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SUMMARY

We present an improved implementation of the �rst-order Born imaging formula for seismic re�ection

data. We combine the Born and Rytov approximations into a single framework to optimize the

advantages of each. A 2.5-D (t-x) pre�lter is convolved with the prestack trace to prevent waveform

distortion during the migration process. We also employ arrival angle information at a receiving

point obtained from ray tracing in a non-uniform background model. It reduces the �nite aperture

artifacts that normally appear in prestack imaging. We use additional acquisition weights to remove
the footprint of the acquisition pattern. Unlike a key Jacobian determinant, they are expressed

in practical terms and are no longer determined by the background velocity. These techniques are

merged to produce a sharper depth image of the subsurface than that o�ered by traditional methods.

The �nal algorithm takes the form of a prestack depth migration of �ltered and spatially weighted

traces. It was successfully applied to �eld data from the Oseberg Field, North Sea. Comparison

with previous results indicate that the algorithm improves the image resolution attainable with

noisy and irregularly sampled seismic re�ection data. In particular the weighted Rytov formula is

shown to be superior to the weighted Born formula.

INTRODUCTION

Perhaps the best-known method for describing seismic scattering by small or weak scatterers is the

�rst-order Born approximation (Coates & Chapman, 1991). Although the Born inversion theory has

been applied to many problems in exploration seismology, the major drawbacks of its use must be

addressed. Firstly, the Born approximation is known to be very sensitive to the background velocity

and is not necessarily corrective, even for small perturbations (Weglein & Gray, 1983). Secondly,

since the input data set is always discrete and �nite in extend, we must deal with the restrictions

in the numerical implementation of the inversion operator.

This paper demonstrates that the above shortcomings can be overcome without use of a more

accurate background model and an excessive number of observation points. We develop an improved

implementation of the �rst-order Born imaging formula for seismic re�ection data, hereinafter re-

ferred to as the Improved Prestack Depth Migration (IPreSDM) technique.

METHOD

By analogy with the crosshole tomography (Wu & Toks�oz, 1987), we apply the Rytov ansatz

to seismic re�ection data to extend the range of validity of the Born approximation within the

weak-scattering assumption. Several authors (e.g., Rajan & Frisk, 1989) noted that the Rytov

approximation may give superior performance in predicting velocity changes. Next, we show that

the quality of migrated images can be improved by exploiting information about arrival angles in

the form of amplitude weights. For this purpose, Takahashi (1995) estimated polarization directions

from multicomponent data. Instead, we obtain dip angles by using ray tracing in a non-uniform

background model (Lucio et al., 1996). Also, we introduce a 2.5-D (t � x) pre�lter to prevent



waveform distortion during the migration process. This �lter is similar to that previously used in

wave-equation datuming (Berryhill, 1979). Following Canning and Gardner (1998), we remove the

footprint of the acquisition pattern by weighting the data using an acquisition weight. Unlike a key

Jacobian determinant h (Bleistein, 1987), this weight is no longer determined by the background

velocity. Hence, the underlying assumption h 6= 0 is eliminated. This means that our inversion

operator is not singular as h! 0 due to ray caustics, source-receiver geometry (Bleistein, 1987) or

insu�cient data.

Compared with other numerical algorithms (Thierry et al., 1996; Tura et al., 1997), the IPreSDM

technique o�ers the following numerical advantages: (1) the Born approximation and the Rytov

approximation are incorporated into a single framework to optimize the advantages of each; (2)
the 2.5-D pre�lter reduces waveform distortion due to the backpropagation; (3) migration artifacts

resulting from limited aperture are reduced; (4) instead of the commonly used Beylkin's determinant

h , we employ the special weighting factor, both to minimize acquisition artifacts, and to avoid the

assumption h 6= 0. As with di�raction-stack formulas, all of the functions in this technique are

expressed explicitly as space-time functions. Neither additional frequency integration nor frequency-

wavenumber Fourier transform are required to match imaging conditions.

Numerical implementation requires time-consuming ray tracing to compute the Green's function

amplitudes and traveltimes (Lucio et al., 1996). To reduce the CPU cost and instabilities due to

multipath propagation, Thierry et al. (1996) suggested interpolating both amplitudes and travel-

times in depth for a given source or receiver (interpolation I). Instead, we interpolate the amplitude

products and the total traveltimes �source-target-receiver� to their intermediate values (interpola-
tion II). We calculate them over a sparse target grid and then use linear interpolation onto the �ne

target grid (after Thierry et al., 1996).

RESULTS

The usefulness of the IPreSDM technique is illustrated by a realistic migration example from the

Oseberg Field, Norwegian sector of the North Sea. For the sake of simplicity, only one line (number

16) of 3-D seismic survey acquired by Norsk Hydro was analysed. It consists of 500 shots with

120 traces per shot. Both the shot and the receiver spacing are 25 m. We selected a 15 km� 0:6

km target zone located at a depth 2:4 km containing a reservoir. The target covers sections of

the Gamma and Alpha fault blocks shown by Tura et al. (1997). The bin size was 25 m� 5 m.
Firstly, we compare the Common Image Point gathers obtained using the IPreSDM technique with

those described by Thierry et al. (1996) and Tura et al. (1997) (see Figure 1). It appears that

our technique eliminates the �ctitious near-o�set amplitude distortion in Figure 3b and increases

the near-o�set vertical resolution of the section in Figure 3a. Figure 3d shows that interpolation

II reduces the arti�cial far-o�set amplitude decay in Figure 3c due to interpolation I. Next, we

compare the Born and Rytov approximations (see Figures 1 d,e and 2). It can be seen that the

Rytov image (Fig.2b) reveals a series of local structural discontinuities which are not visible on the

Born image (Fig.2a). Thus, we conclude that the Rytov inversion is superior to the Born inversion

in predicting velocity perturbations. This conclusion is consistent with the previous results (Rajan

& Frisk, 1989).

CONCLUSIONS

We propose an improved numerical version of the scalar �rst-order inverse-scattering formula to

reduce migration artifacts. The algorithm has been applied to a marine dataset from the Oseberg

�eld, North Sea. Results have been compared to those obtained by previous authors. Comparison

shows that the weighted Rytov inverse extracts valuable geologic information from data which is

not available from conventional prestack depth images.

Figure 1: Common Image Point gathers for x = 10 km (Oseberg Field, North Sea): (a)

Kirchho� migration by Tura et al. (1997) (courtesy of Elf GRC), (b) Born inversion by Thierry et



al. (1996), (c) Born IPreSDM with interpolation I, and (d) Born versus (e) Rytov IPreSDM with

interpolation II.
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Figure 2: (a) Born versus (b) Rytov IPreSDM of Oseberg data (interpolation II).


