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(b) Irregularity caused by feathering

(a) Irregularity caused by obstacles (Trad,2008). (Eiken et al.,2003).

Many factors, such as obstacles and featherings, will lead to irregular distributions of seismic
sources and receivers.
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1. Natural observed irregularity

Observed irregular gri Desired regular grid

Geometry Sources (red) and Receivers (blue)
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2. Human-made irregularity

CS-based irregular grid

Source location
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Methods (EPOCS vs. |-FMSSA)



(Abma and Kabir, 2006)

e Sisapromoting transform

* T, is the iterative hard thresholding operator

dk+1 —d ps + (I — %)STT]{ (Sdk)

/

Sampling operator @ {1 if one trace is assigned to grid point (i, j)
ij =

0 if grid point (4,7) is empty

« EPOCS (Jiang et al., 2017 )

dk_|_1 = W*aobs —+ (I — W*W) STTk (Sdk)

: W* . drregular — regular
Interpolation operator * Sinc-Kaiser interpolator

W regular — irregular




& ALBERTA I-FMSSA

* I-FMSSA (with low rank constraint) | ¢ Carozzi and Sacchi, 2021)

J = |dops — WA||3 s.t. rank(d) <k

W* . irregular — regular

dk_|_1 — P[dk — )\VV>l< (de - dobs)] W  regular — irregular

Projection operator = FMSSA (or MSSA) » I-FMSSA: Projection operator = FMSSA
» I-MSSA: Projection operator = MSSA

» Interpolation operator | —— x
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Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Build Hankel matrix m——
Rank-reduction (SVD) — et
Anti-diagonal averaging ety

d(z,t) < D(f, ).

* FMSSA

(Cheng et al. 2019)

Avoid Hankel structured matrices

Hankel matrix vector products are computed via FFT

1o speed up rank reduction
RQRd is adopted to replace SVD.

1o improve anti-diagonal averaging

Eigenimages are computed via convolutions.
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= Step 2:  Build Hankel matrix —p  Avoid Hankel structured matrices

Hankel matrix vector products are computed via FFT

» Fast Hankel matrix vector product

» Hankel matrices can be embedded into circulant matrices

D, D, Ds D3 "Dy, Dy 1
C = Ds Dy Dy = D+ I D> Ds | 1
Dy Ds Do Ds D3 Dy 1

T D, D . Dy;!' Dy Dsl X2
HX:I[ 1 2 ] [ 1 ] = Dg' D2 D1| I = Cx :ﬁ_l(ﬁ(c)og(f{))
D2 D5 Jil @2 D, "D D5 | 0

T ~ T
(Cheng et al. 2019) where c=| Dy D3 Dy | and x=| 22 21 0 |
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» Step 3:  Rank-reduction (SVD) —p [0 speed up rank reduction
RQRd is adopted to replace SVD.

« Randomized QR decomposition (RQRd)

1. Projection onto random sets:

X = H Q0
Mxp MxL Lxp

() are p random vectors, and p << L

2. Economic-size QR decomposition:

Q R = ¢gr(X)
Mxp pXxp M xp

3. Low-rank approximation:
H = QQYH
(Cheng et al. 2019)
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= Step4:  Anti-diagonal averaging = Fast anti-diagonal averaging

« Eigenimages are computed via convolutions.

» Fast anti-diagonal averaging

For one linear event (rank=1 case)

A

> Letp=1: H = q1q1H

|—
o
=
|
o8
m
=
@
Q
21
M>
I
2
=

» For anti-diagonal averaging:

( .
i Z] 1 qUtl —Jj+1 1< <M N . -
i 1 ) — E onvolution
. —1
\ ’L-I-l Z] =1—L+1 qutlz G410 L S 1 S N J

» Forrank=p

f):wo[(ql *tl)—|—(q2*t2)‘|—‘|‘(qp*tp)]
(Cheng et al. 2019)
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I-MSSA vs. I-FMSSA (Computational efficiency?)

13



zuxnllvﬁ'ﬁﬁxf‘x 3D Reconstruction I-FMSSA Vs I-MSSA

e I-MSSA Data size: 2003030
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zuxnllvﬁ'ﬁﬁxf‘x 3D Reconstruction I-FMSSA Vs I-MSSA

e I-F MSSA Data size: 200x30x30
Time= 7.71s
Clean Observed FMSSA Difference SNR =46.7 dB
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Synthetic Example (EPOCS vs. I-FMSSA)
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« (Geometry of source location

Source location
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« EPOCS d(;,13,:)

Clean data 0 After binning ' ____EPOCS




Synthetic Example
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Synthetic Example (with random noise)



« EPOCS d(;,13,:)

Clean data 0 After binning ' ____EPOCS




Synthetic Example

| SNR(dB)_

Clean data After binning I-FMSSA . I-FMSSA 20.74
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Real Example (Irregular Reconstruction)
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« EPOCS d(:,3,)) Inline slice

After binning EPOCS Difference
: l 0r = l Or _
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Real Example

 I-FMSSAA(:,3,:) Inline slice
After binning I-FMSSA Difference
53
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« EPOCS d(;,:,17) Crossline slice
After binning 0 EPOCS 0 Difference
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 I-FMSSAdA(:,:,17) Crossline slice
After binning 0 I-FMSSA 0 Difference
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) ) = )
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Conclusion and Summary

= Conventional SSA methods can be expensive due to construction of
Hankel structured matrices and singular value decomposition (SVD).

* The applied fast and memory efficient SSA (FMSSA) is an appropriate
substitution for MSSA with reconstruction problems.

= EPOCS method will produce “boundary effect” for reconstruction and is
not suitable for “noisy” data reconstruction.

* [-FMMSA method could be a good substitution for EPOCS with application
for irregular-grid data reconstruction, and simultaneous denoising and
reconstruction.
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