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central point in each profile. This is the one related to the response from the side impulses

in the y direction (see Figure 6.15). Since the responses from the two side impulses in the

y direction coincide with each other, they overlap as one.

Similarly, vertical profiles at various offsets from the central point source and time

slices at various times from the impulses shown in Figure 6.15 (f) are created in this

example. Figure 6.17 shows these vertical profiles and time slices. The centres of those

circles in the time slices also tell the positions of those five impulses. These time slices

show expanding wavefronts with time in the lateral directions.

In the third impulse response test, five impulses used in the second example are still

employed. A more complex velocity model (with the same dimensions as shown in Figure

6.11) is used in this example. That is, there are lateral variations in velocity. In the central

part, a region with a velocity of 2000 m/s is surrounded by a region with a velocity of

4000 m/s. Figure 6.18 shows a horizontal slice from the 3D velocity model. There is no

velocity variation in the z direction in this model.

Figure 6.19 shows the propagation of the impulses extrapolated at depths. After a few

steps of extrapolation, we can see that the central impulse, originally sitting in a region of

a low velocity (2000 m/s), departs from other impulses around it. This is expected since

this impulse is extrapolated at a lower velocity.

More details about the hyperbolic shapes related to the 3D impulse responses can be

seen from the vertical profiles corresponding to the 3D-view impulse response shown in

Figure 6.19.

Figure 6.20 (a) presents a 2D vertical profile corresponding to Figure 6.19 (f), at a zero

offset from the central point source in the x direction. A similar one taken from Figure

6.15 (f) is shown in Figure 6.20 (b) for comparison.
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Figure 6.16: 2D vertical profiles through the central point source (y = 0) taken from
3D impulse responses shown in Figure 6.15. (a) Impulses before extrapolation. Impulse
responses when extrapolated from surface to depths: (b) 20 m, (c) 40 m, (d) 60 m, (e) 80
m and (f) 100 m.
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Figure 6.17: 2D vertical profiles at varying offsets from the central source point and time
slices at various times from 3D impulse responses shown in Figure 6.15 (f). (a) Vertical
profile at offset 0 m. (b) Time slice at 52 ms. (c) Vertical profile at offset 160 m. (d) Time
slice at 82 ms. (e) Vertical profile at offset 240 m. (f) Time slice at 112 ms.
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Figure 6.18: A horizontal slice from the 3D velocity volume. In the x direction, v = 2000
m/s, when x ∈(210,420); otherwise, v = 4000 m/s. In the y direction, v = 2000 m/s, when
y ∈(210,420); otherwise, v = 4000 m/s.

We can see that in the central regions of Figure 6.20 (a) and (b) (both with a velocity

of 2000 m/s), the responses are very close to each other. Outside of the central region

(x ∈ [210, 420]), the impulse responses are different from each other due to the velocity

changing (compare arrival times in Figures 6.20 (a) and (b)).

From the impulse response examples shown in this section, we can see that the 3D

Gabor extrapolator works correctly and well either in homogeneous media or in simple

inhomogeneous media. The 3D extrapolator can also handle multiple impulses at the

same time.

The initial tests of the 3D Gabor wavefield extrapolator and the 2D adaptive partition-

ing algorithm have shown a promising application to 3D depth migrations.
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(a) (b)

(c) (d)

(e) (f)

Figure 6.19: 3D impulse responses in an inhomogeneous medium with two distinct veloc-
ity regions indicated in Figure 6.18. Notice that the central impulse responses depart from
the ones surrounding it.
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Figure 6.20: 2D vertical profiles from 3D impulse responses at a zero offset from the
central point source (a) in an inhomogeneous model and (b) In a homogeneous model.

6.6 Chapter summary

This chapter started with the introduction on 3D wavefield extrapolation using the phase

shift method. Then the 3D Gabor wavefield extrapolation theory was described as one of

those phase-shift methods for wavefield extrapolation in 3D.

To obtain an efficient 3D Gabor wavefield extrapolation, a 2D adaptive partitioning al-

gorithm was derived using the lateral position error as the partitioning criterion, which was

extended from the corresponding 1D partitioning algorithm developed in Chapter 3. This

partitioning algorithm can be extended into higher dimensions without much difficulty if

needed.

Examples given by the 2D adaptive partitioning algorithm have shown that the 2D

partitioning method works in a correct way as expected. Most importantly, it can handle

adaptive partitioning in complex velocity models. This method is key to an efficient 3D

Gabor wavefield extrapolation.

Impulse response tests using the 3D Gabor wavefield extrapolator show that the 3D
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wavefield extrapolator can be used for 3D depth imaging.

In the next chapter. I will conclude my treatment of the Gabor depth imaging theory

and its applications in seismic depth imaging as related throughout the thesis.



Chapter 7: Conclusions and Future Directions

7.1 Conclusions

In the previous chapters, Gabor depth imaging theories have been thoroughly explored.

Imaging examples using the Gabor wavefield extrapolation theories have demonstrated

a very good depth imaging method. Based on the description of these theories and the

imaging examples, I conclude in the following sections.

7.1.1 Gabor depth imaging theories

Development of Gabor depth imaging theories were originally initiated by Grossman et al.

(2002a,b). These theories have been fully explored both in 2D and in 3D in this thesis (see

Chapters 2 and 6). One of the most innovative contributions to the Gabor depth imaging

theories in this thesis is that an adaptive positioning algorithm has been invented. The

new partitioning algorithm uses the lateral position error as a criterion to create adap-

tive partitions, thus it can be used to trade off between imaging accuracy and efficiency.

The adaptive partitioning algorithm makes a fast Gabor depth imaging method possible;

and the partitioning algorithm is very straightforward to extend from 1D (for 2D depth

imaging) to a higher dimension (e.g., 2D for 3D imaging) compared to other adaptive par-

titioning methods described in this thesis. Also, with the integration of spatial resampling

techniques in Gabor depth imaging theories, a further improvement in imaging efficiency

is achieved (see Chapter 3).

Another important development in Gabor depth imaging theories is to generalize the

Gabor transform by using intermediate values of p between 0 and 1 (see Chapter 2). Pa-

158
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rameter p gives infinite ways of freedom in the Gabor transform, resulting in infinitely

many Gabor depth imaging schemes in addition to two extreme cases when p = 1 (simu-

lating the NSPS) and p = 0 (simulating the PSPI).

7.1.2 Accuracy and efficiency of the Gabor depth migration

The Gabor depth imaging method can be used as an accurate wave equation depth mi-

gration method. Not only is it accurate, but it can be efficient also. This depth imaging

method has been developed as an efficient depth migration method; it can be improved tens

of times faster by using adaptive partitioning algorithms during the wavefield extrapola-

tion with minimal loss of accuracy. The 2D imaging examples (e.g., from the Marmousi

data set) have shown high quality images with acceptable run time to obtain them.

The adaptive Gabor imaging method provides us with the flexibility of choosing be-

tween imaging speed and imaging quality. As shown in Chapter 3, the efficiency improve-

ment due to adaptive partitioning comes from a reduction of unnecessary partitions, given

certain accuracy criteria. Since the computational cost is proportional to the number of

partitions, Gabor depth imaging method using adaptive partitioning algorithms thus gives

faster imaging processes when the number of partitions is reduced.

Gabor depth imaging can be made even faster by using spatial resampling during re-

cursive wavefield extrapolations (see theories in Chapter 3 and examples in Chapter 4).

Spatial resampling obtains an advantage from needing fewer spatial sampling points at

low frequencies, which gives shorter spatial Fourier transforms. A shorter Fourier trans-

form means a faster process. Therefore, Gabor wavefield extrapolation can be accelerated

at low frequencies. Since Gabor wavefield extrapolation is performed in the frequency

domain, spatial resampling helps to save a significant amount of calculation.
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7.1.3 2D Gabor depth migration results

Depth imaging results from the Marmousi seismic data show that Gabor depth imaging

method can produce high-quality images. Given an appropriate accuracy criterion, imag-

ing quality can be fairly good while keeping imaging speed acceptable. In the Marmousi

depth imaging, we can set lateral position errors as large as 5 m and 10 m and still obtain

good imaging qualities but use only 3/4 and 1/2 run time compared to the one obtained

by using a higher accuracy criterion (e.g., a lateral position error of 2.5 m in the LPEAP

algorithm, see Figure 4.9 in section 4.5, Chapter 3).

Gabor depth imaging method also works for seismic data acquired from topographic

terrains. Depth imaging results from the Model 94 data set have shown images with very

high quality. One of the most important achievements of the Gabor imaging with Model

94 is that the near surface structures (usually hard to image) are clearly imaged. The

application in a real 2D topographic data set also gives very reasonable imaging results

based on a constant velocity model.

The depth imaging results from the 2D data sets (from either flat or topographic sur-

face) shows that the Gabor depth imaging method is a very competitive wave equation

migration method.

7.1.4 3D Gabor depth migration tests

3D seismic data have been becoming dominant in current industry data libraries. Thus all

depth imaging methods should eventually come to applications in 3D. The Gabor depth

imaging method is not exempt from this. To have a reasonable run time with acceptable

accuracy in 2D imaging, adaptive partitioning algorithms are needed; this is also the case

in 3D Gabor depth imaging.
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Adaptive partitioning is critically important in 3D Gabor depth imaging because we

deal with many 2D spatial Fourier transforms during a 3D Gabor depth imaging process,

and because large amounts of data are involved in 3D depth migrations. In Chapter 6,

the 3D adaptive Gabor depth imaging method uses a 2D lateral-position-error adaptive

partitioning algorithm, which will be very useful in 3D Gabor depth imaging method. 2D

partitioning examples in Chapter 6 have clearly shown that the 2D adaptive partitioning

algorithm is capable of creating partitions adapted to 2D velocity slices with complex

variations.

Another initial experiment is the impulse test before performing the 3D Gabor depth

imaging method. In Chapter 6, the impulse response with a 3D Gabor wavefield extrap-

olator is tested. The impulse responses have shown that 3D Gabor wavefield extrapolator

behaves as expected and is ready for 3D Gabor wavefield extrapolation.

7.2 Future directions

Gabor depth imaging theories have been well developed. This imaging method has pro-

duced high-quality 2D images from seismic data acquired from both flat and topographic

surfaces. However, there are still aspects that may be worth exploring. Some ideas to

be introduced may be useful to improve imaging efficiency further or give better imaging

results compared to those obtained in this thesis. An immediate extension to the 3D Gabor

imaging (Chapter 6) will be 3D Gabor depth imaging with any 3D seismic data set. My

suggestions to the future work on Gabor depth imaging method are listed in the following

sections.
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7.2.1 Adaptive partitioning algorithms

Three adaptive partitioning methods has been introduced in Chapter 3. Among them, the

LPEAP algorithm is the best one and was used in the 2D depth imaging examples in

Chapters 4 and 5. As shown in Chapter 3, the LPEAP algorithm gives better partitioning

results and is easier to extend to high dimensions (e.g., 2D in Chapter 6).

It is possible that the LPEAP algorithm can be made more elegant by using clustering

algorithms to find reference velocities. That is, instead of starting to search from a central

(or called the most frequent velocity in Chapter 3) reference velocity to build a complete

set of reference velocities, the search process can be initiated from more than one centre,

each of which is the centre of a cluster 1. Of course, the suggested method may not work

quite well or it can be very complicated and slow down the partitioning process. However,

it may be worthy of testing.

7.2.2 3D Gabor depth migration

One immediate application in 3D Gabor depth imaging method developed in Chapter 6 is

to migrate a 3D synthetic or real data set. Also, 3D Gabor depth imaging method may be

made available for 3D depth migrations with topographic seismic data.

7.3 Final remarks

The Gabor imaging theories have been developed to a new level by adding in the new

adaptive partitioning algorithms and so on, and they have been more thoroughly explored

in the application side in this thesis. With the significant improvement in imaging effi-

1A cluster is a group of velocities that are closely gathered.
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ciency, this imaging method shows a potential wider range of applications in the seismic

depth imaging. It is encouraging to bring this research to new areas in either theories or

practical applications.



Bibliography

Archer, J., 2007, Palinspastic Restoration of Velocity Models Used in Prestack Depth

Migration: Example from Northeast British Columbia: M. Sc. thesis, University of

Calgary.

Arfken, G., 1970, Mathematical methods for physicists: Academic Press.

Audebert, F., D. Nicholsz, T. Rekdal, B. Biondi, D. E. Lumley, and H. Urdaneta, 1999,

Imaging complex geologic structure with single-arrival Kirchhoff prestack depth migra-

tion: Geophysics, 62, 1533–1543.

Baker, B. B. and E. T. Copson, 1987, The mathematical theory of huygens principle: AMS

Bookstore.

Baysal, E., D. Kosloff, and J. W. C. Sherwood, 1983, Reverse time migration: Geophysics,

48, 1514–1524.

Beasley, C. and W. Lynn, 1992, The zero-velocity layer: Migration from irregular surfaces:

Geophysics, 57, 1435–1443.

Bednar, J. B., 2005, A brief history of seismic migration: Geophysics, 70, 3MJ–20MJ.

Berkhout, A. J., 1981, Wave field extrapolation techniques in seismic migration, a tutorial:

Geophysics, 46, 1638–1656.

Bevc, D., 1997, Flooding the topography: Wave-equation datuming of land data with

rugged acquisition topography: Geophysics, 62, 1558–1569.

Biondi, B., 2002, Prestack imaging of overturned and prismatic reflections by reverse time

migration: SEP-111, 123–139.

Bourgeois, A., M. Bourget, P. Lailly, M. Poulet, P. Ricarte, and R. Versteeg, 1991, Mar-

mousi, Model and data, in R. Versteeg and G. Grau, eds., The Marmousi experience:

164



165

Proceedings of the 1990 EAGE workshop on practical aspects of seismic data inversion,

5–16.

Brown, R. J. S., 1969, Normal-moveout and velocity relations for flat and dipping beds

and for long offset: Geophysics, 34, 180–195.
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