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Summary

The applcation of the Singular Spectrum Analysis (SSA) method on seismic data has been extensively
studied by researchers over the past number of years. Ulrych et al (1988) initially applied eigenimage
filtering to seismic data. Trickett furthered this work byngsirequacy slices and extending eigerage

filtering to 3D data (Trickett, 2003, 2009). This poster studies the results of the SSA method when applied
to noisy structural data. On both synthetic and real data, we show that the FX SSA filter (Caddog) filte
preserves faults much better than the standard FX prediction filter (Canales, 1984). This poster discusses
how the discontinuity in a plane wave would affect the rank of the trajectory matrix in SSA.

Introduction

TheSingular Spectrum AnalysigX SSA) method Saccliy, 2009 hasbeenwidely used for analysis of time
series in various fieldgutside geophysicsuch as meteorology, hydrologgciology and economic
forecastsbefore beingppliedto seismiadata processing. F&SAis also knowres Cadzav FX filter
(Cadzow, 1988) or the Caterpillarethod(Golyandina et. al., 2001, 200 7rickett used SSA separately on
frequency slices and furthered its application tou3ihg FXY eigenimage filtering.

The purpose of this paperto demonstrate dmothsyntheticand reabdata thathe SSA methodFX
Cadzow filtej works muchbetterthan standard FX preservingdips, diffractions and faults on structured
data.

Theory

The philosophy of Cadzow and Eigenimage filtering utiliaeapproximation othe matrix A by another
matrix A, of alower rankr than thabof theoriginal matrix A. Figure 1 shows examples of such lower rank
matrix approximation.
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Figure 1.Examples ofmatrix approximatiorwith lower tank matrix
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In seismicdataprocessing these matrices are complex matrices composed of Fourier coefficients of traces
for each constant frequency slicd€eldifference betweemethods like Eigenimage, Cadzottybrid and
other rankreduction filters is in how these corresponding traces are arranged in the frequency slice matrix.

1. Eigenimage filtering 2. Cadzow filtering
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In Eigenimage filtering (1)he corresponding traces fonefrequency slice cahe taken frm any square
grid such as &D stack or a crosspread oprestack datdn Cadzow filteringhe correspoding traces can
come from a singlshot gather ordered byffset orfrom 2D stack traces ordered by CDP. In Hyk(@d)
filtering (Trickett, 2009)or 2D-extensionGolyandinaet.al,2007) block matrix A is composeaf sub
matrices (A) which may be constructed from neighboring shot gathéiis.ificrease in statistiasiproves
the filterquality anddoes a better job at removing the random noise. To illusteedeple(4) shows three
shots combined together to form matrix A.

Standard FX filter is based on assumption thaan enserble of sésmic traces hafew linear everd of
constant dips andhndom noiseTherefore FX filtering doesnot work well wherthedip varies within the
filter width or when there is a discontinuity of events within the filter width. Cadzovilf€Xdng does not
have such limiaitions as iexploitsanother property matrix rank. B increaing the rank we can
approximateany complex structure

Sacchi presentesl simpleexplanation whyn SSAtherankof the trajectory matrix = 1 for a plain wave
(Sacchi,2009). The plane wave is representediidandFX domainass(t,x)=w(tpx) and

S(w,x)=W(w)&"™, wherex is space coordinatej time, andw i angular frequencyror regularly sampled
coordinatex=(k-1 ) gardfor one fixed freuencylet S=W e'" - Wherel=wpee x

Foran example witlY equally spaced trasghe trajectory matrix is
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and ly substitution of expression f&; in M, Sacchi shows that this trajectory mrahas a rank =1.

Following Sacchi, dt us consider an exampiden our plain wave has sorfailt or discontinuity. Such
discontinuity can be simulatdxy just dropping one tradeom the seriesSo, nstead oplain waveseries
shown inFigurel.a

SIFRS IS RESTHIS BSOS 2

let us consider

SHSESHSIS R 3

whereS; is dropped so thatall traces are shifted, amchew tracess is added to make the semumler of
traces (Fig2.b)

Recovery i 2011 CSPG CSEG CWLS Convention 3



Figure 2 Plain wave and pin wave with discontinuity

a.Plain wave b. Plane wave witldiscontinuityi S; omitted
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In thecase of sucliscontinuity, the trajgtory matrix will look like

M= |32 4)

Let us compute the rank sfichtrajectory matrixwhenSsis skipped For simplicity, bty= e Uthen
S=Wy". Therefore,
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(6) shows that irthis casehe trajectory matrix harankr=3 (the 3 andthe 4™ lines are the same, and
cannotbe expressed as linear combinatiod®fand2™ lines).
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Similarly, it iseasy to shovwby substitutiorof expressions fo®, and reductiorthe matrix to row echelon
form) that whenS; is Kipped, the rank athe correspondingrajectory matrix =2, for skipped%, - r=4,
etc, as shown in Table 1.

Table 1 Trajectory matrixank versugault locationin a filter window

Omitted S, number 2 3 4 5 6 7
rank 2 3 4 4 3 2

This means that iive hae thistype ofdiscontinuityand use a running windofor filtering, the minimum
rank of thetrajectory matrix sufficient forepresenng the traces would increase te inaximum as the
centre ofrunning wirdow approaches the fault

However, in S8 we have thdlexibility to approximatethetrajectory with a matrix of higheranks. The
following synthetic examples demonstrate #aenwith anonmaximum rankCadzow FX method
provides better reswthanthe conventional FX

Examples

The objectve of the following syntheticxamples was to finthe imitations of both method$;X and

Cadzow FXin preservinghe resolution o€omplex structures including faulfdo random noise was

added mcewe were mostlyinterestedn how well the structuresipreserved aftéhefiltering. Various
parameters were tested for both the FX and Cadzow FX filters such as filter lengths, window lengths and
rank.

Results of both methods FX and Cadzow FX depend on the selection of parameters. Bearing that in mind,
we tested a range of parameter values for both methods to compare the best results of each. Figure 3 shov
fault images at some tested window lengths and the numbers of samples for FX filtering and Figure 4 show
the same fault after application of Cadzaolef at different ranks and window lengths. The Cadzow filter
shows some noise at the fault zone for 8 traces and rank 3 due to the ratio between the window length and
the rank but all other results are bettean the conventional FX filtarg.

Figures5 and 6 show the best results for both methods with theatite displays showing more saj
removed with the FX filter than with the Cadzow FX filter, particularly in the faulted area. The real data
examples shown in Figuresd7confirm the results faud in the synthetic data and show better random noise
attenuation when using the Cadzow FX filter.

Recovery i 2011 CSPG CSEG CWLS Convention 5



Figure 3 F-X Filter
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Figure 4 CadzowFX Filter
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Figure 5 FX filter
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Figure 6 Cadzow FX
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Figure8: Structure Stack w FX Figure 9 Structure Stack w Cadzow FX

Figure 7 Structure $ack

Data courtesy of Explo
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