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SELECTING A SURVEY SETTING FOR CHARACTERIZING A TARGET
STRUCTURE

BACKGROUND

[0001]  Survey operations can be performed to acquire measurement data for
characterizing content of a subterranean structure. Examples of survey operations
include seismic survey operations and electromagnetic survey operations. Survey
operations can be performed using survey equipment deployed at or above an carth
surface that is above the subterranean structure of interest. Alternatively, at least part

of the survey equipment can be deployed in wellbore(s).

[0002]  Once survey data is acquired, the survey data can be analyzed to
characterize the subterranean structure, such as by developing an image or other
representation of the subterranean structure, where the image or other representation

contains properties of the subterranean structure.

SUMMARY
[0003] In general, according to some embodiments, complex-valued sensitivity
data structures corresponding to respective candidate survey settings are provided,
where the sensitivity data structures relate measurement data associated with a target
structure to at least one parameter of a model of the target structure. Based on the
sensitivity data structures, a subset of the candidate survey settings is selected

according to a criterion for enhancing resolution in characterizing the target structure.
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[0004] In general, according to further embodiments, an article comprising at least
one machine-readable storage medium stores instructions that upon execution cause a
system to calculate complex-valued sensitivity data structures corresponding to
respective candidate survey settings, where the sensitivity data structures relate
measurement data associated with a target structure to at least one parameter of a
model of the target structure. Based on the sensitivity data structures, a subset of the
candidate survey settings is selected according to a criterion for enhancing resolution

in characterizing the target structure.

[0005] In general, according to further embodiments, a system includes at least one
storage medium to store complex-valued sensitivity data structures corresponding to
respective candidate survey settings, where the sensitivity data structures relate
measurement data associated with a target structure to at least one parameter of a
model of the target structure. At least one processor is to select, based on the
sensitivity data structures, a subset of the candidate survey settings according to a

criterion for enhancing resolution in characterizing the target structure.

[0006] In further or other implementations, the criterion is based on identifying at

least one of the candidate survey settings that reduces posterior uncertainty.
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[0007] In further or other implementations, an iterative procedure is performed, the
iterative procedure including: adding one of the sensitivity data structures to a
collection of sensitivity data structures previously considered; and based on a present
content of the collection of the sensitivity data structures, identifying, according to the
criterion, one of the candidate survey settings corresponding to the present content of

the collection.

[0008] In further or other implementations, the iterative procedure further
includes: determining whether a convergence condition has been satisfied; and if the
convergence condition has not been satisfied, continuing with the iterative procedure
by adding a further sensitivity data structure to the collection, and based on a further
present content of the collection, identifying, according to the criterion, one of the
candidate survey settings corresponding to the further present content of the

collection.

[0009]  In further or other implementations, survey equipment is configured
according to the at least one survey setting to perform a survey operation of the target

structure.

[0010] In further or other implementations, a particular one of the candidate survey
settings includes at least one item selected from the group consisting of: type of
survey equipment, a position of at least one component of the survey equipment, at

least one operational characteristic of the survey equipment.



WO 2012/134974 PCT/US2012/030240

[0011] In further or other implementations, the criterion is according to a ratio
between a determinant of a prior covariance matrix and a determinant of a posterior

covariance matrix.

[0012]  In further or other implementations, the sensitivity data structures include
information relating to the at least one model parameter that is sensitive to a subregion

less than an entirety of the target structure.

[0013] In further or other implementations, the at least one parameter of the model

accounts for an anisotropic radiation pattern of a scatterer in the target structure.

[0014] In further or other implementations, the at least one parameter of the model

is based on a function that encodes a shape of the scatterer.

[0015] In further or other implementations, selecting the subset of the candidate
survey settings comprises selecting a particular candidate survey setting plural times
to allow for stacking of measurement data acquired by the particular candidate survey

setting.

[0016] In further or other implementations, a process including the calculating and
selecting is used to identify, for further processing, a subset of measurement data

acquired by a survey arrangement.

[0017]  In further or other implementations, the sensitivity data structures relate
perturbations of measurement data to perturbations of the at least one model

parameter.
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[0018]  In further or other implementations, the target structure comprises a target

subterranean structure.

[0019] In further or other implementations, the criterion is based on prior

covariance information relating to the model.

[0020]  In further or other implementations, the criterion is based on a value
derived from a determinant of the prior covariance information and a determinant of

posterior covariance information.

[0021]  In further or other implementations, the selecting is performed using an
iterative procedure in which individual ones of the sensitivity data structures are
added to a collection of sensitivity data structures for consideration with successive

iterations.

[0022]  Other or alternative features will become apparent from the following

description, from the drawings, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Some embodiments are described with respect to the following figures:

Figs. 1 and 2 are schematic diagrams of example arrangements for performing

survey operations, according to some implementations;

Figs. 3 and 4 are flow diagrams of processes of determining one or more

survey designs, according to various implementations; and

Fig. 5 is a block diagram of an example system that incorporates some

implementations.
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DETAILED DESCRIPTION

Introduction

[0024]  To characterize a subterranean structure, it is desirable to collect as many
survey observations (measurement data) as possible to better understand properties of
the subterranean structure that is under investigation. An observation can include
measurement data of a single trace or a shot gather. A trace refers to measurement
data acquired by a seismic sensor (or array of seismic sensors) for a given single shot
(activation) of a seismic source. A seismic gather is a collection of seismic traces that
share an acquisition parameter, such as a common midpoint or other parameter.
Alternatively, an observation can be measurement data from a coil, which can include
mesurement data of seismic sensor(s) due to multiple shots (multiple activations of a

seismic sensor) in some predefined pattern.

[0025]  In practice, the number of survey observations that are available to
operators are often not optimal for purposes of achieving relatively good signal
quality, good resolution, and adequate spatial coverage of a target subterrancan
structure. To enhance accuracy of characterization of target subterranean structures,
pre-survey design can be performed to determine what settings associated with survey
equipment would produce results of enhanced accuracy. Traditionally, such pre-

survey design is manual in nature and can be labor-intensive and time-consuming.
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[0026]  Pre-survey designs can be based on use of models of subterrancan
structures. However, there can be uncertainties associated with models, due to poor
knowledge about the target subterranean structure. Consequently, it is often the case
that pre-survey designs are unable to determine survey equipment settings that
provide superior or optimal results. Examples of survey equipment settings include
positions of source-receive pairs that are deemed most valuable, or settings relating to
the optimal (or enhanced) frequency bandwidth in the presence of signal attenuation,
or settings relating to the type of components to use in survey equipment, and so
forth. More generally, a “survey setting” refers to one or more of the following: the
type of survey equipment used, positions of components of the survey equipment,

operational settings of the survey equipment, and so forth.

[0027] A “survey setting” can also be considered a survey design or a design of a
survey experiment, where a survey design or design of a survey experiment refers to

an arrangement of survey equipment used to perform a survey operation.

[0028]  Survey observations can be collected from performing seismic survey
operations. A seismic survey operation involves using at least one seismic source to
generate seismic waves that are propagated into a target subterranean structure.
Reflected waves from the subterranean structure are then detected by seismic survey
receivers, which can be deployed at a land surface above the subterranean structure, a
seafloor above the subterranean structure, or towed through a body of water. Seismic
survey operations can include land-based seismic survey operations, marine seismic

survey operations, wellbore seismic survey operations, and so forth.
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[0029]  Although reference is made to seismic surveying or acquisitions in the
present discussion, it is noted that techniques or mechanisms according to some
embodiments are applicable to other types of survey operations, such as
clectromagnetic (EM) survey operations. Also, techniques or mechanisms according
to some embodiments are applicable to other types of imaging contexts, such as
medical imaging (of human tissue, for example), imaging of machinery or mechanical

structures, and so forth.

[0030] In accordance with some embodiments, techniques or mechanisms are
provided for determining survey settings that can provide for enhanced resolution in
characterizing a target subterranean structure (or more generally, any other type of
target structure, including human tissue, machinery, mechanical structure, etc.). The
techniques or mechanisms are able to accommodate complex-valued sensitivity

matrices, as well as complex-valued covariance matrices.

[0031] A “sensitivity matrix” refers to a matrix containing parameters that relate
measurement data (acquired by survey equipment for a subterranean structure) to
model parameters (of a model that represents the subterranean structure). A
“covariance matrix” contains information that describes the uncertainty regarding a
model. Each of the sensitivity matrices and covariance matrices can be complex-
valued, which means that the respective matrix contains both real and imaginary
values. As explained further below, the ability to employ a complex-valued
sensitivity matrix (and in some cases a complex-valued covariance matrix) allows for

greater flexibility in characterizing a target subterranean structure.



WO 2012/134974 PCT/US2012/030240

[0032]  Although the ensuing discussion refers to sensitivity matrices and
covariance matrices, note that in alternative implementations, complex-valued
sensitivity data structures and complex-valued covariance data structures can be used,
where a “data structure” refers to any representation that contains information in a

predefined format.

[0033] In accordance with some embodiments, a link is established between a
sensitivity matrix and a survey setting for minimizing (or otherwise reducing)
posterior model uncertainties and to maximize (or otherwise enhance) model
resolution. “Posterior” model uncertainties refer to uncertainties in a model of a
subterranean structure that has been computed or adjusted based on observations

acquired by a survey operation.

Survey Environments

[0034]  Various different types of seismic survey operations can be performed,
including a vertical seismic profile (VSP) survey operation or a surface seismic
survey operation. A VSP survey arrangement is depicted in Fig. 1. A tool 100, which
can include a number of seismic receivers 102 (e.g. geophones, accelerometers, etc.)
can be positioned in a wellbore 104 on a carrier structure 106 (e.g. cable) that is
connected to surface equipment 108. One or more seismic sources 110 (e.g. airguns,
vibrators, etc.) can be positioned at the earth surface some distance from the wellbore

104. Alternatively or additionally, seismic sources can also be provided on the tool

10
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100. When the seismic source(s) 110 is (are) activated, seismic waves travel into a
subterranean structure 112 that surrounds the wellbore 104. A portion of the seismic
waves can be reflected as a result of changes in acoustic impedance in the
subterranean structure 112 due to the presence of various boundaries in the
subterranean structure. The seismic waves that reach the wellbore 104 can be
detected by the seismic receivers 102 in the wellbore 104, where the signals are
recorded by the seismic receivers 102 for later processing in characterizing the

subterranean structure 112.

[0035] A surface seismic survey arrangement is shown in Fig. 2, which is an
arrangement for performing a marine surface seismic survey. A marine vessel 200
can tow a streamer 202 (or multiple streamers) that carry seismic receivers 203. The
marine vessel 200 (or a different marine vessel) can tow at least one seismic source
204 that when activated causes seismic waves to be propagated into a subterranean
structure 206. Reflected waves from the subterranean structure 206 are detected by

the seismic receivers 203 in the streamer(s) 202.

[0036]  Another type of surface seismic survey arrangement is a land-based surface
seismic survey arrangement, where seismic source(s) and seismic receivers are

deployed on a land surface above the target subterranean structure.

[0037]  According to another example, a seismic survey arrangement includes

seismic-guided drilling equipment. The seismic-guided drilling equipment includes

11
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seismic source(s) and seismic receivers, and information acquired by the seismic

receivers can be used in guiding drilling of a wellbore.

[0038]  Although examples are provided of various different survey arrangements,
it is noted that in alternative examples, other survey arrangements can be used. For
example, such other survey arrangements can include electromagnetic survey
arrangements, or survey arrangements to measure data of other types of target

structures.

[0039]  Techniques or mechanisms according to some embodiments for
determining survey settings that can provide for enhanced resolution in characterizing
a target structure, can be applied in the context of any of the survey arrangements

discussed above.

Survey Design Identification Procedures

[0040] Fig. 3 is a flow diagram of a process according to some implementations.
The process includes calculating (at 302) sensitivity data structures corresponding to
respective candidate survey settings, where each of the sensitivity data structures
relates a corresponding set of survey observations (of a target subterranean structure)
to model parameters (of a model that represents the target subterranean structure).
The candidate survey settings that correspond to the sensitivity data structures

represent candidate survey designs to be used for acquiring respective survey

12
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observations. Some of the candidate survey settings can produce superior results (for
characterizing the target subterranean structure) as compared to other ones of the

candidate survey settings.

[0041] In some implementations, the sensitivity data structures can be part of a
sensitivity matrix; for example, the sensitivity data structures can be entries (e.g.
rows) of the sensitivity matrix. In some implementations, the sensitivity data
structures can be made up of different sensitivity matrices. In alternate
implementations, other appropriate data structures can be used in light of the

requirements of the application, as those with skill in the art will appreciate.

[0042] In the ensuing discussion, reference is made to a sensitivity matrix;
however, it is noted that in alternative implementations, techniques or mechanisms
according to some embodiments can also be applied in the context of multiple

sensitivity matrices.

[0043]  The sensitivity data structures can contain complex values (including both
real and imaginary values). Including complex values in the sensitivity data
structures allows for performance of various characterizations that cannot be achieved
using sensitivity data structures that contain just real values. For example, with
complex sensitivity data structures, imaging problems formulated in the frequency

domain can be solved.

[0044]  Based on the sensitivity data structures, the process of Fig. 3 selects (at

304) a subset (less than all) of the candidate survey settings according to a criterion

13
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for enhancing resolution in characterizing the subterranean structure. The selected
subset of survey settings can include one survey setting or multiple survey settings.
The goal is to find, among the candidate survey settings, the one (or ones) that is (are)
likely to provide information about model parameters (of a model representing a
target subterranean structure) that will complement the prior information, which
includes a set of already available survey observations. In other words, the process of
Fig. 3 secks to identify a survey design (or survey designs) that is likely to minimize
(or reduce) the posterior uncertainty and thus maximize (or enhance) the resolution of

the model parameters (of the model representing the target subterranean structure).

[0045]  The foregoing refers to implementations in which techniques are used to
produce a survey design for achieving a target goal. In further implementations, a
survey arrangement may already exist that has been used to acquire measurement data
regarding a subterranean structure. Techniques according to some embodiments, such
as according to Fig. 3, can be used to help identify a subset of the measurement data
that contains more useful information—the notion here is that processing of the subset
of the measurement data is more efficient than processing the full measurement data.
In this manner, accelerated or more rapid processing of measurement data can be
achieved, such as for purposes of quality control, providing a preliminary
representation (e.g. image) of the subterranean structure for quick review, and so
forth. Techniques according to some embodiments, such as according to Fig. 3, can
identify a subset of the survey arrangement that satisfies the criterion for enhancing

resolution in characterizing the subterranean structure. The subset of measurement

14
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data produced by the identified subset of the survey arrangement is then subject to

further processing.

[0046]  The ensuing discussion describes in detail how a sensitivity matrix G can
be derived in accordance with an example embodiment. The sensitivity matrix G is

set further forth below in Eq. 5.

[0047]  Consider a viscoelastic earth model (for representing a target subterranean
structure) characterized by mass density p(X) and complex stiffness coefficients
Cijir(X), where X is a Cartesian position vector. The mass density and stiffness
coefficients are examples of properties or parameters of a subterranean structure that
can be included in a model of the subterranean structure. In other examples, a model

of a subterranean structure can include other properties or parameters.

[0048]  The variables 7,/,k,/ represent four respective dimensions, including the
Cartesian dimensions x,y,z and a time dimension. The medium (of the target
subterranean structure) is assumed to be contained in a semi-infinite domain of
interest V. V represents a volume containing the subterranean structure, and is
bounded by a closed surface S = §, U S, where S, is a traction-free surface and S,
is a surface at infinity where the radiation condition holds. To account for attenuation
in elastic wave propagation, the stiffness coefficients ¢;j;, (X) are considered to have
complex values. In addition, the stiffness coefficients are assumed to be time-

independent with symmetries such that ¢ = ¢ji = Crij = Cijik-

15
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[0049]  Letu = (uq,u,, u3) be the three-component displacement field (where the
displacement field contains displacement data measured by seismic sensors), with

u; (X, w) being the it component of displacement at point X and frequency w. In
other examples, other types of measurement data (instead of displacement data) can
be measured, such as velocities and acceleraton. Here, X = (x4, x5, x3) = (x,y,2) €
V. In the frequency domain, the clastic wave equation with attenuation can be written

as
02PN (% ©) + 91 (%) Dt (%, @)] = fi(%, @) + My (%, @), (Eq. 1)

where 0; = d/ dx;, f; is a volume density of force applied in the it" axis direction,

M;; is a moment density indexed by the two axis directions i and j, and where the

i
Einstein summation convention is used. The solution of the elastic wave equation

(Eq. 1) can be written as a function of the attenuative outgoing Green function

Gin(X, X', w), as follows:

wX®) = = [, Gin(X X, 0)[fo(X, ®) + 9;My; (X', w)]dV’, (Eq. 2)
where V' = V(x'), and X’ represents possible locations of the medium (target
subterranean structure). The Green function is a function used to solve
inhomogeneous differential equations subject to initial conditions or boundary
conditions. The summation over the indices n and j accounts for volume density
forces applied in the three possible directions (n € {1,2,3}), and for the moment

densities with (n,j) € {(1,2),(1,3), (2,3)}.

16
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[0050]  Now, let u® = @', u{”, u”) be the displacement ficld due to sources
{F,VM} = {f;, 0;M;;}, in a medium represented by the model vector m® =
(p©, {cl.(;.)k)l}). Consider that a model m (which represents a target subterranean

structure) is obtained by adding a perturbation model represented by the vector
Am = (Ap, {Ac;jy}) to m©® so that

p=p®+Ap (Eq. 3)

_ (0
Cijkl = Cijkl + Acijkl'

[0051]  In Eq. 3, each of the density p and stiffness coefficient c;j; is based on a
previous value of the density and stiffness coefficient, respectively, as modified by a
perturbation (change) of the density (Ap) and stiffness coefficient (Acyjy,),
respectively. In the foregoing, m‘® can be considered the initial model of the
subterranean structure, and m is considered an updated model after an adjustment of
m‘® using the model perturbation represented by the vector Am. Alternatively, m®
can be considered the previous model (which has been updated in a previous iteration,
where the previous model is to be further updated to updated model m in the present

iteration).

[0052]  Under the Born approximation, a perturbation of the model parameters,
Am, such that m = m‘®) + Am, leads to a perturbation of the displacement ficlds
(measurement data), Au = (Au,, Au,, Aus) so that u = u(® + Au. Inserting the
expressions of Eq. 3 into Eq. 1, and assuming single scattering and neglecting higher

order terms yields the perturbed displacement ficlds Au; that are also solutions of the

17
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attenuative elastic wave equation with m® as the propagation medium and Am as

the scattering source. Thus, the Born approximation perturbation displacement fields

can be written as

(% 0) = 0 [, G (%X, o)V &, )Ap(x)aV’ = [, 'y [Gr) (%X, )] Ay () 0"l (X', w)aV".
(Eq. 4)

where § l.(;l)) (%, X', w) is the outgoing Green function in the unperturbed medium, and

ul@) (x, w) is the unperturbed incident wave, expressed as

ul@ Fw)=—[%; gl.(]f)) (x,x', w)s;(x',w)dV' . Also, Ap represents contrasts in

density, and Acyyj represents a contrast in a stiffness coefficient.

[0053] As noted above, a goal according to some embodiments is to select a
survey design (survey setting) that would yield, a posteriori, the best (or enhanced)
resolution of model parameters. Assuming a model contains mass density p(X) and
stiffness coefficients ¢, (X), as noted above, for example, then the goal is to find a
survey setting that is likely to be the most sensitive to the model parameters Ap and
Acyjr;. To that end, Eq. 4 set forth above carries two pieces of information. Eq. 4
shows that the Born approximation perturbation displacement fields Au are linearly
related to the perturbation model parameters Am = (Ap, {Ac; 4, }) (which, in general,
has 1 + 6 X 6 components, for example). Eq. 4 also expresses the fact that
displacement data, recorded at receiver location X, results from contributions from

wavefields possibly coming from the locations X’ in the medium.

18



WO 2012/134974 PCT/US2012/030240

[0054]  The linearity between the Born approximation displacement fields and the

model parameters implies that Eq. 4 can be written in a compact form as

Au = G Am, (Eq. 5)
where G, the sensitivity matrix, is a possibly complex N X (1 + 6 X 6)M sensitivity
matrix. Here, N and (1 + 6 X 6)M, for example, are the number of measurement
observations and the number of model parameters, respectively. For u;(X;, w), the i™
displacement component data recorded at a given receiver location X;, the elements
Gl.(jp ) and Gl.(jc) of the sensitivity matrix G represent the contributions to be associated
with the mass density p(x") and the stiffness coefficients c;;,; (X'), respectively.

These elements, which make up the sensitivity matrix G, are defined by the functional

derivatives

(p) _ Slduixj@)] (0) ' (0) ror

Gij = W@i’)] = wzgil (Xj,X , W)ul (X , W), (Eq 6)
(o) _ SlAui(xjw)] ' (0) ' 1. (0) pr

Gij = m =-0 k[gin (Xj,X ,W)] d lup (X ,W). (Eq 7)

where G i(lo) represents the outgoing Green function, which can be complex. As noted
above, the Green function is a function used to solve inhomogeneous differential

equations subject to initial conditions or boundary conditions.

[0055]  The sensitivity matrix G thus relates measurement data (acquired for a
target structure) to parameters of a model (that represents the target structure). More
specifically, according to Eq. 5, the sensitivity matrix G relates perturbation

measurement data (Au) to a perturbation of the model (Am).
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[0056]  The following describes the link between the sensitivity matrix G and
survey settings to minimize (or reduce) the posterior model uncertainties associated

with solving Eq. 5, and to maximize (or enhance) the corresponding model resolution.

[0057]  Assuming that what is known about the prior model m(® (which can be the
initial model or the previous model) and data uncertainties are their means and
covariances, the optimal (or enhanced) approximation for the prior model and data
noise distributions is the multivariate normal distribution. In such circumstances, the
Bayesian least-square solution of the linear system of Eq. 5 is a Gaussian distribution

Ny (Am, €) with center

Am = CGH(GCGH + Cp)'Auy, (Eq. 8)

and covariance

C=(G"Cy'G+CcH), (Eq. 9)
where the superscript H denotes a Hermitian transpose, Am represents a mean
solution for the model of the target subterranean structure, Au,,; = Au+eisa
vector of noisy measurements with noise, e~Np (0, Cp), and the uncertainties on the
prior model are described by NV}, (0, C). In Eqs. 8 and 9, C, represents the prior
covariance matrix on the measurement data, which represents uncertainty regarding
measurement data. Also, C represents the prior covariance matrix on the model,
which represents uncertainty regarding model parameters. A “prior” covariance
matrix describes uncertainty before acquisition of data and selection of a particular

survey setting. The matrix C is a posterior covariance matrix, which represents
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uncertainty following acquisition of data and selection of a particular survey setting.
In the general case Cp, C, and C are positive-definite, Hermitian matrices of complex
Au (measurement data acquired by survey equipment) and Am (model parameters).

Eq. 8 provides a mean solution for the model parameters.

[0058]  The posterior covariance matrix C helps to analyze how well the system has
been resolved due to selection of a particular survey setting for acquiring survey
observations. The diagonal elements of € are the variances (commonly referred to as
error bars) on the posterior values of the model parameters Am. The off-diagonal
elements are the covariances and provide a measure on how well a given model
parameter has been resolved independently of the others. Ideally, a perfectly resolved
system would lead to a posterior covariance matrix C with zero error bars on the
resolved model parameters. In such cases, the associated determinant, det(C), of the

posterior covariance matrix is zero.

[0059]  If one then knew the true model, then Am = Am,,,.,. However, in
practice, the posterior model is more likely to be a filtered version of the exact model.

Such a filtered version of Am is represented as

Am = RAm,, ., (Eq. 10)

wherein R is the resolution matrix:

R = CGA(GCGH + Cp)'G (Eq. 11)
=1-Cc™.
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[0060] In Eq. 11, Lis the identity matrix, where the identify matrix has 1s the main
diagonal and Os elsewhere. The resolution matrix R represents how a survey system
distorts a model from an exact model of a target subterranean structure. The columns
of the resolution matrix indicate how a delta function in the exact model would be
mapped in the estimated model. In some examples, the columns include the point-
spread functions (PSF) associated with R. The rows of the resolution matrix R
indicate how the exact model parameters are averaged to obtain a given estimated
model parameter. The rows are sometimes referred to as the Backus-Gilbert

averaging kernels. Also it follows from Eq. 11 that

C = (I-R)C, (Eq. 12)
which shows that any departure of € (the posterior covariance matrix) from the null

matrix indicates imperfect resolution, as represented by R.

[0061]  For a set of observations, {Au,} (where » represents a present iteration and
n iterates from 1 to some predefined number), collected based on a corresponding
survey setting {&,,} = {&: & € E}, the least-square solution of Eq. 5 is the Gaussian
distribution V;, (Am, €) if one assumes that the uncertainties associated with the prior
model and with the observations are Gaussian and described by N;,(0, C) and
Np(0,Cp), respectively. In the foregoing, E represents the universe of candidate

survey settings that are considered.

[0062]  Techniques or mechanisms according to some embodiments seek to find,

among a plurality of candidate survey designs (survey settings), the one or ones that is
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(are) likely to provide information about the model parameters that will better
complement the prior information, in particular, the set of already available
observations. The result is the identification of a setting that may minimize (or
reduce) the posterior uncertainty and thus maximize (or enhance) the resolution of the
model parameters of the model that represents the target subterranean structure. To

achieve the above, the following objective function is used:

© _ det(C) . -
Sopt = argI?GaEX 2e()’ for a fixed|Z|, (Eq. 13)

where | - | stands for the cardinal and det(-) for the determinant, and where Eq. 13
seeks to find a survey setting & from Z that results in a maximum of the ratio det(C)/
det(C). A determinant of a matrix (which in Eq. 13 includes C or C) is a value
computed from the elements of the matrix by predefined rules. The ratio of
determinants, det(C) /det(C), is referred to as the “C-norm.” The objective function
of Eq. 13 is equivalent to minimizing tr(R) (trace of R), which effectively reduces the
distortion represented by R. Said differently, the objective function constitutes a
criterion for enhancing resolution in characterizing the target structure, by reducing

distortion represented by R.

[0063]  The process of identifying a survey setting (defining a survey design to
acquire a respective observation), or multiple survey settings, is an iterative process
that is performed on an observation-by-observation basis. Note that different

observations are acquired using survey equipment having different survey settings.
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Thus, in the ensuing discussion, reference to sclecting an observation is the equivalent

of selecting a respective survey setting.

[0064]  The iterative procedure for identifying a survey setting (or survey settings)
on an observation-by-observation basis is depicted in Fig. 4. An iteration variable, #,
is initialized to zero (at 402). This variable is incremented with each successive
iteration. Let G,, be a sensitivity matrix whose rows correspond to the observations
chosen so far from the rows of the sensitivity matrix G, and let g7, be a row of G
corresponding to a candidate observation. In the beginning, G, is an empty matrix
(when n = 0), with no observations. However, as observations are chosen from G and
added to G, G,, is incrementally updated one entry (e.g. row) at a time, by adding (at
404) the current candidate observation, g7, ;, which is chosen from G. Thus, at
iteration n + 1, the sensitivity matrix G, of the experiment under consideration is

given by the block matrix

G,
Gria =7 ] (Eq. 14)
Bn+1
where n =1, 2, .... In the most general case, the data prior covariance matrix, Cp,

may be written as

(Cpn cn+1]

H 2
Cr+1 On4a

(o = | (Eq. 15)

wherein (Cp),, is the data prior covariance matrix of the base experiment data (the
measurement data prior to addition of the current candidate observation g7 .,), 62,4

is the variance of the data measurement that corresponds to the new candidate
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observation, g7, 1, and c,,,; is the vector whose components are the covariance terms

of the new candidate observation, g . ;.

[0065] It can be shown that the objective function in Eq. 13 takes on the iterative

form
et(Cy g - “Th'gh, a7
o) = (14 g AT)det(1+ BG, GG [1 4 K7 (a7 - et g ]
(Eq. 16)
where
A =C;' + GIBG,, (Eq. 17)
B = 0,4 ¢nt1(Colntcniicii1(Cp)nt, (Eq. 18)
h* = U{f1¢’ﬁi1[g:1+1 - G,’{(CD);lan], (Eq. 19)
K" = —0721p731¢/1(Cp)7 "Gy, (Eq. 20)
D1 =1 — 0 f1ct1(Cp)ntensn, (Eq. 21)

where the superscript * stands for the complex conjugate. In Eq. 16, C,, represents the
prior covariance matrix on the model, whereas C,,,; represents the posterior
covariance matrix. For uncorrelated data noise, ¢ = 0 and, consequently, Eq. 16

reduces to a simpler expression

det(Cy) _ i
de:(cnﬂ) =1+ 0;718%+1Cn8ns1 (Eq. 22)
=1+ 0,218711Ch8ni1 (Eq. 23)

where the Hermiticity of the covariance matrix has been invoked.
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[0066]  From among the obervations corresponding to the entries of G,, , the
procedure of Fig. 4 identifics (at 406) an entry 7 of G,, that maximizes the following

objective function derived from Eq. 22:

det(C;)

det(Citq) =1+ O-i_+21ggw+1cng;+1- (Eq. 24)

[0067]  Next, n is incremented (at 408) by 1 to perform continue to the next

iteration.

[0068]  The procedure next determines (at 410) if a convergence condition has been
satisfied. If not, then the procedure proceeds to perform tasks 404, 406, and 408 for
the next iteration. If the convergence condition has been satisfied, then the procedure
stops (at 412), and the survey setting corresponding to entry i of G, identified at 406

is returned as the selected optimal (or enhanced) survey setting.

[0069]  An example convergence condition can include the following condition:
adding a new observation to the experiment, as represented by G,,, no longer results in
signficant improvement of the ratio defined by Eq. 22; for example, if the
improvement of the ratio defined by Eq. 22 is less than some predefined threshold,
then that is an indication that the convergence condition has been met. Another
example convergence condition can be that the number of observations added to G,

has exceeded some predefined maximum number.

[0070] A benefit of using the iterative procedure of Fig. 4 is that the entirety of the

sensitivity matrix G does not have to be considered to find the optimal (or enhanced)
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survey setting(s). The sensitivity matrix G can be large and thus it may be
computationally expensive to consider the entirety of the entries of the sensitivity
matrix G. In accordance with some imlementations, by considering the partial matrix
G,,, and stoppoing when a convergence condition has been met, computational

efficiency can be enhanced.

[0071]  The foregoing has described Bayesian techniques for selecting survey
designs that optimally maximizes (or enhances) model parameter resolution for
characterizing target strcutures, such as subterranean structures, human tissues,
machinery, mechanical structures, and so forth. The techniques according to some
implementations are referred to as Bayesian D-optimality-based techniques, based on
usage of an objective function (e.g. Eq. 13 or 22) that secks to maximize a ratio of
determinants of covariance matrices. The techniques are able to select observation(s)

that is (are) likely to reduce the forecast uncertainties on the model parameters.

[0072] In practice, an observation can be associated with multiple measurements
(e.g. a seismic sensor can record the waveforms of both P-waves and S-waves, where
P-waves refer to compression waves, and S-waves refer to sheer waves). In cases
where each observation has multiple measurements, the foregoing techniques can
augment the survey design with k (k> 2) measurements at a time. LetT =

[[; T, .. I,]7 be the matrix whose rows I, 1 < i < k « M, are the sensitivity
kernels of the relevant seismic sensors. For uncorrelated data, i.e., for

(Cplnsk = [(()CD)” (s)] (Eq. 25)
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wherein § = (6726; )i j<k» where &;; is the Kronecker delta, a one-time rank-k

augmentation can be defined as

det(C,) _ det(S+TC,I'f)
det(Cpik) det(S)

(Eq. 26)

Marginal Covariance

[0073] Techniques or mechanisms according to some embodiments can be
modified to focus on a particular subregion of interest within a target subterranean
structure (where the particular subregion is less than the entirety of the target
subterranean structure). In other words, rather than focus on the entire target
subterranean structure, an enhanced (or optimal) survey design (or survey designs)

can be identified for a subregion in the target subterranean structure.

[0074]  To focus on a particular subregion of interest (rather than the entire target
subterranean strcutrue), the prior covariance matrix C, which describes quantitative
uncertainties in the model parameters, can be used to specify the particular subregion
of interest by assigning a higher prior uncertainty to that particular subregion. A
design criterion can be used to preserve the C matrix description of the quantitative
uncertainties while defining the particular subregion of interest separately. For this
particular subregion of interest, the posterior marginal covariance matrix for the

model at iteration n is given by T,,, which is a marginal covariance matrix (marginal
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in the sense that it focuses on a subregion of a model). The objective function in this

case is to find the design

(opt) _ det(Ty) . =
r = argI?GaEX Ty for a fixed|Z|, (Eq. 27)

instead of {éom) in Eq. 13 or 22. Note that the objective function of Eq. 27 is based
on a ratio of determinants of the T,, and T,,,, matrices, rather than the by C,, and C,,,
of the objective function of Eq. 13 or 22 discussed further above. The above ratio of
determinants in Eq. 27 is referred to as the 7-norm.

[0075]  With uncorrelated measurement noise the posterior model covariance

matrix at iteration n + 1 reduces to

—2 * T
Cn+1 — Cn _ 9n51Cn8n118n+1Cn (Eq. 28)

-2 o7 * "
1+6p%18n+1Cn8n+1

[0076]  Consider the following partition of the posterior covariance matrix

T, Xj
C, = (x{{ Y, ) (Eq. 29)

where T, is the My X M, marginal covariance matrix (M; < M). Consider also the

following partition of the sensitivity kernel g,,,1

8ni1
gn+1 = hn+1 ’ (Eq 30)

where g, is the "restricted” sensitivity kernel. It is restricted in the sense that it has

just My components. In Eq. 30, h,,, represents the remainder of the sensitivity

kernel g, 4 that is outside the particular region of interest. The restricted kernel En 1
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is the part of the sensitivity kernel that is just sensitive to the model parameters in the

particular region of interest. Therefore, the updated marginal covariance matrix is

given by
_ — * T
T . =T — In21(TnBpy  HXnhns 1) @y g Tnthius 1 XH) Ea. 31
n+1 — In 1to-2.2T . Cog" (Eq. 31)
+tont18n+1n8n+1
— H H H H
=T, — app1ap41 — Api by — bppian,; — bbby, (Eq. 32)

where the vectors a, ., and b, are defined as follows

1 —x
— O'n+1Tngn+1
A4y = — : (Eq. 33)
J1+O'n+1gn+1cngn+1
and

1 »
oni1Xnh

b n+i14ntin+1 : (Eq 34)

n+1 =
J1+aﬁilg£+1cng2+1
[0077]  Note that it is unnecessary to expand the denominator in terms of the
partitions T,,, X, g, ,,,and h,, ;. Eq. 32 shows that the updated marginal

covariance matrix, T, ,, is a rank-four update of T,,. Recursive application of the

matrix determinant lemma yields

det(Ty) _ _
det(Trr 1) ={[1- ag+1Tn 15‘n+1] [1-— bg+1(Tn - an+1a7FlI+1) 15‘n+1]
n+1
x[1- ag+1(Tn - an+1ag+1 - an+1b71{+1)_1bn+1] (Eq. 35)

x [1— bg+1(Tn - an+1ag+1 - an+1b7FlI+1 - bn+1ag+1)_1bn+1]}_1-
(Eq. 36)

[0078] The Sherman-Morrison formula gives the rank-one update of the inverse of
a matrix and it may be used to expand the right-hand side of Eq. 35. The final result

would be an expression that involves just one matrix inverse, namely T;, 1, and this
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through inner products with vectors. The latter can be efficiently evaluated using a

Cholesky decomposition of T,,.

Stacking

[0079] It is desirable to achieve a better signal-to-noise ratio in measurement data
acquired by a survey arrangement. Poor signal-to-noise ratio can result in reduced

resolution of model parameters.

[0080] To improve signal-to-noise ratio in a survey design, techniques or
mechanisms according to some implementations can implement stacking, in which an
observation associated with a particular survey setting can be selected multiple times.
For example, a particular source-receiver pair (a combination of a seismic source and
a seismic sensor) in a survey arrangement can be selected multiple times to collect
observations at different times. The observations of this particular source-receiver
pair can then be combined (a process referred to as “stacking”) to improve the signal-

to-noise ratio of the measurement data acquired by the particular source-receiver pair.

[0081]  Selecting a particular observation multiple times can refer to using the same
source-receiver pair multiple times, as noted above. Alternatively, selecting a
particular observation multiple times can refer to selecting a first source-receiver pair,

as well as at least a second source-receiver pair (e.g. same source but another seismic
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sensor that is nearby, to within some predefined distance, to the seismic sensor of the

first source-receiver pair).

[0082] In the context of performing survey design as discussed above, selecting an
observation multiple times refers to selecting a particular entry of a sensitivity matrix
(or selecting a particular sensitivity data structure) multiple times, which can result in

a reduction in the model uncertainty.

[0083]  The following discusses an example in which the same observation is
selected twice in a survey system that has a particular source-receiver pair and two
scatterers placed at distances 1 m and (1 + A) m from the source-receiver pair. A
“scatterer” refers to an element in the target structure that causes scattering of a
wavefield (e.g. seismic wavefield). In the context of a subterranean structure, a
scatter can represent an interface of the subterranean structure between

inhomogeneous structures that cause scattering of wavefields.

[0084]  The foregoing example survey system is further assumed to include just
two potential observations: the observation for which the wave propagation constant
is k4 and the observation for which the wave propagation constant is k, > k;. The
wave propagation constant represents a characteristic of the target structure that

affects propagation of wavefields (e.g. seismic wavefields).

[0085]  The observation with wave propagation constant is k4 is referred to as the

first observation, and the observation with wave propagation constant is k, is referred
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to as the second observation. Let the model prior covariance matrix and the data prior

covariance matrix be, respectively:

_a 2
g O
C = o2 [1 e L],CD = [ 1 2]. (Eq. 67)

[0086]  According to Eq. 67, the data is assumed to be uncorrelated and the model
parameters are assumed to be correlated with correlation length L. Upon using the
one-dimensional Green kernels, the sensitivity matrix for this system takes on the

form

_1fe2ik1  @2i(1HA)Ky
G=7 L,ztkz ezi(1+A)k2] (Eq. 63)
[0087]  Consequently, the C-norms corresponding to the first and second
observations are, respectively,
o2 -4 o2 _4
— [1 +e Lcos(ZAkl)] — [1 +e Lcos(ZAkz)]. (Eq. 69)
801 803

[0088]  Ifan algorithm is to favor the first observation over the second observation,
i.e. if the algorithm is to suggest the counter-intuitive situation where the lower-
frequency observation is favored over the higher-frequency observation, the data

noises and the model variances would have to satisfy

A
2 14e Lcos(2Ak
% o, Lre jcosdll) (Eq. 70)

%1 1+e Lcos(2Aky)
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[0089]  This condition is an intricate relationship between the model and data
uncertainties, the correlation length, the wavelengths (or frequencies) involved, and

the separation between scatterers.

[0090]  The foregoing assumes the circumstance under which the algorithm selects
the first observation. After updating the posterior model covariance, the following

new C-norms are obtained:

A 2A
02(1+e_fcos[2Ak1]> 04(6_7—1>c052[ZA(kl—kz)]+801202

A
1+e_Tcos(2Ak2)]

’

., (Eq.71)

A A
02(1+e_fcos[2Ak1]>+8012 807 [oze_fcos(ZAk1)+oz+8012

where the expression on the left corresponds to the first observation and the
expression on the right corresponds to the second observation. Setting the left-hand-
side expression larger than the right-hand-side expression can yield improved
resolution of the model. If the foregoing condition is satisfied, then stacking of

measurements (of a selected observation) may improve the resolution of the model.

Determining Survey Desien for a Model Having A Dip Scatterer

[0091] In some cases, inhomogeneities within a subterranean structure to be
characterized can be modeled as a discrete set of point scatterers. The elastic
radiation (corresponding to scattered seismic wavefields) emanating from each point
scatterer can be assumed to be essentially isotropic (the scattering radiation is
invariant with direction). However, in practice, the stratified structure of the

subterranean structure often gives rise to inhomogeneities for which scattering
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radiation is generally anisotropic. As a result, modeling inhomogeneities as point

scatterers with isotropic characteristics may not produce accurate results.

[0092]  To address the foregoing, techniques or mechanisms according to
alternative implementations can include, in a model of a target structure, information
relating to scatterers (which correspond to inhomogeneities in the target structure)
with having anisotropic radiation patterns. Such scatterers can be referred to as
dipping scatterers, since each such scatterer can be considered to represent a dipping
interface in the target structure that has an anisotropic radiation pattern when
scattering wavefields. As discussed in further detail, dipping scatterers can be

represented as a scatterer having a finite size (rather than just a point).

[0093]  For uncorrelated data noise, Eq. 13 (discussed further above) reduces to the

following iterative expression:

£ = arg rglegix”ynﬂﬂé;l,for a fixed ||, (Eq. 72)

opt
where Y11 = 0,118n41, Ons1 is the data standard deviation and g7 , ; is the
sensitivity kernel of a candidate observation (i.e. an entry, such as a row, of the

sensitivity matrix). The C*-norm is defined as [|Yn11l1¢: = Vis1CrYns1, Where H

stands for the Hermitian conjugate and * for the complex conjugate.

[0094] In the frequency domain, the general equation governing elastodynamic

phenomena can be written as

W?p(R) U (X, ) + X k1 05[cija(X) 0puy (%, )] = s;(%, w), (Eq. 73)
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where u;(X, w) is the i*" component of displacement at point X € V and frequency w,
d; = 0/ 0x;, and 5;(X, w) the source term. This source term is defined in terms of the

volume density of force f; (X, w) and the volume density of moment M;; (X, w) as

Sl'(X, (,L)) = fi(X' (,L)) +Z] GJMU(X, (,L)) (Eq 74)
[0095]  The solution of Eq. 73 may be expressed as a function of the outgoing

Green function G, (X, X', @) as

ux o) =—[ ¥; ;% X, w)s;(x, w)d’x. (Eq. 75)
[0096] Ifitis assumed that the propagation medium (target subterranean structure)

represented by the vector m(x) = (p(X), {¢;(X)}) is viewed as the superposition of
a reference medium represented by the vector m(® (x) = (p((x), {cl.(;.),zl (x))} and a

perturbation model represented by the vector Am(x) = (Ap(X), {Ac; i (X)}) so that

p(x) = pO(x) + Ap(x)
Cijia (%) = €0 (%) + Acyji (%) (Eq. 76)

[0097] Note that Eq. 76 is similar to Eq. 3 set forth further above. Under the Born

approximation, the scattered displacement fields can be written as

Auy(x, @) = w? f, 3 6 %X, 0)ul” (¥, w)Ap(x') d>x’

' 0 ’ N 7 0 ’ ’
—J, Zisein 0k |G (%X, ) |Acye; () 9'1” (x, 0)d®X', (Eq. 77)
wherein § l.(;l))(x, x', w) is the outgoing Green function in the unperturbed medium and

ul@) (x, w) is the unperturbed field in the reference medium given by
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u(x0) = [, ¥; 6%, )5, 0)dx, (Eq. 78)
[0098] In Eq. 77, there is no assumption regarding any particular source type nor is
there any assumption regarding any particular structure for the inhomogeneities in the
propagation medium. To account for anisotropic scattering radiation in the

propagation medium, inhomogeneities in the propagation medium can be represented

as one-dimensional or two-dimensional scattering elements (the dipping scatterers

discussed further above).

[0099] It may be sufficient to assume that the contrasts in clastic parameters are
constant over the extent of each individual scattering element, although the elastic
parameters may vary from one scattering element to another. Thus, the model
parameters (density and stiffness coefficient perturbations) corresponding to M

scattering elements with respective constant contrasts Apg and (Ac;jki)g, f =

1,2,..., M, are given by

Ap(x) = Ty App” ()
Acijun(x) = Tgo ™ (D) gy (%), (Eq. 79)
wherein the ¥ [(gD)'s are indicator functions that encode the shape of the scattering

elements. Thus, information pertaining to dipping scatterers are included in models

by use of the l/)[(gD) functions.
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[00100] According to Huygens's principle, a D-dimensional scatterer c/l[(gD),

D =1,2, ..., may be viewed as including a continuous set of point scatterers. Thus,

the form factors may be defined as

Py (x) = [ 8= yp(A®)dAA®, (Eq. 80)
where & (+) stands for the Dirac delta and A®°) stands for the set of integration
parameters that characterize the spatial extent of the scattering elements. For a line-

segment cﬂ[(gl), AM is a real number. However, when the scattering elements are two-

dimensional elements (e.g. two-dimensional disks), c/‘l[(gz) and A take on the form of

a pair of real numbers: the first real number spans the radial extent of the two-
dimensional element and the second number represents the element’s sweeping angle

(i.e., A = (v,¢) € [0,1] x [0,27], for instance). Substituting Eq. 80 into Eq. 77

and taking into account the definition of ¢ [(gD) (x) yields

Buy(x, @) = Zjly 0*Bpg [, I 6 ® ys(A™), ) (ys(AP), 0)dAP)

M
_ Z Z N P O PRV (O P ®)
= .I:,quD) (Acnkl])ﬁ[a kgln (X:X ’ (l)) ad lu] (X ’ w)]xl=yﬁ(A(D))dA .

Jkln
(Eq. 81)
[00101] Eg. 81 may be written concisely as
Ay = BEOM Gipamy, (Eq. 82)
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where {Amg}<p<p represent the mass density contrasts, {Amg a4 1<p<(6x6)m
represent the stiffness contrasts, and G;p are the entries of a possibly complex
N X (1 + 6 X 6)M sensitivity matrix. N and (1 + 6 X 6)M are the number of

displacement observations and the number of model parameters, respectively. The

entries of the sensitivity matrix, G;g, can be split into two categories: entries Gl.([f) that

represent the contributions associated with the mass density contrasts Apg, and Gl.([?

that represent the contributions associated with the stiffness contrasts (Acyy;)g-

They are given by

6 =0 [ > 6 ya ), 00 s, 0)dA®)
B
Gl.([? = - AP [a'kgfﬁ) (x,X,w) a',u}") (x, w)]X,:yﬁ(A(D))dA(D).
(Eq. 83)

[00102] The introduction of a spatial extent for the scattering elements manifests
itself as an overall factor that multiplies the matrix entries of the point-scatterers case.
This factor reduces to unity when the spatial extent vanishes and reproduces the
effects of specular reflection (point scattering). The spatial extent of the scattering
element can be used as a controllable parameter to characterize the uncertainty on a
structural dipping interface—a higher confidence in the dipping character of the
scattering structure may translate into larger sizes for the scattering element, thereby

making the scattering more specular. For instance, in the 2D acoustic example, a

heuristic rule of thumb could be

Lgp1: Ud_l-%j, (Eq. 84)
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where [ is the length of the line-segment scatterer, ¢ is a measure of the beam width
which could be, for instance, the half-power beamwidth (HPBW) or the first-null
beamwidth (FNBW) Balanis-bk, and oy, is the dip-angle standard deviation. The
paramemter ¢ is identified with gy;,. Introducing the normalized length 0 < =
/A < oo and the normalized standard deviation 0 < G4, = 04,/ < 1, One can
devise another simple expression that is more quantitatively meaningful than Eq. 84

and which has the appropriate asymptotic behavior, namely

1

[

—1. (Eq. 85)

Ql

dip
[00103]  Given a particular uncertainty on the dip, d4;,, Eq. 85 allows for the

calculation of the size (represented as I) of the scattering element.

Computing Environment

[00104] Fig. 5 is a block diagram of a computing system 500 that includes a
processing module 502 that is able to perform tasks of Figs. 3 and 4. The processing
module 502 is executable on one or multiple processors 504. A processor can include
a microprocessor, microcontroller, processor module or subsystem, programmable
integrated circuit, programmable gate array, or another control or computing device.

The processing module 502 can be implemented as machine-readable instructions .

[00105] The computing system 500 includes a storage medium 506 (or storage
media). In addition, the computing system 500 includes a network interface 508 that

can communicate over a network. The storage medium (or storage media) 506 can be
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used to store sensitivity data structures 510, as well as other data structures discussed

above.

[00106] The storage medium 506 (or storage media) can be implemented as one or
more computer-readable or machine-readable storage media. The storage media
include different forms of memory including semiconductor memory devices such as
dynamic or static random access memorics (DRAMs or SRAMsS), erasable and
programmable read-only memories (EPROMs), electrically erasable and
programmable read-only memories (EEPROMs) and flash memories; magnetic disks
such as fixed, floppy and removable disks; other magnetic media including tape;
optical media such as compact disks (CDs) or digital video disks (DVDs); or other
types of storage devices. Note that the instructions discussed above can be provided
on one computer-readable or machine-readable storage medium, or alternatively, can
be provided on multiple computer-readable or machine-readable storage media
distributed in a large system having possibly plural nodes. Such computer-readable or
machine-readable storage medium or media is (are) considered to be part of an article
(or article of manufacture). An article or article of manufacture can refer to any
manufactured single component or multiple components. The storage medium or
media can be located either in the machine running the machine-readable instructions,
or located at a remote site from which machine-readable instructions can be

downloaded over a network for execution.

[00107] In the foregoing description, numerous details are set forth to provide an

understanding of the subject disclosed herein. However, implementations may be
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practiced without some of these details. Other implementations may include
modifications and variations from the details discussed above. It is intended that the

appended claims cover such modifications and variations.
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What is claimed is:

1. A method comprising:

calculating complex-valued sensitivity data structures corresponding to
respective candidate survey settings, wherein the sensitivity data structures relate
measurement data associated with a target structure to at least one parameter of a
model of the target structure; and

selecting, based on the sensitivity data structures, a subset of the candidate
survey settings according to a criterion for enhancing resolution in characterizing the

target structure.

2. The method of claim 1, wherein the criterion is based on identifying at least

one of the candidate survey settings that reduces posterior uncertainty.

3. The method of claim 1, wherein selecting the subset comprises performing an
iterative procedure, the iterative procedure comprising;:

adding one of the sensitivity data structures to a collection of
sensitivity data structures previously considered; and

based on a present content of the collection of the sensitivity data
structures, identifying, according to the criterion, one of the candidate survey settings

corresponding to the present content of the collection.
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4, The method of claim 3, wherein the iterative procedure further comprises:
determining whether a convergence condition has been satisfied; and
if the convergence condition has not been satisfied, continuing with the
iterative procedure by adding a further sensitivity data structure to the collection, and
based on a further present content of the collection, identifying, according to the
criterion, one of the candidate survey settings corresponding to the further present

content of the collection.

5. The method of claim 1, further comprising:
configuring survey equipment according to the at least one survey setting to

perform a survey operation of the target structure.

6. The method of claim 1, wherein a particular one of the candidate survey
settings includes at least one item selected from the group consisting of:
type of survey equipment, a position of at least one component of the survey

equipment, at least one operational characteristic of the survey equipment.

7. The method of claim 1, wherein the criterion is according to a ratio between a

determinant of a prior covariance matrix and a determinant of a posterior covariance

matrix.
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8. The method of claim 1, wherein the sensitivity data structures include
information relating to the at least one model parameter that is sensitive to a subregion

less than an entirety of the target structure.

9. The method of claim 1, wherein the at least one parameter of the model

accounts for an anisotropic radiation pattern of a scatterer in the target structure.

10. The method of claim 9, wherein the at least one parameter of the model is

based on a function that encodes a shape of the scatterer.

11. The method of claim 1, wherein selecting the subset of the candidate survey
settings comprises selecting a particular candidate survey settings plural times to
allow for stacking of measurement data acquired by the particular candidate survey

setting.

12. The method of claim 1, further comprising using a process including the

calculating and selecting to identify, for further processing, a subset of measurement

data acquired by a survey arrangement.
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13. A system comprising;:

at least one storage medium to store complex-valued sensitivity data structures
corresponding to respective candidate survey settings, wherein the sensitivity data
structures relate measurement data associated with a target structure to at least one
parameter of a model of the target structure; and

at least one processor to select, based on the sensitivity data structures, a
subset of the candidate survey settings according to a criterion for enhancing

resolution in characterizing the target structure.

14. The system of claim 13, wherein the criterion is based on prior covariance

information relating to the model.
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