
WO 2004/065985 PCT/US2004/001353  SONAR ARRAY SYSTEM
FIELD OF THE INVENTION This invention relates
generally to sonar apparatus and in particular to
sonar  5 arrays used underwater. BACKGROUND OF THE
INVENTION A ship, for example a military ship, can tow
an array of sound receiving  hydrophones arranged as a
passive towed array. The passive towed array, in 10
conjunction with sound receiving and signal processing
electronics, can detect sounds  in the water that may
indicate, for example, the presence of an enemy
submarine. In other arrangements, the ship can tow
both the passive towed array of sound  receiving
hydrophones and also a towed acoustic projector, which
together form a 15 bistatic active sonar system. With
this arrangement, the towed acoustic projector  emits
sound pulses. Each sound pulse travels through the
water, striking objects or  targets in the water,
which produce echoes. The echoes are received by the
towed  array of receiving hydrophones. Therefore, an
echo indicates the presence of an  underwater object,
and the direction from which the echo came indicates
the direction  20 of the underwater object. In
conventional bistatic active sonar systems, the towed
acoustic projector is  often deployed and towed
separately from the towed array of sound receiving
hydrophones. A conventional towed acoustic projector
typically includes a sound 25 source mounted within a
large rigid tow body, for example in a conventional
AN/SQS-35 tow body used by the United States Navy. The
conventional towed  acoustic projector is large and
heavy. For example, the size can be on the order of
forty-eight cubic feet and the weight can be on the
order of 4000 pounds. The towed  acoustic projector of
this type is typically used to detect objects in deep
water and at 



30 long ranges. Therefore, the towed acoustic
projector is capable of generating sound  having a
high sound pressure level, for example 220 decibels
relative to one I WO 2004/065985 PCT/US2004/001353
microPascal at one meter (also written herein as dB re
1 gPa at lm) in order to enable  the system to receive
echoes from and therefore to detect objects in the
deep water at  long ranges. This type of bistatic
active sonar system is not well suited to littoral
waters having a shallower depth. 5 The towed array of
receiving hydrophones are often deployed and recovered
through a hull penetrator below the ship water line.
In contrast, in part due to its size  and weight, the
towed acoustic projector is deployed and recovered
over the gunwale  of the ship with winch and boom
equipment. The large towed acoustic projector, 10
which requires deployment over the gunwale of the
ship, limits covert deployment and  recovery. The
deployment and recovery of the towed acoustic
projector over the  gunwale of the ship may also be
unwieldy and dangerous during deployment and  recovery
in high seas. 15 Conventional bistatic active towed
array systems are configured such that the  acoustic
projector is handled with equipment separate from
equipment that handles the  towed array of receiving
hydrophones. Large handling equipment is needed to
deploy  and recover the towed acoustic projector. The
large handling equipment requires a  considerable
amount of deck space on a ship. The large handling
equipment is 20 undesirable not only because of the
deck space that it requires, but also because it
presents a radar target having a large radar cross
section to enemy radar systems.  It would, therefore,
be desirable to provide a system that has an array of
receiving hydrophones as well as a towed acoustic
projector both of which can be 



25 deployed and recovered using a single set of
handling equipment. It would be further  desirable to
provide a sonar system that has the array of receiving
hydrophones as well  as the towed acoustic projector
both of which can be deployed and recovered through  a
single ship hull penetrator. It would be further
desirable to provide a sonar system  that is suited
for operation in littoral waters having a relatively
shallow depth. 30 2 WO 2004/065985 PCT/US2004/001353
SUMMARY OF THE INVENTION The present invention
provides a sonar array having both a receive array and
a  transmit array coupled to a single tow cable. The
acoustic projectors used in the  transmit array are
capable of producing a high sound pressure level (SPL)
while 5 having a small size. In accordance with the
present invention, a sonar array has a transmit array
and  a receive array to form a "reelable" single line
array. The transmit array has one or  more acoustic
projectors capable of generating sound and the receive
array has one or 10 more hydrophones capable of
receiving sound. The one or more acoustic projectors
are disposed on a transmit array axis, and the one or
more hydrophones are disposed  on a receive array
axis. The receive array axis and the transmit array
axis have a  common axis, therefore forming contiguous
line arrays, one for transmitting and for  receiving.
In one particular embodiment, at least one of the
acoustic projectors can 15 include a slotted cylinder
transducer. In one configuration, the sonar array can
be  towed to form a horizontal line array having both
acoustic projectors and  hydrophones. With this
particular arrangement, the acoustic projectors and
the hydrophones  20 can be deployed and recovered from
a single winch. The slotted cylinder arrangement  



allows each of the acoustic projectors to be
relatively small and light, therefore, a  relatively
small winch can be used to deploy and recover the
sonar array. In accordance with another aspect of the
present invention, a method for 25 detecting
underwater objects includes deploying a sonar array
from a single winch, the  sonar array including both a
transmit array and a receive array. The transmit array
has  one or more acoustic projectors capable of
generating sound and the receive array has  one or
more hydrophones capable of receiving sound, all
arranged on a common axis.  The method also includes
recovering the sonar array from the single winch. The
30 deployment and recovery can either be via a ship
hull penetrator, or over a gunwale of  a ship. 3 WO
2004/065985 PCT/US2004/001353  With this particular
arrangement, the method allows deployment and recovery
of the sonar system from a single winch. The
deployment and recovery can be done  covertly with a
single ship hull penetrator. 5 BRIEF DESCRIPTION OF
THE DRAWINGS The foregoing features of the invention,
as well as the invention itself may be  more fully
understood from the following detailed description of
the drawings, in  which: 10 FIG. 1 is a pictorial of a
sonar array system in accordance with the present
invention; FIG. 2 is a pictorial of the sonar array
system showing deployment and  recovery equipment; and
FIG. 3 is a pictorial showing a portion of the sonar
array system of FIGS. 1 and  15 2. 



DETAILED DESCRIPTION OF THE INVENTION  Referring now
to FIG. 1, a sonar array system 10 in accordance with
the  present invention includes a receive array 14
having one or more hydrophones 14a 20 14X. The one or
more hydrophones 14a-14X are disposed along on a
receive array  axis to form a linear receive array.
The sonar array system 10 also includes a transmit
array 12 coupled to the  receive array 14 with a
separator cable 13. The transmit array 12 includes one
or more  25 acoustic projectors 12a-12N. The one or
more acoustic projectors 12a-12N are disposed along a
transmit array axis to form a linear transmit array.
The receive array  axis and the transmit array axis
are arranged along a common axis, therefore forming a
contiguous transmit/receive array 15 having both the
acoustic projectors 12a-12N and  the hydrophones
14a-14X. 30 4 WO 2004/065985 PCT/US2004/001353  A tow
cable 16 couples the transmit/receive array 15 to the
ship 18. The tow cable 16 provides a mechanical
coupling between the ship 18 and the receive array 14.
The tow cable also provides electrical connections
between the ship 18 and the  receive array 14, some of
which pass through the receive array 14 to the
transmit 5 array 12. The electrical connections can be
wire connections or fiber optic  connections or a
combination of both wire connections and fiber optic
connections.  In operation, when towed through the
water by the ship 18 at sufficient speed, the
transmit/receive array 15 maintains a generally
horizontal orientation due to  10 hydrodynamic forces
that operate on the transmit/receive array 15. It
should be  recognized that as the ship 18 turns, the
transmit/receive array 15 can curve  horizontally in
accordance with the turning ship, while maintaining a
common axis for  



the transmit array 12 and the receive array 14. 15 In
order to generate further hydrodynamic forces to keep
the combination of  the transmit/receive array 15 more
nearly horizontal, a drogue line 11 can be coupled  to
the transmit array 12. The drogue line 11 provides a
further drag force as it is  towed though the water by
the ship 18. 20 Each of the acoustic projectors
12a-12N generates an acoustic projector  beampattern.
Each acoustic projector beampattern can be
substantially omidirectional,  and each acoustic
projector can generate sound at a particular
frequency, for example  a frequency in the range of
300 Hz to 4 kHz. All of the acoustic projectors
12a-12N  can project sound having the same frequency
and the same beampattern. However, in 25 other
embodiments, selected ones of the acoustic projectors
12a-12N project sound  having a frequency lower than
300 Hz or higher than 4 kHz. Also, selected ones of
the acoustic projectors 12a-12N can have a different
beampattern. In still other  embodiments, selected
ones of the acoustic projectors 12a-12N project sound
at more  than one frequency, for example, in a band of
frequencies. 30 5 WO 2004/065985 PCT/US2004/001353
Similarly, each of the hydrophones 14a-14X receives
sound with a hydrophone beampattern. Each hydrophone
beampattern can be substantially omidirectional, and
each hydrophone 14a-14X can receive sound throughout a
particular band of  frequencies, for example a
frequency band of 300 Hz to 4 kHz. All of the 5
hydrophones 14a-14X can receive sound within the same
frequency band and can  have the same beampattern.
However, in other embodiments, selected ones of the
hydrophones 14a-14X can receive sound within a
different frequency band and/or a  have a different
beampattern than others of the hydrophones 14a-14X.
Also, in other  



embodiments, selected ones of the hydrophones 14a-14X
can receive sound in a 10 frequency band extending
below 300 Hz and/or above 4 kHz. In one particular
embodiment, the transmit/receive array 15 has six
acoustic  projectors, of which the acoustic projectors
12a-12N are examples, each spaced by  60.96
centimeters center to center, and the transmit/receive
array 15 has fifty-four 15 hydrophones, of which the
hydrophones 14a-14X are examples, each spaced by
thirty  centimeters center to center. The tow cable 16
in one particular embodiment is five  hundred meters
long. However, in other embodiments, the
transmit/receive array 15  can have more than six or
fewer than six acoustic projectors and more than
fifty-four  or fewer than fifty-four hydrophones.
Also, in other embodiments, the acoustic 20 projectors
12a-12N can be spaced by more than 60.96 centimeters
or by less than  60.96 centimeters. In still other
embodiments, the transmit array 12 is modular such
that acoustic projectors can be added to or removed
from the transmit/receive array 15. One of ordinary
skill in the art will appreciate that an array of
acoustic 25 projectors, for example the acoustic
projectors 12a-12N within the transmitting array  12,
can be used in combination with transmit beamforming
electronics (not shown) to  generate a steered
transmit beampattern (not shown). Such a beampattern
is generally  conical and can be steered to a selected
angle about the axis of the transmit array 12.
Similarly, it should be appreciated that an array of
receiving hydrophones, for example 30 the receive
hydrophones 14a-14X within the receiving array 14, can
be used in  combination with receive beamforming
electronics (not shown) to generate a steerable  6 WO
2004/065985 PCT/US2004/001353  receive beampattern
(not shown). Like the transmit beampattern, the
receive  beampattern is also generally conical and can
be steered to a selected angle about the  axis of the
receive array 12. Therefore, the beampattern of the
transmit array 12 can  



be pointed to the same direction as the beampattern of
the receive array 12. This 5 particular arrangement
can be used to enhance the detection performance of
the sonar  array system 10. However, in other
embodiments, either of the transmit beampattern  and
the receive beampattern can be provided at one or more
fixed angles, without  steering. 10 While the transmit
array 12 is shown to be aft of the receive array 14
relative  to the ship 18, in an alternate embodiment,
the receive array 14 can instead be  disposed aft of
the transmit array 12. In another alternate
embodiment, the acoustic  projectors 12a-12N and the
receive hydrophones 14a-14X can be interspersed such
that the acoustic projectors 12a-12N and the
hydrophones 14a-14X are interspersed in  15 any
combination on a single line array. When towed through
the water at sufficient speed by the ship 18, the
transmit/receive array 15 is in a generally horizontal
orientation. While the  transmit/receive array 15 is
shown to be in a substantially horizontal orientation,
in 20 part due to the hydrodynamic drag generated when
the ship 18 tows the  transmit/receive array 15
through the water, in other arrangements the
transmit/receive  array 15 can assume an orientation
other than horizontal. For example, if the sonar
array system 10 is towed at slower speeds by the ship
18, or is not towed by the ship  18, the
transmit/receive array 15 can assume an orientation
other than horizontal, 25 including vertical. In other
embodiments, the transmit/receive array 15 is not
coupled  to a ship. For example, in other embodiments,
the transmit/receive array 15 is coupled  to a buoy.
Referring now to FIG. 2, in which like elements of
FIG. 1 are shown having  30 like reference
designations, the sonar array system 10 can be
deployed and recovered  7 WO 2004/065985
PCT/US2004/001353  



by the ship 18. In particular, a single winch 102 can
deploy and recover the sonar  array system 10 having
the transmit/receive array 15. The sonar array system
10 can be deployed and recovered through a single hull
5 penetrator 104. Therefore, the sonar array system 10
can be deployed and recovered  covertly such that
those not aboard the ship 18 cannot see the deployment
and  recovery of the sonar array system 10. A variety
of sizes of winches 102 can be used with this
invention. In one 10 particular embodiment, the winch
102 can include a drum hub 102a having a diameter,  D,
of less than or equal to fifty centimeters. In another
embodiment, the drum hub  102a can have a diameter of
less than or equal to thirty-eight centimeters. Those
of  ordinary skill in the art will recognize these to
be a relatively small winches. However, in other
embodiments, winches with larger drum hub diameters
can be used.  15 A minimum drum hub diameter is
selected based upon a number of factors, including
but not limited to, a diameter and a length of each of
the acoustic projectors 12a-12N.  The acoustic
projectors 12a-12N are described in greater detail in
conjunction with  FIG. 3. 20 A variety of sizes of
hull penetrators 104 can also be used with this
invention.  In one particular embodiment, the hull
penetrator 104 can have a cross-sectional  diameter,
d, of less than or equal to twenty centimeters. In
another embodiment, the  hull penetrator 104 can have
a cross-sectional diameter, d, of less than or equal
to  15.24 centimeters. Those of ordinary skill in the
art will recognize these to be 25 relatively small
diameter hull penetrators for sonar systems deployed
from a surface  ship. However, in other embodiments,
hull penetrators with larger or smaller cross-
sectional diameters can be used. A minimum hull
penetrator diameter is selected  based upon a number
of factors, including but not limited to, a diameter
of each of the  acoustic projectors 12a-12N. 



30 8 WO 2004/065985 PCT/US2004/001353  Referring now
to FIG. 3, in which like elements of FIGS. 1 and 2 are
shown having like reference designations, a portion
150 of the transmit/receive array 15 (FIG.  1)
includes a transmit array 12 having one or more
acoustic projectors 12a-12N (FIG.  1), including the
acoustic projector 12N. A transmit array cable section
151, couples 5 the acoustic projector 12N to the
acoustic projector 12b (FIG. 1). Taking the acoustic
projector 12N as representative of all such acoustic
projectors, the acoustic projector  12N includes an
aft connector plug 154 for coupling to the transmit
array cable section  151. The acoustic projector 12a
includes an aft end cap 156, which is sealed with 0-
rings or the like to a projector housing 158. The
projector housing 158 can have a 10 cylindrical shape.
A fore end cap 162 is also sealed to the projector
housing 160 with  O-rings or the like and a fore
connector plug 166 couples the acoustic projector 12N
to  a separator cable 13. The acoustic projector 12N
is therefore sealed to provide a  watertight
compartment 160. The watertight compartment 160 can be
either filled  with a gas in some embodiments, or can
be filled with acoustically conductive fluid, 15 for
example castor oil, in other embodiments. A sound
projecting transducer 164, also  simply referred to
herein as a transducer 164, can be disposed within the
watertight  compartment 160. The transducer 164 is
coupled to the separator cable 13 with wires  168,
which pass through the separator cable 13. 20 The
acoustic projector 12N is coupled to the separator
cable 13, which couples  the transmit array 12 to the
receive array 14. The separator cable 13 is coupled to
the  receive array 14 with a waterproof connector 170.
The receive array 14 (FIG. 1) has the one or more
hydrophones 14a-14X (FIG.  25 1), including the
hydrophone 14a. In one particular embodiment, the
receive array can  



be comprised of a tube 172 in which the one or more
hydrophones 14a-14X (FIG. 1)  are disposed. The tube
172 can be filled with a fluid, for example castor
oil. The transmit array cable 151, the separator cable
13, and the receive array 14  30 can include fiber
optic couplings that carry transmit signals to the
acoustic projectors  12a-12N (FIG. 1) and receive
signals from the hydrophones 14a-14X (FIG. 1). In 9 WO
2004/065985 PCT/US2004/001353  other embodiments, the
transmit array cable 151, the separator cable 13, and
the  receive array 14 include wire conductors. In
other embodiments, the transmit array  cable 151, the
separator cable 13, and the receive array 14 include
both wire  conductors and fiber optic couplings. 5 The
transducer 164 can be a slotted cylinder transducer
164, which is adapted  to generate sound from the
acoustic projector 12N having a sound pressure level
of at  least 205 decibels relative to one microPascal
and one meter (also written herein as dB  re 1 Pa at
lm). However, it should be appreciated that other
types of transducers 164 10 known to one of ordinary
skill in the art can also be used, and the invention
is not  limited to only slotted cylinder transducers.
Furthermore, the acoustic projector 12N  can generate
sound having a sound pressure level of greater than or
less than 205 dB  re 1 Pa at 1 in. In one particular
embodiment, the acoustic projector 12N generates  an
acoustic beampattern having an essentially
omnidirectional shape. However, in 15 other
embodiments, the acoustic projector 12N can have a
directional beampattern.  Because of the desire to be
able to deploy and recover the transmit/receive  array
10 of FIG. 2 from a single winch (102, FIG. 2) having
a small hub diameter (D,  FIG. 2) as described above,
it is desirable that the acoustic projectors, e.g. the
acoustic 20 projector 12N, be small, both in diameter
and in length. 



In one particular embodiment, the acoustic projector
has a diameter of 15.24  centimeters, a length of
thirty-eight centimeters, and the transducer 164 is a
slotted  cylinder transducer having a diameter of ten
centimeters and a length of twenty 25 centimeters.
With this particular arrangement, the acoustic
projector 12N generates  sound having a sound pressure
level of at least 205 dB re 1 Pa at lm while
maintaining a small acoustic projector size that can
be deployed and recovered from  the winch (102, FIG.
2) having a relatively small hub diameter, D (FIG. 2),
as  described above. However, in other embodiments the
acoustic projector can have a 30 diameter greater than
or less than 15.24 centimeters and a length greater
than or less  10 WO 2004/065985 PCT/US2004/001353
than thirty-eight centimeters. Also, the transducer
can have a diameter greater than or  less than ten
centimeters and a length greater than or less than
twenty centimeters. In one particular embodiment, the
transducer 164 generates sound having a  5 frequency
of 3 KHz. However, in other embodiments, the
transducer 164 can be  adapted to generate sound
having a frequency greater than or less than 3 kHz. It
will be appreciated that the hydrophones, for example
the hydrophone 14a,  included in the receive array 14
(FIG. 1) can be smaller than the acoustic projectors,
10 for example the acoustic projector 12N, that are
included in the transmit array 12 (FIG. 1). Therefore,
the receive array 14 can have a smaller diameter than
the acoustic  projector 12N. In one particular
embodiment, the receive array 14 has a largest
diameter that is approximately the same as the largest
diameter of the acoustic  projector 12N. In another
particular embodiment, the receive array 14 has a
largest 15 diameter that is approximately one half of
the largest diameter of the acoustic  projector 12N.
In still other embodiments, the receive array 14 has a
largest diameter  that is another proportion smaller
than of the largest diameter of the acoustic projector



12N. 20 While the acoustic projectors 12N is shown and
described as having a  transducer 164 within a sealed
cavity 160, acoustic projectors having other
arrangements are possible with this invention. For
example, in other embodiments,  the acoustic projector
12N comprises a transducer 164 in a potted or molded
waterproof body. Also, while the receive array 14 is
shown and described to include a 25 tube 172, in other
embodiments, the one ore more hydrophones, or which
the  hydrophone 14a is one example, are separately
potted or molded so as to be  waterproof and are
coupled together without the tube 172. All references
cited herein are hereby incorporated herein by
reference in their  30 entirety. 11 WO 2004/065985
PCT/US2004/001353  Having described preferred
embodiments of the invention, it will now become
apparent to one of ordinary skill in the art that
other embodiments incorporating their  concepts may be
used. It is felt therefore that these embodiments
should not be  limited to disclosed embodiments, but
rather should be limited only by the spirit and  5
scope of the appended claims. What is claimed is: 12
WO 2004/065985 PCT/US2004/001353  CLAIMS  1 1. A sonar
array, comprising: 2 a transmit array having one or
more acoustic projectors, wherein the one or  3 more
acoustic projectors are disposed along a transmit
array axis; and 4 a receive array coupled to said
transmit array, said receive array having one or  



5 more hydrophones disposed along a receive array
axis, the receive array axis and the  6 transmit array
axis having a common axis. 1 2. The sonar array of
Claim 1, wherein the transmit array axis and the
receive  2 array axis are substantially horizontal. 1
3. The sonar array of Claim 1, wherein said receive
array and said transmit array  2 are adapted to be
deployed from and recovered by a single winching
apparatus 3 coupled to a ship. 1 4. The sonar array of
Claim 3, wherein the single winching apparatus has a
drum  2 hub diameter less than or equal to fifty
centimeters. 1 5. The sonar array of Claim 3, wherein
the single winching apparatus has a drum  2 hub
diameter less than or equal to thirty-eight
centimeters. 1 6. The sonar array of Claim 1, wherein
said receive array and said transmit array  2 are
adapted to be deployed and recovered through a single
ship hull penetrator. 1 7. The method of Claim 6,
wherein the single ship hull penetrator has a smallest
2 diameter less than or equal to twenty centimeters. 1
8. The method of Claim 6, wherein the single ship hull
penetrator has a smallest  2 diameter less than or
equal to 15.24 centimeters. 13 WO 2004/065985
PCT/US2004/001353  1 9. The sonar array of Claim 1,
wherein said receive array and said transmit array  2
are adapted to be deployed and recovered over the
gunwale of a ship. 1 10. The sonar array of Claim 1,
wherein at least one of the one or more acoustic  2
projectors is adapted to generate sound having a sound
pressure level of at least 205  3 dB re 1 Pa at 1
meter, having a transmit beampattern that is
essentially 4 omnidirectional. 1 11. The sonar array
of Claim 1, wherein at least one of the one or more
acoustic  



2 projectors includes a slotted cylinder transducer. 1
12. The sonar array of Claim 1, wherein said transmit
array has a largest diameter  2 less than or equal to
20.32 centimeters. 1 13. The sonar array of Claim 12,
wherein said receive array has a diameter less  2 than
or equal to the largest diameter of said transmit
array. 1 14. The sonar array of Claim 12, wherein said
receive array has a diameter less  2 than or equal to
half of the largest diameter of said transmit array. 1
15. The sonar array of Claim 1, wherein said transmit
array has a largest diameter  2 less than or equal to
15.24 centimeters. 1 16. The sonar array of Claim 15,
wherein said receive array has a diameter less  2 than
or equal to the largest diameter of said transmit
array. 1 17. The sonar array of Claim 15, wherein said
receive array has a diameter less  2 than or equal to
half of the largest diameter of said transmit array. 1
18. The sonar array of Claim 1, wherein the one or
more acoustic projectors are  14 WO 2004/065985
PCT/US2004/001353  2 modular such that they can be
added to and alternatively removed from the transmit
3 array to provide an expandable transmit array. 1 19.
The sonar array of Claim 18, wherein the transmit
array has a sound pressure  2 level proportional to
the number of acoustic projectors. 1 20. The sonar
array of Claim 1, wherein said transmit array is
adapted to transmit  2 sound in the frequency range of
300 Hz to 4 kHz. 1 21. The sonar array of Claim 1,
wherein said transmit array is capable of providing  2
at least one steerable acoustic transmit beam. 1 22.
The sonar array of Claim 1, wherein said receive array
is capable of providing  2 at least one steerable
acoustic receive beam. 



1 23. A method for detecting underwater objects,
comprising: 2 deploying a sonar array from a single
winching apparatus coupled to a ship, the  3 sonar
array including a transmit array having one or more
acoustic projectors, wherein  4 the one or more
acoustic projectors are disposed along a transmit
array axis, a receive  5 array coupled to said
transmit array, said receive array having one or more
6 hydrophones disposed along a receive array axis, the
receive array axis and the  7 transmit array axis
having a common axis; and 8 recovering the sonar array
with the single winching apparatus. 1 24. The method
of Claim 23, wherein the transmit array axis and the
receive array  2 axis are substantially horizontal. 1
25. The method of Claim 23, wherein the single
winching apparatus has a drum  2 hub diameter less
than or equal to fifty centimeters. 1 26. The method
of Claim 23, wherein the single winching apparatus has
a drum  15 WO 2004/065985 PCT/US2004/001353  2 hub
diameter less than or equal to thirty-eight
centimeters. 1 27. The method of Claim 23, wherein the
deploying and recovering each comprise:  2 passing the
sonar array through a ship hull penetrator having a
smallest 3 diameter less than or equal to twenty
centimeters. 1 28. The method of Claim 23, wherein the
deploying and recovering each comprise:  2 passing the
sonar array through a ship hull penetrator having a
smallest 3 diameter less than or equal to 15.24
centimeters. 1 29. The method of Claim 23, wherein the
deploying and recovering each comprise:  2 passing the
sonar array over the gunwale of a ship. 16 


