
GEOPHYSICAL INVERSION USING SPARSE MODELING 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims benefit of United States Provisional Patent Application 
Serial Number 62/243,839, filed October 20, 2015, entitled "Modeling and Inversion 
Using Optimized Sparse Points in Frequency, Offset, and Position", which is 
incorporated herein by reference. 

BACKGROUND 

[0002] Certain aspects of the present disclosure generally relate to the field of 
geophysical surveying and may have particular applicability to components used in 
marine settings. 

[0003] Inversion is a widely used process for reconstructing geological properties of 
a subsurface structure from recorded energy emanations and reflections of the 
structure. The structure is modeled based on estimated geophysical properties, and 
the energy return is predicted and compared with real survey data to determine the 
accuracy of the estimated properties. 

[0004] In order to understand properties of the materials and structures in the earth, 
a model is typically used to derive the properties from the recorded data. In the case of 
electromagnetic surveying, the recorded data are typically voltages, and these voltages, 
related to characteristics of the source radiation and the geometry of the source and 
receiver arrangement, indicate the transformation of the radiation by the structures and 
materials in the earth. The transformation, in turn, indicates physical properties of the 
materials such as resistivity, magnetic permeability, density, and other physical 
properties. Using a physical model that relates such physical properties to 
transformations in electromagnetic radiation, the physical parameters can be iteratively 
determined by computing results from the model based on a representation of the 
known source radiation, the geometry of the survey, and estimates of the physical 
properties. Agreement of the model results with the detected radiation indicates the 
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accuracy of the estimate, and if such accuracy is inadequate, the estimate is refined 
until a desired accuracy is reached. This process is typically called inversion. The sub-
process of calculating model results, as part of the inversion process, is typically 
referred to as "forward modeling". 

[0005] In a typical geophysical surveying process employing inversion, a large 
amount of data is collected over a wide geographical area. For purposes of inverting 
the data, the volume under the surveyed geographical area is represented as a "grid" or 
matrix of "cells", each representing a small volume of the surveyed area. Each cell may 
be modeled as having uniform physical properties, so that one value of a physical 
property applies to the entire cell. The physical property is estimated, and the forward 
model is computed to give an estimate of the recorded data. The estimate is compared 
to the recorded data, and the quality of the fit is judged and compared to one or more 
criteria. If the quality of the fit is insufficient, the estimate of the physical property of 
each cell is adjusted, and the forward model recomputed. This iterative process 
continues until the fit criteria are met, at which point the inversion is said to have 
"converged". 

[0006] Computing the forward model of resistivity and computing an adjustment to 
the estimate are the two resource intensive parts of the inversion process. Techniques 
for reducing computational time and resource requirements of these two parts are 
needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] So that the manner in which the features of the present disclosure can be 
understood in detail, a description of the disclosure may be had by reference to 
aspects, some of which are illustrated in the appended drawings. It is to be noted, 
however, that the appended drawings illustrate only typical aspects of this disclosure 
and are therefore not to be considered limiting of its scope, for the disclosure may admit 
to other equally effective aspects. 
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[0008] Figure 1 is an example activity diagram showing a data acquisition scheme in 
a marine context. 

[0009] Figure 2 is a process diagram illustrating a process according to one 
embodiment. 

[0010] Figure 3 is a flow diagram of a modeling process according to another 
embodiment. 

[0011] Figure 4 is a flow diagram of a geophysical inversion process according to 
another embodiment. 

[0012] To facilitate understanding, identical reference numerals have been used, 
where possible, to designate identical elements that are common to the figures. It is 
contemplated that elements disclosed in one aspect may be beneficially utilized on 
other aspects without specific recitation. 

DETAILED DESCRIPTION 

[0013] It is to be understood the present disclosure is not limited to particular 
devices or methods, which may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing particular aspects only, and is 
not intended to be limiting. As used herein, the singular forms "a", "an", and "the" 
include singular and plural referents unless the context clearly dictates otherwise. 
Furthermore, the word "may" is used throughout this application in a permissive sense 
(i.e., having the potential to, being able to), not in a mandatory sense (i.e., must). The 
term "include," and derivations thereof, mean "including, but not limited to." Terms such 
as "coupled", "coupling", and "couplable" refer to being directly or indirectly connected. 

[0014] This disclosure may have applications in marine surveying, in which one or 
more energy sources are used to generate wavefields, and sensors—either towed or 
ocean bottom—receive energy generated by the sources and affected by the 
interaction with the subsurface formation. Likewise, this disclosure may have 
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applications in marine electromagnetic (EM) surveying, in which one or more EM field 
sources are used to generate EM fields, and EM sensors—either towed or ocean 
bottom—receive EM energy generated by the EM sources and affected by the 
interaction with the subsurface formations. 

[0015] Figure 1 is an example activity diagram showing a data acquisition scheme 
100 in a marine context. A vessel 102 typically tows one or more device assemblies 
104 that are used to survey an area of the earth 106 beneath a body of water 108. A 
device assembly 104 may have a plurality of diverse devices for accomplishing the 
survey. One or more electromagnetic field sources 110, electromagnetic receivers 112, 
and acoustic receivers 114 may be included. As shown in Figure 1, one device 
assembly 104 may include all three types of devices. A device assembly 104 may also 
include positioning devices such as location monitoring devices and steering devices, 
power, data, thermal, and buoyancy management devices, and the like. One or more 
acoustic energy sources 116, such as air guns or marine vibrators, may be attached to 
the vessel or included in a device assembly towed from the vessel. 

[0016] The sources 110 and 116, electromagnetic and acoustic respectively, emit 
probe energy 118 into the environment that travels into the area 106 being surveyed. 
The earth emits response energy 120, which may be electromagnetic or acoustic. The 
response energy 120 is recorded by the receivers 112, 114. The response energy is 
represented as data, such as pressure and voltage data, collected from the 
environment immediately surrounding the various receivers. The data is transmitted to 
a data storage device 122, which may be physically located on the vessel 102 as 
shown in Figure 1, or may be remote if the data is transmitted wirelessly. The data 
storage device 122 may be a data server including a computer and electronic storage 
medium configured to manage storage of the data, or the data storage device 122 may 
be a data processor, including a computer with data processing software for 
transforming the data in any convenient manner. 
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[0017] The objective of the survey is to use the data collected by the receivers to 
predict physical properties of the area 106, which in turn can be used to predict the 
location of resource deposits in the area 106. The area 106 is represented by a cellular 
domain 124 comprising a series of cells 126 having homogeneous properties. Each 
cell represents a certain location and neighborhood of the area 106, and is modelled as 
a point in a mathematical domain. A computer processing system 128 is used to 
determine the physical properties of the cells 126 that best match the collected data. 
The resulting physical properties may be stored on a non-transitory computer-readable 
medium 130 for use at any convenient location. The medium 130 may also include 
instructions for producing the physical properties from the data, instructions or codes for 
rendering the physical properties to a rendering device, such as a display or printer, 
and the like. 

[0018] One widely used technique for predicting physical properties from the 
collected data is inversion. Figure 2 is a process diagram of a process 200 for 
modeling a geophysical system using inversion. The cellular domain 124 is used to 
form a data set 202 representing the physical properties of the cells 126, and thus the 
surveyed area 106. The data set 202 is provided to a computer system 204 that 
contains an implementation of a model 206 of a geophysical system representing the 
survey area 106. The data set 202 furnishes the geophysical basis for the geophysical 
model 206, and the cellular domain 124 serves as part of the domain of the 
mathematical model underlying the geophysical model 206. The model 206 is 
initialized with an input 208, which represents a probe energy delivered to the surveyed 
area 106. The probe energy may be parameterized by one or more parameters P, 
which may be discrete or continuous, and may include, for example, frequency, offset, 
and source/receiver position. The computer system 204, and the model 206, are used 
to compute a model result 210, where every cell relates to a predicted reading of a 
sensor in the survey. The model result 210 generally has the same domain as the 
model 206, and represents a predicted response energy from the surveyed area 106. 
The model 206 predicts the response energy that would be received from the surveyed 
area 106 based on the probe energy 118. The model result 210 may also be 
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parameterized by the parameter(s) P, as shown by illustrating model results 210A, B, 
and C at three different values of the parameter(s) P. 

[0019] Computing this "forward model", as the model is generally known, is often 
very resource intensive, sometimes requiring very large computers and a great deal of 
computing time to complete. The resource and time requirement for computing the 
forward model may be reduced by computing the forward model only for a subset of the 
entire domain and interpolating the cells between the computed cells. In Figure 2, the 
model result 210 contains parts 21 OA and 210C that have been computed using the 
model 206, and at least one part 21 OB that has been interpolated from the parts 21 OA 
and 210C. The parts 21 OA and 210C that have been computed using the model 206 
are based on a sparse domain, and the results for those cells are a sparse model 
result. The model result 210, including the computed cells 21 OA and 210C as the 
sparse model result and the interpolated cells 210B, represents a predicted response 
from the area 106 to the probe energy 118. Although, for illustration purposes, only two 
computed parts and one interpolated part are shown in Figure 2, many more computed 
and interpolated parts are typically used. 

[0020] The recorded data 216, which is actual data from the sensors representing 
energy actually emitted by the survey area 106, including response energy emitted in 
response to probe energy delivered to the surveyed area at different values of the 
parameter(s) P, is compared to the model result 210. A computer system 218 is 
typically used for the comparison, which yields an error 220. The error 220 is then used 
to refine the data set 202 as an improved geophysical basis for the model 206, and the 
cycle is repeated until the error 220 is sufficiently small to indicate convergence. 

[0021] The process of Figure 2 yields a final version of the data set 202 that can be 
used to predict not only physical properties of the area 106, but also presence of 
resources that might be of interest for recovery from the earth. 

[0022] Figure 3 is a flow diagram of a modeling method 300. The modeling method 
300 may be used as a method of modeling a geophysical system, and may be included 
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in a geophysical inversion process. At 302, a model M(b(x), n(z)) of a geophysical 
system is obtained. The model is typically a mathematical function that resolves a 
modeled response based on some geophysical condition. For example, the model may 
be an equation or system of equations, or implementation thereof in a computer 
system, that maps a mathematical representation of probe energy /i(z) = fi(x, a) such 
as incident electromagnetic energy, based on a geophysical basis b(x) including, for 
example, electrical resistivity and/or density, to a modeled response energy such as 
output electromagnetic radiation. The model may be linear, non-linear, or linearized. 
The model is generally obtained by a geophysicist applying geophysical principles to a 
particular area of interest and resolving equations or relations describing geophysical 
parameters of interest as a function of other parameters such as space, time, source 
and receiver location, frequency, and the like. 

[0023] The model is typically applied to an area of the earth by expressing the probe 
energy, such as acoustic or electromagnetic energy, mathematically or numerically, 
defining the geophysical basis b of the area of the earth, and computing a predicted 
response of the area of the earth to obtain the model result. A domain z of the model is 
defined at 304 that may include a physical domain x and a parameter domain a. The 
physical domain x = ... xn} of the model represents the area of the earth, where 
each xt is a set of points that defines the extent of the physical domain x in the ith 
dimension. The physical domain may have any desired dimensionality n, for example 
two, three, four, or more dimensions, which may represent any combination, basis, 
construction, or manifestation of space and time, including transform spaces such as 
frequency and wavenumber. In some cases the physical domain contains two spatial 
dimensions and one time dimension. In other cases, the physical domain contains 
three spatial dimensions and one time dimension. The physical domain x is typically 
divided into cells, one cell representing a location of the domain. The incident energy n 
is also based on a parameter domain a that may include frequency, offset, and source 
and receiver position. The parameter domain may also have any desired 
dimensionality, including any number of geometric parameters, parameters of survey 
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construction, energy parameters, and the like, which may be direct or derived. The 
parameter domain may also be divided into cells, each cell representing a "location," or 
particular value or neighborhood, of the parameter space. Together, the physical 
domain x and the parameter domain a define the domain z of the model M. 

[0024] The inventors have discovered that use of computing resources to obtain the 
model result may be reduced by computing the model on only a subset of the 
parameter domain a. For models that can be furnished with parameter domains of 
sufficient resolution that granularity of the model is small, or if a model can predict the 
effect of a parameter over some suitable range, a reliable model result can be obtained 
by computing the model on only a subset of the parameter domain. Some model 
accuracy may be sacrificed in such a process, and the reduction in accuracy of the 
model is juxtaposed with the improvement in processing speed and resources required 
to achieve a particular result. 

[0025] Thus, at 306, a sparse domain z* is defined that is a subset of the domain z 
and is sparse in the parameter domain a. The sparse domain z* is thus made up of the 
physical domain x and a sparse parameter domain a*, which is a subset of the 
parameter domain a. The sparse domain z* may have a regular sampling of the 
parameter domain a, or the sparse domain z* may have a non-uniform sampling of the 
parameter domain a. 

[0026] The sparse domain z* includes a sparse parameter domain a*, which may 
have any desired density, uniformity, and periodicity, which may vary through the 
sparse parameter domain a*. For example a first region of the sparse parameter 
domain a* may have a first density, a second region of the sparse parameter domain 
a* may have a second density, and the first and second densities may be unequal so 

that the sparse parameter domain a* has non-uniform density. In this regard, density 
8(a*. G) of the sparse parameter domain a* is defined as the number of points of the 

sparse parameter domain a* divided by the number of points of the parameter domain 
a in a given interval e. The density S is a vector quantity, since the density may have 

8 



different magnitude in different dimensions, and may have different magnitude 
depending on the interval e. The location and density of points in the sparse parameter 
domain a* may be defined based on geophysical principles and/or properties, such as 
known a priori geophysical gradients, or values of the parameters themselves, such as 
source/receiver distance. For example, it is known that variation in electric field 
declines with distance from an electromagnetic field source. Thus, density of the 
sparse parameter domain a* may decline with source/receive distance with only minor 
increase in modeling error, also called reconstruction error. Accordingly, density of the 
sparse parameter domain a* may vary with water depth, as well. In another example, it 
is known that optimal frequency sampling is close to logarithmic, with denser sampling 
at lower frequencies. This type of frequency distribution is difficult to achieve in a real 
energy source, but may be implemented through a sparse domain sampling in a 
modeling process. 

[0027] At 308, a geophysical basis b is defined for the model. As discussed above, 
the geophysical basis may be a physical property such as electrical resistivity or density 
estimated for each cell in the domain, and may include boundary conditions at edges or 
internal surfaces of the domain. The geophysical basis may also include conditions to 
be imposed on the physical properties, such as ranges and maximum or minimum 
gradients. The geophysical basis b is defined for the physical domain x and may 
include aspects that follow known a priori geophysical conditions. 

[0028] At 310, a sparse model result m*(z*) = M(b,n) is computed based on the 
sparse domain z* and the geophysical basis b. The sparse model result is a prediction 
of the response energy from the locations of earth corresponding to the sparse domain. 

[0029] At 312, a model result m(z) is resolved from the sparse model result m*(z*) 
by interpolation. In one aspect, the interpolation may be a linear interpolation with 
forced adoption of the sparse model result. 

m(zy) *- if Zj = z*t 
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, . Zj — Z i 
m\zj) «- 3 zr * (™*i+1 - m*i) + m*i if z*i < zj < z*t+i 

z i+l z i 

The interpolation above is represented as a scalar operation, but in most cases, the 
interpolation will be multi-dimensional. For a multi-dimensional linear interpolation to 
find a particular value of m at location z; , an interpolant is defined for dimension p, of 

the domain z as follows: 

J _ ZP.j ~ ZV' where 7* <z • < z* • *v ~ 7* _ wnere z ptl Zpj <s z p>l+i 
^ p,i+l z p,i 

Here, we use the "star" notation to refer to the sparse domain, as defined above. 
Defining an interpolant vector, and transpose thereof, using the above interpolant, 

IP 

1/ = (1-IP,IP) 

and, for an exemplary three-dimensional interpolation, defining intermediates 

mfgh = m*{z\>i+flz*2ii+g,z*u+h) where f,g,h = 0 or 1 

Mh = r°oh ™10h] where h - 0 or 1 
lm01h mllhi 

ch = hTMh!i 

C=(C0,C1) 

then 
m(z) = m(z1,z2,z3) = c/3 for all zt & zt* 
m(z) = m*(z1*,z2*,z3*')for all zt = zt* . 

Interpolation may be performed across all dimensions of the parameter domain, or only 
some dimensions. Thus, the domain has a first dimensionality, and the interpolation 
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has a second dimensionality, where the first and second dimensionalities may be equal 
or unequal. 

[0030] Low density of the sparse domain reduces computation time for the sparse 
model, but increases reconstruction error of the model. Reconstruction error is defined 
as the error in the model when fully reconstructed from the sparse model result. Thus, 
if a fully computed comparison model result mc(z) = M(b(x), n(z)) is compared to the 
reconstructed model, the reconstruction error is er = mc - m. In many cases, the 
magnitude of the data density vector ||5|| is inversely related to the reconstruction error 
er. That is, higher data density in the sparse domain results in lower reconstruction 
error. Reconstruction error may be computed as part of the method 300. If the 
reconstruction error er exceeds a threshold, any or all of the sparse domain, the 
geophysical basis, and the interpolation, or method of interpolation, may be repeated or 
adjusted, and a particular sparse domain that results in a particular reconstruction error 
and processing time may be selected. Changing the sparse domain may include 
changing any or all of the density, uniformity, and periodicity of the sparse domain. 

[0031] The interpolation may be weighted or adjusted in any convenient way by 
applying a weighting factor to the interpolant, for example: 

Ip = ~~i ' _ ' where z Pi < zpj < z Pii+i 
z p,i+1 z p,i 

where op is a weighting factor for the p dimension. The weighting factor may be based 

on any desired factor, such as a noise metric or smoothing function. Weighting the 
interpolant has the effect of displacing the interpolation from a linear relationship, for 
example in a sub-linear (ap < 1) or super-linear (ap > 1) fashion. The interpolation may 

also be stepped according to any desired increment. For example, an interpolant in 
direction p with step s may be defined as 

Ip,s = ~~z " _ » where z p i < zpj < z Pii+S 
p,i+s z p,i 
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and 5 is an integer that is 1 or more. The weighting factor ap may also be included if 

desired. The corresponding intermediates (for three dimensions) are then defined as 

mfgh = m*(z*u+flz*2>i+g,z*u+h) where f,g,h=0ors 

rm00h msO/il u u n Mh = \m m where h = 0 or s Im0sh mssh J 

ch = I2TMhI1,and 

C = (c0,cs). 

Using interpolants of step greater than 1 may be useful to reduce the effect of large 
gradients in the geophysical basis, for example. Interpolants of different steps may also 
be used in combination. Estimates may be computed based on interpolants of different 
steps and combined to yield the final model result. For example, a first sparse model 
result may be obtained using interpolation at a first step value, a second sparse model 
result may be obtained using interpolation at a second step value, and the results 
combined according to a linear combination, which may be weighted, to yield a model 
result. 

[0032] Different interpolations may be used at different parts of the sparse domain. 
For example, a first interpolation may be performed at a first part of the sparse domain, 
and a second interpolation, different from the first interpolation, may be performed at a 
second part of the sparse domain. The interpolations may be different according to 
weighting factors, step values, combinations of step values, or combinations of 
weighting factors and step values. For example, in some cases larger step values may 
be used where density of the sparse domain is high, and smaller step values may be 
used where density of the sparse domain is low. Step values and weighting factors 
may also be adjusted based on reconstruction error of the model. For example, a first 
model result may be computed by interpolation, and a first reconstruction error 
determined. Then, any or all of weighting factors, step values, sparse domain density, 
and geophysical basis may be changed, and a second model result computed. A 
second reconstruction error can then be determined and comDared with the first 
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reconstruction error. Based on the comparison, the first model result or second model 
result may be selected, and the basis for the selected result may be employed to 
perform forward modeling, such as for a geophysical inversion process. The 
geophysical inversion process can be used to resolve a data set representing physical 
properties of the surveyed area of the earth, which in turn can be used to predict the 
location of resource deposits in the surveyed area. 

[0033] Figure 4 is a flow diagram summarizing a geophysical inversion process 400 
according to another embodiment. The process 400 may be used along with the 
modeling method 300 to determine geophysical properties of an area of the earth. At 
402, a geophysical survey of an area of the earth is obtained. A geophysical 
acquisition is performed, and the geophysical survey obtained containing data that 
represents an energy response of the area of the earth to probe energy used during the 
acquisition. The probe energy may generally be seismic/acoustic energy or 
electromagnetic energy, or both. The data of the geophysical survey is typically 
recorded in a non-transitory computer-readable medium, such as the computer-
readable medium 130 of Figure 1, which may be readily transported from one place to 
another. 

[0034] At 404, a geophysical model M(b(x),fi(z)) of the area of the earth is defined. 
The geophysical model is used to model the response of the area of the earth to probe 
energy /*(z) based on some geophysical basis b{x). As noted above regarding 
operation 302, the model may be linear, non-linear, or linearized. Similar to operation 
304 above, a domain z is defined for the geophysical model at 406, the domain 
including a physical domain x representing an area of the earth corresponding in some 
way to the area of the geophysical survey obtained at 402, and a parameter domain a 
that may include frequency, offset, and positions of sources and receivers. Thus, 
z = xu a. The physical domain x may correspond exactly to the surveyed area, may 
include the surveyed area, or may be a subset of the surveyed area. Similar to 
operation 306, a sparse domain z* is defined at 408 that is a subset of the domain z 
and includes a sparse parameter domain a*. As noted above, the sparse domain may 
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have a sampling of the parameter domain and may be defined according to geophysical 
principles or conditions. 

[0035] The geophysical basis b(x) is defined at 410. The geophysical basis b(x) 
may include geophysical properties such as resistivity and/or density, is defined for 
each location of the physical domain x, and may be defined, in part, based on known a 
priori geophysical conditions. The geophysical basis defined at 410 may be an initial 
basis or a changed basis to be discussed further below. The geophysical basis yields a 
final result of the inversion process 400 when a convergence criterion is reached. 

[0036] Similar to operation 310, at 412 a sparse model result 
m*(z*) = M(b(x*),fi(z*)) is computed using the geophysical model and basis. At 414, 
a model result m(z) is computed from the sparse model result by interpolation 
according to any of the embodiments described above in connection with operation 
312. As defined above, a reconstruction error may also be computed to determine 
quality and/or usability of the model result. If the reconstruction error exceeds a 
threshold, the sparse domain may be redefined with a different data density, pattern, or 
distribution to improve the reconstruction error. As noted above, one measure of 
reconstruction error is the difference between the sparse model result and a fully 
computed model result over the entire domain z. A single scalar metric may be realized 
by a norm or quasi-norm of the array er (quasi-norm referring to a norm of a regularized 
version of the array er if the array is otherwise irregular or has no defined norms), or 

performing some other scalar operation on the array er, for example summing the 
elements of er. 

[0037] In some cases, the sparse domain, interpolation method, and/or interpolation 
pattern, which may be referred to as the model basis, may be adjusted to reduce 
processing time at a given reconstruction error. In one example, a given model and 
geophysical basis may be used to find a model basis that results in minimized 
processing time with reconstruction error at or below a given limit. The model basis 
may be iteratively adjusted to increase reconstruction error and reduce processing time 
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until the limiting value of reconstruction error is reached. Such methods may be used 
along with adjustments to the geophysical basis, including probe energy patterns (i.e. 
frequency and shotpoints) to find a combination of acquisition design and model basis 
that results in minimum processing time for a selected reconstruction error. The model 
basis may be adjusted in ways including adjusting the density, uniformity, and 
periodicity of the sparse domain based on the model error. 

[0038] The geophysical system is perturbed to obtain geophysical survey data d(z) 
representing a perturbation response of the system. At 416, the model result is 
compared to the perturbation response defined by the geophysical survey data d(z) to 
define a model error em, for example em=m-d. At 418, the model error is used to 
refine the geophysical basis. Model reconstruction error may also be used to refine the 
geophysical basis. Model error may also be used to refine the model basis. For 
example, at locations where model error and reconstruction error are relatively large 
(i.e. larger than some representative metric of the overall model error or reconstruction 
error, such as an average, by some selected margin, such as a standard deviation or 
multiple thereof), model basis may be adjusted without adjusting geophysical basis. 
Likewise, where model error is relatively large and reconstruction error is relatively 
small, geophysical basis may be adjusted without adjusting model basis. Where model 
error is relatively small and reconstruction error is relatively large, data density, a 
component of the model basis, may be adjusted without adjusting the geophysical 
basis. In other embodiments, the adjustment made to the geophysical basis may be 
weighted using the reconstruction error, where large reconstruction error can be used 
to diminish the magnitude of the geophysical basis adjustment. 

[0039] The method 400 may be performed iteratively, with the adjusted geophysical 
and model bases being used in the next iteration of the method, until a convergence 
criterion, which may be defined based on the model error, is reached. In such cases, 
the reconstruction error may be computed at each iteration of the method 400, or only 
at selected iterations or frequencies, for example every 5 or 10 iterations of the method. 
At any point where reconstruction error is computed, if the reconstruction error exceeds 
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tolerance, the model basis may be adjusted and the model result recomputed. 
Alternately, the model basis may be adjusted without recomputing the model result, and 
the fully computed model mc may be used for the model result. 

[0040] After convergence is reached, the geophysical basis contains information that 
may be used to predict the presence of resources, such as hydrocarbon deposits, in the 
surveyed area of the earth. The geophysical basis may be used as a geophysical data 
product representing electrical resistivity of the surveyed area. 

[0041] While the foregoing is directed to aspects of the present disclosure, other and 
further aspects of the disclosure may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the claims that follow. 
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Claims: 

1. A method of modeling a geophysical system, comprising: 
defining a geophysical model of an area of the earth; 
defining a domain for the model including a physical domain and a parameter 

domain; 
defining a sparse domain for the model, wherein the sparse domain has a 

sparse parameter domain that is a subset of the parameter domain; 
determining a geophysical basis of the geophysical system; 
computing a sparse model result based on the sparse domain and the 

geophysical basis; and 
resolving a model result from the sparse model result by interpolation. 

2. The method of claim 1, further comprising determining a reconstruction error of 
the model result by computing a comparison model result based on the domain and 
comparing the model result to the comparison model result. 

3. The method of claim 2, further comprising changing the sparse domain based on 
the reconstruction error. 

4. The method of claim 3, wherein changing the sparse domain comprises 
changing one or more of a density, uniformity, and periodicity of the sparse domain. 

5. The method of claim 1, further comprising obtaining a perturbation response of 
the geophysical system and defining a model error by comparing the model result to the 
perturbation response. 

6. The method of claim 5, further comprising changing one or more of a density, 
uniformity, and periodicity of the sparse domain based on the model error. 

17 



7. The method of claim 6, wherein the geophysical basis includes electrical 
resistivity. 

8. The method of claim 1, wherein the domain has a first dimensionality, the 
interpolation has a second dimensionality, and the first dimensionality is equal to the 
second dimensionality. 

9. The method of claim 1, further comprising performing a geophysical inversion 
process using the model result to form a data set representing physical properties of 
the area of the earth and using the data set to predict the location of resource deposits 
in the area of the earth. 

10. A method of determining physical properties of an area of the earth, comprising: 
obtaining a geophysical survey of an area of the earth; 
defining a geophysical model of the area of the earth; 
defining a domain of the geophysical model including a physical domain and a 

parameter domain; 
defining a sparse domain including the physical domain and a sparse parameter 

domain that is a subset of the parameter domain; 
defining a geophysical basis for the area of the earth; 
computing a sparse model result based on the sparse domain using the 

geophysical model; 
resolving a model result from the sparse model result by interpolation; 
defining a model error by comparing the model result to the geophysical survey; 

and 
changing the geophysical basis based on the model error. 

11. The method of claim 10, further comprising: 
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determining a reconstruction error of the model by resolving a comparison model 
result of the area of the earth based on the domain and comparing the model result to 
the comparison model result; and 

changing the sparse domain based on the reconstruction error. 

12. The method of claim 11, wherein changing the sparse domain comprises 
changing one of a density, a uniformity, and a periodicity of the sparse domain. 

13. The method of claim 12, further comprising: 
defining a convergence criterion based on the model error; and 
repeating the computing the sparse model result, resolving the model result, and 

defining the model error until the convergence criterion reaches a threshold. 

14. The method of claim 13, wherein determining the reconstruction error is 
performed each time the model result is completed. 

15. The method of claim 13, further comprising resolving an indication of 
hydrocarbon deposits from the geophysical basis after the convergence criterion 
reaches the threshold. 

16. The method of claim 10, wherein the geophysical basis includes electrical 
resistivity. 

17. A geophysical data product representing electrical resistivity of an area of the 
earth, the geophysical data product made by a process including: 

geophysical inversion of an electromagnetic survey of the area of the earth 
through a resistivity model by: 

computing a sparse model result using a sparse domain having a sparse 
parameter domain; and 
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resolving a resistivity model result by interpolating from the sparse model 
result. 

18. The geophysical data product of claim 17, wherein the geophysical inversion 
includes adjusting the sparse domain based on a reconstruction error of the resistivity 
model result. 

19. A geophysical data product obtained by a process, comprising: 
obtaining a geophysical survey of an area of the earth; 
forming a geophysical model of the area of the earth; 
defining a domain of the geophysical model that includes a physical domain and 

a parameter domain; 
defining a sparse domain including the physical domain and a sparse parameter 

domain that is a subset of the parameter domain; 
defining a geophysical basis for the area of the earth; 
computing a sparse model result based on the sparse domain; 
resolving a model result from the sparse model result by interpolation; 
defining a model error by comparing the model result to the geophysical survey; 

and 
changing the geophysical basis based on the model error. 

20. The geophysical data product of claim 19, wherein the process further comprises 
determining a reconstruction error of the model result by computing a comparison 
model result based on the domain and comparing the model result to the comparison 
model result. 

21. The geophysical data product of claim 20, further comprising changing the 
sparse domain based on the reconstruction error. 
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