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Method for managing shots in a multi-vessel seismic system,
including for each slave shooter vessel: a) computing first
theoretical shot times, based on a speed a scheduler shooter
vessel and shot points associated to the scheduler shooter
vessel, associated next shots of the scheduler shooter vessel;
b) computing, based on a speed of the slave shooter vessel and
the shot points, second theoretical shot times associated to the
next shots; ¢) computing, based on the first theoretical shot
times, interpolated virtual shot times; d) computing, based on
the first theoretical shot times, the interpolated virtual shot
times and a minimum shot time interval, shooting time win-
dows; e) for each next shot: if the second theoretical shot time
is in the shooting time window, selecting as a predicted shot
time the second theoretical shot time; otherwise, selecting a
border of the shooting time window closest to the second
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METHOD FOR MANAGING SHOTS IN A
MULTI-VESSEL SEISMIC SYSTEM

1. FIELD OF THE INVENTION

[0001] The field of the invention is that of geophysical data
acquisition.
[0002] More precisely, the invention relates to marine seis-

mic acquisition involving several vessels to achieve an imag-
ing of the seabed earth crust.

[0003] In particular, the invention relates to a method for
managing shots in a multi-vessel seismic system comprising
several shooter vessels (a scheduler shooter vessel and at least
one slave shooter vessel) and at least one listener vessel. Each
shooter vessel comprises at least one seismic source perform-
ing shots at determined instants. Each listener vessel has a
recording system and tows at least one streamer integrating
seismic sensors.

[0004] In practice, a multi-vessel seismic system often
comprises several shooter vessels and several listener vessels.
Moreover, some vessels can be both a shooter vessel and a
listener vessel.

[0005] The present invention can be applied notably to the
oil exploration industry, but may also be applied to any field
using a geophysical data acquisition network in a marine
environment.

2. TECHNOLOGICAL BACKGROUND

2.1 Principle of a Seismic Marine Acquisition

[0006] To perform a seismic marine acquisition in a survey
area, it is common to use seismic sources (guns, vibratory
sources, . . . ) and seismic sensors. The sensors are housed in
cables, called streamers (or linear antennas). Several stream-
ers are used together to form an array of thousands of sensors.
Sources are towed by one or several shooter vessels, and
streamers are towed by one or several listener vessels. A same
vessel can be both shooter vessel and listener vessel (i.e. can
tow one or several streamers and one or several seismic
sources).

[0007] To collect the geophysical data in the marine envi-
ronment, the seismic sources (towed by at least one shooter
vessel) are activated to generate single pulses or continuous
sweep of energy. The signals generated by each source travels
through the layers of the earth crust and the reflected signals
are captured by the sensors (hydrophones) in the streamers
(towed by at least one listener vessel).

[0008] After each shot, two files are created: a first file
containing seismic data provided by seismic sensors (com-
prised in seismic streamers); and a second file, called RH file
(for “record header”), containing information about the shot
on shooter vessel (gun header (GH), real shot time (FTB, for
“Field Time Break™) and source position (SP) at shot time).
These first and second files are then combined to form a
complete third file (also called SEG-D file). The interpreta-
tion of the seismic data contained in the SEG-D files is used
to compute a 3D image of the earth crust.

[0009] Each theoretical location, where a seismic source
must shoot, is a shot point location (also referred to as “shot
point”), defined by its geographical coordinates (latitude/
longitude and/or easting northing). When the source reaches
this shot point, the gun is activated and produces an explosion.
The set of shot points of all seismic sources is called “pre-
plot™.
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[0010] The acquisition process is controlled and monitored
by a navigation system (also referred to as INS, for “Inte-
grated Navigation System”), which is onboard a master ves-
sel (also referred to as “master speed vessel”) and whose role
is to compute position of sensors and sources, drive vessels
along their acquisition path, according to the preplot geom-
etry, and to activate sources to perform seismic acquisition at
desired location (shot points).

[0011] The navigation system determines the moment of
firing for each shot point, according to the positions of the
various system components. This moment, also referred to as
“shot time”, is often noted TO.

[0012] The actual positions of all equipments (hydro-
phones and guns) are known thanks to well-known measure
means (GPS, RGPS, acoustics, compasses, depth sensors . . .

).
2.2 Multi-Vessel Operation

[0013] To further increase the quality of seismic imaging,
the seismic surveys are now performed in multi-vessel opera-
tion, in order to obtain a wide azimuth illumination of the
earth’s crust (this explaining why, in this case, the preplot is
referred to as “wide azimuth preplot” or “WAZ preplot”). A
multi-vessel seismic system often comprises several shooter
vessels and several listener vessels. A same vessel can be both
shooter vessel and listener vessel.

[0014] The wide azimuth preplot defines a sequence of shot
points, where the shots of the various vessels are interlaced.
[0015] The shooting order of the sources, and consequently
of'the vessels, is also defined in the wide azimuth preplot. The
shooting order of the vessels must be respected and per-
formed as close as possible to the geographic coordinates of
the shot points specified in the wide azimuth preplot. So that
the shooting order is complied, the various vessels must be
synchronized.

[0016] Inthe simplified example of wide azimuth preplot of
FIG. 4, there are three shooter vessels V1, V2 and V3, each
towing a source S1, S2 and S3 respectively. We assume the
shooter vessel V1 is the master speed vessel. We also assume
that the rank of a shot is identical to the rank of the corre-
sponding shot point (for example, the seventh shot is called
“shot 7”” and must be made at “shot point 7). This example of
wide azimuth preplot can be resumed as follows:

[0017] theshooter vessel V1 is in charge of shot 1, shot 4,
shot 7, shot 10, shot 13, etc, which must be carried out
respectively at shot point 1, shot point 4, shot point 7,
shot point 10, shot point 13, etc;

[0018] theshooter vessel V2 is in charge of shot 2, shot 5,
shot 8, shot 11, etc, which must be carried out respec-
tively at shot point 2, shot point 5, shot point 8, shot point
11, etc; and

[0019] theshooter vessel V3 is in charge of shot 3, shot 6,
shot 9, shot 12, etc, which must be carried out respec-
tively at shot point 3, shot point 6, shot point 9, shot point
12, etc.

[0020] Inthisexample, the three shooter vessels V1,V2 and
V3 are supposed to be aligned, but the three shot points
corresponding to three successive shots (each carried out by a
different one the three shooter vessels) are not aligned (e.g.
shot points 1, 2 and 3 are not aligned). However, and as shown
in FIG. 4, we assume shooter vessel V2 is ahead and shooter
vessel V3 is late.

[0021] We present now the calculation of a theoretical shot
time associated with a shot point.
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[0022] For each seismic source, a path (also referred to as
“sail line” or “navigation line”) is defined, which passes
through <<waypoints>>, including the shot points associated
with this seismic source.

[0023] The projection, on this path, of the speed of a given
point X (e.g. a reference point of the seismic source) is called
“speed along” (and noted SA(X)).

[0024] The distance between two points X and Y projected
on this path is called “distance along” (and noted DA(X,Y)).
[0025] The point used to compute the theoretical shot time
(T0) is called “predict point” (and noted PP). It can be a
reference point located on the seismic source or on the shooter
vessel which tows this seismic source.

[0026] For a given seismic source S and a given predict
point PP, the theoretical shot time T0 associated with a given
shot point SP is computed according to the following for-
mula:

TO=(DA(SF, PP)/SA(PP))+current time

[0027] For example, in FIG. 4, for the seismic source S1
and a given predict point PP corresponding to a reference
point of the seismic source S1, the theoretical shot time T0
associated with the “shot 7” is computed according to the
following formula (also referred to as “calculation in distance
mode”):
70 (shot 7)=(DA(*“shot point 7, PP)/SA(PP))+current
time

[0028] Itmustbe noted that DA(“shotpoint 77, PP) is noted
DA, in FIG. 4.

2.3 Definitions

[0029] Bull’s Eye (noted BE): a master vessel is a refer-
ence for other vessels (slave vessels). A point of the
master vessel (or of any equipment associated with the
master vessel, e.g. a source) is used as reference point to
calculate the ideal position of other vessels (slave ves-
sels), i.e. for space synchronization of the slave vessels.

[0030] The ideal position of a slave vessel is indicated by a
circular target called “bull’s eye” (BE), having:

[0031] a center which depends on the projection of the
master vessel’s reference point on the sail line of the
slave vessel. In the particular case where the slave
shooter vessels are supposed to be aligned with the mas-
ter vessel (see FIG. 4), the center of the “bull’s eye” is
coincident with the projection of the master vessel’s
reference point on the sail line of the slave vessel. In the
particular case where the shooter vessels are not sup-
posed to be aligned (see FIGS. 1, 2A-2D and 3A-3C),
there is a predetermined offset, along slaves vessels sail
line, between the center of the “bull’s eye” and the
projection of the master vessel’s reference point on the
sail line of the slave vessel. For example, in FIG. 1, this
offsetis equal to 18.75 m for the “bull’s eye” of the slave
shootervessel V2, 37.5 m for the “bull’s eye” of the slave
shooter vessel V3 and 56.25 m for the “bull’s eye” of the
slave shooter vessel V4; and

[0032] aradius of tolerance which can be determined by
contract requirements (e.g. 10 m).

[0033] A reference point of the slave vessel, defined in
advance, must be located in the “bull’s eye” to ensure proper
synchronization of the slave vessel. In the example of FIG. 4,
the shooter vessel V1 is the master vessel. The ideal position
of'the slave shooter vessel V2 is indicated by a circular target
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(“bull’s eye”) noted BE,. The ideal position of the slave
shooter vessel V3 is indicated by a circular target (“bull’s
eye”) noted BE;.

[0034] Bull’s Eye Distance Along (noted BE DA): for a
slave shooter vessel, it is the distance between the center
of the bull’s eye and the reference point of this slave
shooter vessel, projected on the path (sail line) of this
slave shooter vessel. In the example of FIG. 4, the
“Bull’s Eye Distance Along” of the slave shooter vessel
V2 is noted BE DA,. The “Bull’s Eye Distance Along”
of the slave shooter vessel V3 is noted BE DA,. The
aforesaid condition that “the reference point of the slave
vessel must be located in the “bull’s eye” to ensure
proper synchronization of the slave vessel”, can also be
expressed as “the Bull’s Eye Distance Along (BE DA)
should be less than or equal to the radius of tolerance of
the “bull’s eye” (BE)”.

[0035] Theoretical shot spacing: it is the theoretical dis-
tance along between two consecutive shot points. Basi-
cally, each real distance along between two shot points
should be close to it. In other words, the theoretical shot
spacing is the distance between two theoretical shots
along the line of the master. For example if master vessel
has to shot the shot point N and the shot point N+4, and
slave vessels have to shot the points N+1, N+2 and N+3,
we have: theoretical shot spacing=distance(shot point
N, shot point N+4)/(4-0).

[0036] Shot time interval (noted STI): it is the real time
interval between two shots.

[0037] Minimum Shot Time Interval (noted “Min STT”,
and also called “Minimum shot cycle time”): it is the
minimum time interval that must be maintained between
two successive shots to avoid any interference. If this
value is not respected, there is a shot overlap and the two
shots are not considered valid.

2.4 Known Methods for Shot Overlap Avoidance

[0038] 2.4.1 FIG. 1 shows an ideal scenario in a particular
context defined as follows: there are four shooter vessels
V1,V2,V3and V4, each towing a source S1, S2, S3 and S4
respectively. We assume the shooter vessel V1 is the master
speed vessel. We also assume that the rank of a shot is
identical to the rank of the corresponding shot point (for
example, the fourth shot is called “shot 4 and must be
made at “shot point 4”). We also assume a theoretical shot
spacing equal to 18.75 m.

[0039] For simplicity, only the first four shot points (shot

point 1 to shot point 4) are illustrated:

[0040] the shooter vessel V1 is in charge of shot 1, to be
carried out at shot point 1. The realization of this first
shot is symbolized by the term “bang” in FIG. 1;

[0041] the shooter vessel V2 is in charge of shot 2, to be
carried out at shot point 2;

[0042] the shooter vessel V3 is in charge of shot 3, to be
carried out at shot point 3;

[0043] the shooter vessel V4 is in charge of shot 4, to be
carried out at shot point 4.

[0044] In this example, the four shot points (shot 1 to shot

4) are supposed to be aligned, but the four seismic sources S1

to S4 (and therefore the four shooter vessels V1 to V4) are not

aligned.

[0045] If we achieve a situation where each slave shooter

vessel remains at a constant speed in relation to the master

shooter vessel (keeping the inline distance between the
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sources constant) and where there are no communication

outages between the slave shooter vessels and the master

shooter vessel, then there is no problem (shots 2, 3 and 4 are
actually carried out at shot points 2, 3 and 4 respectively).

However, this is unrealistic.

[0046] 2.4.2 Referring now to FIGS. 2A to 2D, we present
a first known method for managing shots in a multi-vessel
seismic system comprising several shooter vessels (a
scheduler shooter vessel and at least one slave shooter
vessel) and at least one listener vessel.

[0047] This first known method allows to minimize the
“Distance Along” (DA) error on shot locations (i.e., for a
given shot by a slave shooter vessel, the distance between the
theoretical shot point and the location where the shot was
actually made, projected on the sail line of the slave vessel).
[0048] In this first known method, the navigation system
(INS) fires the sources based on the along line progress of the
slave shooter vessels V2, V3 and V4.
[0049] As shown in FIG. 2A, we assume that the master
shooter vessel V1 shoots normally when it is on the shot point
1, the slave shooter vessel V2 is late and falls 30 m behind its
“bull’s eye” (48.75 m between the source S2 and the shot
point 2, instead of 18.75 m in FIG. 1), and the slave shooter
vessel V3 is late and falls 10 m behind its “bull’s eye” (47.5m
between the source S3 and the shot point 3, instead 0of37.5 m
in FIG. 1).
[0050] As shown in FIG. 2B, when the master shooter
vessel V1 has moved forward 47.5 m, the slave shooter vessel
V3 (and more precisely its source S3) reaches the shot point
3 before the slave shooter vessel V2 (and more precisely its
source S2) reaches the shot point 2. In theory, the slave
shooter vessel V3 should fire its source S3 (since the source
S3 is located at the shot point 3), but in reality, the navigation
system (INS) of the master shooter vessel V1 assumes the
slave shooter vessel V2 is next to fire (1.25 m from shot point
2), and decides there is no shot for the slave shooter vessel V3,
at the shot point 3.
[0051] As shown in FIG. 2C, when the master shooter
vessel V1 has moved forward 48.75 m, the slave shooter
vessel V2 (and more precisely its source S2) reaches the shot
point 2. The slave shooter vessel V2 then eventually fires, but
over a full shot cycle later than planned. It must be noted that
the slave shooter vessel V4 will reach its shot point4in 7.5 m,
i.e. around 4 seconds.
[0052] As shown in FIG. 2D, when the master shooter
vessel V1 has moved forward 56.25 m, the slave shooter
vessel V4 (and more precisely its source S4) reaches the shot
point 4. The navigation system (INS) of the master shooter
vessel V1 can be configured either to fire the shot for the slave
shooter vessel V4, or to inhibit the shot for the slave shooter
vessel V4 (considering it is too close (4 seconds) from the
record for the shot of the slave shooter vessel V2).

[0053] Theentireissue of FIGS. 2A to 2D will repeat whilst

the slave shooter vessel V2 stays out of position.

[0054] These FIGS. 2A to 2D demonstrate the complexity

of the issue when trying to fire each source exactly on its

preplot targets (i.e. exactly on the shot points associated to
this source).

[0055] As detailed above, the drawbacks of this first known

method are:

[0056] missed shots due to slave shooter vessel being out
ofposition (e.g. in FIG. 2B, no shot for the slave shooter
vessel V3 dueto slave shooter vessel V2 out of position);
and
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[0057] shotoverlap due to shots fired in the middle of the
important part of a record from a previous shot (e.g. in
FIG. 2D, the shot of the slave shooter vessel V4 is close
to the record relating to the shot of the slave shooter
vessel V2).

[0058] In an alternative embodiment of this first known

method, the navigation system (INS) also checks whether the

condition “BE DA=<BE radius” is satisfied. This ensures a

suitable shot time interval (STI), while guaranteeing the firing

order if the BE radius is adapted to the speed of the sources

(i.e. if the BE radius is not too long compared to the speed of

the vessels). With this alternative embodiment, the source S2

(of slave shooter vessel V2) would not have done its shot

(because: BE DA,=30 m>BE radius=10 m) and the source S3

(of slave shooter vessel V3) would have done its shot (be-

cause: BE DA ;=10 m<=BE radius=10 m).

[0059] 2.4.3 Referring now to FIGS. 3A to 3C, we present
a second known method for managing shots in a multi-
vessel seismic system comprising several shooter vessels
(a scheduler shooter vessel and at least one slave shooter
vessel) and at least one listener vessel.

[0060] This second known method allows to fire the

sources as a function of the along line progress of the master

shooter vessel._The shots of each shot point are done what-
ever the location of the shooter and without taking account of
the DA error. In other words, this second known method
proposes to change the operation mode of the navigation
system (INS) of the master shooter vessel V1. More precisely,
the navigation system (INS) fires the sources based only on
the along line progress of the master shooter vessel V1, with-
out checking whether the condition “BE DA<BE radius” is
satisfied. The real shot times of the slave shooter vessels V2,

V3 and V4 are set to theoretical shot times predicted by the

navigation system (INS) of the master shooter vessel V1

(regardless of the actual position of slave shooter vessels).

[0061] We assume the same scenario as in FIG. 2A: the

master shooter vessel V1 shoots normally when it is on the

shot point 1, the slave shooter vessel V2 is late (30 m behind

its “bull’s eye”) and the slave shooter vessel V3 is late also (10

m behind its “bull’s eye”).

[0062] As shown in FIG. 3A, when the master shooter

vessel V1 has moved forward 18.75 m, the slave shooter

vessel V2 has its source S2 fired, even though the slave
shooter vessel V3 is ahead of the slave shooter vessel V2. This
means that the slave shooter vessel V2 fires “out of position”,
by 30 m (from the shot point 2) in this case, but the operational
concerns of first known method disappear (no missing shots).

[0063] As shown in FIG. 3B, when the master shooter

vessel V1 has moved forward another 18.75 m, the slave

shooter vessel V3 has its source S3 fired unlike in the first
scenario of FIGS. 2A to 2D), being “out of position” only by

10 m (from the shot point 3).

[0064] As shown in FIG. 3C, when the master shooter

vessel V1 has moved forward another 18.75 m, the slave

shooter vessel V4 has its source S4 fired.

[0065] A drawback of this second known method is that the

slave shooter vessels can miss their shot points, i.e. their

inline targets (e.g. in FIG. 3 A the slave shooter vessel V2 fires

“out of position” by 30 m, and in FIG. 3B the slave shooter

vessel V3 fires “out of position” by 10 m).

[0066] 2.4.4 Other drawbacks common to the first and sec-
ond known methods

[0067] In aforesaid first and second known methods, the

shooting management is centralized in the navigation system
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(INS) of the master shooter vessel. The latter makes all the
decisions and sends activation signals (shoot commands) to
the slave shooter vessels, in order to command the firing of the
various shots carried out by the slave shooter vessels. In
practice, these activation signals are comprised in a flow of
information which is exchanged in real time via a radio link
(wireless channels) between the master shooter vessel and the
slave shooter vessels.

[0068] A drawback of the radio link is that it is not 100%
reliable due to fading, long distances between vessels, mul-
tipath and floating obstructions, etc. In other words, during a
seismic survey, the radio link between the vessels can be lost
or down (broken). If this happens when a shoot command is
transmitted to the slave vessel’s source, the shoot command
will not be received, the shot will not be made, and the vessels
will miss a spot (shot point) where data are required.

[0069] Another drawback of the radio link is that it requires
regular calibration. Calibration is normally carried out “off-
line,” the result of which is that timing errors may occur
between calibrations, these timing errors being undetected.

3. SUMMARY OF THE INVENTION

[0070] A particular embodiment of the invention proposes
a Method for managing shots in a multi-vessel seismic system
comprising a scheduler shooter vessel and at least one slave
shooter vessel, wherein it comprises, for each said slave
shooter vessel:

[0071] a) computing a series of first theoretical shot times,
as a function of a speed value of the scheduler shooter
vessel and shot points associated to the scheduler shooter
vessel, each first theoretical shot time being associated to
one of the next shots of the scheduler shooter vessel;

[0072] b) computing, as a function of a speed value of the
slave shooter vessel and shot points associated to the slave
shooter vessel, a series of second theoretical shot times
each associated to one of the next shots of the slave shooter
vessel;

[0073] c¢) computing, as a function of the series of first
theoretical shot times, a series of interpolated virtual shot
times comprising at least the interpolated virtual shot times
associated to the shots immediately before and after the
next shots of the slave shooter vessel,

[0074] d) computing, as a function of the series of first
theoretical shot times, the series of interpolated virtual shot
times and a minimum shot time interval, shooting time
windows each associated to one of the next shots of the
slave shooter vessel;

[0075] e) for each next shot of the slave shooter vessel:
[0076] if the associated second theoretical shot time is in

the associated shooting time window, selecting as pre-
dicted shot time the associated second theoretical shot
time;

[0077] otherwise, selecting as predicted shot time the
border of the associated shooting time window which is
the closest from the associated second theoretical shot
time.

[0078] Thus, this particular embodiment relies on a wholly
novel and inventive approach in which, for each shot, we
compute a shooting time window (depending, inter alia, of the
first theoretical shot times) and a second theoretical shot time,
and we compare them to decide which predicted shot must be
used:

[0079] if the second theoretical shot time is in the shoot-
ing time window, this means the slave shooter vessel is
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well aligned with preplot, and it can shoot at the second
theoretical shot time, i.e. in “distance mode”. The “Dis-
tance Along” error will be close to zero, and the shot
point will be best matched;

[0080] if the second theoretical shot time is not in the
shooting time window, this means the slave shooter ves-
sel is not well aligned with preplot, and it can shoot but
at an appropriate border of the shooting time window,
i.e.in“time mode”, and not at the second theoretical shot
time, i.e. not in “distance mode”. The “Distance Along”
error will be the best possible, and the shot point will not
be matched.

[0081] Thus, there is no missed shot, even though the slave
shooter vessels are not well aligned with the preplot, and the
“Distance Along” (DA) error on shot locations is minimized.

[0082] According to a particular feature, the method com-
prises:
[0083] f)when aprevious shot n—1 has been carried out and

the slave shooter vessel is in charge of a next shot n:

[0084] ifatimeinterval, between a final shot time for the
previous shot n-1 and the predicted shot time for the
next shot n, is greater than or equal to the minimum shot
time interval, selecting, as final shot time for the next
shot n of the slave shooter vessel, the predicted shot time
for the next shot n;

[0085] otherwise, selecting, as final shot time for the next
shot n of the slave shooter vessel, the final shot time for
the previous shot n-1 plus the minimum shot time inter-

val.
[0086] Thus, there is no shot overlaps.
[0087] According to a particular feature, said multi-vessel

seismic system comprises a master speed vessel, and:

[0088] if the master speed vessel is a shooter vessel, the
scheduler shooter vessel is the master speed vessel;

[0089] otherwise, the scheduler shooter vessel is the
shooter vessel having the smallest bull’s eye distance
along.

[0090] Thus, the scheduler shooter vessel is usually the
master speed vessel, which simplifies the implementation of
the proposed technique.

[0091] According to a particular feature, if a determined
condition is verified, the method further comprises:

[0092] computing a virtual shot predict point which is
used instead of a real shot predict point, in step a), to
compute the series of first theoretical shot times.

[0093] The principle is to introduce deliberately an error in
the series of first theoretical shot times (using a virtual shot
predict point instead of a real shot predict point), in order to
shift the shooting time windows. Thus, the “Distance Along”
(DA) error on shot locations, for the slave shooter vessels, is
further reduced, in the case where the second theoretical shot
time is not in the shooting time window.

[0094] According to a particular feature, said multi-vessel
seismic system comprises a master speed vessel, and the
determined condition is:

[0095] IMean BE DAI>“overlap tolerance”, with:

[0096] IMean BE DAI| the absolute value of “Mean BE
DA”, “Mean BE DA” being defined as:

[0097] the mean value of the “bull’s eye distance
along” of the slave shooter vessels comprised in said
multi-vessel seismic system, if the master speed ves-
sel is a shooter vessel, or

[0098] the mean value of the “bull’s eye distance
along” of the slave shooter vessels, minus the “bull’s
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eye distance along” of the scheduler shooter vessel, if
the master speed vessel is not a shooter vessel;

[0099] “overlap tolerance”=X~-(Y*Z), with:
[0100] X a theoretical shot spacing;
[0101] Y the minimum shot time interval;
[0102] Z the speed along, determined at the real shot

predict point of the scheduler shooter vessel.
[0103] Thus itis easy to decide whether it is appropriate to
introduce an error in the prediction of the scheduler shooter
vessel.
[0104] In a first particular implementation, the scheduler
shooter vessel carries out step a) and then a further step a') of
sending the series of first theoretical shot times to the at least
one slave shooter vessel, and the slave shooter vessel carries
out a further step b') of receiving the series of first theoretical
shot times and then said step b) to e), and 1) if f) is carried out.
[0105] This is a decentralized implementation. Each slave
shooter vessel is autonomous in terms of shot decisions.
Moreover, since the slave shooter vessel receives a series of
first theoretical shot times, it can continue to operate even in
case of a temporary loss of a radio link with the scheduler
shooter vessel.
[0106] The operation of the scheduler shooter vessel is
reduced. It computes and sends only the series of first theo-
retical shot times relating to its own shots (instead of shoot
commands relating to the shots of all slave shooter vessels, in
the prior art solutions).
[0107] According to a particular feature, the scheduler
shooter vessel carries out the steps a) and a') iteratively, result-
ing in the successive sending to the slave shooter vessel, via a
radio link, of a plurality of series of first theoretical shot times
which are updated successively in time.
[0108] This allows to optimize the operation of the system,
in case of a temporary loss of a radio link with the scheduler
shooter vessel.
[0109] According to a particular feature, if the scheduler
shooter vessel detects the radio link is unusable, the scheduler
shooter vessel ceases to generate new updated series of first
theoretical shot times and performs the next shots according
to a last generated series of first theoretical shot times, until
the radio link is usable again.
[0110] Thus it is possible to compensate for a time shift
which could occur during the lapse of time of the radio link
cut.
[0111] In a second particular implementation, the sched-
uler shooter vessel carries out steps a) to e), and f) if f) is
carried out, and then a further step of sending an output of step
e), or 1) if f) is carried out, to the at least one slave shooter
vessel. The slave shooter vessel carries out a further step of
receiving and using said output.
[0112] This is a centralized implementation.
[0113] In another embodiment, the invention pertains to a
computer program product comprising program code instruc-
tions for implementing the above-mentioned method (in any
of'its different embodiments) when said program is executed
on a computer or a processor.
[0114] In another embodiment, the invention pertains to a
non-transitory computer-readable carrier medium, storing a
program which, when executed by a computer or a processor
causes the computer or the processor to carry out the above-
mentioned method (in any of its different embodiments).
[0115] In another embodiment, the invention pertains to a
multi-vessel seismic system comprising a scheduler shooter
vessel and at least one slave shooter vessel, wherein said
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system comprises the following means for managing shots,
which are integrated in said scheduler shooter vessel and/or in
said at least one slave shooter vessel:

[0116] means for computing, for each said slave shooter
vessel, a series of first theoretical shot times, as a func-
tion of a speed value of the scheduler shooter vessel and
shot points associated to the scheduler shooter vessel,
each first theoretical shot time being associated to one of
the next shots of the scheduler shooter vessel;

[0117] means for computing, as a function of a speed
value of the slave shooter vessel and shot points associ-
ated to the slave shooter vessel, a series of second theo-
retical shot times each associated to one of the next shots
of the slave shooter vessel;

[0118] means for computing, as a function of the series
of first theoretical shot times, a series of interpolated
virtual shot times comprising at least the interpolated
virtual shot times associated to the shots immediately
before and after the next shots of the slave shooter ves-
sel;

[0119] means for computing, as a function of the series
of first theoretical shot times, the series of interpolated
virtual shot times and a minimum shot time interval,
shooting time windows each associated to one of the
next shots of the slave shooter vessel,

[0120] means for selecting, which operates as follows,
for each next shot of the slave shooter vessel:

[0121] ifthe associated second theoretical shot time is
in the associated shooting time window, the means for
selecting select as predicted shot time the associated
second theoretical shot time;

[0122] otherwise, the means for selecting select as
predicted shot time the border of the associated shoot-
ing time window which is the closest from the asso-
ciated second theoretical shot time.

[0123] Advantageously, the multi-vessel seismic system
comprises means for implementing the steps of the method as
described above, in any of its various embodiments.

4. LIST OF FIGURES

[0124] Other features and advantages of embodiments of
the invention shall appear from the following description,
given by way of an indicative and non-exhaustive examples
and from the appended drawings, of which:

[0125] FIG. 1, already discussed in relation to the prior art,
shows an ideal scenario for managing shots in a multi-vessel
seismic system comprising several shooter vessels;

[0126] FIG. 2A to 2D, already discussed in relation to the
prior art, illustrate a first known method to avoid shot overlap;
[0127] FIG. 3A to 3C, already discussed in relation to the
prior art, illustrate a second known method to avoid shot
overlap;

[0128] FIG. 4, already discussed in relation to the prior art,
shows a simplified example of wide azimuth preplot;

[0129] FIG. 5 is a flowchart of a particular embodiment of
an algorithm for defining the scheduler shooter vessel;
[0130] FIG. 6 is a flowchart of a shot management method
according to a particular embodiment of the invention, the left
part being implemented by the scheduler shooter vessel and
the right part by each slave shooter vessel;

[0131] FIG. 7 shows several timing diagrams, illustrating
the operation of the shot management method of FIG. 6, with
the example of wide azimuth preplot of FIG. 4;
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[0132] FIG. 8 shows the result of the execution of the shot
management method of FIG. 6, with the example of wide
azimuth preplot of FIG. 4;

[0133] FIG. 9 is a flowchart of an alternative embodiment
of the shot management method, for the part implemented by
the scheduler shooter vessel (variant of the left part of FIG. 6);
[0134] FIG. 10 shows the result of the execution of the shot
management method combining the flowchart of FIG. 9 (vari-
ant of the left part of FIG. 6) and the flowchart of right part of
FIG. 6, with the example of wide azimuth preplot of FIG. 4;
[0135] FIG. 11 shows the simplified structure of a shooter
vessel (master or slave) according to a particular embodiment
of the invention.

5. DETAILED DESCRIPTION

[0136] The invention relates to a method for managing
shots in a multi-vessel seismic system comprising several
shooter vessels: a scheduler shooter vessel and at least one
slave shooter vessel.

[0137] Referring now to FIG. 5, we present a particular
embodiment of an algorithm for defining the scheduler
shooter vessel. This algorithm is executed by each vessel
(from a unknown status, in step 50), to enable it to know if it
is the scheduler shooter vessel.

[0138] Ina teststep 51, the vessel wonders if it is a shooter
vessel. In case of negative answer in test step 51, the vessel
decides, in step 55, it is not the scheduler shooter vessel. In
case of affirmative answer in test step 51, the vessel proceeds
with test step 52 in which it wonders if it is the master speed
vessel (i.e. the master vessel for bull’s eye computation).
[0139] In case of affirmative answer in test step 52, the
vessel decides, in step 56, it is the scheduler shooter vessel. In
case of negative answer in test step 52, the vessel proceeds
with test step 53 in which it wonders if the master speed vessel
(i.e. the master vessel for bull’s eye computation) is a shooter
vessel.

[0140] In case of affirmative answer in test step 53, the
vessel decides, in step 55, it is not the scheduler shooter
vessel. In case of negative answer in test step 53, the vessel
proceeds with test step 54 in which it wonders if it has the
smallest “bull’s eye distance along” (BE DA).

[0141] Incase of negative answer in test step 54, the vessel
decides, in step 55, it is not the scheduler shooter vessel. In
case of affirmative answer in test step 54, the vessel decides,
in step 56, it is the scheduler shooter vessel.

[0142] Inother words, if the master speed vessel is a shooter
vessel, it is the scheduler shooter vessel. Otherwise, the
scheduler shooter vessel is the shooter vessel having the
smallest “bull’s eye distance along” (BE DA).

[0143] Referring now to FIGS. 6 and 7, we present a shot
management method according to a particular embodiment of
the invention.

[0144] We present first the left part (steps 61-62), which is
implemented by the scheduler shooter vessel V1.

[0145] In astep 61, the scheduler shooter vessel computes
a series of first predictions, comprising first theoretical shot
times associated to its next shot points. The number of first
theoretical shot times in this series is either predetermined or
depends on the speed of the scheduler shooter vessel.

[0146] Inthe timing diagram referenced 71 in FIG. 7, these
first theoretical shot times are noted: T0(shot 4), T0(shot 7),
T0(shot 10), TO(shot 13), etc.
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[0147] As detailed above, the first theoretical shot time T0
associated with a given shot point SP is computed according
to the following formula (calculation in distance mode):

T0=(DA(SF, PP)/SA(PP))+current time

[0148] with:

[0149] SA(PP) the projection, on the sail line of the
scheduler shooter vessel, of the speed of a given predict
point PP (i.e. a reference point) of the scheduler shooter
vessel V1 or of any equipment associated with it (e.g. a
reference point of the seismic source S1);

[0150] DA(SP,PP) the distance between the given shot
point SP and the given predict point PP, projected on the
sail line of the scheduler shooter vessel.

[0151] Ina step 62, the scheduler shooter vessel sends this
series of first predictions (symbolized by the arrow referenced
63) to the slave shooter vessel, and also to the listener vessels.
[0152] Steps 61 and 62 are carried out iteratively, resulting
in the successive sending, via a radio link, of a plurality of
series of first theoretical shot times, each series being associ-
ated to the next shot points of the scheduler shooter vessel.
The successive series are updated successively in time.
[0153] In particular embodiment, if the scheduler shooter
vessel detects the radio link is unusable, it ceases to generate
new updated series of first theoretical shot times and performs
its next shots according to a last generated series of first
theoretical shot times, until the radio link is usable again.
[0154] We present now the right part of FIG. 6 (steps
64-611), which is implemented by each slave shooter vessel.
In the following description, we consider as an example the
case of the slave shooter vessel V2.

[0155] Ina step 64, the slave shooter vessel V2 computes a
series of second predictions, comprising second theoretical
shot times associated to its next shot points.

[0156] Inthetiming diagram referenced 72 in FIG. 7, these
second theoretical shot times are noted: TO(shot 5), TO(shot
8), TO(shot 11), etc.

[0157] The number of second theoretical shot times in this
series is either predetermined or depends on the speed of the
slave shooter vessel.

[0158] In the aforesaid formula (calculation in distance
mode), the predict point PP (used to compute DA and SA) is
now the reference point of the slave shooter vessel V2 or of
any equipment associated with it (e.g. a reference point of the
seismic source S2).

[0159] Also in step 64, the slave shooter vessel V2 com-
putes its “bull’s eye” (BE) and its “bull’s eye distance along”
(BE DA). In fact, each slave shooter vessel computes its own
BE and BE DA (not the master speed vessel, for which the BE
DA is null by definition).

[0160] Each slave shooter vessel sends the results of its
calculations (series of second theoretical shot times, BE and
BE DA) to the other vessels.

[0161] In a step 65, the slave shooter vessel V2 computes,
as a function of the series of first theoretical shot times (sent
by the scheduler shooter vessel), a (reduced) series of inter-
polated virtual shot times comprising at least the interpolated
virtual shot times associated to the shots immediately before
and after the next shots of the slave shooter vessel V2.
[0162] Inanalternative embodiment, the slave shooter ves-
sel V2 computes a (complete) series of interpolated virtual
shot times comprising all the interpolated virtual shot times
associated to all the next shots of all the slave shooter vessels
V2 and V3.
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[0163] In the timing diagram referenced 73 in FIG. 7, the
complete series of interpolated virtual shot times comprises:
T0,,,(shot 5), T0,, ,(shot 6), T0,,,(shot 8), T0,,,,(shot 9), TO,,,,
(shot 11), T0,, (shot 12), etc.

[0164] In this example, we have:

70, (shot 5)=T0(shot 4)+((1/3)*(70(shot 7)-70(shot
4)

70, (shot 6)=T0(shot 4)+((2/3)*(70(shot 7)-70(shot
4)

[0165] Same formulas apply for each pair of shots (e.g.
shots 8 and 9) of the slave shooter vessels V2 and V3, between
two successive shots (e.g. shots 7 and 10) of the scheduler
shooter vessel V1.

[0166] For theslave shooter vessel V2, the reduced series of
interpolated virtual shot times would comprise: T0,,,(shot 6),
T0,,,(shot 9), TO,, (shot 12), etc.

[0167] The interpolated virtual shot times, at the beginning
and end of lines, are calculated based on the ratio between the
theoretical shot spacing and the “speed along” of the sched-
uler shooter vessel.

[0168] In a step 66, the slave shooter vessel V2 computes,
as a function of the series of first theoretical shot times (sent
by the scheduler shooter vessel V1), the series of interpolated
virtual shot times (result of step 65) and the minimum shot
time interval (Min STT), shooting time windows each associ-
ated to one of the next shots of the slave shooter vessel V2.
[0169] In the timing diagram referenced 74 in FIG. 7, the
shooting time windows for the slave shooter vessel V2 are
noted: W5, W8, W11, etc. In FIG. 7, the minimum shot time
interval (Min STI) is noted “M”.

[0170] For example, the shooting time window W5 is
obtained as follows:

[0171] a first (left) border is given by: TO(shot 4)+Min
STI
[0172] a second (right) border is given by: T0,, (shot

6)-Min STI
[0173] Inateststep 67, for each of its next shots, the slave
shooter vessel V2 checks whether the associated second theo-
retical shot time is in the associated shooting time window,
and:

[0174] in case of positive check, the slave shooter vessel
V2 goes to step 69 to use as predicted shot time this
second theoretical shot time;

[0175] incase of negative check, the slave shooter vessel
V2 goes to step 68 to use as predicted shot time the
border of the associated shooting time window which is
the closest from the associated second theoretical shot
time.

[0176] For example, in FIG. 7, the second theoretical shot
time TO(shot 5) (see timing diagram 72) is in the shooting
time window W35, therefore TO(shot 5) is used as predicted
shot time, noted T0,,,., ;.....(shot 5), for the shot 5 of the slave
shooter vessel V2.

[0177] The timing diagram referenced 75 in FIG. 7 shows
the predicted shot times for the shots 5, 8 and 9 of the slave
shooter vessel V2: T0,,,. ;....(shot 5), TO,,,. ;;,...(shot 8) and
’j[‘Opredicted(ShOt 11)

[0178] After step 68 or 69 (depending on the result of the
test step 67), the slave shooter vessel V2 goes to steps 610 and
611 when it is in charge of the next shot. In these steps 610 and
611, it checks and changes, if necessary, the predicted shot
time for this next shot, so as to meet the minimum shot time
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interval (Min STT) relative to the previous shot (carried out by
another shooter vessel, according to the preplot).

[0179] In other words, in the aforesaid example, when a
previous shot n-1 has been carried out by the scheduler
shooter vessel V1, the slave shooter vessel V2 is in charge of
the next shot n and:

[0180] if a time interval d, between a final shot time
T0g,,,shot n-1) for the previous shot n-1 (information
provided by the scheduler shooter vessel V1) and the
predicted shot time T0,,,., ....(shotn) for the next shot n,
is greater than or equal to the minimum shot time inter-
val (Min STI), the slave shooter vessel V2 uses, as final
shot time T0, ,(shot n) for the next shot n, the predicted
shot time T0,,,., ,.,..(shot n) for the next shot n;

[0181] otherwise, the slave shooter vessel V2 uses, as
final shot time T0,,(shot n) for the next shot n, the final
shot time T0,,, (shot n-1) for the previous shotn-1 plus
the minimum shot time interval (Min STT).

[0182] In the timing diagram referenced 76 in FIG. 7, we
assume, as an example, that for the shot 4 there is an offset A
between the predicted shot time T0,,,, .. (shot 4) and the
final shot time T0,,(shot 4). We also assume that the dis-
tance d between T0,,,,(shot 4) and T0,,,.. ;. ...(shot 5) is less
than the minimum shot time interval (Min STI). Therefore,
the slave shooter vessel V2 uses, as final shot time T0,, ,,(shot
5) for the next shot 5, the final shot time T04,,,(shot 4) for the
previous shot 4 plus the minimum shot time interval (Min
STD).

[0183] FIG. 8 shows the result of the execution of the shot
management method of FIG. 6, with the example of wide
azimuth preplot of FIG. 4.

[0184] The shot points of the preplot are shown by a cross
and noted “shot n”, with n the order number of the shot (shots
1,4,7,10,13 ... for the scheduler shooter vessel V1, shots 2,
5,8,11 ... for the slave shooter vessel V2, and shots 3, 6, 9,
12 . . . for the slave shooter vessel V3.

[0185] The locations of the real shots are shown by a circle
and noted “shot n"’, with n the order number of the shot.
[0186] As canbeseen,all the shots are carried out, ensuring
minimal coverage. The locations of the real shots of the
scheduler shooter vessel V1 are coincident with the shot
points of the preplot. In this example, for illustrative purpose,
the locations of the real shots of the slave shooter vessel V2
and V3 are shown particularly remote from the shot points of
the preplot.

[0187] FIG. 9 is a flowchart of an alternative embodiment
of'the shot management method, for the part implemented by
the scheduler shooter vessel (variant of the left part of FIG. 6).
[0188] As illustrated in FIG. 8, the locations of the real
shots of the slave shooter vessel can be remote from the shot
points of the preplot (theoretical shot points). To overcome
this problem, in case the slave vessels are not too far from
their “bull’s eye”, an alternative embodiment is proposed, in
which the location error on the shot points is shared between
the slave shooter vessels and the scheduler shooter vessel. In
other words, the basic principle is to introduce an error in the
predictions (first theoretical shot times) of the scheduler
shooter vessel, in order to shift the shooting time windows of
the slave shooter vessels.

[0189] The error is introduced by replacing the real shot
predict point by a virtual shot predict point, when computing
the first theoretical shot times with the aforesaid formula
(calculation in distance mode):

T0=(DA(SF, PP)/SA(PP))+current time
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[0190] with PP the predict point (i.e. the reference point) of
the scheduler shooter vessel or of any equipment associated
with it (e.g. a reference point of the seismic source).
[0191] First, in a test step 91, the scheduler shooter vessel
must assess whether it is necessary and possible (i.e. not
counterproductive) to introduce an error. We assume that, for
each shooter vessel, the shot predict point is the same point as
the bull’s eye reference point. The scheduler shooter vessel
checks whether the following condition is true: IMean BE
DAI>“overlap tolerance”, with:

[0192] IMean BE DA the absolute value of “Mean BE

DA”, “Mean BE DA” being defined as:

[0193] the mean value of the “bull’s eye distance
along” of the slave shooter vessels comprised in said
multi-vessel seismic system, if the master speed ves-
sel is a shooter vessel, or

[0194] the mean value of the “bull’s eye distance
along” of the slave shooter vessels, minus the “bull’s
eye distance along” of the scheduler shooter vessel, if
the master speed vessel is not a shooter vessel;

[0195] “overlap tolerance”=X~(Y*Z), with:
[0196] X the theoretical shot spacing;
[0197] Y the minimum shot time interval;
[0198] Z the speed along, determined at the real shot

predict point of the scheduler shooter vessel.
[0199] In case of negative answer in test step 91, the sched-
uler shooter vessel has not to replace the real shot predict
point by a virtual shot predict point. Then, it goes to the step
92 (identical to the step 61 of FIG. 6), and then to the step 93
(identical to the step 62 of FIG. 6).
[0200] Incase of positive answer in test step 91, the sched-
uler shooter vessel has to replace the real shot predict point by
a virtual shot predict point. Steps 94-910 allow to decide the
shift to apply to the real shot predict point, in order to obtain
the virtual shot predict point.
[0201] In test step 94, the scheduler shooter vessel checks
whether “Mean BE DA” is greater than 0.
[0202] In case of negative answer in test step 94, the sched-
uler shooter vessel computes a shift according to the follow-
ing formula, before going to the step 97:

shift=(*Mean BE DA”+“overlap tolerance”)/2

[0203] Incase of positive answer in test step 94, the sched-
uler shooter vessel computes a shift according to the follow-
ing formula, before going to the step 97:

shift=(*Mean BE DA”—“overlap tolerance”)/2

[0204] In test step 97, the scheduler shooter vessel checks
whether the shift computed in step 95 or 96 is greater than
“theoretical shot spacing”/2.

[0205] Incase of positive answer in test step 97, the sched-
uler shooter vessel goes to the step 98 where it changes the
shift computed in step 95 or 96 to “theoretical shot spacing”/
2, and then goes to the step 911.

[0206] In case of negative answer in test step 97, the sched-
uler shooter vessel goes to the test step 99 where it checks
whether the shift computed in step 95 or 96 is lower than
—“theoretical shot spacing™/2.

[0207] Incase of positive answer in test step 99, the sched-
uler shooter vessel goes to the step 910 where it changes the
shift computed in step 95 or 96 to —“theoretical shot spacing™/
2, and then goes to the step 911.

[0208] In case of negative answer in test step 99, the sched-
uler shooter vessel keeps the shift computed in step 95 or 96,
and goes to the step 911.
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[0209] In step 911, the scheduler shooter vessel computes
the virtual shot predict point, by shifting, along the sail line of
the scheduler shooter vessel and with the shift value deter-
mined in steps 94-910, the real shot predict point.

[0210] Instep 912, the scheduler shooter vessel computes a
series of first predictions (comprising first theoretical shot
times associated to its next shot points), using the virtual shot
predict point (instead of the real shot predict point in step 92).
[0211] FIG. 10 shows the result of the execution of the shot
management method combining the flowchart of F1IG. 9 (vari-
ant of the left part of FIG. 6) and the flowchart of right part of
FIG. 6, with the example of wide azimuth preplot of FIG. 4.
[0212] AsinFIG. 8, the shot points ofthe preplot are shown
by a cross and noted “shot n”, with n the order number of the
shot (shots 1, 4,7,10, 13 . . . for the scheduler shooter vessel
V1, shots 2, 5, 8, 11 . . . for the slave shooter vessel V2, and
shots 3, 6, 9,12 . . . for the slave shooter vessel V3.

[0213] The locations of the real shots are shown by a circle
and noted “shot n"’, with n the order number of the shot.
[0214] Ascanbeseen, all the shots are carried out, ensuring
minimal coverage. The locations of the real shots of the
scheduler shooter vessel V1 are not coincident with the shot
points of the preplot (due to the aforesaid shift between the
real shot predict point and the virtual shot predict point). In
this example, the locations of the real shots of the slave
shooter vessel V2 and V3 are close to the shot points of the
preplot.

[0215] FIG. 11 shows the simplified structure of a shooter
vessel V (master or slave) according to a particular embodi-
ment of the invention.

[0216] The shooter vessel V comprises:
[0217] an integrated navigation system INS;
[0218] a radio communication system R, designed to

exchange data with other vessels, via radio link;

[0219] a clock reference CR;

[0220] a seismic source G, comprising for example one
or several guns;

[0221] agun controller GC, able to command the seismic
source G and generate shot data. The gun controller GC
commands to fire the shot via a binary electrical signal
sent by the integrated navigation system INS. When the
shot is fired, a binary output of the gun controller GC is
used to determine the real time of the shot (also called
FTB, for “Field Time Break™). After each shot, the gun
controller GC generates information about guns (pres-
sure, activated guns, depth), theses information being
aggregated in a “gun header” (also called GH). The gun
controller GC provides the integrated navigation system
INS with the shot data relating to each shot, i.e. the real
time of the shot FTB and the gun header GH.

[0222] The integrated navigation system INS comprises a
read-only memory (ROM) 110, a random access memory
(RAM) 111 and a processor 112. The read-only memory 110
is a non transitory computer-readable carrier medium. It
stores executable program code instructions, which are
executed by the processor 112 in order to enable implemen-
tation of the method described above (method for managing
shots in a multi-vessel seismic system comprising several
shooter vessels), and for example:

[0223] steps50-56 of FIG. 5 and steps 61-62 of FIG. 6 (or
steps 91-912 of FIG. 9), if the vessel V is the scheduler
shooter vessel; or

[0224] steps 50-56 of FIG. 5 and steps 64-611 of FIG. 6,
if the vessel V is a slave shooter vessel.
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[0225] Upon initialization, the aforementioned program
code instructions are transferred from the read-only memory
110 to the random access memory 111 so as to be executed by
the processor 112. The random access memory 111 likewise
includes registers for storing the variables and parameters
required for this execution.

[0226] All the steps of the above shot management method
can be implemented equally well:

[0227] by the execution of a set of program code instruc-
tions executed by a reprogrammable computing
machine such as a PC type apparatus, a DSP (digital
signal processor) or a microcontroller. This program
code instructions can be stored in a non-transitory com-
puter-readable carrier medium that is detachable (for
example a floppy disk, a CD-ROM or a DVD-ROM) or
non-detachable; or

[0228] by a dedicated machine or component, such as an
FPGA (Field Programmable Gate Array), an ASIC (Ap-
plication-Specific Integrated Circuit) or any dedicated
hardware component.

[0229] At least one embodiment of the disclosure provides
a technique for managing shots in a multi-vessel seismic
system comprising several shooter vessels, this technique
avoiding missed shots, even though the vessels are not well
aligned with the preplot.

[0230] An embodiment provides a technique of this kind
which allows to minimize the “Distance Along” (DA) error on
shot locations (as defined above).

[0231] An embodiment provides a technique of this kind
which avoids shot overlaps.

[0232] An embodiment provides a technique of this kind
which can continue to operate even in case of temporary loss
of radio link between vessels.

[0233] An embodiment provides a technique of this kind
that is simple to implement and inexpensive.

[0234] Although the present disclosure has been described
with reference to one or more examples, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the scope of the disclosure
and/or the appended claims.

1. A method for managing shots in a multi-vessel seismic
system comprising a scheduler shooter vessel and at least one
slave shooter vessel, said method comprising, for each said
slave shooter vessel:

a) computing a series of first theoretical shot times, as a
function of a speed value of the scheduler shooter vessel
and shot points associated to the scheduler shooter ves-
sel, each first theoretical shot time being associated to
one of the next shots of the scheduler shooter vessel,

b) computing, as a function of a speed value of the slave
shooter vessel and shot points associated to the slave
shooter vessel, a series of second theoretical shot times
each associated to one of the next shots of the slave
shooter vessel;

¢) computing, as a function of the series of first theoretical
shot times, a series of interpolated virtual shot times
comprising at least the interpolated virtual shot times
associated to the shots immediately before and after the
next shots of the slave shooter vessel,

d) computing, as a function of the series of first theoretical
shot times, the series of interpolated virtual shot times
and a minimum shot time interval, shooting time win-
dows each associated to one of the next shots of the slave
shooter vessel; and
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e) for each next shot of the slave shooter vessel:

if the associated second theoretical shot time is in the
associated shooting time window, selecting as pre-
dicted shot time the associated second theoretical shot
time;

otherwise, selecting as predicted shot time the border of
the associated shooting time window which is the
closest from the associated second theoretical shot
time.

2. The method according to claim 1, comprising:

f) when a previous shot n—1 has been carried out and the

slave shooter vessel is in charge of a next shot n:

if a time interval, between a final shot time for the pre-
vious shot n—1 and the predicted shot time for the next
shot n, is greater than or equal to the minimum shot
time interval, selecting, as final shot time for the next
shot n of the slave shooter vessel, the predicted shot
time for the next shot n;

otherwise, selecting, as final shot time for the next shot
n of the slave shooter vessel, the final shot time for the
previous shot n-1 plus the minimum shot time inter-
val.

3. The method according to claim 1, said multi-vessel
seismic system comprising a master speed vessel, wherein:

if the master speed vessel is a shooter vessel, the scheduler

shooter vessel is the master speed vessel;

otherwise, the scheduler shooter vessel is the shooter ves-

sel having the smallest bull’s eye distance along.

4. The method according to claim 1, wherein, if a deter-
mined condition is verified, the method further comprises:

computing a virtual shot predict point which is used instead

of a real shot predict point, in step a), to compute the
series of first theoretical shot times.

5. The method according to claim 4, said multi-vessel
seismic system comprising a master speed vessel, wherein the
determined condition is:

IMean BE DAI>“overlap tolerance”, with:

IMean BE DAI the absolute value of “Mean BE DA”,
“Mean BE DA” being defined as:
the mean value of the “bull’s eye distance along” of
the slave shooter vessels comprised in said multi-
vessel seismic system, if the master speed vessel is
a shooter vessel, or
the mean value of the “bull’s eye distance along” of
the slave shooter vessels, minus the “bull’s eye
distance along” of the scheduler shooter vessel, if
the master speed vessel is not a shooter vessel;
“overlap tolerance”=X—-(Y*Z), with:
X a theoretical shot spacing;
Y the minimum shot time interval;
Z the speed along, determined at the real shot predict
point of the scheduler shooter vessel.

6. The method according to claim 1, wherein the scheduler
shooter vessel carries out step a) and then a further step a') of
sending the series of first theoretical shot times to the at least
one slave shooter vessel, and wherein the slave shooter vessel
carries out a further step b') of receiving the series of first
theoretical shot times and then said step b) to e), and f) if f) is
carried out.

7. The method according to claim 6, wherein the scheduler
shooter vessel carries out the steps a) and a') iteratively, result-
ing in the successive sending to the slave shooter vessel, via a
radio link, of a plurality of series of first theoretical shot times
which are updated successively in time.
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8. The method according to claim 7, wherein, if the sched-
uler shooter vessel detects the radio link is unusable, the
scheduler shooter vessel ceases to generate new updated
series of first theoretical shot times and performs the next
shots according to a last generated series of first theoretical
shot times, until the radio link is usable again.

9. The method according to claim 1, wherein the scheduler
shooter vessel carries out steps a) to e), and f) if f) is carried
out, and then a further step of sending an output of step ¢), or
1) if 1) is carried out, to the at least one slave shooter vessel,
and wherein the slave shooter vessel carries out a further step
of receiving and using said output.

10. A non-transitory computer-readable carrier medium
storing a program which, when executed by a computer or a
processor, causes the computer or the processor to carry out a
method for managing shots in a multi-vessel seismic system
comprising a scheduler shooter vessel and at least one slave
shooter vessel, said method comprising, for each said slave
shooter vessel:

a) computing a series of first theoretical shot times, as a
function of a speed value of the scheduler shooter vessel
and shot points associated to the scheduler shooter ves-
sel, each first theoretical shot time being associated to
one of the next shots of the scheduler shooter vessel,

b) computing, as a function of a speed value of the slave
shooter vessel and shot points associated to the slave
shooter vessel, a series of second theoretical shot times
each associated to one of the next shots of the slave
shooter vessel;

¢) computing, as a function of the series of first theoretical
shot times, a series of interpolated virtual shot times
comprising at least the interpolated virtual shot times
associated to the shots immediately before and after the
next shots of the slave shooter vessel,

d) computing, as a function of the series of first theoretical
shot times, the series of interpolated virtual shot times
and a minimum shot time interval, shooting time win-
dows each associated to one of the next shots of the slave
shooter vessel; and

e) for each next shot of the slave shooter vessel:
if the associated second theoretical shot time is in the

associated shooting time window, selecting as pre-
dicted shot time the associated second theoretical shot
time;
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otherwise, selecting as predicted shot time the border of
the associated shooting time window which is the
closest from the associated second theoretical shot
time.
11. A multi-vessel seismic system comprising:
a scheduler shooter vessel;
at least one slave shooter vessel; and
the following means for managing shots, which are inte-
grated in said scheduler shooter vessel and/or in said at
least one slave shooter vessel:
means for computing, for each said slave shooter vessel,
a series of first theoretical shot times, as a function of
a speed value of the scheduler shooter vessel and shot
points associated to the scheduler shooter vessel, each
first theoretical shot time being associated to one of
the next shots of the scheduler shooter vessel;
means for computing, as a function of a speed value of
the slave shooter vessel and shot points associated to
the slave shooter vessel, a series of second theoretical
shot times each associated to one of the next shots of
the slave shooter vessel;
means for computing, as a function of the series of first
theoretical shot times, a series of interpolated virtual
shot times comprising at least the interpolated virtual
shot times associated to the shots immediately before
and after the next shots of the slave shooter vessel,
means for computing, as a function of the series of first
theoretical shot times, the series of interpolated vir-
tual shot times and a minimum shot time interval,
shooting time windows each associated to one of the
next shots of the slave shooter vessel; and
means for selecting, which operates as follows, for each
next shot of the slave shooter vessel:
if the associated second theoretical shot time is in the
associated shooting time window, the means for
selecting select as predicted shot time the associ-
ated second theoretical shot time;
otherwise, the means for selecting select as predicted
shot time the border of the associated shooting time
window which is the closest from the associated
second theoretical shot time.
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