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A new slant on seismic imaging: Migration and integral geometry 

D. Miller*, M. Oristaglio”, and G. Beylkin* 

ABSTRACT 

A new approach to seismic migration formalizes the 
classical diffraction (or common-tangent) stack by relat- 
ing it to linearized seismic inversion and the generalized 
Radon transform. This approach recasts migration as 
the problem of reconstructing the earth’s acoustic scat- 
tering experiment’s sources and receivers. When tested 

on a finite-difference simulation of a deviated-well verti- 
cal seismic profile (a hybrid experiment which is difficult 
to treat with conventional wave-equation methods), the 
algorithm accurately reconstructed faulted-earth 
models. 

Analytical reconstruction formulas are derived from 
the general formula for zero-offset and fixed-offset sur- 
face experiments in which the background velocity is 

constant. The zero-offset inversion formula resembles 

standard Kirchhoff migration. 
Our analysis provides a direct connection between 

the experimental setup (source and receiver positions, 
source wavelet, background velocity) and the spatial 
resolution of the reconstruction. Synthetic examples il- 
lustrate that the lateral resolution in seismic images is 
described well by the theory and is improved greatly by 
combining surface data and borehole data. The best 
resolution is obtained from a zero-offset experiment that 
surrounds the region to be imaged. 

INTRODUCTION 

Traditionally, migration has meant constructing an image 
of the earth from seismic reflections recorded at its surface 
(Robinson, 1983; Gazdag and Sguazzero, 1984). The earliest 
migration was graphical; it was based on geometrical ideas 
that can be traced back to J. C. Karcher in 1921 (see Gardner, 
1985) and were developed systematically by Hagedoorn 
(1954). These geometrical ideas were also the basis of the first 
digital methods-the diffraction and common-tangent stacks 
of what is now called classical or statistical migration (Lindsey 
and Hermann, 1970; Rockwell, 1971; Schneider, 1971; John- 
son and French, 1982). In the 1970s however, classical migra- 
tion was largely abandoned in favor of the wave-equation 
methods that Claerbout (1971) introduced. In their review art- 
icle, Gazdag and Sguazzero (1984) summarize the current view 

“that while these [classical] migration procedures make good 
sense and are intuitively obvious, they are not based on a 
completely sound theory.” 

As wave-equation methods have grown in popularity, 
migration has come to mean reverse propagation, in which 
recorded waves are downward continued or propagated back- 
ward in time and the image is extracted from the wave field by 
an imaging condition (Berkhout, 1984; Stolt and Weglein, 
1985). A problem with this approach, which was recognized 
early (Claerbout and Doherty, 1972; Schultz, 1976), is that 
migration is often done with data from composite experiments 
that do not satisfy a single wave equation. This problem can 
be overcome by modifying the wave equation or by invoking a 
hypothetical experiment, such as the exploding-reflector 
model, which simulates the data, but the correct construction 
is often difficult to find. 
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The analysis described above carries through with only minor 
changes to yield the 2-D acoustic inversion formula 
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Thus, the only changes are in the dimension of the integral (5 
now varies over unit vectors in the plane), in the exponent in 
the obliquity factor cos’ a, and in the additional Hilbert trans- 
form which is applied to the scattered data before backprojec- 
tion. 

SPECIAL CASES 

As noted, inversion formulas (27) and (27a) are suitable for 
direct numerical implementation; all the necessary quantities 
can be determined by tracing rays from image points to the 
experiment’s sources and receivers. Nevertheless, it is instruc- 
tive to derive explicit expressions in selected cases. We consid- 
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FIG. 7. Geometry of a fixed-offset experiment. a, is the angle 
between the vertical and the ray from the source s to the 
image point x; a, is the angle between the vertical and the ray 
from the receiver r to the image point; h is the offset. Note 
that the midpoint m between the source and receiver does not 
lie on the ray through 5 that bisects the source and receiver 
rays. 

er here zero-offset and fixed-offset experiments in a constant 
background velocity. The zero-offset migration formula was 
first derived in Norton and Linzer (1981) by a different ap- 
proach ; the fixed-offset formula was derived in Beylkin (1985). 

Zero-offset migration 

Consider a zero-offset acoustic experiment with source- 
receiver pairs (“transceivers”) on the surface of a half-space 
that contains Bm
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