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OPTIMIZING SOURCE AND RECEIVER 
LOCATIONS FOR ACQUIRING SEISMIC 
DATA USED IN COMPRESSIVE SENSING 

RECONSTRUCTION 

FIELD OF THE DISCLOSURE 

2 
producing less accurate seismic data reconstruction results 
using compressive sensing teclmiques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure is described with reference to the 
accompanying drawings, in which like elements are refer­
enced with like reference numbers, and in which: The present disclosure generally relates to opt1m1zmg 

source and receiver locations for acquiring seismic data used 
in compressive sensing reconstruction. More particularly, 
systems and methods are disclosed herein for optimizing 
source and receiver locations by using a minimized multi­
dimensional mutual coherence map, which includes a 
mutual coherence value at each (x,y) location in the mutual 
coherence map, to determine the optimal source and receiver 
locations from available source and receiver locations m 
respective, uniformly spaced, target survey grids. 

FIGS. lA-lC are a flow diagram illustrating one embodi­
lO ment of a method for implementing the present disclosure. 

FIG. 2 is a schematic plan view of initial surveys created 
according to step 102 in FIG. lA illustrating a conventional 
arrangement of available source and receiver locations in a 

15 grid. 
FIG. 3 is a schematic plan view of source and receiver 

subgrids illustrating one arrangement of available source 
and receiver locations in target survey grids that were 
divided according to step 110 in FIG. lA. 

BACKGROUND 20 FIG. 4 is a schematic plan view of source and receiver 
sub grids illustrating another arrangement of available source 
and receiver locations in target survey grids that were 
divided according to step 110 in FIG. lA. 

FIG. 5 is a schematic plan view of source and receiver 
25 subgrids illustrating yet another arrangement of available 

source and receiver locations in target survey grids that were 
divided according to step 110 in FIG. lA. 

Compressive sensing is a well-known theory that has been 
widely published in the geophysical community since at 
least 2008. Compressive sensing is used in connection with 
seismic data acquisition and seismic data reconstruction to 
ultimately image the seismic data for purposes of locating 
hydrocarbon resources. In the field of seismic data acquisi­
tion, compressive sensing applies the well-known concept of 
non-uniform sampling to determine optimal shot point 
(hereinafter referred to as source) and sensor (hereinafter 
referred to as receiver) locations in respective pre-plot 
seismic survey designs that are used for acquiring seismic 
data. Non-uniform sampling exploits the sparsity of the 
signals sampled to optimally recover information about the 
formation from far fewer samples than those required by 
more conventional sampling techniques following the 
Nyquist-Sharman sampling theorem. The seismic data is 
non-uniformly sampled (acquired) so that normally coherent 
aliased energy is incoherently sampled while maintaining 
the coherent sampling of the desired seismic data. Compres- 40 

sive sensing therefore, requires a sparse representation of the 
seismic signals sampled in the transform domain and inco­
herent noise in the transform domain. Once the seismic data 

FIG. 6 is a schematic plan view of source and receiver 
subgrids illustrating an arrangement of optimal source and 

30 receiver locations based on the available source and receiver 
locations in FIG. 4 and steps 114-116 in FIG. 18. 

FIG. 7 is a schematic plan view of source and receiver 
subgrids illustrating an arrangement of optimal source and 
receiver locations based on the available source and receiver 

35 locations in FIG. 5 and steps 114-116 in FIG. lB. 

is acquired, it may be used with conventional compressive 
sensing teclmiques to reconstruct seismic data in unsampled 45 

locations. 
Because compressive sensing can be used to reduce the 

number of sources and receivers required to acquire the 
seismic data and/or improve the resolution of a seismic data 
image, different teclmiques have been proposed to maintain 50 

a sparse representation of the seismic signals sampled and 
incoherent noise. One teclmique utilizes mutual coherence 
and randomized greedy algorithms, both well-known con­
cepts, to determine an optimal sampling grid for source and 
receiver locations. These concepts are used together to 55 

determine an optimal sampling grid for source and receiver 
locations when a mutual coherence value is minimized for 
the optimal sampling grid. Using a single, minimized, 
mutual coherence value to evaluate the level of incoherence, 
however, may oversimplify optimization for complex sur- 60 

veys and lead to less accurate seismic data reconstruction 
results using compressive sensing teclmiques. Other tech­
niques utilize misaligned sources and/or receivers to main­
tain a sparse (random) representation of the seismic signals 
sampled and incoherent noise. Such teclmiques, however, 65 

limit the transform domain and require local interpolation to 
reconstruct the seismic data in unsampled locations thus, 

FIG. 8 is a schematic plan view of source and receiver 
subgrids illustrating an arrangement of optimal source and 
receiver locations based on the available source and receiver 
locations in FIG. 3 and steps 114-116 in FIG. 18. 

FIG. 9 is a schematic plan view of source and receiver 
subgrids illustrating one arrangement of optimal source and 
receiver locations based on the available source and receiver 
locations in the respective subgrids from step 110 in FIG. lA 
and steps 114-116 in FIG. lB. 

FIG. 10 is a schematic plan view of source and receiver 
subgrids illustrating another arrangement of optimal source 
and receiver locations based on the available source and 
receiver locations in the respective subgrids from step 110 in 
FIG. lA and steps 114-116 in FIG. 18. 

FIG. 11 is a schematic plan view of source and receiver 
subgrids illustrating yet another arrangement of optimal 
source and receiver locations based on the available source 
and receiver locations in the respective subgrids from step 
110 in FIG. lA and steps 114-116 in FIG. 18. 

FIGS. 12A-12B are schematic plan views of seismic 
survey designs illustrating an arrangement of available 
source and receiver locations in a conventional source 
survey (12B) and a conventional receiver survey (12A). 

FIGS. 13A-13B are schematic plan views of pre-plot 
seismic survey designs combined according to step 118 of 
FIG. lB illustrating cost-based arrangements of optimal 
source and receiver locations in a new source survey (13B) 
and a new receiver survey (13A) with respective combined 
MC maps. 

FIGS. 14A-14B are schematic plan views of pre-plot 
seismic survey designs combined according to step 118 of 
FIG. lB illustrating resolution-based arrangements of opti-
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ma! source and receiver locations in a new source survey 
(14B) and a new receiver survey (14A) with respective 
combined MC maps. 

FIG. 15 is a block diagram illustrating one embodiment of 
a computer system for implementing the present disclosure. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

The subject matter of the present disclosure is described 
with specificity, however, the description itself is not 
intended to limit the scope of the disclosure. The subject 
matter thus, might also be embodied in other ways, to 
include different structures, steps and/or combinations simi­
lar to and/or fewer than those described herein, in conjunc­
tion with other present or future technologies. Although the 
term "step" may be used herein to describe different ele­
ments of methods employed, the term should not be inter­
preted as implying any particular order among or between 
various steps herein disclosed unless otherwise expressly 
limited by the description to a particular order. Other fea­
tures and advantages of the disclosed embodiments will be 
or will become apparent to one of ordinary skill in the art 
upon examination of the following figures and detailed 
description. It is intended that all such additional features 
and advantages be included within the scope of the disclosed 
embodiments. Further, the illustrated figures are only exem­
plary and are not intended to assert or imply any limitation 
with regard to the environment, architecture, design, or 
process in which different embodiments may be imple­
mented. 

In one embodiment, the present disclosure includes a 
method for optimizing source and receiver locations for 
acquiring data used in compressive sensing reconstruction, 
which comprises: a) creating a uniformly spaced target 
survey grid for available source locations and a uniformly 
spaced target survey grid for available receiver locations; b) 
dividing the target survey grid for available source locations 
and the target survey grid for available receiver locations 
into multiple source subgrids and multiple receiver sub grids, 
respectively; c) defining a local multidimensional mutual 
coherence map, representing an MC map, for each source 
sub grid and each receiver sub grid as a function of a sparsity 
promoting transform (F) and a multidimensional sampling 
function (us); d) solving each multidimensional sampling 
function for each respective source sub grid and each respec­
tive receiver subgrid using a global optimizer to iteratively 
minimize predetermined statistics for each respective MC 
map under predetermined target survey criteria and prede­
termined target survey constraints wherein the solution for 
each multidimensional sampling function determines i) local 
coordinates for each optimal source location in a respective 
source subgrid and each optimal receiver location in a 
respective receiver subgrid, and ii) a minimized MC map for 
each respective source subgrid and each respective receiver 
sub grid, each minimized MC map including a mutual coher­
ence value at each (x,y) location in the minimized MC map; 

4 
new, optimized, source survey with a combined MC map 
and a new, optimized, receiver survey with a combined MC 
map. 

In another embodiment, the present invention includes a 
5 non-transitory program carrier device tangibly carrying 

computer-executable instructions for optimizing source and 
receiver locations for acquiring data used in compressive 
sensing reconstruction, the instructions being executable to 
implement; a) creating a uniformly spaced target survey grid 

10 for available source locations and a uniformly spaced target 
survey grid for available receiver locations; b) dividing the 
target survey grid for available source locations and the 
target survey grid for available receiver locations into mul­
tiple source subgrids and multiple receiver sub grids, respec-

15 tively; c) defining a local multidimensional mutual coher­
ence map, representing an MC map, for each source subgrid 
and each receiver subgrid as a function of a sparsity pro­
moting transform (F) and a multidimensional sampling 
function (us); d) solving each multidimensional sampling 

20 function for each respective source subgrid and each respec­
tive receiver subgrid using a computer processor and a 
global optimizer to iteratively minimize predetermined sta­
tistics for each respective MC map under predetermined 
target survey criteria and predetermined target survey con-

25 straints wherein the solution for each multidimensional 
sampling function determines i) local coordinates for each 
optimal source location in a respective source subgrid and 
each optimal receiver location in a respective receiver 
subgrid, and ii) a minimized MC map for each respective 

30 source subgrid and each respective receiver subgrid, each 
minimized MC map including a mutual coherence value at 
each (x,y) location in the minimized MC map; e) converting 
the local coordinates for each optimal source location and 
each optimal receiver location in a respective source sub grid 

35 and a respective receiver subgrid to global acquisition 
coordinates that each corresponds to a respective grid node 
on a respective source subgrid or a respective grid node on 
a respective receiver subgrid; and f) combining the optimal 
source and receiver locations in each respective source 

40 subgrid and in each respective receiver subgrid, and the 
corresponding minimized MC map for each respective 
source subgrid and each respective receiver subgrid, into a 
new, optimized, source survey with a combined MC map 
and a new, optimized, receiver survey with a combined MC 

45 map. 
In yet another embodiment, the present invention includes 

a method for acquiring seismic data using an optimized 
source survey and optimized receiver survey, which com­
prises: a) positioning a plurality of sources at optimal source 

50 locations in a survey area, which corresponds to the opti­
mized source survey; b) positioning a plurality of receivers 
at optimal receiver locations in the survey area, which 
corresponds to the optimized receiver survey; c) transmitting 
seismic energy from each of the plurality of sources into a 

55 formation defined by the survey area; d) recording at least 
one of reflected and refracted seismic data with one or more 
of the plurality ofreceivers; e) wherein each optimal source 
location corresponds to a respective grid node on the opti­
mized source survey and each optimal receiver location 

e) converting the local coordinates for each optimal source 
location and each optimal receiver location in a respective 
source subgrid and a respective receiver subgrid to global 
acquisition coordinates that each corresponds to a respective 
grid node on a respective source subgrid or a respective grid 
node on a respective receiver subgrid; and f) combining the 
optimal source and receiver locations in each respective 
source subgrid and in each respective receiver subgrid, and 65 

the corresponding minimized MC map for each respective 
source subgrid and each respective receiver subgrid, into a 

60 corresponds to a respective grid node on the optimized 
receiver survey; and f) wherein the optimal source locations 
are based on a plurality of mutual coherence values and the 
optimal receiver locations are based on a plurality of mutual 
coherence values. 

The systems and methods of the present disclosure over­
come one or more of the prior art disadvantages by opti­
mizing source and receiver locations using a minimized 
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104. The target survey grids each include grid nodes that 
represent the available source and receiver locations, which 
cover the entire survey area and may be slightly offset to 
avoid identical source and receiver locations. If the antici-

multidimensional mutual coherence map, which includes a 
mutual coherence value at each (x,y) location in the mutual 
coherence map, to determine the optimal source and receiver 
locations from available source and receiver locations in 
respective, uniformly spaced, target survey grids. 5 pated survey cost is emphasized as a primary criterion, then 

the initial surveys created in step 102 could be used as 
respective target survey grids to limit the possible source and 
receiver locations. If, however, the desired image resolution 

Referring now to FIGS. lA-lC, a flow diagram illustrates 
one embodiment of a method 100 for implementing the 
present disclosure. The method 100 may be used for design­
ing pre-plot seismic surveys that will reduce the cost of 
acquiring seismic data or improve the image resolution of 10 

the seismic data acquired. 
In step 102, a uniformly spaced initial survey is created, 

respectively, for available source and receiver locations 
using conventional criteria ( e.g. anticipated survey cost, a 
geological subsurface model, illumination, bin size, fold, 15 

imaged target location, and anticipated signal-to-noise 
ratio), and any well-known seismic survey design software 
such as, for example, OMNI 3D seismic survey design 
software available from Schlumberger. A schematic plan 
view of initial surveys illustrating a conventional arrange- 20 

ment of available source and receiver locations according to 
this step is illustrated in FIG. 2. The initial survey for the 
sources (circles) overlays the initial survey for the receivers 
(triangles), which are each uniformly spaced in uniformly 
spaced orthogonal lines forming a respective grid over a 25 

portion of a survey area. Typically, each initial survey 
created for the available source and receiver locations forms 

is emphasized as a primary criterion, then target survey grids 
with more respective source and receiver locations than the 
initial surveys would be required. 

In step 110, the target survey grids created in step 108 are 
respectively divided into source subgrids and receiver sub­
grids wherein the number of source sub grids and the number 
of receiver subgrids each represents the same number of 
process areas used for the last domain entered in step 104. 
Optionally, the target survey grids created in step 108 may 
be respectively divided into source subgrids and receiver 
subgrids wherein the number of source subgrids and the 
number of receiver subgrids each represents a different 
predefined number of process areas. The target survey grids 
are divided into multiple process areas forming subgrids in 
order to improve the accuracy and speed of implementing 
the method 100 on a computer processor. The subgrids in 
FIGS. 3-5 illustrate schematic plan views of exemplary 
available source and receiver locations in target survey grids 
that were divided according to this step. Each subgrid for the 
sources (circles) in FIGS. 3-5 overlays a respective subgrid 

a respective grid over the entire survey area. The initial 
survey grids may be slightly offset to avoid identical avail­
able source and receiver locations. 

In step 104, target survey criteria are entered using the 
client interface, the video interface and/or the GUI described 
further in reference to FIG. 15. The target survey criteria 
include, for example, anticipated survey cost, desired image 
resolution, fold, domain, solver, under sampling rate, and 
bin size; however, may also include seismic data acquisition 
schedules, geological subsurface models, illumination, 
imaged target location, and anticipated signal-to-noise ratio. 
The domain is preferably a source XY, receiver XY domain; 
however, may be a i) a common midpoint (CMP), offset XY 
domain; or ii) a CMP offset, azimuths domain. The number 
of process areas for each domain is typically different and 
predefined as a starting point. The solver may be any 
well-known solver such as, for example, an EPOCS™ 
solver available from In-Depth Compressive Seismic, Inc. 
The target survey criteria may be determined, for example, 
by balancing the anticipated survey cost and desired image 
resolution for the final new survey used in step 126 com­
pared to the anticipated survey cost and desired image 
resolution for the initial survey created in step 102. 

30 
for the receivers (triangles), which are each uniformly 
spaced in uniformly spaced orthogonal lines over the same 
survey area in FIG. 2 for comparison. Although not depicted 
by the subgrids in FIGS. 3-5, they are typically separated 
and offset according to the description of step 108. As 

35 
demonstrated by a comparison of each overlaid subgrid in 
FIGS. 3-5 with each overlaid initial survey grid in FIG. 2, 
there are more available source and receiver locations in the 
subgrids-which is preferred. Because the initial surveys 
created in step 102 typically form a respective grid over the 

40 
entire survey area, each sub grid created by this step typically 
covers an area smaller than the entire survey area. 

In step 112, a local multidimensional mutual coherence 
map (MC map) is respectively defined for each source 
subgrid and each receiver subgrid representing a respective 

45 
process area from step 110 as a function of a sparsity 
promoting transform (F) and a multidimensional sampling 
function (uJ used by the last solver entered in step 104. A 
domain coefficient (Us) is equal to the sparsity promoting 
transform (F) multiplied by the multidimensional sampling 

50 
function (us); and wherein 

In step 106, target survey constraints are entered using the 
client interface, the video interface and/or the GUI described 
further in reference to FIG. 15. The target survey constraints 
may include survey area constraints such as terrain, 
obstacles, and permit requirements. The target survey con- 55 

straints may also include other survey constraints such as 
source and receiver spacing requirements, fixed source and 
receiver locations, in-line or cross-line direction require­
ments, minimum temporal and spatial distance requirements 
between overlap sources and offsetting requirements. The 60 

target survey constraints are used to confirm that the final 
(proposed) source and receiver locations are available in the 
physical survey area and meet any other survey constraints. 

In step 108, a uniformly spaced target survey grid is 
created, respectively, for available source and receiver loca- 65 

tions using the initial surveys from step 102 for the entire 
survey area and the last target survey criteria entered in step 

maxJIUs'II , , 
MC(x, y) = maxllUsll, IIU,11 < maxllU,11, U, E U, 

defines the MC map. An MC map is thus, defined for the 
available source locations in each subgrid representing a 
process area and for the available receiver locations in each 
subgrid representing a process area. Each MC map repre­
sents the mutual coherence (alias energy) at each (x,y) 
location in the MC map. 

In step 114, each multidimensional sampling function (us) 
from step 112 is solved for each respective source subgrid 
and each respective receiver subgrid using a global opti­
mizer to iteratively minimize predetermined statistics for 
each respective MC map ( e.g. maximum value, mean value, 
standard deviation, etc .... ) under all last target survey 
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criteria and all last target survey constraints entered in steps 
104-106. By solving for each multidimensional sampling 
function (uJ from step 112, a location value (0 or 1) is 
determined at each local coordinate (x,y) in a process area 
that corresponds to a grid node on a respective source 5 

sub grid and a grid node on respective receiver subgrid. Each 
local coordinate in a process area therefore, is associated 
with a source location value or a receiver location value. 
Each location value represents an optimal location ( e.g. "1 ") 
or no location ( e.g. "O") for a source or a receiver. By solving 10 

for each multidimensional sampling function (us) from step 
112, a mutual coherence value is also determined at each 
(x,y) location in the MC map defined for each respective 
source subgrid and each respective receiver subgrid. Each 
MC map thus, includes mutual coherence values, which 15 

collectively represent a minimized MC map for each process 
area. In this manner, the optimal location (local coordinates) 

8 
6-8 with each respective overlaid subgrid in FIGS. 4, 5 and 
3, there are fewer optimal source and receiver locations than 
available source and receiver locations due to acquisition 
costs. 

In step 118, the optimal source and receiver locations in 
each respective source subgrid and receiver subgrid from 
step 116 and the corresponding minimized MC map for each 
respective source subgrid and each respective receiver sub­
grid from step 114 are combined into a new, optimized, 
source survey with a combined MC map and a new, opti­
mized, receiver survey with a combined MC map. 

In step 120, the new source survey and the new receiver 
survey from step 118 are displayed with each respective 
combined MC map from step 118 using the client interface, 
the video interface and/or the GUI described further in 
reference to FIG. 15. The seismic survey designs in FIGS. 
12A-12B illustrate schematic plan views of available source 
and receiver locations in a conventional source survey (12B) 
and receiver survey (12A). The seismic survey designs in 

of each source and each receiver in a respective source 
subgrid and a respective receiver subgrid is determined 
when the respective MC map is minimized. 20 FIGS. 12A-12B represent a base case (for comparison). The 

pre-plot seismic survey designs in FIGS. 13A-13B illustrate 
schematic plan views of an exemplary new source survey 
(13B) and new receiver survey (13A) displayed with each 

In step 116, the local coordinates for each optimal source 
location and each optimal receiver location in a respective 
source subgrid and a respective receiver subgrid from step 
114 are converted to global acquisition coordinates that each 
correspond to a respective grid node on a respective source 25 

subgrid or a respective grid node on respective receiver 
subgrid. The subgrids in FIGS. 6-11 illustrate schematic plan 
views of exemplary optimal source and receiver locations 
after converting their local coordinates to global acquisition 
coordinates according to this step. Each subgrid for the 30 

sources (circles) in FIGS. 6-11 overlays a respective subgrid 
for the receivers (triangles), which are each regularly 
indexed (in-line and cross-line) as a result of steps 114-116 
to accommodate most types of solvers used. Regularly 
indexed means that the spacing between optimal source and 35 

receiver locations (in-line and cross-line) could be uniform 
or non-uniform and that the source and receiver locations are 
always positioned on a grid node of a respective subgrid. 
Because the optimal source and receiver locations are regu­
larly indexed, they are aligned both in-line and cross-line. 40 

Although not depicted by the overlaid subgrids in FIGS. 
6-11, they are typically separated and offset according to the 
description of step 108. The subgrids in FIG. 4 were used to 
create the subgrids in FIG. 6, which illustrate a one-dimen­
sional, non-uniformly spaced, in-line pattern for optimal 45 

source and receiver locations. The subgrids in FIG. 5 were 
used to create the subgrids in FIG. 7, which illustrate a 
one-dimensional, non-uniformly spaced, cross-line pattern 
for optimal source and receiver locations. The subgrids in 
FIG. 3 were used to create the subgrids in FIG. 8, which 50 

illustrate a one-dimensional, non-uniformly spaced, in-line 
and cross-line pattern for optimal source and receiver loca­
tions. The subgrids in FIG. 9 illustrate a two-dimensional, 
non-uniformly spaced, in-line and cross-line pattern for 
optimal source locations wherein the optimal receiver loca- 55 

tions are the same as the available receiver locations on the 
corresponding receiver subgrid used from step 110 to create 
the receiver subgrid in FIG. 9. The subgrids in FIG. 10 
illustrate a two-dimensional, non-uniformly spaced, in-line 
and cross-line pattern for optimal receiver locations wherein 60 

the optimal source locations are the same as the available 
source locations on the corresponding source subgrid used 
from step 110 to create the source subgrid in FIG. 9. The 
subgrids in FIG. 11 illustrate a two-dimensional, non-uni­
formly spaced, in-line and cross-line pattern for optimal 65 

receiver locations and optimal source locations. As demon­
strated by a comparison of each overlaid subgrid in FIGS. 

respective combined MC map (greyscale) according to step 
118. The pre-plot seismic survey designs in FIGS. 13A-13B 
represent a cost case, wherein the optimal source and 
receiver locations are fewer than the receiver and source 
locations on the seismic survey designs in FIGS. 12A-12B, 
respectively. Use of the pre-plot seismic survey designs in 
FIGS. 13A-13B to acquire seismic data will thus, reduce the 
cost compared to use of the seismic survey designs in FIGS. 
12A-12B because fewer sources and receivers are required. 
In addition, use of the pre-plot seismic survey designs in 
FIGS. 13A-13B to acquire seismic data will produce a 
resolution comparable to the resolution produced by use of 
the seismic survey designs in FIGS. 12A-12B. The pre-plot 
seismic survey designs in FIGS. 14A-14B illustrate sche­
matic plan views of an exemplary new source survey (14B) 
and new receiver survey (14A) displayed with each respec­
tive combined MC map (greyscale) according to step 118. 
The pre-plot seismic survey designs in FIGS. 14A-14B 
represent a resolution case, wherein the optimal source and 
receiver locations are greater than the receiver and source 
locations on the seismic survey designs in FIGS. 12A-12B, 
respectively. Use of the pre-plot seismic survey designs in 
FIGS. 14A-14B to acquire seismic data will thus, increase 
the cost but produce a better resolution compared to use of 
the seismic survey designs in FIGS. 12A-12B. 

In step 122, the method 100 determines if the new source 
survey and the new receiver survey from step 118 are valid 
based on the display of each respective combined MC map 
from step 120. The display of each respective combined MC 
map includes gray scale or color coded mutual coherence 
values at each (x,y) location in the combined MC map. Low 
mutual coherence values indicate a valid new source survey 
and/or a valid new receiver survey-meaning that sampling is 
sufficiently non-uniform in distance. Conversely, high 
mutual coherence values indicate an invalid new source 
survey and/or an invalid new receiver survey-suggesting that 
the sampling is approaching an undesirable uniform dis­
tance. The display of the combined MC map with each 
respective pre-plot seismic survey design in FIGS. 13A-13B 
confirms low mutual coherence values at the optimal source 
and receiver locations-meaning that sampling is sufficiently 
non-uniform. The pre-plot seismic survey designs in FIGS. 
13A-13B therefore, are valid. If the new source survey 
and/or the new receiver survey are not valid, then the 
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method 100 proceeds to step 123. Otherwise, the method 
100 proceeds to step 124 for each valid survey. 

10 

In step 123, new target survey criteria are entered for each 
invalid survey using the client interface, the video interface 
and/or the GUI described further in reference to FIG. 15. 5 

RAM or ROM). Furthermore, the software and its results 
may be transmitted over a variety of carrier media such as 
optical fiber, metallic wire and/or through any of a variety of 
networks, such as the Internet. 

Moreover, those skilled in the art will appreciate that the 
The method 100 then returns to step 108 and repeats steps 
108-122 for each invalid survey. 

In step 124, the method 100 determines whether there are 
any new target survey constraints. If there are new target 
survey constraints, then the method 100 returns to step 106. 
Otherwise, the method 100 proceeds to step 126. Because 
the target survey constraints may change prior to seismic 
data acquisition in step 126, new target survey constraints 
may be entered at step 106, in real-time, and steps 108-124 
repeated for each valid survey, until there are no more new 
target survey constraints. If there are no more new target 
survey constraints and the surveys from step 118 are con­
firmed valid in step 122, then the surveys from step 118 
represent the final new source survey and the final new 
receiver survey. 

In step 126, seismic data is acquired using sources posi­
tioned at the optimal source locations in the final new source 
survey from step 118, receivers positioned at the optimal 
receiver locations in the final new receiver survey from step 
118 and conventional seismic data acquisition techniques. 
Once the seismic data is acquired, it may be used with any 
suitable compressive sensing technique to reconstruct seis­
mic data back to each grid node on the target survey grid 
created for available receiver locations in step 108. 

The method 100 thus, optimizes source and receiver 
locations in seismic survey designs using mutual coherence 
values at each (x,y) location in the MC map instead of a 
single mutual coherence value for the entire sampling grid. 
And, because the method 100 produces regularly indexed 
optimal source and receiver locations, the transform domain 
is not limited. The method 100 therefore, may be used to 
optimize source and receiver locations in complex seismic 
survey designs without compromising seismic data recon­
struction results. 

disclosure may be practiced with a variety of computer­
system configurations, including hand-held devices, multi­
processor systems, microprocessor-based or programmable­
consumer electronics, minicomputers, mainframe 

10 computers, and the like. Any number of computer-systems 
and computer networks are acceptable for use with the 
present disclosure. The disclosure may be practiced in 
distributed-computing environments where tasks are per­
formed by remote-processing devices that are linked through 

15 a communications network. In a distributed-computing envi­
ronment, program modules may be located in both local and 
remote computer-storage media including memory storage 
devices. The present disclosure may therefore, be imple­
mented in connection with various hardware, software or a 

20 combination thereof, in a computer system or other process­
ing system. 

Referring now to FIG. 15, a block diagram illustrates one 
embodiment of a system for implementing the present 
disclosure on a computer. The system includes a computing 

25 unit, sometimes referred to as a computing system, which 
contains memory, application programs, a client interface, a 
video interface, and a processing unit. The computing unit is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 

30 use or functionality of the disclosure. 
The memory primarily stores the application programs, 

which may also be described as program modules containing 
computer-executable instructions, executed by the comput­
ing unit for implementing the present disclosure described 

35 and illustrated herein. The memory therefore, includes a 
source/receiver optimization module, which enables steps 
104-126 described in reference to FIGS. lA-lC. The source/ 
receiver optimization module may integrate functionality 

The method 100 optimizes source and receiver locations 40 

in seismic survey designs that may be used for both acquir­
ing seismic data on land (on-shore) and in a marine envi­
ronment (off-shore). For off-shore seismic survey designs, 
the receivers on the towed streamers and sources (air guns 

from the seismic survey design module illustrated in FIG. 
15. In particular, the seismic survey design module may be 
used to perform step 102 described in reference to FIG. lA. 

Although the computing unit is shown as having a gen-
eralized memory, the computing unit typically includes a 
variety of computer readable media. By way of example, 
and not limitation, computer readable media may comprise 
computer storage media and communication media. The 

or water guns) are statically positioned, relative to them- 45 

selves, on a respective local grid and are attached to the 
towing vessel(s). For off-shore seismic survey designs used computing system memory may include computer storage 

media in the form of volatile and/or nonvolatile memory 
such as a read only memory (ROM) and random-access 
memory (RAM). A basic input/output system (BIOS), con­
taining the basic routines that help to transfer information 

on the ocean bottom, the nodes (receivers) are statically 
positioned, relative to themselves, on a respective local grid 
on the ocean bottom and the sources (air guns, or water 50 

guns) are statically positioned, relative to themselves, on a 
respective local grid attached to the towing vessel(s ). In both 
off-shore cases, the sources and receivers are regularly 
indexed. 

between elements within the computing unit, such as during 
start-up, is typically stored in ROM. The RAM typically 
contains data and/or program modules that are immediately 

The present disclosure may be implemented through a 
computer-executable program of instructions, such as pro­
gram modules, generally referred to as software applications 
or application programs executed by a computer. The soft­
ware may include, for example, routines, programs, objects, 
components and data structures that perform particular tasks 
or implement particular data types. The software forms an 
interface to allow a computer to react according to a source 
of input. The software may also cooperate with other code 
segments to initiate a variety of tasks in response to data 
received. The software may be stored and/or carried on any 
variety of memory such as CD-ROM, magnetic disk, bubble 
memory and semiconductor memory ( e.g. various types of 

55 accessible to, and/or presently being operated on, the pro­
cessing unit. By way of example, and not limitation, the 
computing unit includes an operating system, application 
programs, other program modules, and program data. 

The components shown in the memory may also be 
60 included in other removable/nonremovable, volatile/non­

volatile computer storage media or they may be imple­
mented in the computing unit through an application pro­
gram interface ("API") or cloud computing, which may 
reside on a separate computing unit connected through a 

65 computer system or network. For example, a hard disk drive 
may read from or write to nonremovable, nonvolatile mag­
netic media, a magnetic disk drive may read from or write 
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to a removable, nonvolatile magnetic disk, and an optical 
disk drive may read from or write to a removable, nonvola­
tile optical disk such as a CD ROM or other optical media. 
Other removable/nonremovable, volatile/nonvolatile com­
puter storage media that can be used in the e_xe~plary 5 

operating environment may include, but are 1:0~ hm1ted ~o, 
magnetic tape cassettes, flash memory cards, d1g1tal versatile 
disks, digital video tape, solid state RAM, solid state ROM, 
and the like. The drives and their associated computer 
storage media discussed above provide storage of computer 10 

readable instructions, data structures, program modules and 
other data for the computing unit. 

A client may enter commands and information into the 
computing unit through the client interface, ~h_ich may_ be 
input devices such as a keyboard and pomtmg device, 15 

commonly referred to as a mouse, trackball or touch pad. 
Input devices may include a microphone, ~oystick, ~atellite 
dish seamier or the like. These and other mput devices are 
ofte~ conne;ted to the processing unit through the client 
interface that is coupled to a system bus but may be 20 

connected by other interface and bus structures, such as a 
parallel port or a universal serial bus (USB). 

A monitor or other type of display device may be con­
nected to the system bus via an interface, such as a video 
interface. A GUI may also be used with the video interface 25 

to receive instructions from the client interface and transmit 
instructions to the processing unit. In addition to the moni­
tor, computers may also include other peripheral output 
devices such as speakers and printer, which may be con­
nected through an output peripheral interface. 30 

Although many other internal components of the com­
puting unit are not shown, those of ordinary _s~ill in the art 
will appreciate that such components and thelf mterconnec­
tion are well-known. 

While the present disclosure has been described in con- 35 

nection with presently preferred embodiments, it will be 
understood by those skilled in the art that it is not intended 
to limit the disclosure to those embodiments. For example, 
the present disclosure has been des~ribe~ wi~h r~spect to 
optimizing source and receiver locat10ns m se1sm1c survey 40 

designs that may be used for acquiring seismic _<lat~, how­
ever it is not limited thereto and may also be applied mother 
inddstries ( e.g. medical imaging) to acquire different data 
provided there is a source, one or more receivers a1:d a 
coherent signal. It is therefore, contemplated that vanous 45 

alternative embodiments and modifications may be made to 
the disclosed embodiments without departing from the spirit 
and scope of the disclosure defined by the appended claims 
and equivalents thereof. 

12 
receiver subgrid using a global optimizer to iteratively 
minimize predetermined statistics for each respective 
MC map under predetermined target survey criteria and 
predetermined target survey constraints wherein the 
solution for each multidimensional sampling function 
determines i) local coordinates for each optimal source 
location in a respective source subgrid and each opti­
mal receiver location in a respective receiver subgrid, 
and ii) a minimized MC map for each respective source 
subgrid and each respective receiver subgrid, each 
minimized MC map including a mutual coherence 
value at each (x,y) location in the minimized MC map; 

e. converting the local coordinates for each optimal source 
location and each optimal receiver location in a respec­
tive source subgrid and a respective receiver subgrid to 
global acquisition coordinates that each corresponds to 
a respective grid node on a respective sour~e subgrid_or 
a respective grid node on a respective receiver subgr1d; 
and 

f. combining the optimal source and receiver locations in 
each respective source subgrid and in each respective 
receiver subgrid, and the corresponding minimized MC 
map for each respective source subgrid an~ _each 
respective receiver subgrid, into a new, opt1m1zed, 
source survey with a combined MC map and a new, 
optimized, receiver survey with a combined MC map. 

2. The method of claim 1, further comprising: 
g. displaying the new source survey and the new receiver 

survey with each respective combined MC map; and 
h. determining if the new source survey and the new 

receiver survey are valid based on the display of each 
respective combined MC map. 

3. The method of claim 2, further comprising: 
identifying at least one invalid survey; 
entering new target survey criteria for each invalid sur­

vey; and 
repeating steps a-h for each invalid survey using the new 

target survey criteria. 
4. The method of claim 2, further comprising: 
identifying at least one valid survey; 
entering new target survey constraints for each valid 

survey; and 
repeating steps a-h for each valid survey using the new 

target survey constraints. . 

The invention claimed is: 
1. A method for optimizing source and receiver locations 

for acquiring data used in compressive sensing reconstruc-

5. The method of claim 1, wherein the target survey gnd 
for available source locations and the target survey grid for 
available receiver locations are created using an initial 
survey for available source locations and an initial survey 
for available receiver locations, respectively, and the prede-

50 termined target survey criteria. . 
6. The method of claim 1, wherein each source subgnd 

and each receiver subgrid represents a respective process 
tion, which comprises: . 

a. creating a uniformly spaced target survey grid for 
available source locations and a uniformly spaced 55 

target survey grid for available receiver locations; 
b. dividing the target survey grid for available source 

locations and the target survey grid for available 
receiver locations into multiple source subgrids and 
multiple receiver subgrids, respectively; 

c. defining a local multidimensional mutual coheren~e 
map, representing an MC map, for each source subg?d 
and each receiver subgrid as a function of a sparsity 
promoting transform (F) and a multidimensional sam-
pling function (uJ; . . 

d. solving each multidimensional samplmg funct10n ~or 
each respective source subgrid and each respective 

60 

65 

area. 
7. The method of claim 6, wherein the number of multiple 

source subgrids and the number of multiple receiver sub­
grids are each equal to a predetermined number of process 
areas used for a domain. 

8. The method of claim 1, wherein the MC map is defined 
as: 

and 

maxJIUs'II , , 
MC(x, y) = ~~-, IIU,11 < maxllU,11, U, EU,; 

maxllUsll 

wherein Us =Fus. 
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9. The method of claim 8, wherein the predetermined 
statistics includes one of a minimum value, a mean value 
and a standard deviation. 

10. A non-transitory program carrier device tangibly car­
rying computer-executable instructions for optimizing 5 

source and receiver locations for acquiring data used in 
compressive sensing reconstruction, the instructions being 
executable to implement; 

a. creating a uniformly spaced target survey grid for 
available source locations and a uniformly spaced 10 

target survey grid for available receiver locations; 
b. dividing the target survey grid for available source 

locations and the target survey grid for available 
receiver locations into multiple source subgrids and 
multiple receiver subgrids, respectively; 

c. defining a local multidimensional mutual coherence 
map, representing an MC map, for each source subgrid 
and each receiver subgrid as a function of a sparsity 
promoting transform (F) and a multidimensional sam­
pling function (uJ; 

15 

20 

14 
11. The program carrier device of claim 10, further 

comprising: 
g. displaying the new source survey and the new receiver 

survey with each respective combined MC map; and 
h. determining if the new source survey and the new 

receiver survey are valid based on the display of each 
respective combined MC map. 

12. The program carrier device of claim 11, further 
comprising: 

identifying at least one invalid survey; 
entering new target survey criteria for each invalid sur­

vey; and 
repeating steps a-h for each invalid survey using the new 

target survey criteria. 
13. The program carrier device of claim 11, further 

comprising: 
identifying at least one valid survey; 
entering new target survey constraints for each valid 

survey; and 
repeating steps a-h for each valid survey using the new 

target survey constraints. 
14. The program carrier device of claim 10, wherein the 

target survey grid for available source locations and the 
target survey grid for available receiver locations are created 
using an initial survey for available source locations and an 
initial survey for available receiver locations, respectively, 
and the predetermined target survey criteria. 

15. The program carrier device of claim 10, wherein each 
source subgrid and each receiver subgrid represents a 
respective process area. 

d. solving each multidimensional sampling function for 
each respective source subgrid and each respective 
receiver subgrid using a computer processor and a 
global optimizer to iteratively minimize predetermined 
statistics for each respective MC map under predeter- 25 

mined target survey criteria and predetermined target 
survey constraints wherein the solution for each mul­
tidimensional sampling function determines i) local 
coordinates for each optimal source location in a 
respective source subgrid and each optimal receiver 30 

location in a respective receiver subgrid, and ii) a 
minimized MC map for each respective source subgrid 
and each respective receiver subgrid, each minimized 
MC map including a mutual coherence value at each 
(x,y) location in the minimized MC map; 

16. The program carrier device of claim 15, wherein the 
number of multiple source subgrids and the number of 
multiple receiver subgrids are each equal to a predetermined 

35 number of process areas used for a domain. 
e. converting the local coordinates for each optimal source 

location and each optimal receiver location in a respec­
tive source subgrid and a respective receiver subgrid to 
global acquisition coordinates that each corresponds to 
a respective grid node on a respective source sub grid or 40 

a respective grid node on a respective receiver subgrid; 
and 

f. combining the optimal source and receiver locations in 
each respective source subgrid and in each respective 
receiver subgrid, and the corresponding minimized MC 45 

map for each respective source subgrid and each 
respective receiver subgrid, into a new, optimized, 
source survey with a combined MC map and a new, 
optimized, receiver survey with a combined MC map. 

17. The program carrier device of claim 10, wherein the 
MC map is defined as: 

maxJIUs'II , , 
MC(x, y) = maxllUsll, IIU,11 < maxllU,11, U, EU,; 

and 
wherein Us =Fus. 
18. The program carrier device of claim 17, wherein the 

predetermined statistics includes one of a minimum value, a 
mean value and a standard deviation. 

* * * * * 


