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Introduction

Seismic Interpolation

= Seismic data with missing traces due to physical or
economic constrains

= Require Interpolation

Seismic Denoising

= Seismic data Corrupted by noise
® Require Denoising




Problem formulation by sparsity-
promoting inversion

Interpolation Denoising

min ||x||4 min ||x||;
St AX =y s.t]JAx —yll2 <€

where where

A =RCt A=Ct

e ~ noise level




Processing Incomplete & Noisy Data

Strategy 1:

= First Interpolate
yo ~ Input data

X = arg min ||z|
s.t. yo = RC' x

" Then Denoise f= Cfx

min ||x|
s.t.[[CTx —flla <




Processing Incomplete & Noisy Data

Strategy 2: Interpolate and Denoise Simultaneously

yo ~ Input data

minﬁle
s.t.[|RC™x —yyll2 < e




Processing Incomplete & Noisy Data

Choice of €

= denoise problem assumes white noise (Gaussian, standard
deviation g ), N measurements

y = Ax+n
data noise

|Ax — |5 ~ 2(N) chi square mean ~ N
o2 X distribution  SD ~ V2N

" choose €2 = 02[N + 2V2N] then,

pr (||[Ax —yl|l2 > €) is small




Processing Incomplete & Noisy Data

Choice of €
= Interpolating then Denoising

elzam

~ need to fit full interpolated data

® Combined
€2 =0/ N x (1 — missh)

~ need to fit incomplete data




SLIM

Seismic Laboratory for
Imaging and Modeling

Offset (m) Offset (m)
—2000 0
\

43
HEMIE
s ;":ﬂfﬁf%
e

Input data




SLIM

Seismic Laboratory for
Imaging and Modeling

Offset (m) Offset (m)
—2000 0 —2000 O
\ \

Denoising after Interpolating

Input SNR=3.35 dB
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Denoising after Interpolating

Input SNR=1.77 dB




Comparison under different noises

miss% =percentage of missing traces=20%

SNR1 Interpolate and Denoise
SNR2 Combined

input SNR
3.50
3.35
2.93
2.37
1.77
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Denoising after Interpolating

miss%=30%
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Comparison for different percentages
of missing traces

el = ovVN €= 0\/]\7 x (1 — missh)

SNR3 ~ the SNR of interpolated data from data with missing
traces but without noise

SNR4 ~ the SNR of denoised data from data with noise but
without missing traces is 8.58 dB

miss% | Input SNR | SNR1(dB) | SNR2(dB) | SNR3(dB) | SNR4(dB)

10% | 3.95 8.25 8.26 19.49 8.58
20% | 2.93 /.91 7.93 15.70 8.58
30% | 2.36 6.68 7.43 12.57 8.58
40% | 1.84 6.10 6.89 10.45 8.58
50% | 1.50 5.43 5.97 7.90 8.58




Conclusion

Conclusion

= Synthetic data tests show Combined results slightly
better than Denoise after Interpolate

= small percentage of missing traces, close results;
larger percentage of missing traces, larger
difference
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