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The purpose of this talk
1 Show results of Green’s-theorem preprocessing

(required by ISS algorithms)

2 Show results of satisfying the prerequisites for ISS
free-surface-multiple and internal-multiple
algorithms with synthetic data corresponding to
offshore plays
— For ISS to reach its full potential and deliver its
promise, its prerequisites must be met

3 Motivate onshore methods for satisfying ISS
prerequisites
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Overview

What’s the problem?

As exploration for hydrocarbons has moved into
areas with increasingly complex geology, there are
more instances in which multiples are proximal to or
even overlap the primaries.

Hence, demultiple algorithms are challenged to
remove multiples without damaging proximal
primaries.
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Overview

A solution to add to your seismic toolbox

The ISS can achieve all processing objectives
directly and without subsurface information.

In particular, the ISS free-surface-multiple algorithm
can accurately predict the phase (time) and
amplitude of free-surface multiples, if its
prerequisites (source signature and deghosted data)
are satisfied (Carvalho et al., 1992; Weglein et al.,
1997, 2003).

This has been demonstrated on marine field data
(Carvalho, 1992; Carvalho et al., 1992; Carvalho and
Weglein, 1994; Weglein et al., 2003; Ferreira, 2011).
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Overview

A solution to add to your seismic toolbox

The current ISS internal-multiple algorithm can
predict the exact phase (time) and an approximate
amplitude of all internal multiples, at once,
automatically, and without subsurface information
(Araújo et al., 1994; Weglein et al., 2003).

This has been demonstrated on marine field data
(Matson et al., 1999; Terenghi et al., 2011; Ferreira,
2011; Weglein, 2013; Goodway and Mackidd, 2013;
Kelamis and Yi Luo, 2013; Ferreira et al., 2013;
Dragoset, 2013; Brookes and Jenner, 2013; Griffiths
et al., 2013; Hegge et al., 2013).
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Overview

A solution to add to your seismic toolbox

Those ISS properties are what all other current
demultiple methods (e.g., Feedback-loop methods,
modeling and subtraction of multiples, and filter
methods) do not possess and cannot deliver
(Weglein, 1999; Weglein and Dragoset, 2005; Qiang
Fu et al., 2010; Yi Luo et al., 2011; Weglein et al.,
2011; Ferreira, 2011; Kelamis et al., 2013).

Details concerning the ISS free-surface-multiple and
internal-multiple algorithms were covered in Dr.
Weglein’s tutorial.
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Overview

But the ISS demultiple algorithms have prerequisites

The prerequisites for ISS demultiple algorithms can
be met by Green’s-theorem-based algorithms
(Weglein and Secrest, 1990; Weglein et al., 2002;
Jingfeng Zhang and Weglein, 2005, 2006; Jingfeng
Zhang, 2007).

Background on Green’s-theorem-based algorithms
was covered in Dr. Weglein’s tutorial.
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Overview

But why use Green’s theorem for deghosting instead
of the ISS?

The ISS equation linear in data is D = G0VG0,
where D is the measured data (after removing the
reference wave), G0 is a known analytic Green’s
function, and V is the difference between the actual
medium and the reference medium.
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Overview

We can deghost by replacing G0 with the
direct-wave Green’s function, G d

0 (Carvalho, 1992):

G d
0 G−10 DG−10 G d

0 = G d
0 G−10 G0︸ ︷︷ ︸

=I

V G0G−10︸ ︷︷ ︸
=I

G d
0

D ′ = G d
0 VG d

0

However, G−10 can be unstable (near ghost notches)
if we don’t know the exact depth of the towed cable.

No similar inverse function appears when using
Green’s theorem, provides a more stable deghosting
algorithm.

This fact motivates us to find Green’s-theorem-type
methods for onshore.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 12 / 55



Overview

We can deghost by replacing G0 with the
direct-wave Green’s function, G d

0 (Carvalho, 1992):

G d
0 G−10 DG−10 G d

0 = G d
0 G−10 G0︸ ︷︷ ︸

=I

V G0G−10︸ ︷︷ ︸
=I

G d
0

D ′ = G d
0 VG d

0

However, G−10 can be unstable (near ghost notches)
if we don’t know the exact depth of the towed cable.

No similar inverse function appears when using
Green’s theorem, provides a more stable deghosting
algorithm.

This fact motivates us to find Green’s-theorem-type
methods for onshore.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 12 / 55



Overview

We can deghost by replacing G0 with the
direct-wave Green’s function, G d

0 (Carvalho, 1992):

G d
0 G−10 DG−10 G d

0 = G d
0 G−10 G0︸ ︷︷ ︸

=I

V G0G−10︸ ︷︷ ︸
=I

G d
0

D ′ = G d
0 VG d

0

However, G−10 can be unstable (near ghost notches)
if we don’t know the exact depth of the towed cable.

No similar inverse function appears when using
Green’s theorem, provides a more stable deghosting
algorithm.

This fact motivates us to find Green’s-theorem-type
methods for onshore.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 12 / 55



Overview

We can deghost by replacing G0 with the
direct-wave Green’s function, G d

0 (Carvalho, 1992):

G d
0 G−10 DG−10 G d

0 = G d
0 G−10 G0︸ ︷︷ ︸

=I

V G0G−10︸ ︷︷ ︸
=I

G d
0

D ′ = G d
0 VG d

0

However, G−10 can be unstable (near ghost notches)
if we don’t know the exact depth of the towed cable.

No similar inverse function appears when using
Green’s theorem, provides a more stable deghosting
algorithm.

This fact motivates us to find Green’s-theorem-type
methods for onshore.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 12 / 55



Overview

Discussions of Green’s-theorem deghosting in
Weglein et al. (2013a,b).

The ability of Green’s theorem to meet prerequisites
has been tested on SEAM and field data (Mayhan
and Weglein, 2013a; Mayhan, 2013).

We show examples in Figures 1 - 4 that will follow.
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Green’s-theorem deghosting
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Green’s-theorem deghosting

Green’s-theorem deghosting

Links to the current interest in broadband seismic

Used to satisfy ISS prerequisites
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Green’s-theorem deghosting
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SEAM Phase I Model:  Indicator Volume

Figure 1: SEAM deep-water Gulf of Mexico model: inline section
from the middle of the model. Layers 3-8 lie sequentially between
layers 2 and 9. Layer 1 isn’t shown. Figure courtesy of SEAM.
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Green’s-theorem deghosting

Figure 2: SEAM data, example shot (131373), recorded data at
17 m. Tested while an intern at PGS.
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Green’s-theorem deghosting

Figure 3: Green’s-theorem deghosting on SEAM data:
blue=input, red=R deghosted, green=S&R deghosted
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Green’s-theorem deghosting

Caption for Figure 3 on previous slide (from Mayhan and
Weglein, 2013b)

SEAM data, shot 131373, frequency spectra:
blue=P at 17 m, red=receiver deghosted at 10 m
using Green’s theorem, green=source and receiver
deghosted at 10 m using Green’s theorem.

Vertical axis=amplitude (dB), horizontal
axis=frequency (Hz).

The first source notch is at 44 Hz, which lies above
the source frequency range (1–30 Hz).

Note the shift of the spectrum towards lower
frequencies (which may be of interest to FWI).
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Green’s-theorem deghosting

Figure 4: Green’s-theorem deghosting on field data:
blue=input, red=R deghosted
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Green’s-theorem deghosting

Caption for Figure 4 on previous slide (from Mayhan
et al., 2011)

2D field data, shot 841, frequency spectra: blue=P
at 25 m, red=receiver deghosted at the air-water
boundary using Green’s theorem.

Vertical axis=amplitude (dB), horizontal
axis=frequency (Hz).

The receiver notches around 30 Hz, 60 Hz, and
90 Hz have been filled in.

Input data courtesy of PGS.
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Green’s-theorem deghosting

Zhiqiang (Justin) Wang (now at PGS) tested
Green’s-theorem deghosting while an intern at Total
(shown in next slide)
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Green’s-theorem deghosting

Some of Zhiqiang Wang’s deghosting results

Green’s theorem deghosting

and

P(zg,zs,ω) = R

"
eik(2zwb−zg−zs)− eik(2zwb−zg+zs)

2ik

+
−eik(2zwb+zg−zs) + eik(2zwb+zg+zs)

2ik

#
. (4)

represents the water-bottom reflected primary and its source,
receiver, and source and receiver ghosts respectively. Here
k = ω/c0 is the wave number, R is the water-bottom reflec-
tion coefficient, zg is the receiver depth, zs is the source depth,
zwb is the water-bottom depth, and we suppose the free surface
is at depth 0 and the sources and receivers are placed between
free surface and water bottom (0 < zs < zg < zwb).

Substitute the Green’s function G0 and the wavefield P into
Equation 1 to perform receiver side deghosting,

Pdeghosted
receiver (z′g,zs,ω)

= [P(z,zs,ω)
dG+

0 (z,z′g,ω)
dz

−G+
0 (z,z′g,ω)

dP(z,zs,ω)
dz

]|z=zg

= R

"
eik(2zwb−z′g−zs)− eik(2zwb−z′g+zs)

2ik

#
. (5)

Here we assume z′g < zg, which means the predicted cable is
shallower than the actual cable. The receiver side ghosts are
removed and only the primary and its source side ghost remain
in Equation 5. Further, we feed the receiver side deghosted
data into Equation 2 for source side deghosting,

Pdeghosted(z′g,z′s,ω)

= [Pdeghosted
receiver (z′g,z,ω)

dG+
0 (z,z′s,ω)

dz

−G+
0 (z,z′s,ω)

dPdeghosted
receiver (z′g,z,ω)

dz
]|z=zs

=
Reik(2zw−z′g−z′s)

2ik
. (6)

Again we assume z′s < zs (e.g., the predicted source is shal-
lower than the actual source). The result of equation 6 is the
water bottom reflected primary, without source, receiver, or
source and receiver ghosts.

(a) Model one
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Figure 1: Models for testing.
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Figure 2: Deghosting for model one.

NUMERICAL TESTING

The code used to compute the results in this abstract is the re-
ceiver side deghosting code written by J. Mayhan and released
in 2011 to the M-OSRP consortium. Changes were made to
accommodate both receiver and source side deghosting. As
mentioned above, we will use data with over/under sources
and over/under receiver cables.

The first tested case (Figure 1a) is a three layer model with
sources at 30m and 32m and receivers at 140m and 142m, such
that the ghosts are not overlapping either with the correspond-
ing primaries or among themselves. Figure 2b is the result after
receiver side deghosting and Figure 2c is source and receiver
side deghosting. Figures 2d, 2e, and 2f are the wiggle plots
of the zero-offset traces. We can see the ghosts are mainly
removed and the algorithm works with good accuracy.

The second tested case (Figure 1b) has 9 layers and is extracted
from a velocity model provided by TOTAL. In this case, we
choose the sources at 5m and 7m and receivers at 10m and
15m, so the events and their ghosts are overlapping. The data,
its receiver side deghosted result, and both source and receiver
side deghosted result are in Figures 3a, 3b, and 3c, respec-
tively. Figures 3d, 3e, and 3f represent the wiggle plots of
the zero-offset traces and Figures 3g, 3h and 3i are the spec-
trum plots of their wavelets. The notch at c0/(2d) = 1500/(2∗
12)hz = 62.5hz is removed after receiver side deghosting and

© 2012 SEG DOI  http://dx.doi.org/10.1190/segam2012-1246.1
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(a) Velocity model
(provided by Total)

Green’s theorem deghosting
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Figure 3: Deghosting for model two.

both receiver side deghosting and source side deghosting re-
cover more low frequency information.

Results are positive and encouraging for both receiver side
deghosting and source side deghosting when the data with dual
sources and dual receiver cables are provided. Below we ex-
amine the consequences of two issues associated with the input
data:

1. One issue is that in common practice, the derivative of
the field (either through direct measurement or through
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(c) Spectrum plot

Figure 4: Source deghosting using D f s = 0 for model two.

dual cables) may not be available, especially on the
source side. The industry trend has data with over/under
streamers available today, and sometimes over/under
sources, as well. However, Zhang (2007) uses Green’s
theorem to develop and exemplify a method that com-
pletely removes receiver and source ghosts with over/under
streamers/receivers or with a single streamer and a source
signature. The method does not require over/under sources.
Another method that can be applied is based on the no-
tion that the pressure field on the free surface D f s is
zero. This information can be used as another cable.
Figure 4 shows the result when this property is used
for model two. Comparing with the result using dual
sources (Figures 3), the source ghosts are satisfactarily
removed, although some high frequency information
has been damaged. For low-frequency, this could be
satisfactory.

2. Another issue is the sensitivity to how accurate the depth
of the cable is known due to a division if over/under ca-
bles are used. The Green’s theorem method is robust
to depth sensitivity (Zhang, 2007). Figure 5 compares
the results when different depth intervals are used for
receiver deghosting. The ghosts are well removed and
not visible after deghosting when the cable intervals
are 2 meters, 5 meters, or 10 meters. When the interval
gets to 20 meters, the ghosts are still largely attenuated
(comparing with Figures 2a and 2d).

IMPACT ON FREE-SURFACE MULTIPLE ELIMINATION

ISS free-surface multiple elimination method has the theoret-
ical capability of predicting the exact phase and amplitude of
multiples if its pre-requisites (source and receiver deghosting
in particular) are satisfied. Figure 6 shows the result of apply-
ing the deghosted data into ISS free-surface multiple elimina-
tion algorithm. The right half is generated by directly subtract-
ing the prediction from the input without any adaptive subtrac-
tion tool. We can see that all free-surface multiples are well
attenuated and primaries are not touched.

© 2012 SEG DOI  http://dx.doi.org/10.1190/segam2012-1246.1
SEG Las Vegas 2012 Annual Meeting Page 3
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(b) Spectrum plots of the wavelets

Figure 5: In (b), the left panel is before deghosting, the middle panel
is receiver deghosted, and the right panel is source and receiver
deghosted. Both receiver deghosting and source deghosting recover
more low-frequency information. (Zhiqiang Wang et al., 2012)
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Effect of prerequisites on ISS free-surface-multiple algorithm
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Effect of prerequisites on ISS free-surface-multiple algorithm

When the prerequisites are satisfied, the prediction
of multiples improves.

We show examples in Figures 6-13 that will follow.
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Effect of prerequisites on ISS free-surface-multiple algorithm

The ISS free-surface-multiple algorithm has the
following form (in 2D) (Carvalho, 1992):

D ′(kg , ks , ω) =
∞∑
n=1

D ′n(kg , ks , ω), where (1)

D ′n(kg , ks , ω) =
1

iπρ0A(ω)

∫ ∞

−∞
dk q exp (iq(εg + εs))

× D ′1(kg , k , ω)D ′n−1(k , ks , ω). (2)

Summing terms D ′1 through D ′n removes free-surface
multiples of orders 1 through n − 1
— and alters higher order multiples.
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Effect of prerequisites on ISS free-surface-multiple algorithm

Define variables in equations 1 and 2 (previous slide)

D ′ indicates measured data after removing reference
wave and ghosts

kg , ks , ω are Fourier conjugates of receiver x
coordinate, source x coordinate, time

ρ0 is mass density of reference medium (water)

A(ω) is frequency spectrum of point isotropic source

εg , εs are (fixed) receiver and source depths below
the free surface

Obliquity factor, q, is given by
q = sgn(ω)

√
ω2/c2

0 − k2
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Effect of prerequisites on ISS free-surface-multiple algorithm

Equation 2 (with the integral) requires only the
source signature A(ω) and data D ′1(kg , k , ω)
(deghosted and wavelet deconvolved) as its input.

The free-surface multiples are predicted
order-by-order and are summed (equation 1) to give
the free-surface-demultipled (and deghosted) data.

For a more detailed discussion, please see
Section 5.4 of Weglein et al. (2003).

Equation 2 can be modified to accommodate an
extended source with a radiation pattern (Jinlong
Yang et al., 2013).
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Effect of prerequisites on ISS free-surface-multiple algorithm

Model used for testing free-surface-multiple algorithm

Figure 6: Model used for Figures 7 - 10 that will follow (Jinlong
Yang et al., 2012).
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Effect of prerequisites on ISS free-surface-multiple algorithm

Figure 7: Free-surface-multiple elimination without prior removal of
ghosts (Jinlong Yang reported in Lin Tang et al., 2013)

FSM1

FSM2

P1

(a) Input data

0.5

1.0

1.5

2.0

T
im

e(
s)

500 1000 1500
Trace Number

(b) ISS FSM
prediction

0.5

1.0

1.5

2.0

T
im

e(
s)

500 1000 1500
Trace Number

(c) After a simple
(non-adaptive)
subtraction

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 30 / 55



Effect of prerequisites on ISS free-surface-multiple algorithm

Figure 8: Free-surface-multiple elimination with prior removal of
ghosts (Jinlong Yang reported in Lin Tang et al., 2013)
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Effect of prerequisites on ISS free-surface-multiple algorithm

Figure 9: ISS free-surface-multiple elimination without source
wavelet deconvolution (Jinlong Yang et al., 2012).
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Effect of prerequisites on ISS free-surface-multiple algorithm

Figure 10: ISS free-surface-multiple elimination with source wavelet
deconvolution (Jinlong Yang et al., 2012).
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Effect of prerequisites on ISS free-surface-multiple algorithm

ISS free-surface-multiple algorithm assumes
1 Carvalho’s obliquity factor, q, given (in 2D) by

q = sgn(ω)
√
ω2/c2

0 − k2

— Not available in methods from other consortia

2 Wavelet removed
3 Receiver and source ghosts removed
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Effect of prerequisites on ISS free-surface-multiple algorithm

Taking a first order equation and expecting adaptive
subtraction to correct is overuse of adaptive subtraction
— Make prediction as strong as possible
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Effect of prerequisites on ISS internal-multiple algorithm
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Effect of prerequisites on ISS internal-multiple algorithm

The ISS internal-multiple algorithm has the following form (in 2D)
(Araújo et al., 1994; Weglein et al., 2003; Terenghi et al., 2011):

b3IM(kg , ks , ω)

=
1

(2π)2

∫ ∞
−∞

dk1 exp (iq1(zg − zs))

∫ ∞
−∞

dk2 exp (iq2(zg − zs))

×
∫ ∞
−∞

dz1b1(kg , k1, z1) exp (i(qg + q1)z1)

×
∫ z1−ε

−∞
dz2b1(k1, k2, z2) exp (−i(q1 + q2)z2)

×
∫ ∞
z2+ε

dz3b1(k2, ks , z3) exp (i(q2 + qs)z3) (3)
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Effect of prerequisites on ISS internal-multiple algorithm

Define variables in equation 3 (previous slide)

z1, z2, z3 are the pseudodepths of three generic
points in the data

Range of integration chosen such that z1 > z2 and
z2 < z3
Vertical wave numbers are defined by
qi = sgn(ω)

√
ω2/c2

0 − k2
i for i = s, g , 1, 2

b1(kg , ks , z) corresponds to effective incident
plane-wave data in the pseudodepth domain

For a more detailed discussion please see Section 6
of Weglein et al. (2003).
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Effect of prerequisites on ISS internal-multiple algorithm

Equation 3 can be modified to suppress predictions
that do not correspond to internal multiples in the
seismic data (Chao Ma and Weglein, 2014b,c).

A new ISS algorithm is being developed to eliminate
(rather than attenuate) internal multiples (Yanglei
Zou and Weglein, 2014a,b).

As in the free-surface-multiple case, equation 3 can
be modified to accommodate an extended source
with a radiation pattern (Jinlong Yang et al., 2014).
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Effect of prerequisites on ISS internal-multiple algorithm

Model used for testing internal-multiple algorithm

Figure 11: Model used for Figures 12 and 13 that will follow.
(Jinlong Yang et al., 2013, 2014b).
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Effect of prerequisites on ISS internal-multiple algorithm

Figure 12: ISS internal-multiple attenuation without source wavelet
deconvolution (Jinlong Yang et al., 2014a,b).
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Effect of prerequisites on ISS internal-multiple algorithm

Figure 13: ISS internal-multiple attenuation with source wavelet
deconvolution (Jinlong Yang et al., 2014a).
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Effect of prerequisites on ISS internal-multiple algorithm

ISS internal-multiple algorithm assumes
1 Same as free-surface-multiple algorithm plus

free-surface multiples removed
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Onshore
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Onshore

Use of Green’s theorem to satisfy ISS prerequisites,
as is currently performed for marine seismic data, is
discussed in Jing Wu et al. (2014b), and a method
for finding the reference velocity in the near surface
is discussed in Lin Tang’s presentation.

Use of Green’s theorem to remove ground roll1 is
discussed in Jing Wu’s first presentation.

1Rayleigh waves, i.e., longitudinal and transverse waves that travel
near the surface
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Summary and Acknowledgements
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Summary and Acknowledgements

Revisiting the purposes of this talk:
1 We show ISS prerequisites are achievable on

synthetic and field data

2 We show the impact of preprocessing on ISS
multiple removal

3 We want the same for onshore
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Summary and Acknowledgements

Revisiting the purposes of this talk:

In complex geology, adaptive subtraction can’t fix
everything we leave out

Prerequisites matter more because we’re after
multiple elimination

Successes in marine are motivating us to do the
same on land
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Summary and Acknowledgements

Code currently available on sponsors-only portion of
mosrp.uh.edu:

Modeling
— Cagniard-de Hoop forward modeling (1D
acoustic earth, line source)
— Finite-difference forward modeling (2D acoustic
earth, line source)

Preprocessing
— Green’s-theorem marine-data preprocessing (2D
or 3D data sets)
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Summary and Acknowledgements

Code currently available on sponsors-only portion of
mosrp.uh.edu:

Multiple removal
— ISS free-surface-multiple elimination (3D data
sets)
— ISS internal-multiple attenuation (1.5D, 2D, or
3D data sets, including limited aperture version)

Adaptive subtraction
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Summary and Acknowledgements

To access the code

Go to mosrp.uh.edu and login as a sponsor

Research > Projects > Coding Projects

Code listed in reverse chronological order (most
recent code first)

Code has documentation, assumes working
knowledge of Linux, Seismic Unix, MPI, C, Fortran
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Summary and Acknowledgements
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Summary and Acknowledgements

Following talks will cover:

How back out onshore reference properties (Lin
Tang)

How predict onshore reference wave (Jing Wu)

The importance of collecting the right data onshore
(Qiang Fu)
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Carvalho, and Robert H. Stolt. “An Inverse-Scattering Series
Method for Attenuating Multiples in Seismic Reflection Data.”
Geophysics 62 (November-December 1997): 1975–1989.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 67 / 55



References

References XII

Weglein, Arthur B., Shih-Ying Hsu, Paolo Terenghi, Xu Li, and
Robert H. Stolt. “Multiple attenuation: Recent advances and the
road ahead (2011).” The Leading Edge 30 (August 2011):
864–875.

Weglein, Arthur B., Hong Liang, Jing Wu, James D. Mayhan, Lin
Tang, and Lasse Amundsen. “A new Green’s theorem de-ghosting
method that simultaneously: (1) avoids a finite difference
approximation for the normal derivative of the pressure and, (2)
avoids the need for replacing the normal derivative of pressure
with the vertical component of particle velocity, thereby avoiding
issues that can arise within each of those two
assumptions/approaches: Theory and analytic and numeric
examples.” Journal of Seismic Exploration 22 (November 2013):
413–426.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 68 / 55



References

References XIII

Weglein, Arthur B., James D. Mayhan, Lasse Amundsen, Hong
Liang, Jing Wu, Lin Tang, Yi Luo, and Qiang Fu. “Green’s
theorem de-ghosting algorithms in k , ω (e.g., P − Vz

de-ghosting) as a special case of x , ω algorithms (based on
Green’s theorem) with: (1) significant practical advantages and
disadvantages of algorithms in each domain, and (2) a new
message, implication and opportunity for marine towed streamer,
ocean bottom and on-shore acquisition and applications.”
Journal of Seismic Exploration 22 (September 2013): 389–412.

Weglein, Arthur B. and Bruce G. Secrest. “Wavelet estimation for a
multidimensional acoustic or elastic earth.” Geophysics 55 (July
1990): 902–913.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 69 / 55



References

References XIV

Wu, Jing and Arthur B. Weglein. “Green’s Theorem Based
Wavefield Separation Application on Elastic/Land.” 84th Annual
International Meeting, SEG, Expanded Abstracts. Submitted,
2014.

Yang, J. and A. B. Weglein. “Incorporating source and receiver
arrays in the Inverse Scattering Series free-surface multiple
elimination algorithm: Theory and examples that demonstrate
impact.” M-OSRP 2011-2012 Annual Report. 2012, 114–132.

Yang, J. and A. B. Weglein. “(1) Incorporating the source array in
the ISS free surface multiple elimination algorithm: the impact on
removing a multiple that interferes with a primary; and (2) the
first test of wavelet deconvolution on the internal multiple
algorithm.” M-OSRP 2012-2013 Annual Report. 2013, 105–119.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 70 / 55



References

References XV

Yang, Jinlong, James D. Mayhan, Lin Tang, and Arthur B. Weglein.
“Accommodating the source (and receiver) array in free-surface
multiple elimination algorithm: Impact on interfering or proximal
primaries and multiples.” 83rd Annual International Meeting,
SEG, Expanded Abstracts. 2013, 4184–4189.

Yang, Jinlong and Arthur B. Weglein. “Incorporating source wavelet
and radiation pattern into the ISS internal multiple attenuation
algorithm.” 84th Annual International Meeting, SEG, Expanded
Abstracts. Submitted, 2014.

Yang, Jinlong and Arthur B. Weglein. “Incorporating the source
wavelet and radiation pattern into the ISS internal multiple
attenuation algorithm: theory and examples.” M-OSRP
2013-2014 Annual Report. 2014, 63–78.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 71 / 55



References

References XVI

Zhang, Jingfeng. Wave theory based data preparation for inverse
scattering multiple removal, depth imaging and parameter
estimation: analysis and numerical tests of Green’s theorem
deghosting theory. PhD thesis, University of Houston, 2007.

Zhang, Jingfeng and Arthur B. Weglein. “Extinction theorem
deghosting method using towed streamer pressure data: analysis
of the receiver array effect on deghosting and subsequent free
surface multiple removal.” 75th Annual International Meeting,
SEG, Expanded Abstracts. 2005, 2095–2098.

Zhang, Jingfeng and Arthur B. Weglein. “Application of extinction
theorem deghosting method on ocean bottom data.” 76th
Annual International Meeting, SEG, Expanded Abstracts. 2006,
2674–2678.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 72 / 55



References

References XVII

Zou, Yanglei and Arthur B. Weglein. “The pre-stack 1D ISS internal
multiple elimination algorithm for all reflectors Part I: strengths
and limitations.” 84th Annual International Meeting, SEG,
Expanded Abstracts. Submitted, 2014.

Zou, Yanglei and Arthur B. Weglein. “The pre-stack 1D ISS internal
multiple elimination algorithm for all reflectors Part II: addressing
the limitations.” 84th Annual International Meeting, SEG,
Expanded Abstracts. Submitted, 2014.

Mayhan & Weglein () Multiples and prerequisites May 27-30, 2014 73 / 55


	Overview
	Green's-theorem deghosting
	Effect of prerequisites on ISS free-surface-multiple algorithm
	Effect of prerequisites on ISS internal-multiple algorithm
	Onshore
	Summary and Acknowledgements
	References

