that the zero-offset wavefield can be obtained by
PSTM followed by demigration.

Alternatively, in this paper, we represent the demigration op-
erator as L. Then we modify equation 1, by adding the
deblurring operator F ), to both sides of this equation to get:

Fpost L;()_y[ dpost = Fpost L;rgdpre - 3)

Then the demigration operator L, is applied to both sides to
get

T T
LpostpostL post dpost = LpnstFpoxt L predpre- 4)

The matching filter F o5 & (LL,S,L post) ! can be calculated

from the reference images and reference migration images,
then

LosiFpost Lot & Lpost (LD Lpos) ' LI, =1, ()
we have
dposr = LpostFpostLZ;redpro (6)
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Equation 6 says that the zero-offset reflection section can be
constructed by the demigration of the deblurred PSTM images.
This formulation differs from that of Yilmaz (2017, 2018) in
that deblurring filter is incorporated to suppress the migration
artifacts in PSTM.

Workflow

Following Yilmaz (2017, 2018), the workflow for constructing
a zero-offset reflection section is presented in Figure 1, where
the goal is to get a zero-offset reflection section without com-
mitting to a velocity model.

(1) Perform PSTM on all the shot gathers using a series of
constant-velocity models as in Figure 1b. The set of images
form an image volume in (V, X, T') coordinates, where V is the
rms velocity, X is the midpoint, and T is the event time.

(2) Build a reference grid model in (V, X, T') coordinates. Sim-
ulate the reference data using Born modeling with the same
constant-velocity model used for PSTM in step 1.

(3) Apply PSTM to the reference data using the same series of
constant-velocity models. The set of migration image panels
form a reference migration volume in the (V, X, T') coordinates
as shown in Figure 1c.

(4) Use the reference migration volume and the reference model
to calculate the deblurring filter for each constant-velocity model.
Then apply these deblurring filters to each migration image to
get a series of deblurred migration panels and the deblurred
migration cube as shown in Figure 1d.

(5) Demigrate each of the deblurred migration panels employ-
ing the same constant-velocity model used for PSTM in step 1
to create a zero-offset volume in the (V,X,T) coordinates as in
Figure 1f.

(6) Apply a Radon transform to each of the velocity gathers in
the (V,T') panels to reduce the horizontal smearing of ampli-
tudes.

(7) Sum over the velocity axis to obtain a composite zero-
offset reflection section that preserves all of the reflections and
diffractions as shown in Figure le.

Bandpass and Cadzow filters can be applied in the workflow to
increase the signal-to-noise ratio of the composite zero-offset
section. Time-migration velocity analysis can be applied in
step (1) or step (4) to give a velocity model for poststack mi-
gration of the zero-offset section. The details are shown in
Appendix A.

NUMERICAL EXAMPLES

This workflow is now applied to synthetic data generated from
a point-scatterer model and the overthrust model. In addition,
we apply this method to field data recorded in the Gulf of Mex-
ico.

Overthrust Model

The overthrust model is shown in Figure 2, where the model
size is 4 km in the X direction and 1.6 km in the Z direc-
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Workflow for Constructing a Zero-offset Reflection Section
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Figure 1: The workflow for constructing a zero-offset reflec-
tion section.

tion with a grid spacing of 10 m. One hundred sources are
located on the surface with a spacing of 40 m, and the traces
are recorded by 400 receivers spaced with an interval of 10 m
on the surface. The source wavelet is a Ricker wavelet with a
peak frequency of 15 Hz.

Figure 3 compares the true and composite zero-offset sections
before and after deblurring. The deblurred zero-offset reflec-
tion section has fewer artifacts and greater similarity with the
true zero-offset section than the section without filtering, es-
pecially in the red box. Figure 4 shows the frequency spec-
trum of the zero-offset sections. The yellow line represents the
spectrum of the zero-offset section with deblurring. It clearly
shows an improvement in resolution when compared with the
zero-offset section without deblurring indicated by the red line
and it is similar to the true zero-offset section indicated by the
blue line.

GOM Data

The proposed method is now tested on a 2D marine data set.
There are 100 shots with a shot interval of 37.5 m, and each
shot is recorded by a 6 km long cable with 480 receivers spaced
with a 12.5 m receiver interval. The shortest offset is 200 m
and the data is filtered by a 25-Hz Wiener filter (Boonyasiriwat
et al., 2009). Here the source wavelet is extracted from the
raw data by stacking the time-shifted reflection events together
from 200 to 250 m offset in the shot gather. The reflection
traveltimes are then used to shift the traces so the reflection
events from the same interface are flattened. These flattened
reflection events are stacked together to get an estimate of the
source wavelet.

There is no true zero-offset section for this data since the min-
imum offset is 200 m. Thus the common offset gather (COG)
shown in Figure 5a at x = 200 m is regarded as an approx-
imation of the zero-offset section. Compared with the COG
at 200 m, the composite zero-offset sections with and with-
out deblurring in Figure 5b and Sc contains all the reflections
and diffractions in the pseudo zero-offset section. The zoom
views of these zero-offset sections are compared in Figure 6,
in which the red arrows point to the areas with noticeable im-
provements in resolution.
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Time-migration velocity analysis can be applied to build a se-
ries of semblance spectrua as shown in Figure 8a. To build
a velocity model, we use automatic velocity picking with the
algorithm described by Fomel (2009). Figure 8b shows a re-
sult of the 2D RMS velocity picked from the semblance pan-
els. To transform this velocity model into the depth domain,
we use the Dix conversion formula (Dix, 1955) to construct
the interval velocity model shown in Figure 8c. Due to un-
desirable velocity errors generated by errors in the semblance
picking and Dix conversion, some of the reflection events in
the prestack image will be mispositioned, defocused and even
missing. The Kirchhoff prestack migration image and its zoom
view are shown in Figures 9a, 10a and 10d, respectively. In
the areas denoted by red arrows, we can clearly see that the
events are missing. Now, the composite zero-offset section
without and with deblurring are migrated by Kirchhoft post-
stack migration, where the images and their zoom views are
shown in Figures 9b, 9c, 10b, 10c, 10e and 10f. respectively.
All the events are preserved in the poststack migration images.
Moreover, the poststack migration image with the composited
deblurred zero-offset section shows improved amplitude bal-
ance and resolution of the image when compared to the image
without deblurring. The increase in spatial resolution is further
validated by the vertical-wavenumber spectra in Figure 11.

CONCLUSIONS

We present a time-domain MD workflow that combines the
deblurring filter with the workflow proposed by Yilmaz (2017,
2018) to improve the quality of zero-offset reflection sections.
The deblurring filters are calculated from a reference model
with evenly distributed point scatterers in the (X,7) domain
and its corresponding time-migration images. Numerical tests
on synthetic and field data show the proposed workflow can
significantly improve the resolution of the zero-offset reflec-
tion section and suppress the migration artifacts compared to
the workflow without deblurring. The limitation of this proce-
dure is that the deblurring filter can increase the noise level as
well as the image resolution of the final zero-offset reflection
unless the data are properly denoised and the filter has suffi-
cient regularization. Thus the removal of noise from data is
important for the application of the deblurring filter.
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Figure 2: The overthrust model.
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Figure 3: a) The true zero-offset reflection sections, the com-
posite zero-offset section b) without and c) with deblurring us-
ing overthrust data.
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Figure 4: The frequency spectrum of the true zero-offset re-
flection sections, the composite zero-offset section without and

with deblurring using overthrust data.
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Figure 5: a) The common offset gather at 200 m, the composite
zero-offset section b) without and c) with deblurring for the
GOM data.
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Figure 6: Top row: zoom views of the red box in the gath-
ers from a) the common offset gather at 200 m, the composite
zero-offset section b) without and c) with deblurring for the
GOM data. Bottom row: zoom views of the yellow box in the
gathers from d) the common offset gather at 200 m, the com-
posite zero-offset section e) without and f) with deblurring for
the GOM data

Frequency spectrum

Composite Zero Offset Section

without Deblurring
—Composite Zero Offset Section|-
with Deblurring

Amplitude

30 40 50 60 70
f (Hz)

Figure 7: The frequency spectrum of the composite zero-offset
section without and with deblurring for the GOM data.
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Figure 8: a) The semblance spectrum of the GOM data using
time-migration velocity analysis (red line indicates the RMS
velocity picks). b) The RMS velocity model obtained from
velocity picking. c) The interval velocity model obtained from
the Dix conversion.
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Figure 9: The images from a) the prestack Kirchhoff migra-
tion, the poststack Kirchhoff migration using the composite
zero-offset section b) without and c) with deblurring using the
GOM data.
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Figure 10: Top row: zoom views of the red box in the images
from a) prestack Kirchhoff migration, poststack Kirchhoff mi-
gration using composite zero-offset section b) without and c)
with deblurring using the GOM data. Bottom row: zoom views
of the yellow box in the images from d) prestack Kirchhoff
migration, poststack Kirchhoff migration using the composite
zero-offset section e) without and f) with deblurring using the
GOM data.
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Figure 11: The wavenumber spectrum of the images from a)
prestack Kirchhoff migration, poststack Kirchhoff migration
using the composite zero-offset section b) without and ¢) with
deblurring using the GOM data.
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