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(57) ABSTRACT 

The present invention provides a method and apparatus for 
positioning a center of a seismic source. The method includes 
determining a desired center-of-source of the seismic source 
and selecting one of a first and a second plurality of guns to 
form the seismic source based upon the desired center-of 
source, a center-of-source of the first plurality being different 
than a center-of-source of the second plurality. 

165 

s ) -" 

10 130 

160 

65 

  



Patent Application Publication Dec. 11, 2008 Sheet 1 of 5 US 2008/0304363 A1 

O 
er 
wo 

C 
gd 
wrm gd 

\ vm 

ur 
VC 2 
y pu 

lf 
er 
wn 

-a 

s S. 
N-1 r 
l r 

o (O) (O) w 
K2 k2 

O 

C wn 
er CN 



US 2008/0304363 A1 Dec. 11, 2008 Sheet 2 of 5 Patent Application Publication 

Z 9.InÃ¡H 

0£Z· 

  



Patent Application Publication Dec. 11, 2008 Sheet 3 of 5 US 2008/0304363 A1 

r 
W 
er 

A 
ef 

r 

s O s 
r S. 

$1 / (HO-O-O-O-O-O-O s 
O-O-O-O-O O 

()-O O-O O 

O-O-O-O-O-O-O 

Co O-O-O-O-O-O-O 

5. HO-O-O-O-O-O-O 
-6 

O-O-, S <Ob O-Se-O-O 
- umo guns as amp 

O-9-O-et-O 9 - O 
o S. 
S. O () O s O s O 

  



Patent Application Publication Dec. 11, 2008 Sheet 4 of 5 US 2008/0304363 A1 

s S S. C 
ya 

St. 
C 
C 
r 

i 5. 

S 

s 

H i 

  

  

  

  



US 2008/0304363 A1 Dec. 11, 2008 Sheet 5 of 5 Patent Application Publication 

009 

S 9.InÃ¡H SOEHONIQOS OIWNSIGHS EINTRIVW HO ?OORHO FINO LOHTOEHS SEIOYH[]OS OIWSIGIS SINTHVW HO A QORIO ?INO LSVEITI JLV HO GIORITMOS - HO-`{{LN@HO £INIWN RIGH LGICI {{O}{[]OS -HO-YH™HÍLNÉHO V HO NOILWOOT C[HRHISGHCI V GHINIWN RHEILÉICI 

  



US 2008/0304363 A1 

METHOD AND APPARATUS FOR 
POSITONING ACENTER OF A SEISMIC 

SOURCE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 This invention relates generally to marine seismic 
Surveying, and, more particularly, to positioning a center of a 
seismic source used in marine seismic Surveying. 
0003 2. Description of the Related Art 
0004 Seismic exploration is widely used to locate and/or 
Survey Subterranean geological formations for hydrocarbon 
deposits. Since many commercially valuable hydrocarbon 
deposits are located beneath bodies of water, various types of 
marine seismic Surveys have been developed. In one type of 
marine seismic Survey, the Survey vessel tows a seismic 
Source including a plurality of guns, such as airguns and the 
like, which are deployed along one or more strings or cables. 
As the Source is towed over the Survey area, the guns are fired 
to produce an acoustic signal, or 'shot.” The shot is directed 
down through the water into the earth beneath, where it is 
reflected from the various Subterranean geological forma 
tions. 
0005. The reflected signals are received by one or more 
seismic sensors. In various alternative embodiments, the seis 
mic sensors may be deployed in a receiver array including one 
or more seismic streamer cables, at the seabed, in a borehole, 
or in any other desirable location. The received signals are 
typically digitized and then transmitted to the Survey vessel or 
other data collection location. The digitized signals are 
referred to as “traces” and are recorded, and at least partially 
processed, at the survey vessel. The ultimate aim of this 
process is to build up a representation of the Subterranean 
geological formations beneath the array. Analysis of the rep 
resentation may indicate probable locations of hydrocarbon 
deposits in the Subterranean geological formations. 
0006. The representation of the earth strata in the survey 
area is formed by combining data collected along a plurality 
of Sail lines. In one embodiment, the sail lines are approxi 
mately straight lines that cross a portion of the Survey area. 
However, persons of ordinary skill in the art should appreciate 
that the sail lines are rarely, if ever, perfectly straight. For 
example, wind, water currents, waves, steering of the Survey 
vessel, and the like may cause the sail line to be less than 
perfectly linear. Furthermore, the data may be collected along 
paths that are not intended to be linear. For example, multi 
azimuth coverage of the Survey area may be provided by 
Surveys using non-linear paths having shapes including ellip 
tical paths, circular paths, and figure-8 paths. 
0007. In one embodiment, a single survey vessel may tow 
a single receiver array along each of the sail lines. Alterna 
tively, a plurality of survey vessels may tow a plurality of 
receiver arrays along a corresponding plurality of the sail 
lines. In various alternative embodiments, the data may be 
collected during a single Survey conducted overa short period 
of time, e.g. approximately one day, or it may be collected in 
multiple surveys performed a different times. For example, 
inclement weather and/or high seas may force a Survey to be 
Suspended before resuming hours or days later. For another 
example, historical data from previous Surveys performed 
months or years earlier may be combined with new data to 
extend the Survey or to fill in deficiencies in coverage that may 
be introduced by currents, obstacles such as platforms, and 
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the like. And for yet another example, data from repeat Sur 
veys may be used to analyze and monitor changes in produc 
tive oil and/or gas reservoirs. 
0008. The accuracy and/or resolution of the representation 
formed using the acquired data may be limited by uncertain 
ties in the actual path of the seismic source and/or the receiv 
ers through the water. Accordingly, the Survey vessel typi 
cally attempts to tow the seismic source so that a geometric 
center-of-source of the guns in the seismic source follows a 
desired sail line. However, the center-of-source rarely, if ever, 
precisely follows the desired sail line. For example, water 
currents, wind, waves, and the like may divert one or more 
guns in the seismic source from the desired path. 
0009. The present invention is directed to addressing one 
or more aspects of the problems described above. 

SUMMARY OF THE INVENTION 

0010. In one aspect of the instant invention, an apparatus is 
provided for positioning a center of a seismic source. The 
apparatus includes first and second pluralities of guns con 
figured so that a center-of-source of the first plurality is dif 
ferent than a center-of-source of the second plurality. The 
apparatus also includes a controller communicatively 
coupled to the first and second pluralities of guns and capable 
of selecting one of the first and second pluralities of guns to 
form the seismic source based on a desired center-of-source. 
0011. In another aspect of the present invention, a method 

is provided for determining a desired center-of-source of a 
seismic source and selecting one of a first and a second 
plurality of guns to form the seismic source based upon the 
desired center-of-source, a center-of-source of the first plu 
rality being different than a center-of-source of the second 
plurality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The invention may be understood by reference to the 
following description taken in conjunction with the accom 
panying drawings, in which like reference numerals identify 
like elements, and in which: 
0013 FIG. 1 conceptually illustrates a first embodiment of 
a system for providing a seismic shot in accordance with the 
present invention in which the guns in the seismic source 
differ horizontally. 
0014 FIG. 2 conceptually illustrates a second embodi 
ment of a system for providing a seismic shot in accordance 
with the present invention in which the guns in the seismic 
source differ in depth. 
(0015 FIGS. 3A and 3B conceptually illustrate a third 
embodiment of a system for providing a seismic shot in 
accordance with the present invention. 
0016 FIGS. 4A and 4B conceptually illustrate a comput 
ing apparatus that may be used in the first, second, and third 
embodiments illustrated in FIGS. 1, 2, 3A, and 3B. 
0017 FIG. 5 conceptually illustrates a method for provid 
ing a seismic shot in accordance with the present invention. 
0018 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that the description herein of specific embodiments is not 
intended to limit the invention to the particular forms dis 
closed, but on the contrary, the intention is to coverall modi 



US 2008/0304363 A1 

fications, equivalents, and alternatives falling within the spirit 
and Scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0019. Illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features of an 
actual implementation are described in this specification. It 
will of course be appreciated that in the development of any 
Such actual embodiment, numerous implementation-specific 
decisions must be made to achieve the developers’ specific 
goals, such as compliance with system-related and business 
related constraints, which will vary from one implementation 
to another. Moreover, it will be appreciated that such a devel 
opment effort might be complex and time-consuming, but 
would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 
0020. The present invention is directed to positioning a 
center of a seismic source by selecting a gun configuration. As 
will be discussed in detail below, a center-of-source of a 
selected configuration of the guns in the seismic source may 
be positioned proximate a desired location, such as a sail line 
or other non-linear path, by forming the gun configuration 
from one or more selected guns deployed in a gun array. 
Although some of the guns may be in more than one of the 
possible gun configurations, each gun configuration includes 
at least one gun that is not found in the other gun configura 
tions so that each gun configuration has a different center-of 
source. By positioning the center of the seismic source, the 
uncertainty in the position of the center-of-source of the Seis 
mic source may be reduced. The following figures show Vari 
ous exemplary embodiments of the present invention. How 
ever, persons of ordinary skill in the art will appreciate that 
these embodiments are illustrative in nature and are not 
intended to limit the present invention. 
0021 FIG. 1 conceptually illustrates a first embodiment of 
a system 100 for providing seismic shots. The system 100 
includes a survey vessel 105 coupled to a gun array 110 
formed of a plurality of cables 115 having a plurality of guns 
120. Such as airguns and the like, attached thereto. The gun 
array 110 shown in FIG. 1 is a two-dimensional array. How 
ever, in alternative embodiments such as described below, the 
gun array 110 may also be one-dimensional or three-dimen 
sional. Persons of ordinary skill in the art should also appre 
ciate that, in alternative embodiments, the system 100 may 
also include a plurality of seismic receivers (not shown). For 
example, the survey vessel 105 may tow an array of seismic 
receivers (not shown). Alternatively, the seismic receivers 
(not shown) may be towed by another survey vessel, or they 
may be deployed on the seabed, in a borehole, or in any other 
desirable location. 
0022. In the illustrated embodiment, the gun array 110 
includes seven cables 115. However, the present invention is 
not limited to seven cables 115 and, in alternative embodi 
ments any desirable number of cables 115 may be used. 
Persons of ordinary skill in the art will appreciate that the 
desirable number of cables 115 may be influenced by such 
factors as the size of the survey vessel 105, the capabilities of 
one or more engines (not shown) that power the Survey vessel 
105, the drag of the gun array 110, the area of the survey 
region, and the like. 
0023 The cables 115 shown in FIG. 1 are deployed with 
an approximately equal separation in the cross-line direction. 
However, in alternative embodiments, any desirable cable 
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spacing may be selected, including unequal spacing between 
the cables 115. Furthermore, persons of ordinary skill in the 
art will appreciate that, in operation, the spacing of the cables 
115 may be affected by factors including wind, water cur 
rents, waves, the heading and/or speed of the Survey vessel 
105, and the like. 
0024. The guns 120 shown in FIG. 1 are approximately 
equally spaced in the in-line direction. However, persons of 
ordinary skill in the art will appreciate that the present inven 
tion is not limited to equally-spaced guns 120. In various 
alternative embodiments, the guns 120 may be spaced in any 
desirable manner, including unequal spacing in the in-line 
direction. 

0025. Each of the plurality of guns 120 is communica 
tively coupled to a controller 130, which may be deployed on 
the survey vessel 105. The controller 130 is capable of pro 
viding one or more signals to selected portions of the plurality 
of guns 120. The provided signals may be used to initiate a 
seismic shot from the guns 120 in the selected portions. 
Persons of ordinary skill in the art will appreciate that the 
guns 120 may be communicatively coupled to the controller 
130 in any desirable manner known to the art including, but 
not limited to, wires deployed in the plurality of cables 115, 
radiofrequency transceivers (not shown), and the like. For 
example, one function of the cables 115 may be to transmit 
command and control information from the controller 130 to 
the guns 120. 
0026. In one embodiment, each gun 120 is individually 
communicatively coupled to the controller 130 so that the 
controller 130 may provide a separate signal to initiate firing 
each gun 120. Alternatively, subsets of the guns 120 may be 
communicatively coupled to the controller 130 so that the 
controller 130 may provide a single signal to initiate firing the 
guns 120 in the selected subsets at substantially the same 
time. For example, the guns 120 deployed along each of the 
plurality of cables 115 may be communicatively coupled to 
the controller 130 so that the controller 130 may provide a 
single signal to initiate firing the guns 120 deployed along a 
Selected cable 115. 

0027. The guns 120 may be fired at the same time to 
generate the seismic shot. However, the present invention is 
not limited to simultaneously firing the guns 120. In alterna 
tive embodiments, the guns 120 may be fired at different 
times. For example, a timing skew of a few milliseconds 
between firings of the guns 120 may be introduced to control 
the direction of the energy of the seismic shot. In one embodi 
ment, the controller 130 determines the timing skew and 
provides one or more signals to initiate firing of the guns 120 
in the appropriate temporal sequence. 
0028. The plurality of guns 120 in the gun array 110 may 
be configured to form one or more of a plurality of seismic 
sources 150(1-2). In the illustrated embodiment, a center-of 
source 155(1) (indicated by a crossed circle in FIG. 1) of the 
configuration of guns 120 used to form the first seismic source 
150(1) is different than a center-of-source 155(2) (also indi 
cated by a crossed circle in FIG. 1) of the configuration of 
guns 120 used to form the second seismic source 150(2). For 
example, the centers-of-source 155(1-2) may be different 
because each seismic source 150(1-2) includes at least one 
gun 120 that is not found in the other seismic source 150(1-2). 
However, it will be appreciated that, in alternative embodi 
ments, any desirable technique for making the center-of 
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source 155(1) of the first seismic source 150(1) different than 
the center-of-source 155(2) of the second seismic source 
150(2) may be used. 
0029. In the illustrated embodiment, the seismic sources 
150(1-2) also include guns 120 that are common to the two 
seismic sources 150(1-2). However, persons of ordinary skill 
in the art will appreciate that the present invention does not 
require that the seismic sources 150(1-2) include guns 120 
that are common to the two seismic sources 150(1-2). More 
over, if more than one gun array110 is used, the guns 120 may 
not even be a part of the same gun array 110. Furthermore, it 
should be appreciated that the guns 120 may be associated 
with any desirable number of seismic sources 150(1-2). For 
example, the guns 120 may be associated with more than two 
seismic sources 150(1-2). 
0030. One or more positioning devices 135 are deployed 
proximate the gun array110. In the illustrated embodiment, a 
positioning device 135 is coupled to each gun 120. However, 
persons of ordinary skill in the art will appreciate that, in 
alternative embodiments, not all of the guns 120 may be 
coupled to a positioning device 135. Moreover, the position 
ing devices 135 may not always be coupled to the guns 120. 
For example, the positioning devices 135 may be coupled to 
the cable 115 proximate the guns 120, or at any other desir 
able position along one or more of the cables 115. In one 
embodiment, the positioning devices 135 are Global Posi 
tioning System devices. However, in alternative embodi 
ments, the positioning devices 135 may be inertial position 
ing devices, acoustic positioning devices, and the like. 
0031. The positioning devices 135 provide information 
indicative of their position to the controller 130. The provided 
positioning information may indicate the absolute position of 
the positioning device 135. For example, the positioning 
device 135 may be a Global Positioning System device 
capable of providing information indicative of the longitude 
and latitude of the positioning device 135. Alternatively, the 
positioning device 135 may indicate the relative position of 
the positioning device 135. For example, the positioning 
device 135 may provide information indicative of the location 
of the positioning device 135 relative to the survey vessel 105, 
one or more other positioning devices 135, or any other desir 
able reference point. In yet another alternative embodiment, 
the positioning device 135 may indicate both the absolute 
position and the relative position of the positioning device 
135. 

0032. The controller 130 determines the location of the 
center-of-source 155(1-2) of each of the seismic sources 150 
(1-2) using the positioning information provided by the posi 
tioning devices 135. In one embodiment, the controller 130 
may compute the center-of-source 155(1-2) using the posi 
tion information provided by each of the positioning devices 
135 deployed proximate the guns 120. For example, the con 
troller 130 may compute the center-of-source 155(1-2) such 
that a vector sum of vectors (not shown) from the center-of 
source 155(1-2) to each positioning device 135 is minimized 
and/or reduced to approximately Zero. Alternatively, the con 
troller may compute the center-of-source 155(1-2) using a 
known relation between the positioning devices 135 and the 
center-of-source 155(1-2). For example, the positioning 
devices 135 may be deployed such that the center of source 
155(1-2) is separated from the positioning device 135 by 
approximately a known distance along a direction approxi 
mately parallel to the cables 115. 
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0033. The survey vessel 105 may be physically steered to 
position the gun array 110 approximately above a sail line 
160. For example, a heading of the survey vessel 105 may be 
changed to position the towed gun array 110 approximately 
above the sail line 160. As discussed above, the location of the 
sail line 160 may be predetermined to provide a new sail line 
location to a seismic Survey, to revisit a previously Surveyed 
sail line, to provide infill for a current or previous seismic 
survey, or for any other reason. The path of the gun array 110 
may also be physically steered using one or more deflector 
devices 165, as should be appreciated by persons of ordinary 
skill in the art. In various alternative embodiments, the sail 
line 160 may be approximately linear or be a portion of a 
non-linear path Such as an elliptical path, a circular path, a 
figure-8 path, and the like. 
0034 Various factors, such as wind, water currents, 
waves, the heading and/or speed of the survey vessel 105, and 
the like, may result in the gun array 110 not being accurately 
positioned above the sail line 160. Accordingly, the controller 
130 is capable of selecting one of the seismic sources 150(1- 
2) such that the corresponding center-of-source 155(1-2) of 
the selected seismic source 150(1-2) lies approximately along 
the sail line 160. 

0035. In one embodiment, the configuration of the guns 
120 used to form the seismic sources 150(1-2) may be pre 
determined and the controller 130 may select one of the 
pre-determined gun configurations to form the seismic 
sources 150(1-2) such that the corresponding center-of 
source 155(1-2) of the selected seismic source 150(1-2) lies 
approximately along the sail line 160. However, in alternative 
embodiments, the controller 130 may determine membership 
of guns 120 within the seismic sources 150(1-2). For 
example, the controller 130 may use the position information 
provided by the positioning devices 135 to determine the 
membership of the guns 120 in the seismic source 150(1) such 
that the corresponding center-of-source 155(1) of the seismic 
source 150(1) lies approximately along the sail line 160. 
0036 By selecting one of the seismic sources 150(1-2), 
either from one or more pre-determined seismic sources 150 
(1-2) or from one or more seismic sources 150(1-2) deter 
mined by the controller 130, the uncertainty in the position of 
the corresponding center-of-source 155(1-2) relative to the 
sail line 160 may be reduced. For example, the uncertainty in 
the position of the center-of-source 155(1-2) relative to the 
sail line 160 in an exemplary gun array 110 having a plurality 
of cables 110 that are equally separated in a cross-line direc 
tion by approximately eight meters may be reduced to about 
a few meters. Consequently, the amount of physical steering 
required, and the resulting steering noise in the acquired 
seismic data, may be reduced. 
0037 FIG. 2 conceptually illustrates a second embodi 
ment of a system 200 for providing a seismic shot. In the 
system 200, the groupings of guns differ vertically, rather 
than horizontally. The system 200 includes a survey vessel 
205 coupled to a gun array 210 comprising a plurality of 
cables 215 having a plurality of guns 220. Such as airguns and 
the like, attached thereto. The plurality of cables 215 are 
deployed at different depths beneath the surface 225 of abody 
of water and heights above the floor 230 of the body of water. 
Although a plurality of cables 215 a shown in FIG. 2, in one 
alternative embodiment, a single cable 215 having a plurality 
of guns 220 suspended at different depths below the cable 215 
may be used. 
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0038. In the illustrated embodiment, the system 200 is a 
two-dimensional gun array 210 oriented in an approximately 
vertical plane. However, in alternative embodiments, the sys 
tem 200 may also be a portion of a three-dimensional gun 
array. Although not shown in FIG. 2, in one alternative 
embodiment one or more additional pluralities of cables 215 
may be distributed in a horizontal direction (i.e. in a direction 
perpendicular to the page) to form a three-dimensional gun 
array 210. For example, the system 100 shown in FIG.1 may 
be considered as a top-down view of a three-dimensional gun 
array 210 and the system 200 may be considered a side-view 
of the three-dimensional gun array 210. 
0039 Each of the plurality of guns 220 are communica 

tively coupled to a controller 240 on the survey vessel 205. As 
discussed above, the controller 240 is capable of providing 
one or more signals to selected portions of the plurality of 
guns 220 that may be used to initiate one or more seismic 
shots from the guns 220 in the selected portions. The plurality 
of guns 220 in the seismic source array 215 may be configured 
to form a plurality of seismic sources 250(1-2). In the illus 
trated embodiment, a center-of-source 255(1) (indicated by a 
crossed circle) of the first seismic source 250(1) is different 
than a center-of-source 255(2) (also indicated by a crossed 
circle) of the second seismic source 250(2). For example, the 
center-of-source 255(1) of the first seismic source 250(1) is at 
a first depth 260(1) that is different than a second depth of 
260(2) the center-of-source 255(2) of the second seismic 
source 250(2) because seismic sources 250(1-2) each include 
at least one gun 220 that is not found in the other seismic 
source 250(1-2). However, as discussed above, the centers 
of-source 255(1-2) may differ for any desirable reason and in 
any desirable direction. For example, in a three-dimensional 
array 210, the centers-of-source 255(1-2) may differ in both a 
horizontal and a vertical direction. 

0040. One or more positioning devices 265 are deployed 
proximate the gun array 210. In the illustrated embodiment, 
the positioning devices 265 are deployed along one or more of 
the cables 215. In one embodiment, the positioning devices 
265 are Global Positioning System devices. However, in 
alternative embodiments, the positioning devices 265 may be 
inertial positioning devices, acoustic positioning devices, 
depth detectors, and the like. The positioning devices 265 
provide information indicative of their position (i.e. the depth 
of the corresponding cable 215) to the controller 240. 
0041. The provided positioning information may indicate 
the absolute depth of the positioning device 265 or, alterna 
tively, the positioning device 265 may indicate the depth of 
the positioning device 265 relative to the survey vessel 105, 
the surface 225, the one or more other positioning devices 
265, or any other desirable reference point. In some embodi 
ments, such as the three-dimensional gun array 210, the pro 
vided positioning information may also indicate the absolute 
position (e.g. the latitude and longitude) of the positioning 
device 265 or, alternatively, the positioning device 265 may 
indicate the relative location of the positioning device 265 
relative to the survey vessel 105, the surface 225, the one or 
more other positioning devices 265, or any other desirable 
reference point. 
0042. The controller 240 determines the location of the 
center-of-source 255(1-2) of each of the seismic sources 250 
(1-2) using the positioning information provided by the posi 
tioning devices 265. In various alternative embodiments, it 
may be desirable to position the center-of-source 255(1-2) 
proximate a selected depth 270. For example, it may be desir 
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able to position the center-of-source 255(1-2) proximate the 
selected depth 270 to reduce the effect of one or more ghosts, 
multiples, and/or other artifacts in the acquired data. Accord 
ingly, the controller 230 is capable of selecting one of the 
seismic sources 250(1-2) such that the corresponding center 
of-source 255(1-2) of the selected seismic source 250(1-2) is 
proximate the selected depth 270. As discussed above, the 
controller 230 may also be capable of selecting a membership 
and/or a configuration of the guns 220 in one or more of the 
seismic sources 250(1-2). By selecting one of the seismic 
sources 250(1-2), the difference between the depth of the 
corresponding center-of-source 255(1-2) and the selected 
depth 270 may be reduced. Consequently, the performance of 
various ghost removal techniques, multiple removal tech 
niques, and other data processing techniques may be 
enhanced. 

0043 FIGS. 3A and 3B conceptually illustrate a third 
embodiment of a system300 for providing a seismic shot. The 
system 300 includes a survey vessel 305, which is coupled to 
a gun array 310 formed using a plurality of cables 315 having 
a plurality of guns 320 attached thereto. As discussed above, 
each of the plurality of guns 320 are communicatively 
coupled to a controller325, which is capable of providing one 
or more signals to selected portions of the plurality of guns 
320 that may be used to initiate one or more seismic shots 
from the guns 320 in the selected portions. In various alter 
native embodiments, one or more positioning devices 330 are 
deployed proximate the guns 320 and/or along one or more of 
the cables 315. The positioning devices 330 provide informa 
tion indicative of their position to the controller 325. 
0044) In the third embodiment of the system 300, the 
controller 325 may select a configuration of guns 320 
arranged in a predetermined pattern to form a first seismic 
source 335, as shown in FIG. 3A. For example, the first 
seismic source 335 may include guns 320 arranged in a cen 
ter-filled hexagonal pattern, such as may be used in an alter 
nate invariant source array. However, in alternative embodi 
ments, the first seismic source 335 may include guns 320 
arranged in any desirable pattern including, but not limited to, 
a square, across, a circle, and the like. As discussed above, the 
controller 325 may also determine membership of one or 
more guns 320 in one or more seismic sources 335. 
0045. The controller 325 may select the first seismic 
source 335 so that a center-of-source of the first seismic 
source 335 is proximate a desired sail line 340. As discussed 
above, the controller may select the first seismic source 335 
using information provided by one or more of the positioning 
devices 330, as well as a predetermined location of the sail 
line 340. The controller 325 may alternatively select a second 
configuration of guns 320 arranged in a predetermined pat 
tern to form a second seismic source 345 (also indicated by 
cross-hatching), as shown in FIG.3B. For example, instead of 
being shifted to the right of the desired sail line 340, as shown 
in FIG. 3A, the gun array 310 may be shifted to the left of the 
desired sail line 350, as shown in FIG. 3B. 
0046 Referring now to FIGS. 1, 2, 3A, and 3B, the con 
trollers 130, 240, 325 may be embodied, at least in part, in a 
computing apparatus 400 that may be used to perform the 
aforementioned operations, as illustrated in FIGS. 4A and 4B. 
The computing apparatus 400 includes a processor 405 com 
municating with some storage 410 over abus system 415. The 
storage 410 may include a hard disk and/or random access 
memory (“RAM) and/or removable storage such as a floppy 
magnetic disk 417 and an optical disk 420. The storage 410 is 
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encoded with a data structure 425 storing the signals collected 
as discussed above, an operating system 430, user interface 
software 435, and an application 465. The user interface 
software 435, in conjunction with a display 440, implements 
a user interface 445. The user interface 445 may include 
peripheral I/O devices such as a key pad or keyboard 450, a 
mouse 455, or a joystick 460. The processor 405 runs under 
the control of the operating system 430, which may be prac 
tically any operating system known to the art. The application 
465 is invoked by the operating system 430 upon power up, 
reset, or both, depending on the implementation of the oper 
ating system 430. 
0047. In one embodiment, the computing apparatus 400 
may be programmed to perform a method for positioning a 
center of a seismic source, such as the exemplary method 500 
shown in FIG. 5. Alternatively, the storage 410 may be 
encoded with instructions that when executed enable the 
computing apparatus to perform the exemplary method 500. 
In the illustrated embodiment of the exemplary method 500, 
a desired location of a center-of-source may be determined (at 
510). As discussed above, the desired location of the center 
of-source may be determined (at 510) based upon a sail line, 
a depth, a combination of the two, or any other location. A 
center-of-source of at least configuration of guns used to form 
at least one seismic source is then determined (at 520). In one 
embodiment, a controller, which may be embodied in the 
computing apparatus 410, determines (at 520) a plurality of 
centers-of-sources of a corresponding plurality of gun con 
figurations that may be used to form a plurality of seismic 
sources. The controller may also determine membership of 
one or more guns in the one or more seismic sources. The 
controller then selects (at 530) one of the seismic sources. For 
example, the controller may select (at 530) one of the seismic 
Sources by comparing the desired center-of-source with the 
determined plurality of centers-of-sources of the correspond 
ing plurality of gun configurations. 
0048. Accordingly, some portions of the detailed descrip 
tions herein are presented interms of a Software implemented 
process involving symbolic representations of operations on 
data bits within a memory in a computing system or a com 
puting device. These descriptions and representations are the 
means used by those in the art to most effectively convey the 
substance of their work to others skilled in the art. The process 
and operation require physical manipulations of physical 
quantities. Usually, though not necessarily, these quantities 
take the form of electrical, magnetic, or optical signals 
capable of being stored, transferred, combined, compared, 
and otherwise manipulated. It has proven convenient at times, 
principally for reasons of common usage, to refer to these 
signals as bits, values, elements, symbols, characters, terms, 
numbers, or the like. 
0049. It should be borne in mind, however, that all of these 
and similar terms are to be associated with the appropriate 
physical quantities and are merely convenient labels applied 
to these quantifies. Unless specifically stated or otherwise as 
may be apparent, throughout the present disclosure, these 
descriptions refer to the action and processes of an electronic 
device, that manipulates and transforms data represented as 
physical (electronic, magnetic, or optical) quantities within 
Some electronic device's storage into other data similarly 
represented as physical quantities within the storage, or in 
transmission or display devices. Exemplary of the terms 
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denoting Such a description are, without limitation, the terms 
“processing.” “computing. "calculating.” “determining.” 
“displaying, and the like. 
0050. Note also that the software implemented aspects of 
the invention are typically encoded on Some form of program 
storage medium or implemented over some type of transmis 
sion medium. The program storage medium may be magnetic 
(e.g., a floppy disk or a hard drive) or optical (e.g., a compact 
disk read only memory, or “CDROM'), and may be read only 
or random access. Similarly, the transmission medium may 
be twisted wire pairs, coaxial cable, optical fiber, or some 
other suitable transmission medium known to the art. The 
invention is not limited by these aspects of any given imple 
mentation. 
0051. The particular embodiments disclosed above are 
illustrative only, as the invention may be modified and prac 
ticed in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings herein. 
Furthermore, no limitations are intended to the details of 
construction or design herein shown, other than as described 
in the claims below. It is therefore evident that the particular 
embodiments disclosed above may be altered or modified and 
all such variations are considered within the scope and spirit 
of the invention. Accordingly, the protection sought herein is 
as set forth in the claims below. 

1-15. (canceled) 
16. A method, comprising: 
determining a geometric center of a first plurality of guns 

and a geometric center of a second plurality of guns; 
determining a geometric center of a desired seismic source 

based on depth: 
comparing the geometric center of the desired seismic 

source with the geometric center of the first plurality of 
guns and the geometric center of the second plurality of 
guns; and 

selecting one of the first plurality of guns and the second 
plurality of guns as the desired seismic source if the 
geometric center of the one of the first plurality of guns 
and the second plurality of guns substantially matches 
the geometric center of the desired seismic source. 

17-19. (canceled) 
20. The method of claim 50, wherein the fixed path is one 

of a straight path, a circular path, an elliptical path, and a 
figure-8 path. 

21. The method of claim 16, wherein selecting the one of 
the first and second plurality of guns comprises receiving a 
signal indicative of a location of at least one of the first and 
second plurality of guns. 

22. The method of claim 21, wherein receiving the signal 
indicative of the location of at least one of the first and second 
plurality of guns comprises receiving the signal indicative of 
the location of at least one of the first and second plurality of 
guns from at least one of a global positioning system, an 
acoustic positioning device, an inertial positioning device, 
and a depth detector associated with the first or the second 
plurality of guns. 

23. The method of claim 21, wherein selecting one of the 
first and second plurality of guns comprises comparing the 
center location of the desired seismic source with the signal 
indicative of the location of at least one of the first and second 
plurality of guns. 

24-35. (canceled) 
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36. A method, comprising: 
determining a first plurality of guns as being disposed 

Substantially along a sail line; 
actuating the first plurality of guns; 
determining a second plurality of guns as being disposed 

Substantially along the sail line in response to the first 
plurality of guns being drifted away from the sail line; 
and 

actuating the second plurality of guns. 
37. The method of claim 36, further comprising detecting 

that the first plurality of guns has drifted away from the sail 
line. 

38. The method of claim 36, wherein the first plurality of 
guns has at least one gun in common with the second plurality 
of guns. 

39-43. (canceled) 
44. The method of claim 51, wherein the cables are 

deployed parallel to each other along a sail line. 
45. (canceled) 
46. A method for acquiring seismic data, comprising: 
deploying a plurality of cables having a plurality of guns 

disposed thereon, each gun being coupled to a position 
ing device configured to provide positional information 
of a gun coupled thereto; 

determining a geometric center of the plurality of guns 
Such that a vector Sum of vectors from the geometric 
center of the plurality of guns to each positioning device 
is minimized to about Zero; and 

actuating the plurality of guns if the geometric center Sub 
stantially lies along a desired sail line. 

47. A method for acquiring seismic data, comprising: 
deploying a plurality of cables having a plurality of guns 

disposed thereon, each gun being coupled to a position 
ing device configured to provide positional information 
of a gun coupled thereto; 

determining a geometric center of the plurality of guns 
based on a predetermined distance between each posi 
tioning device and the geometric center, wherein the 
predetermined distance is along a direction approxi 
mately parallel to the cables; and 

actuating the plurality of guns if the geometric center Sub 
stantially lies along a desired sail line. 

Dec. 11, 2008 

48. The method of claim 16, wherein the geometric center 
of the first plurality of guns and the second plurality of guns 
is determined such that a vector sum of vectors from the 
geometric center to each positioning device is minimized to 
about Zero. 

49. The method of claim 16, wherein the geometric center 
of one of the first plurality of guns and the second plurality of 
guns is determined based on a predetermined distance 
between each positioning device and the geometric center, 
wherein the predetermined distance is along a direction 
approximately parallel to the direction of one or more cables 
coupled to the one of the first plurality of guns and the second 
plurality of guns. 

50. A method, comprising: 
providing a fixed path along which seismic data are to be 

acquired; 
providing a plurality of guns; 
determining membership of each gun in either a first set of 

guns or a second set of guns, wherein the first set of guns 
and the second set of guns have at least one gun in 
common and wherein the first set of guns has at least one 
gun not found in the second set of guns; 

determining a geometric center of the first set of guns and 
a geometric center of the second set of guns; 

comparing the fixed path with the geometric center of the 
first set of guns and the geometric center of the second 
set of guns during acquisition of the seismic data; 

selecting one of the first set of guns and the second set of 
guns to be actuated whose geometric center Substan 
tially aligns with the fixed path; and 

actuating only the selected one of the first set of guns and 
the second set of guns. 

51. A method, comprising: 
deploying a plurality of cables having a plurality of guns 

coupled thereto, wherein a first group of the guns is 
arranged in a first predetermined geometrical pattern 
and a second group of the guns is arranged in a second 
predetermined geometrical pattern; 

activating the first group of the guns while keeping the 
second group of the guns inactive; and 

activating the second group of the guns while keeping the 
first group of the guns inactive. 

c c c c c 


