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Outline

@ AVO forward & inverse problems

@ How to improve using wavelet and curvelet frames?
@ In the data space
@ In the model space

@ Angle Corrected Reflection Operator

® Discussion & Conclusions
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Cepth

AN 0 Moise Free Data Cube
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Linearized Zoeppritz
Equation for Rpp

Ryp(p) = %(1 e

* Aki and Richards (1980)
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AVO Forward Problem

d= Km
@ Assume point scatterer:

NO INFORMATION FROM LATERAL
CONTINUITY ALONG REFLECTORS

@ Real life:

d=Km+n



AVO Inverse Problem

o KK ill-conditioned => inversion difficult

@ Attempts to solve the problem:

1
@ min 5 |d — Kml|5 (stopping criteria?)

gl
o min in — Km||3 + X|m]|5 (smooth model)

S
o min §Hd — Km||3 + A||Vm]|5 (smooth model)
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@ Data preprocessing (data side) by exploring:

@ CONTINUITY along reflectors (Curvelets)
@ SMOOTHNESS along p-axis™ (Wavelets)

@ Singularity-preserving inversion (model side):

@ Iterative thresholding algorithm with a
sparsity constraint™*

® Basis function

* Sacchi (2003)
** Daubechies (2004)



Curvelefts

@ Parabolic scaling principle:

@ length? o« width

@ Directional selective: ,
@ # orientations doubles A / .
every other scale / \
@ Close to optimal for functions

with singularities on C2- (log N3

T
curves: m — m X A\
Candes (2002) H H N?Z

, IN.— o0



2D Frequency Domain
Tilling

Wi={g 2<[ <27, [0-6) <7217}

Candes (2002)



Curvelets & Curves

Candes (2002)



Data Preprocessing

W, Copzd = WyCor Km + Wy Ciyn

A

~

d = @F(Wp(]md) ~ WpC’me

with Op(u) = ul{|u| > I'} (Hard threshold)
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A0 Moisy Data Cube

SNR = O dB
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Depth

A0 Denoised Data Cube
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AVO Noisy X-Z section (p = P
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SNR Improvement

0.2

noise

@ p =0:

@ SNR(noisy data) = 1.60 dB
@ SNR(denoised data) = 14.23 dB

@ p = pmax:

@ SNR(noisy data) = -4.51 dB

® SNR(denoised data) = 6.96 dB



Elastic parameter #1 (true) Elastic parameter #1 (recovered)
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Elastic parameter #1 (true) Elastic parameter #1 (recovered)
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Singularity-
Preserving Inversion
do== P+ n

where B = KO & = O

min [d — Fall} + ol

T =S )

* Daubechies (2004) - Thresholded Landweber iteration






Angle Corrected
Reflection Operator

@ Use curvelets to find LOCAL orientation
@ Alternative way to find geological dip

@ Correct for the angle when computing the
Rpp

@ LOCAL rotation of coordinate system


















—— Small angle approx.
— Angle corrected
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