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ABSTRACT

Least-squares migration (LSM) is an iterative method
to improve section image of the adjoint operator which,
in this work, is Kirchhoff migration. In this report,
Kirchhoff modeling and full-waveform modeling were
used for generating synthetic data. Then conventional
and least-squares Kirchhoff migration methods were
tested on the synthetic data. The numerical results
show that LSM can considerably improve the migra-
tion image in the case where the observed data were
generated using Kirchhoff modeling but LSM could not
provide an apparent improvement in the full-waveform
data case. To be able to successfully apply LSM to
field data, we still need to improve the effectiveness of
LSM in the latter case.

INTRODUCTION

To provide the model of reflectivity, the inverse opera-
tor is applied on the seismic data. One of the most well
known approximated seismic inversion operator is Kirch-
hoff migration. This migration algorithm is generally used
in the industrial and the academic research because it is
simple and computationally efficient. Nevertheless, as-
sumption of Kirchhoff migration is not exactly satisfied
some of the realistic events, and it is not effectively useful
for every complicated structure of reflectivity model and
can not attenuate the artifact form acquisition footprint
thoroughly.

Applying least-squares migration over Kirchhoff migra-
tion can improve section image resolution obviously. Some
of the standard migration artifact is removed. Moreover,
it can be used to interpolate and extrapolate missing traces
data from poor acquisition conditions (Nemeth et al., 1999).

The goal of this project is to implement least-squares
migration algorithm then its performance on synthetic
data and filed data are studied. In the first section, the
method of steepest descent and its represented variable

corresponding to Kirchhoff migration are introduced. Next,
the synthetic data from full-wave modeling and Kirchhoff
modeling are tested, compared and discussed. The follow-
ing part shows the application of the least-squares oper-
ator on filed data. The last section provides discussions,
summary and suggestions.

THEORY AND METHODS

The linear equation system can be represent in form of
matrix

Amt = do (1)

Where A is an adjoint operator of forward modeling, each
element of mt is reflector position on the true reflectivity
model, and do is observed seismic data or seismogram.
For step of modeling, the true reflectivity model(mt) is
mapped on to seismic data(do) for providing synthetic
data. Next, the observed data(do) is inverted to deter-
mine an estimated reflectivity model(me),and this method
is call inversion. Due to noise in observed data, there is
the residual as shown in equation 2.

r = ||Ame − do|| (2)

To provide the best solution of the estimated reflectivity
model, the problem is considered to be an optimization
problem, and the objective function can be determined.

E =
1

2
||Ame − do||2 (3)

Then it is minimized over the variable me , so me can be
solved and called least-squares solution(7).

δE

δme
=

1

2

1

δme
||Ame − do||2 = 0 (4)

AT (Ame − do) = 0 (5)

ATAme = ATdo (6)

me = [(ATA)−1AT ]do (7)
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Approximate (ATA)−1 = I

me = ATdo (8)

Solution in equation 8 is inversion or migration. To get
more accurate reflectivity model represented by least-square
solution in equation 7, the method of steepest descent is
required for having optimized objective function.
The direction which objective function decreases is nega-
tive gradient(g), and there is a step length(λ) which de-
termines how large of objective function can be decrease
by the direction.

g =
δE

δm
= AT r (9)

λ =
δE

δλ
=

< Ag, r >

< Ag,Ag >
(10)

Next, the improved model will be updated, and used for
modeling of the next iteration. The new gradient will be
calculated as well as the new step length.

mi+1 = mi − λg (11)

After each iteration, residual is supposed to be reduced
and finally converted to zero.

SYNTHETIC DATA EXAMPLE

In this section, we present numerical results obtained from
applying least-squares Kirchhoff migration (LSM) to a
synthetic data set generated for a section of the Marmousi
model. Figure shows the normally incident reflectivity
model which is the vertical derivative of the Marmousi
velocity model. Ten common shot gathers (CSG) were
generated from the reflectivity model using full-waveform
modeling and a CSG is shown in Figure . These data are
called the observed data. A CSG of the calculated data
obtained using LSM is shown in Figure . Most of the
events in the observed data are well predicted by LSM but
there are some data misfits in some early arrival events at
near offsets. The migration images obtained using conven-
tional and least-squares Kirchhoff migration are shown in
Figures and . In this case, LSM could not provide an
apparent improvement to the Kirchhoff migration image.
This could be due to coherent noise in the observed data
and amplitude difference of seismic events of Kirchhoff
modeling from full-waveform modeling.

SUMMARY

We have compared conventional and least-squares Kirch-
hoff migration in a synthetic data experiment in which the
observed data were generated from full-waveform model-
ing. The migration image obtained using least-squares
migration (LSM) has only some small improvements com-
pared to the image from conventional Kirchhoff migration.
We still need to improve the convergence of LSM so that
it can be effectively applied to real data.

Figure 1: The reflectivity model used in the synthetic data
experiment.

Figure 2: A common shot gather of the observed data
generated using Kirchhoff modeling.

Figure 3: A common shot gather of the calculated data
from least-squares Kirchhoff migration.
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Figure 4: Kirchhoff migration image.

Figure 5: Least-squares Kirchhoff migration image for the
35th iteration.

Figure 6: Residual versus iteration.
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Figure 7: A common shot gather of the observed data
generated using full-waveform modeling.

Figure 8: A common shot gather of the calculated data
from least-squares Kirchhoff migration.

Figure 9: Kirchhoff migration image.



86 Rotjananirunkit and Boonyasiriwat

Figure 10: Least-squares Kirchhoff migration image for
the 10th iteration.

Figure 11: Residual versus iteration.


