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Overview

* Least squares inversion: modeling vs migration
* Finding the weights for the correct operator

* Convergence

* Noise control: sources of noise

 Conclusions
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Least squares formulation: modeling vs migration

Undesired features = discrepancy between prediction and data + size of model

Least Squares inversion

a particular solution

Hm H W weights to inforce
W

L the operator (L modeling, L" adjoint).
d acquired data
m model

Y

Data residuals
in a particular
norm choice

L, LH: choose one, calculate the other
Do we start from modeling or migration?

d = Lm
d(&, Ts+Tr, w) = /(?ﬁw)ﬂ”raei“"(T“Jr“‘)m(x, z)dxdz

W, = f(TSJ Tr, Us, Ur)

J=[d-Lm| +2

—~

Model size
in a particular
norm choice

Iteratively solve...

—)

m = (L"L + WHwW)'L"d

Inverse of Hessian mapping
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Kirchhoff migration weights

m(x) _L-V(z,ts,tr,’l’sﬂ’r)/d(i:T(X:@)di Kirchhoff summation

D
W z 1 i
V = |w 2D shot migration deconvolution IC
V2 /Lt 1, .
) Vsz T
W = (iw) 02 12 3D shot migration deconvolution IC
el
] Z z
W =|w ( 5 3/2)< 5 3/2) 2D shot migration cross-correlation IC
vits' ™ vty
- : < <
W = (w)(=3)(=3) L ) :
votA ’Urtr 3D shot migration cross-correlation IC

Zhang, Y., Gray, S. H., and Young, J., 2000, Exact and approximate weights for Kirchhoff migration: 70" Ann. Mtg., Soc.
Expl. Geophys., Expanded Abstracts, 1036-1039.

Lorenzo Casasanta, personal communication
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Amplitude Weights: Deconvolution vs Cross correlation
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Phase shift filter
A&, 7o47,w) = | (-3@)Woe™ ™ im(z, 2)dxdz d(&, met7,w) = [ (—iw)Wee“ " m(z, 2)dzdz

a)Spectrum depth migration with preapply omega b)Spectrum depth migration with sgrt(omega)
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c)Spectrum depth migration cross-corr with preapply omega d)Spectrum depth migration cross-corr with sgrt{omega)
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Convergence

0.99

Convergence for different settings

— DC no omega inside
DC w sqrt(omega)

— XC no omega inside
XC omega inside

Convergence for stack vs offset gathers
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Noise control

b)LSMIG
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Noise from numerical traveltime table discontinuities

Analytical traveltime ' ! . Lo hih |
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Numerical traveltime
(ray tracing)
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LSMIG (Sigsbee2a)

# Noise from
g traveltime tables
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Conclusions

* Least squares migration has the potential to remove acquisition signature

Amplitude weights used in LSMIG are not exactly the same as in migration

Noise accumulates because inconsistencies between operator and physics

Often this is hidden if the data fit the operator, instead of the reverse

In Kirchhoff algorithm noise is more obvious than in RTM

Noise control is essential to stabilize inversion, but we need to distinguish effects.
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Interpolation with Green’s functions

2500 3000

same data,

i g i O A N T different operator
a)INPUT_SHOTS b)DEPTH_MIGRATION
2500 3000 3500 0 2000 2500 3000 3500 same pred|ct|ons

different model

d)RESIDUALS
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Object-Oriented Implementation

master

Conjugate Gradient Algorithm

MasterClass

Data /
distribution

/0

|

ParameterClass

User interface

Solver

Total model

MPIClass
Encapsulates all
aspects of
communication

4

4

slaves

™~

Data decomposition

SlaveClass
Execute instructions
in slaves (wait loop)

Kirchhoff 1

Modelling/Migration
(operator)

v

TravelTime Tables

Models with partial contributions
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