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X fR';dundant dlctonarles/MorphoIog|caI component
- separation/Pursuits (Mallat, Chen, Donoho, Starck, Elad)

2-D/3-D Curvelets (Starck, Donoho, Candes, Demanet,
Ying)



' a'ts in 3D surface multiple
: ,' a bottle neck!

o misalighments

e incoherent noise

% Use latest ‘optimal’ results from theoretical
Image processing
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 rer .Ve multlples with thresholding
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s'eparate Interpolate & denoise with
iterative thresholding

~  Effective when multiple prediction not too
far from actual
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ultiple prediction:
a convolution along surface
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Adaptive subtraction based on minimum

energy in the output



tChed filter

matched filter
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pred. noise

~ risk of over fitting

May loose primary reflection events ...
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o Almost orthogonal decomposition into multiscale basis
functions with local frequency and local dip properties
e Natural basis for wave equations

e Consist of plane wavelets invariant under convolution
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j.f_f.",‘. o a Multlscale

e Almost orthogonal

e Tight frame B'B =1

e Optimal
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Thanks to Demanet & Ying
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Thanks to Demanet & Ying
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Thanks to Demanet & Ying




Fourier/SVD/KL

SO, . — oo
Wavelet

i foc =, m — o
Optimal data adaptive

[f = fall xm™2, m — o0

second dyadic partitioning Close to optimal Curvelet

source: Candes’01, Stein ‘90

|f = fnll < € - m™%(logm)?, m — oo



‘Multiple’ curvelet

Almost diagonalize Green’s functions (Candes & Demanet ‘04)
Natural basis for wave equations
Invariant under convolution, i.e. ‘multiple multiple’ = curvelet-like

Curvelets sense local dip and local frequency content and can
discriminate on these properties






and both m. n related to PDE
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d thresholding

'l'.

& noise near diagonal:

BT ~T“ near diagonal

SI ‘and app. noise prediction:

d=Bd, m=Bm and T = [diag{diag{Bn}}]'/?



rvelets
: Bd
Curvelet
transform
T r
Bn
Curvelet coeff. pred. multiples
Inv. curvelet
c Sy (Bd)

transform

Curvelet coeff. primaries

Filtered input data
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% |ess sensitive to errors

Preserve the edges & primaries!



Stack section with multiples
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Data from offshore Scotland courtesy Total



Stack section after L.S. subtraction
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Stack section after curvelet-based subtraction
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CMP gather
with multiples

input, 2500 input 2500



CMP gather
after L.S.
subtraction
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CMP gather after
curvelet-based

" Velocity panel

subtraction
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CMP gather after
curvelet-based

subtraction
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Alternative formulation by iterative
thresholding!



Example shallow water environment

offset (m) offset (m)
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Input data with multiples True surface multiples



Example shallow water environment

offset (m) offset (m)
-2000 0 2000 0 -2000 0 2000

Input data with multiples True primaries



Example shallow water environment

offset (m) offset (m)

-2000 0 2000 o -2000 0 Leakage

of L.S.
subtraction

Input data with multiples Result L.S. subtraction



Example shallow water environment

offset (m) offset (m)
-2000 0 2000 0 -2000 0 2000

Input data with multiples Result curvelet-based subtraction



Example shallow water environment

offset (m) offset (m)
-2000 0 2000 0 -2000 0 2000

Input data with multiples True primaries



Example shallow water environment

offset (m) offset (m)
-2000 0 2000 0 -2000 0 2000

Input data with multiples and noise Result curvelet-based subtraction



Example shallow water environment
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ne N0n-1|near Curvelet thresholding adds robustness

e under incoherent noise
* under missing data
® Extended to 3-D
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