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Attorney Docket No. 79442

OPTICAL UNDERWATER ACOUSTIC SENSOR

STATEMENT-OF GOVERNMENT INTERESTV
The invention describéd herein may be manufactured and used
by or for the‘Government.of the United States of America for
governmental purboses without payment of any royalties thereon or

therefor.

BACKGROUND OF THE INVENTION

1. Field Of The Invention

This invention relates in general to sensors, more
particularly to acoustic sensors, and most particularly to
acoustic sensors for underwater applications.
2. Description Of Thé Related Art

In the past, acoustic transducers and hydrophones have been
used to convert underwater acoustical energy into electrical
signals. These are typically ceramic-based products that work on
the principle of either biezoelectricity or magnetostriction.
These devicés are typically capable of both transmitting and
detecting acoustic preséuré in the water. However, the receiver
aperture and bandwidth of these devices are limited.

Laser-based techniques for detection of sound for underwater

applications have also been developed. These include optical
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fiber schémes and alternatively, laser interrogation of a water
column. Optical fiber arrangements detect underwater sound by
monitoring changes in the optical fiber properties (optical or
physical) due to an incident acoustic pressure wave. Some

arrangements normally require a polished'optical fiber to deliver

light in close proximity to a membrane similar to an optical

fibér microphone. These devices also requife obtaining
properties such as the Fresnel reflection at the laser outpﬁt
(fiber end) and an acoustic collector unit. Other devices coil
the opticai fiber around a mandrel that stretches or compresses
the fiber when subjected to an acoustic pressure field.
[reference: C. Davis, E. Céroﬁe, M. Weik, S. Ezekiel, and R.
Einzig,.“Fiberoptic Sensor Technology Handbook’, Optical

Technologies Inc., ch. 5, 1986.] The strain on the optical fiber

~affects the phase of the light propagating within the fiber.

Alternatively, laser light, typically.near the 500 nanometer
wavelength region, is directed into the water and reflected from
particles within the water vibrating in response to an acoustic
pressure wave. The reflected light is processed to pro&ide
detected éound pressure levels aﬁd‘the,bearing of thé sound
gource in the water environment.

More recently, laser-based techniques for specific
underwater applications for acoustic detection have been
developed. U.S. patent 6,188,644 describes using a laser Doppler

vibrometer to measure vibrations from an air-water boundary
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located in the water volume in order to detect underwaﬁer sound.
The air—water boundary creétes a free surface that can extend
within the water volume, therefore, not being constrained in
shape or size. However, such an air-water boundary may only be
achieved on the surface of a supercavitating object. Also, U.S.
patent 6,349,791 déséribes'an acoustic sensor assembly used in a
submarine bow that employs a laser écanner deploYed behind an
acoustic panel, placed between the inner and outer hulls of the
submarine. While such a configuration allows a user to obtain
acoustic data from the outer hull of the submarine, such data may
be inaccurate due to the normal placeﬁent of a transducer between
the inner and outer hull surfaces of a submarine, which can
create interference due to the acoustics reflecting between the
outer hull and the transducer. Also, installation of a separate
panel between the inner and outer hulls may be cumbersome and
costly.

Therefore, it is desired to provide a laser-based acoustic
sensor/transducer for a variety of underwater appiications that
18 cost effective, éaSily installed, and does not interfere with

other acoustic devices used by underwater objects.

SUMMARY OF THE INVENTION
The invention proposed herein comprises an acoustic sensor .
for use to determine the acoustic signature of structures

underwater. ' Specifically, the sensor is designed to provide the
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acoustic signature of structures such as ship hulls and torpedo
casings. The acoustic sensor described herein uses a laser-based
technique that provides accurate acoustic signatures of such |
devices that does not interfere with other acoustic devices used
within these structures.

Accordingly, it is an object of this invention to provide a
high bandwidth sensor compared to ceramic transducers that have
mechanical resonance structures that limit the bandwidth of
acoustic sensitivity. The optical sensor can detect vibrations

from 1 Hz up to several GHz, although practically the supporting

‘sensor electronics limit the bandwidth range to several hundred

kHz.

Accordingly, it is an object of this invention to provide a
means for a wide aperture acoustic receiver, potentially épanning
the length of the marine vessel’s structure.

Accordingly, it is an object of this invention to provide an

acoustic sensor for underwater structures that does not interfere

with other acoustic sensors employed with the structures.

Accordingly,- it is an object of this invention to provide an -

efficient velocity sensor for measuring on undérwater preésure
release structures.

It is a further object of this invention to pro&ide an
acoustic sensor that is relatively simple to install and

relatively low cost.
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This inventiqn meets these and other objectives related to
improved acoustic underwater sensors by providing an acoustic
sensor for detectihg the aCoustip pressure placed updn a
structure in an underwater environment. The sensor provides an
optically reflective material adhered to one side of the
structure. The optical coating is used to enhance the optical
reflection of light back to the sensor. Although diffuse and
specular reflectors woﬁld allow detection, retro;reflectors
provide a high optical return over a wide range of incident
angles. A laser interferometer provides laser beams to a

plurality of points across the reflective material. The laser

interferometer has receiving optics to receive the reflection of

the laser beams back from the plurality of points. Within the

laser interferometer, a reference laser beam is maintained. The

laser interferometer also includes signal processing capability
to compare the frequency médulation of the reference laser beam
to the frequency modulation of the reflected beams. Thus,
allowing the sensor to determination the vibration of the
reflective material (and the adhered structure), and, in turn,

the acoustic pressure on the structure.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and

constitute a part of the specification, illustrate embodiments

of
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the invenfion, and, together with the description, serve to
explain the principles of the invention.

FIG. 1 ie an embodiment of the present invention employing a
laser interferometer having a laser scanner; and

FIG. 2 is an embodiment of the present invention employing a

laser interferometer that produces multiple'laser beams.

DESCRIPTION OF PREFERRED EMBODIMENTS

The invention, as embodied herein, cemprises an improved
acoustic sensor for use iniproviding the acousticlsignature
aesoeiated with underwater structures such as ship hulls,
submarine hulls, and torpedo casings. The acoustic sensor of the
present invention employs similar principles to those described
in U.S. patent 6,138,644, which is incorporated by refefence
herein.

In general, the present invention is an acoustic sensor used
in underwater applicetions. The sensor comprises a reflective
material adhered to the inner side of a structure, such as an
outer submarine hull. A laser interferometer is placed on the
side of'the structure with the reflective material. ‘The laser
interferometer sends a plurality of laser beams, in sequence or
all at one.time, to a‘plurality of points across the retro-
reflective material. The laser beams refleet back to the
interferometer, which captures the reflected beams using

receiving optics. The phase modulation of the reflected laser
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beams is compared to a reference laser beam within the

interferometer to obtain the vibration characteristics of the

reflective material. Since the reflective material is adhered to
the structure, the structure vibration is the same as the
vibration of the reflective material. From this vibration, the
acoustic pressure associated with the‘strucﬁure may bé
calculated.

Referring to FIG. 1, Fhe invention comprises a reflective
material 10 that is adhered, in this embodiment, directly to one

side of a structure 12 for which an acoustic signature is

.desired. A retro-reflective material would be a preferred type

of reflective coating that would provide a high pércentage_of
optical reflection over a Wide range of incidence angles. As
used herein; the term retro-reflective material means a material
that reflects light directly back to its source, regardless of
the angle that the light strikes the material. Use of a retro-
reflecti&e material would allow for laser scanning of the
detection structure surface. One or more laser interferometers
14 are placed on the side of the structure 12 with the reflective
material 10. |

An interferometer 14 contains a beam splitter which splits a

laser beam emitted from the interferometer 14 into a reference

beam 16, which remains within the interferometer 14, and,

therefore, maintains the beams original characteristics, and an

exit beam 18, which interacts with the environment, and,
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therefore, may change its characteristics. An interferometer
also includes receiving optics 22 that can receive laser beams so
that a signal processor 24 may process said received laser béams.

In the present invention, the one or more laser
interferometers 14 provide a plurality of exit beams 18 that
contact the reflective‘material at a plurality of points 20
across the surface of the feflective material 10. If a simple
reflective material, rather than a retro;reflective material, is
used in the present invention, the interferometers 14 should be
placed so that the exit beams 18 strike the reflective material
10 at perpendicular angles so thét-the exit beams 18 return as
reflected beams 26 directly to the interferometers 14. 1If a
retro-reflective material is uéed for the reflective material 10,
due to the characteristics the retro-reflective material 10, the
exit beams 18 contact the plurality of points 20 and reflect
directly.back to the receiving optics 22, régardless of the angle
that the exit beams 18 strike the réflecﬁive material 10. If the
reflective material 10 is vibrating due to acoustic pressure from
the side of the structure iz opposite the reflective material 10,
because the reflecti&e material 10 is adhered to the structure,
the phase modulation of the exit beams 18 should change after
striking the reflective material 10. After thé receiving optics
22 receive the reflected exit beams 26, thé signal processor 24
can identify the vibration‘of the reflective material 10 by

determining the difference between the phase modulation in the
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reflected exit beams 26 and the reference beam 16, still within
the interferometer 14. The sensor provides information (voltage)
indicating the surface velocity at the laser probe point; The
signal processor may calculate the acoustic pressure, P beiﬁg
administered to the structure 12 from the measured velocity, v.

The acoustic pressure is related to the particle velocity using
the expression: v = (P) / (pc); where (pc) is the characteristic

acoustic impedance of the water medium.

In one embodiment of the invention, pressurized gas 28 may

‘be provided between the interferometer 14 and the reflective

material 10. While numerous gases may be employed, the preferred
gas is air. The éressurized gas 28 allows a user to obtain
extremely accurate data related to the vibration of the retro- .
reflective material 10 due to the gas/liquid boundary created by
the pressurized gas 28 on one side of the structure 12 and the
water on the opposite side of the structure 12 as is more fully
described in U.S. Patent 6,188,644 which has been previously
ineorporated herein. Howerer, the pressurized gas 28 is not
necessary for function of the invention, but would create a
pressure release surface. The pressure release surface doubles

the velocity at the surface, improving the optical sensor’'s

detection and can mathematically be expressed as: v = (2P) /
(pc) . Alternatively, a hull structure fabricated with a pressure

release coating would likewise enhance the acoustic velocity
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sensor detection [referenée: M. Moffett, NUWC TM 941143, Nov
1994.]

The reflective material 10 may be selected by one'skilled in
the art in conjunction with description provided herein..b
Preferably, the refleétive material'ib is a reflective material
selected from the group of a polymeric material, a refleqtive
paint material, and retro-reflective materials such as a material
containing glass micro-spheres, with a polymeric material being
most preferred for diffuse, specular orvretro—reflective
properties to ensure sensor operation. Most preferably, the
reflective material 10 is a retro-reflective material selected
from one bf the groups of materials previously mentioned. Along
with the characteristic of reflection as described above, the
preferred reflective material 10 should be flexible enough to
allow vibration équal or greater to that of the structure 12, to

ensure the physical integrity of the reflective material remains

‘intact.

The structure 12 may be any material that provides optical
return to the sensor and vibrates sufficiently so that the
interferometer 14 and signai processor 24 can determine a phase
modulation change Eetween the reference beam 16 and reflected
exit beams 26. Preferably, the structure 12 cémprises a ship
hull, a submarine hull, or the casing of a torpedo.

The laser interferometer 14 may be selected by one skilled

in the art to meet the requirements set forth in the description

10
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herein. One interferometer 14 that can emit multiple laser beams

at one time or several interferometers 14 that each emit one

laser beam may be employed in the present invention. An

interferometer 14, such as a laser scanner, that rotates to emit
laser beams across a surface over a time interval may also be
used (eee FIG. 2). The interferometer should also include
receiving optics 22 that can receive the reflections of the
emitted beams 18. The interferometer 14 should be capable of
providing multiple emitted beams 18 to a plurality of points 20
across the retro-reflective material 10, so that the vibrations
across a cross-section of the retro-reflective material 10 may be
determined. This ailows a user to obtain acoustic pressure data
regarding the structure 12 across the strﬁcture 12 at several
points, providing more comprehensive data regarding the acoustic
pressure ﬁhan could be obtained via a single point.

The signal proceseor 24 may be contained within and be part
of the interferometer 14, or may be a separate unit that receives
data from the interferometer 14. The signal processor 24 may
also be selected by one skilled in the art, as long as it has the
capability to differentiate the phase modulation of different
laser beams. Preferably, the signal processor 24 also calculates
acoustic pressure on the structure 12 based upon the optical
phase modulation differences as described herein.

Referring to FIG. 2, e specific employment of the aooustic

sensor of the present invention is depicted. The acoustic sensor
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is deployed betweeﬁ the inner 32‘and outer 34 hulls of a
submarine, within either an acoustically transparent or pressure
release hull structure. Normally, the outer hull 34 of a
submarine may have an acoustically transparent material 36
adhered to a portion of its surface. The term acoustically
transparent material, as used herein, means that the material has
an acoustic impedance nearly identical to the envifonmént in
which it is employed (for example,:a water environment in the
present example). This acoustically transparent material 36 is
used in order to provide a “window” for a transducer 38 which is
normally placed between the inner 32 and outer 34 hulls. Thus, a
sensor employed within this area must be designed not to
interfere with (or be interfered by) the transducer 38. Thé area
between the hulls 32, 34 is normally filled with a fluid;

In this embodiment of the invention, the retro-reflective
material 10 is adhered to the acoustically transparent material
36, which, as described above, is adhered to the outer hull 34,
for which the sensor is employed to obtain acoustic pressure
data. The laser interferometer 14, including receiving optics 22
and signal processor 24, is placed so that acoustic signals from
the transducer 38 do not interfere with operation of the present
invention. Examples of such placement locations include to the
sides, above, or under the transducer 38. The acoustic sensor
operates in this embodiment as described above, however, the

acoustically transparent material 36 vibrates in conjunction with

12
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the outer hull 34 and the reflective material. Thus, the‘optical
sensors are transparent to any resident ceramic acoustic
transducers. Alternatively, pressure release hull structures 12
may be coated with the reflective‘material-lo. One example of a
pressure release hull structure 12 is a hull structure 12 with an
area filled with gas 40 on the side of the hull structure 12
opposite the reflective material 10. This will increase the
measurable surface‘velocity, improving laser sensor performance.

Finally, thé present invention also includes a method of
detecting the acoustic pressure on an underwater structure using
the device described herein.

What is described are'specific examples of many possible
variations on the same invention and are not intended in a
limitiﬁg sense. The claimed invention can be practicéd using

other variations not specifically described above.
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Attorney Docket No. 79442
OPTICAL UNDERWATER ACOUSTIC SENSOR

ABSTRACT OF THE DISCLOSURE
An acoustic sensor used in underwater applications. The
sensor includes a reflective material adhered to one side of a
structure} such as an outer submarine hull or any marine vessel

hull. A laser interferometer is placed on the side of the

_structure with the reflective matérial. The laser interferometer

sends a plurality of laser béams, in sequence or all at one time,
to a plurality of points across the retro-reflective material.
The laser beams reflect baék to the interferometer, which
céptures the reflected beams using receiving optics. The phase
modulation of the reflected laser beams is compared to a
reference laser beam within the interferometer to obtain the
vibration velocity.charactéristics of the hull surface structure.
Siﬁce the reflecti#e material is adhered to the structure, the
structure vibration is the same as the vibration of the
reflective material. From this vibration, the acoustic pressure

associated with the structure may be calculated.

18
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