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Obtaining first position data informative of one or more first 300

areas detected by at least one sensing system of an
underwater vehicle

v

Obtaining magnetic detection data of at least one magnetic
sensing system of the underwater vehicle
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Using at least part of the first position data and at least part of 320
the magnetic detection data to determine position(s) of
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Feeding the first position data (first areas detected by the 510
acoustic detection system) and the magnetic detection data
(magnetic signals) to a magnetic detection algorithm

!

Determining position of one or more targets by the magnetic
detection algorithm, based on the first position data and the
magnetic detection data
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Using the first position data (first areas detected by the 610
acoustic detection system) to define one or more 3D areas
(search areas)

]

Using the magnetic detection data to determine position of one
or more targets by the magnetic detection algorithm, within the
one or more 3D areas
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800

During a period of time comprising a /
relative motion between an underwater
vehicle and at least one target, in which
the underwater vehicle has not passed
over the at least one target, performing:

A 4

Obtaining first position data informative of one or more first 801
areas detected by at least one sensing system of an
underwater vehicle
¥
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Obtaining magnetic detection data of at least one magnetic /
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Using at least part of the first position data and at least part of 820
the magnetic detection data to determine position of the at
least one target
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At time Ti, using the first position data (first areas detected by
the acoustic detection system) to define one or more 3D areas
(search areas)
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At time Ti, using the magnetic detection data to determine
position of one or more targets by the magnetic detection
algorithm, within the one or more 3D areas
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Generating 3D search areas based on first position data / 980

obtained at different positions of the underwater vehicle

A 4

For a given position of the underwater vehicle (or for a given 990
time), using 3D search areas which are associated with a size /
which differs from a size of 3D search areas which are used at
a previous position of the underwater vehicle (or at a previous

time)

FIG. 9C

Obtaining a set of a plurality of magnetic detection data of the at

least one magnetic detection system of the underwater vehicle,

wherein each given magnetic detection data of the set has been 1000

acquired at a different position of the underwater vehicle and/or
at a different position of the target

y

Responsive to detection that a range between the underwater 1010
vehicle and the target meets a threshold, using at least part of
the first position data and the set of magnetic detection data to
perform a target detection enabling estimating three-
dimensional position of the at least one target
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Obtaining a set of a plurality of magnetic detection data of the at

least one magnetic detection system of the underwater vehicle,

wherein each given magnetic detection data of the set has been

acquired at a different position of the underwater vehicle and/or
at a different position of the target

A 4

Performing a target detection with last magnetic detection data
sensed in a given sub-period of time together with previous
magnetic detection data sensed before said sub-period of time,
wherein the at least one given target detection takes into
account the previous magnetic detection data with a lower
weight than the last magnetic detection data
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Collecting magnetic detection data at various different positions
of the underwater vehicle and/or of the target (or at different

instants of time)

A 4

For a given position of the underwater vehicle at time T,
performing target detection with magnetic detection data
collected only over a period of time of predetermined duration
and ending at time Ti, or corresponding to a predetermined
distance travelled by the underwater vehicle, together with first
position data
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Performing target detection at a given position of the underwater

vehicle relative to the target, based on magnetic detection data 1300

of the magnetic detection system and on first position of the

acoustic detection system, thereby obtaining a given set of a
plurality of position estimates

A 4

Processing at least part of the given set of position estimates
to estimate position of the target

1310

FIG. 13A

Performing target detection at different given positions (of the
underwater vehicle and/or of the target) and/or at different
instants of time based on magnetic detection data of the 1320
magnetic detection system and on first position of the acoustic
detection system, thereby obtaining a plurality of sets of position
estimates

A 4

Processing at least part of the plurality of sets of position
estimates to obtain different position estimates of the target over
time
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Performing target detection at a given position of the underwater
vehicle relative to a target, based on magnetic detection data of
the magnetic detection system and on first position of the
acoustic detection system, thereby obtaining a set of a plurality
of position estimates

1600

\ 4
Determining data informative of a center, or of an axis of 1610

symmetry, or of an average of at least part of the set of /
estimates, to estimate position of the target

FIG. 16A

Performing target detection at different given positions (of the
underwater vehicle and/or of the target) and/or at different 1620
instants of time based on magnetic detection data of the /
magnetic detection system and on first position of the acoustic
detection system, thereby obtaining a plurality of sets of position
estimates

Determining data informative of a center or axis of symmetry or 1630
average of each of the plurality of sets of position estimates, to /
obtain different position estimates of the target over time

FIG. 16B
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Comparing the estimated tracking dats with fracking dala
provided by the acoustic deleclion system
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Performing target detection at different given positions (of the

underwater vehicle and/or of the target) and/or at different 1900
instants of time based on magnetic detection data of the
magnetic detection system and on first position of the acoustic
detection system, thereby obtaining a plurality of sets of position
estimates
y 1910

Comparing a pattern of the plurality of sets of position
estimates with an expected pattern

FIG. 19A
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Performing target detection based on magnetic detection data of
the magnetic detection system and on first position data of the
acoustic detection system, thereby obtaining one or more
estimates of the position of the target

2000

A 4

Using the estimates to control operation of the acoustic 2010
detection system

FIG. 20A

Performing target detection based only magnetic detection data 2030
of the magnetic detection system, thereby obtaining a plurality of
detected areas

A

Using the detected areas to control operation of the acoustic /
detection system

2040

A 4

Performing target detection based on magnetic detection data of 2050
the magnetic detection system and on first position data of the /
acoustic detection system, thereby obtaining one or more
estimates of the position of the target

FIG. 20B
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During a period of time comprising a
relative motion between an underwater
vehicle and at least one target, in which
the underwater vehicle has not passed
over the at least one target, performing:

2110

2120

Y

Performing (one or more times) target detection based on

magnetic detection data of the magnetic detection system

and on first position data of the acoustic detection system,

thereby obtaining one or more estimates of the position of
the target

A

Using the one or more estimates to control the route of
the underwater vehicle, to avoid a collision with the target

FIG. 21

During a period of time comprising a relative
motion between an underwater vehicle and
at least one surface target, in which the
underwater vehicle has not passed over the
at least one surface target, performing:

2210

2220

4

Performing (one or more times) target detection based on

magnetic detection data of the magnetic detection system

and on first position data of the acoustic detection system,

thereby obtaining one or more estimates of the position of
the target

A

Using the estimated 3D position of the surface target to
perform an ascension of the underwater vehicle to
periscope depth

FIG. 22
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2310 Performing (one or more times) target detection based on

magnetic detection data of the magnetic detection system

and on first position data of the acoustic detection system,

to determine position of one or more targets located at the
seabed

2320

A 4

Obtaining a map of targets on the seabed

FIG. 23A

233Q Performing (one or more times) target detection based on

magnetic detection data of the magnetic detection system
and on first position data of the acoustic detection system,
to determine position of one or more surface targets

2340

A 4

Obtaining a map of surface targets

FIG. 23B
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2410
Performing (one or more times) target detection based on

magnetic detection data of the magnetic detection system
and on first position data of the acoustic detection system,
to determine position of one or more underwater mines

2420 J

Controlling the route of the underwater vehicle based on
the determination of the position of the one or more
underwater mines

FIG. 24

Performing (one or more times) target detection based on
2510 magnetic detection data of the magnetic detection system
and on first position data of the acoustic detection system,
to detect position of one or more magnetic objects with
respect to the underwater vehicle, wherein each magnetic
object is located a known location

2520 y

Using the measured position and the known location of
one or more magnetic objects to determine the 3D
position of the underwater vehicle

FIG. 25



