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MATCHING PURSUIT-BASED APPARATUS AND TECHNIQUE TO CONSTRUCT A
SEISMIC SIGNAL USING A PREDICTED ENERGY DISTRIBUTION

BACKGROUND
[001] The invention generally relates to matching pursuit-based apparatus and technique

to construct a seismic signal using a predicted energy distribution.

[002] Seismic exploration involves surveying subterranean geological formations for
hydrocarbon deposits. A survey typically involves deploying seismic source(s) and seismic
sensors at predetermined locations. The sources generate seismic waves, which propagate into
the geological formations creating pressure changes and vibrations along their way. Changes in
elastic properties of the geological formation scatter the seismic waves, changing their direction
of propagation and other properties. Part of the energy emitted by the sources reaches the
seismic sensors. Some seismic sensors are sensitive to pressure changes (hydrophones), others
to particle motion (e.g., geophones), and industrial surveys may deploy only one type of sensors
or both. In response to the detected seismic events, the sensors generate electrical signals to
produce seismic data. Analysis of the seismic data can then indicate the presence or absence of

probable locations of hydrocarbon deposits.

[003] Some surveys are known as "marine" surveys because they are conducted in
marine environments. However, "marine” surveys may be conducted not only in saltwater
environments, but also in fresh and brackish waters. In one type of marine survey, called a
"towed-array" survey, an array of seismic sensor-containing streamers and sources is towed

behind a survey vessel.
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SUMMARY

[004] In an embodiment of the invention, a technique includes processing seismic data
indicative of samples of at least one measured seismic signal in a processor-based machine to, in
an iterative process, determine basis functions, which represent a constructed seismic signal.
The technique includes in each iteration of the iterative process, selecting another basis function
of the plurality of basis functions. The selecting includes based at least in part on the samples
and a current version of the constructed seismic signal, determining a cost function; and
interpreting the cost function based at least in part on a predicted energy distribution of the

constructed seismic signal to select the basis function.

[005] In another embodiment of the invention, a technique includes processing seismic
data indicative of samples of at least one measured seismic signal in a processor-based machine
to determine basis functions, which represent a constructed seismic signal based on matching
pursuit-based technique. The technique includes basing the determination of the basis functions

at least in part on a predicted energy distribution of the constructed seismic signal.

[006] In another embodiment of the invention, a system includes an interface to receive
seismic data indicative of samples of at least one measured seismic signal and a processor. The
processor is adapted to, in an iterative process, determine basis functions, which represent a
constructed seismic signal. In each iteration of this iterative process, the processor selects
another basis function of the plurality of basis functions in a technique that includes, based at
least in part on the samples and a current version of the constructed seismic signal, determining a
cost function and interpreting the cost function based at least in part on a predicted energy

distribution of the constructed seismic signal to select the basis function.

[007] In yet another embodiment of the invention, an article includes a computer
readable storage medium that stores instructions that when executed by at least one processor
cause said the processor(s) to process seismic data indicative of samples of at least one measured
signal to, in an iterative process, determine basis functions, which represent a constructed
seismic signal; and in each iteration of the iterative process, select another basis function of the
plurality of basis functions. The selection includes, based at least in part on the samples and a

current version of the constructed seismic signal, determining a cost function and interpreting the
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cost function based at least in part on a predicted energy distribution of the constructed seismic

signal to select the basis function.

[008] Advantages and other features of the invention will become apparent from the

following drawing, description and claims.

BRIEF DESCRIPTION OF THE DRAWING

[009] Fig. 1 is a schematic diagram of a marine-based seismic acquisition system

according to an embodiment of the invention.

[0010] Figs. 2 and 3 are flow diagrams depicting techniques to use matching pursuit-

based techniques to construct seismic signals according to embodiments of the invention.

[0011] Fig. 4 is a flow diagram depicting a technique to predict an energy distribution for

the constructed seismic signal according to an embodiment of the invention.

[0012] Fig. 5 is a schematic diagram of a data processing system according to an

embodiment of the invention.

DETAILED DESCRIPTION

[0013] Fig. 1 depicts an embodiment 10 of a marine-based seismic data acquisition
system in accordance with some embodiments of the invention. In the system 10, a survey
vessel 20 tows one or more seismic streamers 30 (one exemplary streamer 30 being depicted in
Fig. 1) behind the vessel 20. It is noted that the streamers 30 may be arranged in a spread in
which multiple streamers 30 are towed in approximately the same plane at the same depth. As
another non-limiting example, the streamers may be towed at multiple depths, such as in an

over/under spread, for example.

[0014] The seismic streamers 30 may be several thousand meters long and may contain
various support cables (not shown), as well as wiring and/or circuitry (not shown) that may be
used to support communication along the streamers 30. In general, each streamer 30 includes a
primary cable into which is mounted seismic sensors that record seismic signals. The streamers
30 contain seismic sensors 58, which may be, depending on the particular embodiment of the

invention, hydrophones (as one non-limiting example) to acquire pressure data or multi-
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component sensors. For embodiments of the invention in which the sensors 58 are multi-
component sensors (as another non-limiting example), each sensor is capable of detecting a
pressure wavefield and at least one component of a particle motion that is associated with
acoustic signals that are proximate to the sensor. Examples of particle motions include one or
more components of a particle displacement, one or more components (inline (x), crossline (y)
and vertical (z) components (see axes 59, for example)) of a particle velocity and one or more

components of a particle acceleration.

[0015] Depending on the particular embodiment of the invention, the multi-component
seismic sensor may include one or more hydrophones, geophones, particle displacement sensors,

particle velocity sensors, accelerometers, pressure gradient sensors, or combinations thereof.

[0016] For example, in accordance with some embodiments of the invention, a particular
multi-component seismic sensor may include a hydrophone for measuring pressure and three
orthogonally-aligned accelerometers to measure three corresponding orthogonal components of
particle velocity and/or acceleration near the sensor. It is noted that the multi-component seismic
sensor may be implemented as a single device (as depicted in Fig. 1) or may be implemented as
a plurality of devices, depending on the particular embodiment of the invention. A particular
multi-component seismic sensor may also include pressure gradient sensors, which constitute
another type of particle motion sensors. Each pressure gradient sensor measures the change in
the pressure wavefield at a particular point with respect to a particular direction. For example,
one of the pressure gradient sensors may acquire seismic data indicative of, at a particular point,
the partial derivative of the pressure wavefield with respect to the crossline direction, and
another one of the pressure gradient sensors may acquire, at a particular point, seismic data
indicative of the pressure derivative with respect to the inline direction, and another one of the
pressure gradient sensors may acquire, at a particular point, seismic data indicative of the

pressure derivative with respect to the vertical direction.

[0017] The marine seismic data acquisition system 10 includes seismic sources 40 (two
exemplary seismic sources 40 being depicted in Fig. 1), such as air guns and the like. In some
embodiments of the invention, the seismic sources 40 may be coupled to, or towed by, the survey
vessel 20. Alternatively, in other embodiments of the invention, the seismic sources 40 may

operate independently of the survey vessel 20, in that the sources 40 may be coupled to other
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vessels or buoys, as just a few examples.

[0018] As the seismic streamers 30 are towed behind the survey vessel 20, acoustic
signals 42 (an exemplary acoustic signal 42 being depicted in Fig. 1), often referred to as "shots,"
are produced by the seismic sources 40 and are directed down through a water column 44 into
strata 62 and 68 beneath a water bottom surface 24. The acoustic signals 42 are reflected from
the various subterranean geological formations, such as an exemplary formation 65 that is

depicted in Fig. 1.

[0019] The incident acoustic signals 42 that are created by the sources 40 produce
corresponding reflected acoustic signals, or pressure waves 60, which are sensed by the seismic
sensors 58. It is noted that the seismic waves that are received and sensed by the seismic sensors
58 include "up going" seismic waves that propagate to the sensors 58 after reflections at the
subsurface, as well as "down going" seismic waves that are produced by reflections of the

pressure waves 60 from an air-water boundary, or free surface 31.

[0020] The seismic sensors 58 generate signals (digital signals, for example), called
"traces," which indicate the acquired measurements of the pressure wavefield and particle
motion. The traces are recorded and may be at least partially processed by a signal processing
unit 23 that is deployed on the survey vessel 20, in accordance with some embodiments of the
invention. For example, a particular seismic sensor 58 may provide a trace, which corresponds
to a measure of a pressure wavefield by its hydrophone; and the sensor 58 may provide
(depending on the particular embodiment of the invention) one or more traces that correspond to

one or more components of particle motion.

[0021] The goal of the seismic acquisition is to build up an image of a survey area for
purposes of identifying subterranean geological formations, such as the exemplary geological
formation 65. Subsequent analysis of the representation may reveal probable locations of
hydrocarbon deposits in subterranean geological formations. Depending on the particular
embodiment of the invention, portions of the analysis of the representation may be performed on
the seismic survey vessel 20, such as by the signal processing unit 23. In accordance with other
embodiments of the invention, the representation may be processed by a seismic data processing
system that may be, for example, located on land or on the vessel 20. Thus, many variations are

possible and are within the scope of the appended claims.
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[0022] It may be useful to process the acquired seismic data for purposes of determining
interpolated or extrapolated wavefield measurements, which were not acquired by the sensors.
For example, quite often, sampled seismic data contains insufficient information to produce an
unaliased construction of a seismic wavefield in a given direction. For example, the spread of
streamers 30 may include streamers 30 that are spaced apart in the crossline (y) direction, which
means that the seismic sensors are rather sparsely spaced apart in the crossline direction, as
compared to the inline (x) spacing of the seismic sensors. As a result, the pressure wavefield
may be relatively densely sampled in the inline direction while being sparsely sampled in the
crossline direction to such a degree that the sampled pressure wavefield may be aliased in the
crossline direction. An interpolation technique, such as a matching pursuit-based technique, may
be used for purposes of interpolating the pressure wavefield in the crossline direction. An
example of the use of a matching pursuit-based technique to interpolate the pressure wavefield in
an undersampled direction is described in, for example, U.S. Patent Application Serial No.
12/370,762, entitled "INTERPOLATING A PRESSURE WAVEFIELD IN AN
UNDERSAMPLED DIRECTION," which was filed on February 13, 2009, and is hereby

reference in its entirety.

[0023] In general, the matching pursuit-based technique is used to determine a set of
basis functions, which when added together represent a sampled signal. The matching pursuit-
based technique iteratively determines the basis functions through an optimization procedure. In
general, the matching pursuit-based technique reconstructs a spatially contiguous representation

of a seismic signal so that a denser sampling of the signal may be obtained.

[0024] For multi-component marine seismic acquisition, a multiple channel, matching
pursuit-based technique may similarly be used to make use of pressure in its horizontal gradient
to de-alias seismic signals in the crossline direction. For example, a multiple channel, matching
pursuit-based technique, such as the Multichannel Interpolation by Matching Pursuit (MIMAP),
may be employed. The MIMAP technique is disclosed in UK Patent Application No. GB
2450122 A, which was published on December 17, 2008, and is hereby reference in its entirety.

[0025] The MIMAP technique simultaneously uses pressure and the horizontal gradient
of pressure as inputs to de-alias seismic signals in the crossline direction. A finer and more

general matching pursuit-based technique, making use of more components (i.e., pressure,
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vertical and horizontal gradients) to achieve joint interpolation and three-dimensional (3-D)
wavefield separation is the Generalized Matching Pursuit (GMP) technique. The GMP
technique is disclosed in U.S. Patent No. 7,817,495, entitled, "JOINTLY INTERPOLATING
AND DEGHOSTING SEISMIC DATA," which issued on October 19, 2010, and is hereby

reference in its entirety.

[0026] The GMP technique applies an appropriate forward filter to the basis function(s)
before matching the function(s) to every input measurement. In this manner, pursuant to the
GMP technique, each basis function is selected in an iterative process after being filtered and
matched to the sampled data to allow reconstruction of an unfiltered and de-aliased seismic

signal at the desired positions.

[0027] There are various other matching pursuit-based techniques that may be used, in
accordance with the various embodiments of the invention, which are disclosed herein, such as
(as additional non-limiting examples), the matching pursuit-based techniques disclosed in U.S.
Patent Application Serial No. 12/370,684, entitled, "RECONSTRUCTING SEISMIC
WAVEFIELDS," which was filed on February 13, 2009, and is reference in its entirety; and U.S.
Patent Application Serial No. 12/370,710, entitled, "RECONSTRUCTING A SEISMIC
WAVEFIELD," which was filed on February 13, 2009, and is hereby reference in its entirety.

[0028] As can be appreciated by the skilled artisan, any of a number of different sampled
seismic signals (acceleration measurements, particle velocity measurements, particle motion
measurements, pressure gradients, etc.) may be processed by a matching pursuit-based technique
for purposes of deriving a constructed output signal, which also may be any of a number of

different seismic signals.

[0029] It has been discovered that the matching pursuit-based technique (in any of the
above-mentioned forms, for example), when applied to multicomponent data, has significant
anti-aliasing potential. More specifically, when the aliased spectral replicas of the
multicomponent data do not overlap, a multichannel matching pursuit-based technique allows a
relatively accurate determination of basis functions describing datasets that may be subject to
very high order aliasing. The assumptions that make this possible (i.e., non-overlapping aliased
spectral replicas) are much less restrictive than the assumptions used by most de-aliasing

techniques.
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[0030] Although the multiple channel application has significant anti-aliasing potential,
the susceptibility to aliasing is still a significant limitation for the case of a single channel
application. Also, in the case of multiple channel inputs, the mentioned assumptions may also
fail, and when this happens, the ability of a matching pursuit-based technique to describe the
desired signal with the correct set of basis functions becomes slightly weaker. For example,
when the order of aliasing increases, the probability of overlapping spectral replicas also
increases. In seismic data, this effect makes the high frequency components much more difficult

to reconstruct than the low frequency components of the data.

[0031] Referring to Fig. 2, in accordance with embodiments of the invention described
herein, a technique 100 may be used, in general, to determine the basis functions pursuant to the
matching pursuit-based technique. The technique 100 includes determining (block 104) basis
functions to represent a constructed seismic signal using a matching pursuit-based technique,
estimating (block 108) an energy distribution of the constructed seismic signal and using (block
112) the estimated energy distribution in the determination of the basis functions. In this regard,
the energy distribution estimate, which may be based on prior knowledge or an estimate formed
from a particular region of the frequency spectrum (as further described herein) may be used as a
likelihood indicator to aid the matching pursuit-based technique in the selection of the correct set

of basis functions, as further described below.

[0032] As a more specific example, the matching pursuit technique may be the
previously mentioned MIMAP technique, which relates to multiple channel interpolation having
pressure and its horizontal gradient as inputs. It is noted that the following description may
similarly also apply to the GMP matching pursuit-based technique described in previously-
mentioned U.S. Patent No. 7,817,495 with the three components (pressure, horizontal and
vertical gradients) as inputs or even two components from any combination of these three
components. The MIMAP matching pursuit-based technique describes the seismic signal to be
constructed as a summation of basis functions and its horizontal derivatives as the summation of
the horizontal derivatives of the same basis functions. The basis functions are determined in an
iterative process such that in each iteration, a new basis function is selected to optimally match
both the pressure and pressure gradient signals, measured at the sample positions, by minimizing

a cost function.
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[0033] In accordance with some embodiments of the invention, the cost function may be
the cost function used to derive the Lomb spectrum. In this manner, in the case of sinusoidal
basis functions, the cost function generated by interpolation by matching pursuit (IMAP) with

optimal amplitudes in the least square sense corresponds to the Lomb spectrum.
[0034] Considering the simplest case of complex exponential basis functions, a signal
(called "s(x)") to be interpolated may be described as follows:

s(x)= Z[ap cos(k,x)-ib, sin(kpx)], Eq. 1

p

and the gradient of the s(x) signal, called "sx(x)," may be described as follows:
s (x)=D ik, [ap cos (k,x)—ib, sin(kpx)], Eq.2
p
where "a" represents the in-phase amplitude of the basis function; "b" represents the quadrature

amplitude of the basis function; "k" represents the wavenumber of the basis function; and "p

represents the iteration number.

[0035] At iteration 1, at the input positions x,, the basis function that will be selected,
removed from the residual at the input positions and added to the output signal at the desired
position is the basis function described by the a, b and k parameters, which minimize the

following cost function:

2 +/1||r'l—1 (xn)_ik(acos(kxn)—ibSiIl(kxn))

[a,,b,,k,] :argminZ[”rH (x,)—acos(kx,)+ibsin(kx,) |2} ,Eq. 3

where "n" represents the index to scan all the input positions; "rj.;" represents the residual
obtained by subtracting from the input data the basis functions determined at the first 1-1
iterations; and "r'.;" represents the same residual determined on the gradient measurements.
Moreover, in Eq. 3, "A" represents a weighted balancing of the impact of the gradient residual on
the cost function. For this specific non-limiting example, the minimization is the L2 norm,

although other norms may be used, in accordance with other embodiments of the invention.

[0036] The a and b parameters may be analytically and optimally determined as a
function of the ryj, r',.; residuals of the wavenumber k and of the input sample positions, as

disclosed in Vassallo, M., Ozbek, A., Ozdemir, K. and Eggenberger, K., Crossline Wavefield
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Reconstruction from Multicomponent Streamer Data: Part 1 —Interpolation by Matching Pursuit
Using Pressure and Its Crossline Gradient. Geophysics, Vol. 75, No. 6, pp. WB53-WB67,
November-December 2010, which is hereby reference in its entirety. Therefore, the only

remaining parameter to select is the k; wavenumber, as set forth below:

2

[kl] =argmin2||rH (xn)_a(rl—l(xn)’r'l—l (xn)’xn’k)cos(kxn)"'ib("l—l(xn)’r'l—l(xn)’xn’k)sm(kxn)
oo Eq. 4

A ()= (0 (5,) 7 (35,5, eos Ok, ) = (s (3,).7, (3,). K sin e, ) )

[0037] Using the above-described cost function may not be entirely reliable, however, in
such cases as relatively coarse sampling; irregular sampling; particularly low signal-to-noise
ratio (SNR) on the measured data; spectral leakage; or noise energy. In this regard, any of the

above-described factors may introduce incorrect, or false, minima in the cost function.

[0038] However, in accordance with embodiments of the invention described herein, the
predicted, or estimated, likely energy distribution of the constructed signal is used in a manner
that aids interpretation of the cost function such that the matching pursuit-based technique
discriminates between the false minima and the realistic minima. For the example disclosed
herein, the basis functions vary with the wavenumber, and the estimated energy distribution may
be obtained as a function of the expected spectrum of the constructed signal or an estimate of the
spectrum itself. As a non-limiting example, the predicted energy distribution may be used to

interpret the cost function by reformulating the cost function, as follows:

[k,]= arglfnin[(—af(q_l(xn),xn,kl)—blz(ig_l (5,) %,k ) (1+ 4°) (1+aS () |, Eq. 5

where " § (k)" represents the predicted likely energy distribution of the data; and "o." represents

a weighting parameter that allows the enabling or disabling of the use of the predicted energy
distribution or the increase or decrease in the impact of the estimate, depending on how reliable

the distribution is expected to be. In this manner, the matching pursuit-based technique is driven
by the knowledge of where the S (k) estimate indicates that high energy is expected, indicating
the most likely positions of the realistic minima and reducing the likelihood of selecting false

minima due to aliasing or spectral leakage. Thus, the use of the S (k) estimate increases the

10
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likelihood of the selected basis functions describing the signal rather than being driven by

numerical or sampling artifacts.
[0039] For the specific example of Eq. 5, the S (k) estimate is used in a weighting

window (1+ as (k, )) Other weighting windows may be used, in accordance with other
embodiments of the invention.

[0040] Thus, referring to Fig. 3, in accordance with embodiments of the invention,
iterations of the matching pursuit-based technique may proceed as illustrated by a technique 120.
Pursuant to the technique 120, a residual energy based on previously-determined basis
function(s) and measured samples of input seismic signals are determined (block 124); and the
energy distribution of the constructed seismic signal is estimated, pursuant to block 128. Next,
the technique 120 includes determining (block 132) a cost function for selecting the next basis
function and interpreting (block 136) the cost function using the estimated energy distribution to
select the next basis function. Next, a determination is made (diamond 140) whether another
iteration is to be performed to determine another basis function, and if so, control returns to
block 124. Otherwise, the technique 120 terminates with the complete set of basis functions

being determined.

[0041] Itis noted that the above-described energy estimate may be applied to weight the
cost function in the more general case of the GMP matching pursuit-based technique or in any
case of multiple channel joint interpolation and deconvolution achieved by applying multiple
channel matching pursuit methods to seismic data, resulting in an increased robustness against
high order aliasing and reduced resolution. In the case of the GMP, the energy distribution
generating the mask describes the energy distribution of the output signal (i.e., the upgoing
pressure) and not any of the input measurements (i.e., total pressure and particle motions
wavefields). In this manner, the output signal constructed by applying the GMP-based technique
does not have the same spectrum of any of the inputs, and the transfer function from any input to

the desired output is actually used to model the cost function.

[0042] Itis thus noted that the systems and techniques that are disclosed herein may be

applied to any multiple dimension problem.

11
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[0043] When applying MIMAP or GMP-based techniques to seismic data in the
frequency space domain, low frequencies are not subject to spatial aliasing. Thus, the
information estimated at low frequencies may be extrapolated to high frequencies (linearly
extrapolation, for example) for purposes of generating an estimate of the spectrum to aid the
MIMAP-based technique to discriminate between signal spectrum related minima and aliased

replicas.

[0044] The systems and techniques that are disclosed herein may be particularly useful
for multiple component seismic interpolation or simultaneous interpolation and deconvolution
problems. In this manner, it is likely that at very low frequencies, some of the multicomponent
signals (such as particle motion, velocity or acceleration measurements) may be affected by
relatively strong noise and thus, may not be usable for processing purposes. In this case, the
prior information of the spatial spectrum may be estimated when applying the matching pursuit-
based technique to an intermediate temporal bandwidth, which is high enough to be safe from the
noise affecting the particle motion measurements and low enough not to be subject to very high
order aliasing. Such estimates may then be used as prior information to determine the spectrum
estimate in order to allow a matching pursuit-based technique to de-alias higher frequencies,
which are affected by higher order aliasing and also to allow a matching pursuit-based technique
to reconstruct lower frequencies that are affected by relatively strong noise and hence, may be
otherwise harder to reconstruct correctly. Thus, the techniques that are disclosed herein may be
used for purposes of using a matching pursuit-based technique to attenuate noise in
measurements, which may otherwise be too noisy at low frequencies to be used for further

processing.

[0045] In general, an estimate of the energy distribution of the signal in space (an
estimate of the spectrum in wavenumber domain) may be determined by analyzing the output
signal in the absence of priors in a band-pass interval of the temporal frequency axis. This
interval is designed, taking into account the geometry of the acquisition and the SNR on the
different components. The bandpass interval used for building the estimate may include

frequencies that may be subject to spatial aliasing in a single component scenario.

[0046] The estimate of the energy distribution may be derived from a prior knowledge of

the seismic wavefield. For example, the energy distribution may be derived from a synthetically
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generated dataset, which was generated by reproducing the actual acquisition scenario. As
another example, the estimate of the energy distribution may be derived from a previous seismic
measurement of the signal, which was acquired in a prior seismic survey (a time lapse, or "4-D"
survey, for example). Thus, many variations are contemplated and are within the scope of the

appended claims.

[0047] Referring to Fig. 4, in accordance with some embodiments of the invention, the
energy distribution may be predicted according to a technique 150. In general, information from
a known region of the frequency-wavenumber domain is extrapolated into an unknown
bandwidth. For the multicomponent seismic interpolation problem, the average energy
associated to every angle of instance may be used. In this regard, pursuant to the technique 150,
after the interpolated spectrum is available in a certain temporal bandwidth, the energy is stacked
according to the angle of incidence associated to every frequency wavenumber sample, pursuant
to block 154. The result of the process is then used to generate the estimated distribution of
energy that is available to support the matching pursuit-based technique in different bandwidths.
In this manner, pursuant to the technique 150, the obtained average energy per angle of incidence
is projected (block 158) towards the unknown regions of the spectrum to form the predicted
energy distribution. The overall process is different and more accurate in principle, than
conventional extrapolation techniques that are based on the direct mapping of low frequency-

wavenumber components directly towards higher frequency-wavenumber regions.

[0048] Referring to Fig. 5, in accordance with some embodiments of the invention, a data
processing system 320, or computer, which contains a processor 350 that processes acquired
seismic data to perform at least some parts of one or more of the techniques that are disclosed
herein for such purposes (as non-limiting examples) as performing an iterative process to
determine basis functions for a matching pursuit-based technique to construct a seismic signal;
determining a cost function associated with the basis function selection; using a predicted energy
distribution to aid in interpreting the cost function to discriminate between false and realistic

minimas in the cost function; etc.

[0049] In accordance with some embodiments of the invention, the processor 350 may be
formed from one or more microprocessors and/or microprocessor processing cores. As non-

limiting examples, the processor 350 may be located on a streamer 30 (see Fig. 1), located on the
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vessel 20 (see Fig. 1), located at a land-based processing facility, etc., depending on the
particular embodiment of the invention. Moreover, the data processing system 320 may be a

distributed processing system, in accordance with some embodiments of the invention.

[0050] As depicted in Fig. 5, the processor 350 may be coupled to a communication
interface 360 for purposes of receiving such data as multicomponent input data indicative of
sampled seismic input signals (data indicative of pressure, particle motion, particle velocity,
and/or acceleration measurements, as just a few non-limiting examples). As examples, the
communication interface 360 may be a Universal Serial Bus (USB) interface, a network
interface, a removable media interface (a flash card, CD-ROM interface, etc.) or a magnetic
storage interface (IDE or SCSI interfaces, as non-limiting examples). Thus, the communication
interface 360 may take on numerous forms, depending on the particular embodiment of the

invention.

[0051] In accordance with some embodiments of the invention, the processor 350 is
coupled to a memory 340, which stores program instructions 344, which when executed by the
processor 350, may cause the processor 350 to perform various tasks of one or more of the
techniques that are disclosed herein, such as the techniques 100, 120 and/or 150, as non-limiting
examples. It is noted that the memory 340 is a non-transitory memory and may take on
numerous forms, such as semiconductor storage, magnetic storage, optical storage, phase change
memory storage, capacitor-based storage, etc., depending on the particular implementation.
Furthermore, the memory 340 may be formed from more than one of these non-transitory
memories, in accordance with some embodiments of the invention. When executing the program
instruction 344, the processor 340 may also, for example, store preliminary, intermediate and/or
final results obtained via the execution of the program instructions 344 as data 348 in the

memory 340.

[0052] Itis noted that the data processing system 320 is merely an example of one out of
many possible architectures for processing the seismic data in accordance with the techniques
that are disclosed herein. Moreover, the data processing system 320 is represented in a
simplified form, as the processing system 320 may have various other components (a display to

display initial, intermediate or final results of the system's processing, as a non-limiting
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example), as can be appreciated by the skilled artisan. Thus, many variations are contemplated

and are within the scope of the appended claims.

[0053] While the present invention has been described with respect to a limited number
of embodiments, those skilled in the art, having the benefit of this disclosure, will appreciate
numerous modifications and variations therefrom. It is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this present

invention.
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WHAT IS CLAIMED IS:

1. A method comprising:
processing seismic data indicative of samples of at least one measured seismic signal in a
processor-based machine to, in an iterative process, determine basis functions which represent a
constructed seismic signal; and
in each iteration of the iterative process, selecting another basis function of the plurality
of basis functions, the selecting comprising:
based at least in part on the samples and a current version of the constructed
seismic signal, determining a cost function; and
interpreting the cost function based at least in part on a predicted energy

distribution of the constructed seismic signal to select said another basis function.

2. The method of claim 1, wherein the cost function has a magnitude that has a
plurality of minimums and the interpreting comprises selectively disregarding one or more of the

minimums based on the predicted energy distribution of the constructed seismic signal.

3. The method of claim 1, wherein the cost function is dependent on residual energy
determined based on the samples, the current version of the constructed seismic signal and at
least one parameter, and the selection of said another basis function comprises selecting said at

least one parameter for said another basis function.
4. The method of claim 1, wherein the samples are indicative of multiple channels
comprising at least one or more of the following: acceleration measurements, particle velocity

measurements, particle motion measurements and pressure measurements.

5. The method of claim 1, wherein the processing comprises using a matching

pursuit-based technique to determine the basis functions for the constructed seismic signal.

6. The method of claim 1, wherein the constructed seismic signal comprises a

contiguous version of a sampled input signal.
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7. The method of claim 1, wherein the constructed seismic signal comprises a

filtered contiguous version of a sampled input signal.

8. The method of claim 1, further comprising predicting a higher frequency region

of the predicted energy distribution based on an observed lower frequency energy.

9. The method of claim 8, wherein the observed lower frequency energy comprises

average energy per angle of incidence.

10. The method of claim 1, further comprising generating the predicted energy
distribution, the generating comprising:
based on spectral energy present in a first frequency range of said at least one
measured seismic signal, estimating spectral energy in a different second frequency range of the

predicted energy distribution.

11. The method of claim 10, wherein the second frequency range comprises a
relatively lower frequency range substantially associated with noise, and the first frequency

range comprises a relatively higher frequency range not substantially associated with noise.

12. The method of claim 10, wherein the second frequency range comprises a
relatively higher frequency range substantially associated with aliasing, and the first frequency

range comprises a relatively lower frequency range not substantially associated with aliasing.

13. The method of claim 1, wherein the predicted energy distribution comprises a

distribution derived from a priori knowledge of the energy distribution.

14. The method of claim 13, wherein the a priori knowledge comprises an energy
distribution derived from a synthetically produced dataset or an energy distribution derived from
a previous seismic survey conducted at a time prior to a survey in which said at least one seismic

signal was acquired.
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15. A method comprising:

processing seismic data indicative of samples of at least one measured seismic signal in a
processor-based machine to attenuate noise from said at least one measured seismic signal, said
at least one measured seismic signal comprising a lower frequency range substantially associated
with noise and the attenuating comprising:

predicting an energy distribution for the constructed seismic signal, the predicting
comprising estimating spectral energy in the lower frequency range of the predicted energy
distribution based on spectral energy present in a higher frequency range of said at least one
measured seismic signal; and

using a matching pursuit-based technique to determine basis functions which

represent the constructed seismic signal based at least in part on the predicted energy

distribution.

16. A method comprising:

processing seismic data indicative of samples of at least one measured seismic signal in a
processor-based machine to determine basis functions which represent a constructed seismic
signal based at least in part on a matching pursuit-based technique; and

basing the determination of the basis functions at least in part on a predicted energy

distribution of the constructed seismic signal.

17. The method of claim 16, wherein the cost function has a magnitude that has a
plurality of minimums and the interpreting comprises selectively disregarding one or more of the

minimums based on the predicted energy distribution of the constructed seismic signal.

18. The method of claim 16, wherein the cost function is dependent on residual
energy determined based on the samples, the current version of the constructed seismic signal
and a wavenumber, and the selection of said another basis function comprises selecting a

wavenumber value for said another basis function.

19. The method of claim 16, wherein the samples are indicative of multiple channels

comprising at least one or more of the following: acceleration measurements, particle velocity
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measurements, particle motion measurements and pressure measurements.

20. A system comprising:
an interface to receive seismic data indicative of samples of at least one measured seismic
signal;
a processor adapted to:
process the seismic data in an iterative process to determine basis functions which
represent a constructed seismic signal; and
in each iteration of the iterative process, select another basis function of the
plurality of basis functions,
wherein the processor is adapted to select said another basis function in each iteration
using a technique comprising:
based at least in part on the samples and a current version of the constructed
seismic signal, determining a cost function; and
interpreting the cost function based at least in part on a predicted energy

distribution of the constructed seismic signal to select said another basis function.

21. The system of claim 20, wherein the cost function has a magnitude that has a
plurality of minimums and the processor is further adapted to selectively disregard one or more

of the minimums based on the predicted energy distribution of the constructed seismic signal.

22. The system of claim 20, wherein the cost function is dependent on residual energy
determined based on the samples, the current version of the constructed seismic signal and a
wavenumber, and the processor is further adapted to select a wavenumber value for said another

basis function.
23. The system of claim 20, wherein the samples are indicative of multiple channels
comprising at least one or more of the following: acceleration measurements, particle velocity

measurements, particle motion measurements and pressure measurements.

24. The system of claim 20, wherein the processor is further adapted to predict a
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higher frequency region of the predicted energy distribution based on an observed lower

frequency energy.

25. The system of claim 20, wherein the observed lower frequency energy comprises

average energy per angle of incidence.

26. An article comprising a computer readable storage medium to store instructions
that when executed by at least one processor cause said at least one processor to:
process seismic data indicative of samples of at least one measured seismic signal in a
processor-based machine to, in an iterative process, determine basis functions which represent a
constructed seismic signal; and
in each iteration of the iterative process, select another basis function of the plurality of
basis functions, the selection of said another basis function comprising:
based at least in part on the samples and a current version of the constructed
seismic signal, determining a cost function; and
interpreting the cost function based at least in part on a predicted energy

distribution of the constructed seismic signal to select said another basis function.
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