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A new slant on seismic imaging: Migration and integral geometry
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greatly by results given in Norton and Linzer (1981), which

treated ultrasonic experiments in medical imaging. In addition A basic principle of migration is that each point in the earth

to obtaining exact inversions for zero-offset experiments in a can be imaged by detecting the field scattered by that point.

constant-background medium, Norton and Linzer (1981) rec- The most direct use of this principle was the classical diffrac-

ognized the analogv hetween acoustic scatiering and the sen- tion stack, which evolved into wave-theoretical Kirchhoff mi-
e & L i
A

eralized Radon transform, and derived approximate imaging gration (French, 1974; Schneider, 1978). The diffraction stack
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medium, so that

2
o? [Vx X, Y)} = ¢ (), ®

VG (%, ¥, ©) + 5 Gy (X, ¥, ©) = —8(x — ). (6)
c(x)

and the amplitude or geometrical spreading term A satisfies

With these definitions, equation (4) can be recast as an integral )
the transport equation

equation, analogous to the Lippman-Schwinger equation of
quantum mechanics (see, e.g., Taylor, 1972), A(x, VIV, (X, ¥)2V, AX, ¥} - V. (%, y) = 0, (10)

uly. s, @) = Gyly, s, ) along the ray connecting the points x and y.
Substituting for G, in equation (8) gives

+ o? jd3x Goly, X, ©)f(Du(x, s, 0).
u,(r.s, @) = w? jd3x A(r, x)A(x, s)

observed total field as a sum of the incident field within the
background model G, plus the scattered field, represented
by the integral term. Denoting the scattered field by

When evaluated at receiver position r, this equation: gives the
X exp {im[r(r, x) + t(x, S):”f {(x)

= @? (d3& A(F. X. s} exm[ijm:!r. XJ)] fix\. {1

e Y = !
W | |

= ]

, r . where- we have defined A(r; x, s} and 1(r, X, s) as the total
ur. s, @) = o J d°x Gor, X, 0) f(X)ulx, s, w). 7 amplitude and traveltime functions

Alr, X, 8) = A(r, X)A(X, 8),
Equation (7) relates the recorded data to the unknown scat-
tering potential . It admits the interpretation that the scat- and

tered field oricirnates at nainte where the actital medinm differe
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ing gives directly what may be called a “filtered” generalized Radon transform. To obtain the identification, first shift the
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952 Milier et al.

The analysis described above carries through with only minor er here zero-offset and fixed-offset experiments in a constant
changes to yield the 2-D acoustic inversion formula background velocity. The zero-offset migration formula was
first derived in Norton and Linzer (1981) by a different ap-

{flx)) = % J dE(T, X, 8) proach; the fixed-offset formula was derived in Beylkin (1985).
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A change of variables can now be made from & to m using in the scattering potential. Consider the velocity function de-

equations (30) and (31); however, the algebra is dense. For fined by the relation
51mp11c1ty consnder the 2-D case and work with the angular

e ¥z =1+ Oz — z,),
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{m)

FlG 15 Reconstruction from the synthetlc DVSP experlment (a) Ten wiggle plots showing profiles of the reconstruc-
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multiple-receiver experiment with the source and receivers ar- scattered data were obtained for 80 source-receiver pairs. The
ranged as in Figure 1. The scattering object consisted of a source wavelet was a Blackman-Harris window with a dura-
family of point scatterers, which were separated by roughly tion of 21.3 ms (which contains frequencies ranging from 0 to

one wavelength at the central frequency of the source and about 50 Hz).
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mining the shapes and locations of the surfaces, the method is
easily adapted to general source-receiver geometries and ve-
locity models. Moreover, the dependence of spatial resolution
on the geometry of the experiment, the reconstruction algo-
rithm, and the assumptions about the medium is explicit in

perimental geometry and the finite bandwidth of the source
wavelet.

The first issue is the relation between the available source-
receiver pairs and the spatial dip spectrum of the reconstruc-
ted object. Locally, a restriction on the number of source
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surface. This last figure illustrates the obliquity effect directly
in the image domain.

(36) The mapping of the data into the spatial Fourier spectrum
of the object, shown in Figures 18 and 19, is a local version of
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available temporal frequency, translates to a minimal spatial of holographic imaging. With a harmonic plane-wave source,
step that varies as 1/cos of the scattering angle and, hence, to the spatial Fourier transform of the scattered field recorded

I T T I Y T T T TR S P T ATl mor e r 1oomm v v Ll woalrntond 4 4l T oarrecmer temercalnrees ~F tlhho



962 Miller et al.

{sec.) {m)
025 0.30 0.35 .76.0 -60.0 -260 0.0 260 80.0 76.0
S i N— , bk

.

(T
N [

E

=

==

r— P

4 -
2
<z
5

£
L

i

- E

.

= ‘

fa <

i

) —
é ;LE

. F

—_—

' E

i

e s s 4444 9 00494mms 4 s s s 4ms— s s 449494 4 4 4sm&59uvGéG—~— /vm«s/ b4 0 04ms s v v vz vV v/ a4 0 09090904

S —




Migration and Integral Geometry 963

borehole seismic profiles: A case study: Presented at the 55th Ann. Miller, D. E., 1983, Integral transforms and the migration of multiple-
Internat.  Mtg, Soc.  Explor.  Geophys,  Washington, offset borehole seismic profiles: Research Note, Schlumberger-Doll
D. C.,; abstracts and biographies 105-107. Research.
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