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Introduction

Recently implemented anisotropic (VTI) modeling and FWI.

Test code on different assumptions used in FWI.

For synthetic data that are both elastic and anisotropic, investigate quality of
inverted Vpg model for:

e Acoustic vs. elastic
e Isotropic vs. anisotropic

Try to invert for Thomsen anisotropy parameters € and 9.
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Theory

e In FWI we want to find a parameter model m that can produce modeled data
u which is close to some measured data d.

e Apply a numerical wave operator that maps m from the model domain into
the data domain:

L(m) = u. (1)

e Ideally, find an inverse operator to map d from the data domain to the model
domain:

m = £71(d). 2)
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Theory

e Define a misﬁt functional:

ns Ny
F(m) = ZZHum —digll;. ()
New
] =0 =0 model

e The solution is an extreme point of F(m):
m’ = arg min F(m). 4)

m

no
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Theory

e Update the model iteratively:

-1
My = myg — Oéka 5mk

e Hessian matrix contains second derivatives of the misfit functional
e Approximated from previous gradients (L-BFGS)

e Gradients are found via the adjoint method, Mora (1987).

oy Oui(xs, xR, 1) o
m(x) = ;/dt; 8m—(x)5uz(xs,xR,t).

] o 8uz (Xs7 XR, t)
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Gradients

(5[): _Z/dtuj\ijja

dCaq = — Z/dt (U314 U1,3)(us,1 + ui,3)
dci1 = — Z/dt(um +u22) (V11 + Vo), ns [

+ (Us2 + Vo 3)(usz2 + u2,3)},
Jczz = — /dtu3 3¥33,
Z > , dcge = — Z/dt |:(\I/2,1 + \111,2)(UQ,1 + U1,2)

deiz = — Z/dt [‘1’3,3(%,1 +uzo) + (P11 + ‘1/2,2)113,3}7 —2(Uapurs + ‘1’1,1u2,2)]-
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Model
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e Source: 5 Hz Ricker wavelet
e Receivers: Pressure

e Gradient muted in the water layer
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Results
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Figure : Inverted model for Vpy with exact ¢ and 4, elastic.
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Figure : Inverted model for Vpy with exact € and d, acoustic.
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Elastic inversion
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Figure : Inverted model for Vpy with smooth € and §
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Figure : Inverted model for Vpg with e = § = 0, elastic
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Results
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Figure : Inverted model for Vpy with ¢ = § = 0, acoustic.

Acknowledgments
o]



Introduction
[e]

Theory Model and survey setup Results Conclusions Acknowledgments
0000 00000 00000000000 [e] o]

Results
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Figure : Inverted model for e.



Introduction Theory Model and survey setup Results Conclusions Acknowledgments
o 0000 00000 000000008000 [¢] o

Starting model

z (m)
2000 4000 6000 8000




Theory Model and survey setup Results Conclu sions Acknowledgments
o]

0000 00000 000000000800 o

True model

x (m)
2000 4000 6000 8000




survey setup Results

000000000080

Inverted model

4000

6000




Introduction Theory Model and survey setup Results Conclusions Acknowledgments
o 0000 00000 00000000000e o o

Results

z (M)
2000 4000 6000 8000

0.05
0

Figure : Inverted model for 4.
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Conclusions

Four different inversion assumptions applied to an elastic, anisotropic dataset.

Acoustic approximation holds, due to long offset data.

Anisotropy cannot be completely neglected.

A perfect anisotropy model is not needed, but some knowledge is necessary.

Inverting for € and 4 is in principle possible.
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