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Introduction
Ferguson (2006) presents a general expression for regularizabredatum of seismic data by
the Newton method. This approach is computationally expensive, so a qualgpproximation
is given in Ferguson (2006) to provide a signi cant improvement in perénce. Though ef-
fective, this qualitative approximation provides little insight upon which to makedrgments.
As a partial remedy, in this abstract, | provide a new prescription forcisulation that is an
approximation to a continuous integral, and it is intended as an analytic frataéovdurther
study, and | test it on a synthetic example and a real-data example.

Theory
For monochromatic wave eld ; obtained at recording surfazethe Newton-method solution

(Tarantola, 1987, pg. 251) for extrapolated wave eld , is (Ferguson, 2006)
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wherez + zis a new datum in depthlV/, is a weighting operator, and/;;, is a smoothing
operator that is controlled by scal4 (Menke, 1989, pg. 53 - 54). One-way wave operator
U  and its adjointU” , extrapolate wave elds through z, and they depend on a user-
de ned model of seismic velocity (Margrave and Ferguson, 1999).

As it is, numerical implementation of equation 1 is extremely expensive. Notroast an
inverse be computed, computationf , WeU ;is prohibitive. Though conjugate gradient
solutions for inverse problems like equation 1 avoid calculation of the ing&rdd and Sacchi,
2004, for example), it is known that time to convergence decreases witesed accuracy of
the required preconditioning-operator (Tarantola, 1987, pg. 24&efibre fast approximation
toU”A ,WeU ;is desirable. From Ferguson (2006), then, and given arbitrary eldve ,
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where extrapolator , = € k2 and vertical wavenumbets depend on the lateral coordi-
nates and are conditioned so that wave elds decay rapidly in the evamesgion. Numeri-
cally, operatoiS , is extremely expensive to compute with cosN 3 whereN is the number
of traces. In 3D, this cost is borne within several loops. Expansiomaéton 2, however, in
dk? anddy transforms integrals over these coordinates into spatial and wavenuerheatides
respectively according to
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whereh; (x;ky) , = @, (Xk«) , ~(Xkx) ,,andtheky ! x°transformis computed
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numerically by FFT. The numerical cost of equation 8i#1 N ?log, N in 2D (for example),

so, forM << 1 , signi cant savings are obtained compared with equation 3. Note, cgenee

of equation 3 is probably assured only when variation ofvith x is smooth. Though the
ultimate application for equation 3 is in improved estimates for the preconditionietmps

of conjugate gradients, here, for simplicity, | solve equation 1 by computafitimedHessian

directly.

Examples

A 9 point nite-difference algorithm is used to generate 512 synthetic sréd@sed on the ve-
locity geometry in Figure 1 (source and receiver arrays embedded inpindigedimentary




sequence). Signi cant variation in receiver depthl60m over 10km) is apparent. Undeci-
mated data (512 live traces) that correspond to the model of Figure Ehanm in Figure 2a
and b (spectrum).

Numerical inversion of the data using equation 1 corrects the apparens staifis (Figure
2 b and e), and approximate inversion using equation 3 to repl‘dé‘ethe U ;inequation
1 yields a similar result (Figure 2 ¢ and f) that is veri ed by analysis of theac$ra (Figure 2
f). For approximate inversiodl = 3 is used here for a 95%savings in computational effort.

The data are then decimated severely (to 60 live traces, Figure 3 a amthd} sliffraction
limbs are disordered, and the input spectrum (Figure 3d) is seriousligdisiaed. Exact and
approximate inversion return reconstructed linear events, and diffnactice reliable though
within a restricted wavenumber range (Figures 3b, ¢, e and f). Approgimeersion shows a
hint of numerical instability on the right hand side of Figure 3c.

Husky Foothills

Inversion is then applied to common-source gather SIN 38 (Figures 4a)dmaim the Husky
Foothills dataset (Stork, 1994). This gather is decimated randomly to fr@rirafes to 60
traces, and then padded to 512 traces to reduce wraparound (Fguaed f).

Based on a smooth velocity-model from tomography, inversion and aippatex inversion
is applied. Compared with the Figure 4a and e, full inversion (Figure 4gpatithe decimated
gather (Figure 4b and f) provides signi cant statics-correction, awdidrace interpolation, plus
signi cant removal of surface-wave energy, and similar results ataioéd from approximate
inversion (Figures 4d and h), again, for a 95% cost savings.

Conclusions

An inversion method that corrects simultaneously for missing traces anthfmsss presented.
Through series expansion of a Fourier integral associated with théadeasigni cant approx-
imation is presented that, for 2D data for example, reduces the proportiomalutational cost
of this integral fromN StoM N2 log, N, whereN is number of traces, arld < 10is a small
integer. In the examples presented (2D, 512 traces), a cost savifg85ofvas achieved with
similar trace quality. The result of this work is expected to speed the cavesf inversion
by conjugate gradients.
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Figure 1: Velocity model - linear velocity variation.
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Figure 2: Control experiment - no trace decimation. a) Input data (speatf). b) Exact
(spectrum e). c) Asymptotic (spectrum f). Red lines indicate the evamigsoendary.
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Figure 3: Severe trace-decimation. a) Input data decimated randombtr(sped). b) Exact
(spectrum e). ¢) Asymptotic (spectrum f). Red lines indicate the evamigscendary.
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Figure 4: Husky. a) Input (spectrum e). b) Decimated input (specfyuc) Exact (spectrum g).
d) Asymptotic (spectrum h). Red lines indicate the evanescent boundary.




