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Description

1. Field of the Invention

[0001] The present invention relates generally to a mul-
ti-frequency planar array sonar transducer, and in one
exemplary aspect to a multi-frequency planar array sonar
transducer for generating acoustic Doppler current pro-
files.

2. Description of Related Technology

[0002] Sonar transducers are currently used in differ-
ent types of acoustic backscatter systems that measure
velocity and/or distance in two or three dimensions. One
such sonar transducer is disclosed in United States Pat-
ent No. 5,808,967 which discloses an acoustic planar
array transducer that forms multiple beams at a single or
relatively narrow range of frequencies along two axes of
a single two-dimensional ("2D") phased array transducer.
FIG. 1 illustrates such an acoustic array transducer 100.
One pair of beams 110 is formed by connecting a beam-
former to a first set of electrodes on one side of the trans-
ducer and the other pair 120 is formed by connecting a
second beamformer to a second set of electrodes on the
other side of the transducer. The electrodes on each side
of the transducer are parallel thin lines of copper that are
closely spaced and run across the entire dimension of
the transducer in one direction. The electrodes on one
side of the transducer run in the orthogonal direction rel-
ative to those on the other side of the transducer.
[0003] In order to simultaneously and independently
form each pair of beams on both transmit and receive
channels, two separate and independent transmit beam-
formers 130 and two separate and independent receive
beamformers 140 are used. A transmit/receive switch
(not shown) is also used to connect one transmit beam-
former and one receive beamformer to the electrical con-
tacts on one side of the transducer. A second and inde-
pendent transmit and receive beamformer pair is con-
nected through a second transmit/receive switch to the
contacts on the second side of the transducer. The two
transmit and receive beamformers are used to simulta-
neously generate two or more pairs of independent
beams in each X and Y axis. One pair is inclined from
broadside and orthogonal to the electrodes on one side
of the transducer and the other pair is inclined from broad-
side and orthogonal to the electrodes on the other side
of the transducer. Although these beams are in fixed lo-
cations, the fact that the beamformers are both simulta-
neous and independent allows for the possibility of con-
current and independent steering of one set of beams
relative to the other. Furthermore, if the transducer elec-
trodes are brought into the beamformers individually
each beamformer could potentially generate a complete-
ly independent set of arbitrary simultaneous beams along
each of the two orthogonal X and Y axes.
[0004] Alternate 2D planar array transducers are also

used where the beam sets in each axis are not simulta-
neous, or independently formed. While these classes of
2D planar array sonars generally only require a single
beamformer for transmit and/or receive thereby resulting
in significantly less beamformer complexity, these types
of alternate 2D planar array transducers have disadvan-
tages such as having a fewer number of beams simulta-
neously formed and incomplete independence of the
multiple 2D beams. In addition, the range of frequencies
which these 2D planar array transducers and beamform-
ers can generate acoustic beams is limited by the band-
width achievable by the bandwidth of the transducer ar-
ray itself. This is approximately fifty percent (50%), or a
factor of 0.5, of a nominal operating frequency. Thus, the
transducer is limited to about twenty-five percent (25%)
above or twenty-five percent (25%) below a nominal op-
erating frequency.
[0005] In many applications such as Acoustic Doppler
Current Profiler (ADCP) applications, at least three (3)
and usually four (4) inclined narrow beams 150 along two
axes are required to measure three (3) dimensional cur-
rents in the water column. In ADCP applications from a
surface vessel, it is desirable to measure current profiles
throughout a given water column, however, the region of
the water column near the surface is a more spatially and
velocity dynamic (characterized by small scale variations
in water velocity and scattering particles in the water)
than the deeper water column. Accordingly, it is desirable
to measure the shallower, near transducer region with a
higher spatial, temporal and velocity resolution than the
longer range region. For this class of 2D sonar applica-
tions, with the near dynamic and deeper less dynamic
water motion, this can be best achieved by operating with
two sonars separated in frequency by an approximate
factor of four (4). Operation at the lower frequency pro-
vides greater sonar range (for use at deeper water col-
umn depths), but has less spatial, velocity, and temporal
resolution. Conversely, operation at a higher frequency
has less range, but provides better range, velocity and
temporal resolution over the range (i.e. depth) which it
can reach.
[0006] Currently, when using 2D planar array trans-
ducers for applications such as current profiling, this dual
sonar frequency operation is achieved by using two phys-
ically separate and independent 2D planar array trans-
ducers. A face view of these two 2D planar array trans-
ducers 200 operating at frequencies separated by a fac-
tor of four (4) is illustrated in FIG. 2. For equivalent
beamwidths from both arrays, the high frequency trans-
ducer 202 has a diameter that is a factor of four (4) smaller
than the low frequency transducer 204 as the acoustic
wavelength in water is a factor of four (4) smaller. Each
circular transducer is eight (8) half (©) wavelength’s wide
on each side of it’s its centerline. This two-transducer
sonar provides the desired performance of high resolu-
tion over short range and long ranger lower resolution;
however such a configuration is undesirable in that each
transducer must be separately installed onto the vessel
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hull at locations where both transducer faces are ex-
posed to the water. Accordingly, when installed in a ves-
sel hull, this two transducer approach requires two hull
penetrations, which can: (1) be expensive to install; and
(2) be difficult to locate in the hull.
[0007] US 2009/182237 discloses an acoustic probe
which transmits/receives pulses at two frequencies,
where radiation surfaces for at least two of the frequency
bands have a common region. US 2003/076742, disclos-
es an acoustic Doppler flow measurement system which
also employs two frequencies.
[0008] There is still a salient need for transducer arrays
that can provide varying levels of spatial, velocity, and
temporal resolution while being embodied within a single
discrete form factor. Ideally such a solution will achieve
such a desired form factor while providing comparable
performance with multiple discrete transducer designs.

Summary of the Invention

[0009] The present invention addresses the foregoing
needs by providing improved transducer apparatus and
methods of use.
[0010] In a first aspect of the invention, there is provid-
ed a multi-frequency transducer array as recited in claim
1.
[0011] In another variant, the first transducer array oc-
cupies a first symmetrical area portion of the single flat
planar surface while the second transducer array occu-
pies a second symmetrical area portion of the single flat
planar surface.
[0012] In yet another variant, the second symmetrical
area portion is disposed entirely within the first symmet-
rical area portion.
[0013] In yet another variant, the second symmetrical
area portion is substantially concentric with the first sym-
metrical area portion.
[0014] In yet another variant, the second symmetrical
area portion occupies less than ten percent of the first
symmetrical area portion.
[0015] In yet another variant, the first plurality of trans-
ducer elements is made up of an array having a row of
a value M transducer elements and a column of a value
N transducer elements.
[0016] In yet another variant, the second array of trans-
ducer elements is made up of an array having a row of
a value X transducer elements and a column of having
a value Y of transducer elements.
[0017] In one variant, the value M is equal to the value
X and the value N is equal to the value Y.
[0018] In yet another variant, the value M is equal to
the value N.
[0019] In a second aspect of the invention, there is pro-
vided a method of conducting current profiling using a
transducer in accordance with the first aspect of the in-
vention with a mobile vessel comprising the steps recited
in appended claim 12.
[0020] In one variant, the first depth is expected to have

a less spatially and velocity dynamic current than the
second depth.
[0021] In an alternative variant, the first and second
transducer array optimization comprises the configura-
tion of an operating frequency for the first and second
transducer arrays, respectively.
[0022] In yet another variant, the second transducer
array comprises a fully filled array structure while the first
transducer array comprises a partially filled array struc-
ture.
[0023] In yet another variant, the difference between
the first and second nominal operating frequencies is
greater than or equal to a factor of four.
[0024] In a third aspect of the invention, a transducer
array is disclosed. In one embodiment, the transducer
array includes a singular planar structure comprising at
least two electrically and acoustically independent two
dimensional planar transducers.
[0025] In one variant, the singular planar structure is
configured to simultaneously or sequentially form multi-
ple acoustic beams at two or more separated acoustic
frequencies.
[0026] In yet another variant, the singular planar struc-
ture is further configured to simultaneously or sequen-
tially form multiple acoustic beams along two axes.
[0027] In a fourth aspect of the invention, a marine ves-
sel that includes any of the aforementioned transducer
arrays is disclosed. In one embodiment, the marine ves-
sel includes a surface ship. In another embodiment, the
marine vessel includes a submersible vessel. In yet an-
other embodiment, the marine vessel includes a station-
ary buoy.
[0028] In a fifth aspect of the invention, methods of
using any of the aforementioned transducer arrays are
disclosed.
[0029] These and other aspects of the invention shall
become apparent when considered in light of the disclo-
sure provided herein.

Brief Description of the Drawings

[0030] The features, objectives, and advantages of the
invention will become more apparent from the detailed
description set forth below when taken in conjunction with
the drawings, wherein:

FIG. 1 is a functional block diagram of a prior art two-
dimensional transducer array.
FIG. 2 illustrates a face view of two (2) prior art two-
dimensional thirty-two by thirty-two half wavelength
spaced planar array transducer elements with the
larger transducer operating at a factor of four lower
acoustic frequency.
FIG. 3 illustrates a face view of a single dual frequen-
cy two-dimensional thirty-two by thirty-two element
planar array transducer in accordance with the prin-
ciples of the present invention.
FIG. 4 illustrates various applications and a current
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profile for dual frequency Acoustic Doppler Current
Profiler (ADCP) applications in accordance with the
principles of the present invention.

[0031] All Figures disclosed herein are © Copyright
2010-2013 Rowe Technologies, Inc. All rights reserved.

Detailed Description of the Preferred Embodiment

[0032] Reference is now made to the drawings wherein
like numerals refer to like parts throughout.

Overview

[0033] The present invention provides, inter alia, an
improved two-dimensional (2D) planar array transducer
and beamformer which is capable of simultaneously or
sequentially forming multiple acoustic beams in two axes
and at two or more widely separated acoustic frequencies
from a single flat planar array transducer. The transducer
planar array consists of two or more electrically and
acoustically independent two dimensional planar trans-
ducers operating at different frequencies and physically
integrated into a single multi frequency configuration
within the aperture area of a single planar array trans-
ducer.

Detailed Description of Exemplary Embodiments

[0034] Detailed descriptions of the various embodi-
ments and variants of the apparatus and methods of the
invention are now provided. While primarily discussed in
the context of Acoustic Doppler Current Profiler (ADCP)
applications, the various apparatus and methodologies
discussed herein are not so limited. In fact, many of the
apparatus and methodologies described herein are use-
ful in any planar array transducer where significant op-
erating frequency is advantageous, and where overall
multiple transducer apertures are also important. For ex-
ample, many imaging and bathymetry sonars employ 1D
or 2D planar arrays, and use two (2) physically separate
sets of these arrays to achieve high resolution at shorter
ranges, and lower resolution at longer ranges. In addition,
many modern ocean going vessels employ such physi-
cally separate multiple sonars for this purpose. The same
techniques described herein with respect to 2D ADCP
sonar applications may equally be applied to these ap-
plications.
[0035] Furthermore, while primarily discussed in the
context of a dual frequency two dimensional (2D) planar
transducer having two distinct transducer arrays, it is ap-
preciated that additional transducer arrays (i.e. three (3)
or more) could be embodied within a 2D planar transduc-
er in accordance with embodiments of the present inven-
tion as described subsequently herein. In addition, cer-
tain features discussed with respect to specific embodi-
ments can, in many instances, be readily adapted for use
in one or more other contemplated embodiments that are

described herein. It can be readily recognized by one of
ordinary skill, given the present disclosure that many of
the features described herein possess broader useful-
ness outside of the specific examples and implementa-
tions with which they are described.

Multiple Frequency 2D Planar Array Transducers -

[0036] Referring now to FIG. 3, a face view of a single
planar array transducer 300 which is capable of simulta-
neously or sequentially forming multiple acoustic beams
in two axes and at two or more widely separated acoustic
frequencies from a single flat 2D planar array transducer
is illustrated. The transducer planar array consists of two
electrically and acoustically independent 2D planar
transducers 310, 320 which are physically integrated into
a single multi-frequency configuration. Individual array
elements 302 within both the acoustically independent
2D planar transducers are electrically interconnected
along frontside columns 304 and back-side rows 306. In
the illustrated embodiment, the array face is circular;
however other symmetrical geometries (e.g. ellipses or
polygons) are also suitable for many acoustic beam so-
nar applications. Each of the array elements are com-
posed of symmetrical faces (squares as illustrated in FIG.
3) with a face width equal to approximately half the acous-
tic wavelength in water of the desired nominal frequency.
[0037] The larger array 310, hereinafter referred to as
the first array, consists of a plurality of transducer ele-
ments 302 separated by half a wavelength increments
and arranged in a planar array of N (e.g., thirty-two (32))
substantially parallel rows and M (e.g., thirty-two (32))
substantially parallel columns. Each row of transducer
elements is electrically connected along a first face of
the array while each column of transducer elements is
electrically connected along a second face. Each of the
transducer elements is further sized so as to be essen-
tially identical. Beamformers are also employed and are
connected to the lines on each face to form a first and
second plane, respectively, of acoustic beams projected
outside of the array plane.
[0038] The second smaller array 320 has, in the illus-
trated embodiment, the same configuration as the first
larger array 310, albeit sized smaller. The smaller size
of the second array is specifically configured so as to
operate at a relatively higher frequency of operation than
the larger sized array, i.e. the transducer element width
is configured so as to be approximately a fourth the
acoustic wavelength in water for the desired higher fre-
quency operation. While using even multiples of a de-
sired acoustic frequency is not necessary, using an even
factor (e.g. a factor of four) is sometimes convenient so
that the same number of elements (e.g. 32 x 32) can be
used on both the first and second arrays thereby provid-
ing the same acoustic beamwidth for each array. Fur-
thermore, the transducer elements generally should be
evenly spaced at fractional wavelengths so as to avoid
grating lobes which can degrade the performance of the
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transducer array. The size of the second smaller array
is determined based on the desired frequency disparity
between the first and second arrays. For example, in a
dual frequency application where it is desired that the
two (2) frequencies be separated by a factor of four (4),
and for equal values of N and M, the higher frequency
array will have a respective cumulative diameter four (4)
times less than the larger array. Accordingly, the smaller
transducer array will occupy an area that is sixteen (16)
times less than the first larger array due to the square
relationship between the transducer array diameter and
its associated area.
[0039] In one embodiment, and as illustrated in FIG.
3, a small section 330 in the center of the first array does
not contain transducer elements of the first array 310
thereby enabling the 2D array transducer array to phys-
ically integrate the second smaller transducer array in
this unoccupied center portion. This central area 330 con-
figured for the second transducer array 320 is, in the il-
lustrated embodiment, a factor of sixteen (16) less than
the area required for the first array 310. In other words,
the area necessary to integrate the second array is in the
illustrated embodiment eight (8) transducer elements
wide and eight (8) transducer elements long when meas-
ured using the transducer elements of the first array. Ac-
cordingly, even though elements from the first array have
to be removed in order to accommodate the second ar-
ray, the first larger array still effectively has ninety-three
percent (93%) of the elements that it would otherwise
possess as compared with a fully filled first array. This
allows the larger transducer array in FIG. 3 to achieve a
beamwidth of ninety-three percent (93%) of that of a fully
filled array. For many applications, this small decrease
in beamwidth has a negligible effect on the overall system
performance of the transducer array.
[0040] As discussed previously, the second 2D trans-
ducer array 320 is positioned within this center section
in the illustrated embodiment of FIG. 3. Similar to the first
2D transducer array, the second 2D transducer array
consists of an array of transducer elements that are, in
the illustrated embodiment, spaced at one half wave-
length increments measured center to center. Although
other frequencies could be readily implemented, the
wavelength of the illustrated second array is a factor of
four (4) less than the first frequency array. Accordingly,
for a given array size (e.g., N=32 and M=32) for both the
low and high frequency arrays, the cumulative diameter
of the second (higher frequency) array will be a factor of
four (4) less than the diameter of the low frequency array.
As discussed previously, the second array only occupies
a small fraction of the low frequency array surface area
thereby permitting the low frequency array acoustic per-
formance to be approximately equivalent to a fully filled
two dimensional array. For a multi-frequency transducer
array where the frequency difference is a factor of four
(4), the center area required for the second high frequen-
cy array is less than seven percent (7%) of the total low
frequency array size. As shown in FIG. 3, the second

high frequency array is fully filled with array elements.
However, it is appreciated that similar to the first low fre-
quency array; the second array may also have a non-
filled section (e.g. in the center) which is reserved for an
additional (i.e. third) transducer array. For instance, and
by way of a non-limiting example, a third array of trans-
ducer elements that are a factor of four (4) smaller than
the second array could be integrated into the center por-
tion of the second array. Additional layers or levels of
transducer arrays (e.g. four (4) or more) could also be
integrated into the single 2D transducer array form factor.
By integrating multiple transducer arrays in this manner,
a small higher frequency array may be physically em-
bedded into the aperture of the lower frequency trans-
ducer without significantly degrading the performance of
either sonar as compared with instances in which they
are physical separated.
[0041] The dual frequency 2D planar array 300 is elec-
trically coupled to beamforming circuitry to form the mul-
tiple beams from the different combinations of transducer
elements (not shown) that is electrically connected to the
transducer elements in each of the rows (N) and columns
(M) of both the first lower frequency array and second
higher frequency array, These beamforming circuits pro-
vide time and/or phase delays to the signals associated
with each column and row, respectively. By providing
time and/or phase delays to the signals associated with
each column and row, a first and second plane of acoustic
beams are formed that are projected outside of the array
plane and are furthermore substantially normal to the first
and second transducer array. Thus, the total physically
integrated dual frequency array 300 provides multiple
acoustic beams formed in two axes at two differing fre-
quencies. The use of beamforming circuits and other cir-
cuitry useful in the application of the 2D transducer array
described herein is described in, for example, U.S. Patent
No. 5,808,967 issued on September 15, 1998 and enti-
tled "Two-dimensional array transducer and beamform-
er".
[0042] Referring now to FIG. 4, various dual frequency
ADCP applications are shown. Specifically, FIG. 4 illus-
trates the operation of the dual frequency planar array
transducer in a current profiling application where the
dual frequency planar array transducer can operate from
either a mobile surface vessel 410 or alternatively from
a fixed (e.g. moored) location 420. The mobile surface
vessels with the dual frequency planar array transducer
can generate current profiles 430 as a function of depth.
Current profiles with high temporal, spatial and velocity
resolution utilize the embedded high frequency 2D trans-
ducer array to measure near the surface (where there
are more spatially and velocity dynamic currents), while
current profiles deeper in the water column (where there
are less spatially and velocity dynamic currents) are
measured using the low frequency 2D transducer array.
Accordingly, this single multi-frequency ADCP achieves
essentially identical performance of multiple discrete sin-
gle frequency ADCPs, while simplifying installation as
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the dual frequency ADCP can be installed in a single
location on, for example, a ship’s hull.

Claims

1. A multi-frequency transducer array (300), compris-
ing:
a single substantially flat planar surface, comprising:

a first transducer array (310) comprising a first
plurality of transducer elements (302) config-
ured for a first nominal frequency, each of the
first plurality of transducer elements (302) hav-
ing a first size; and
a second transducer array (320) comprising a
second plurality of transducer elements (302)
configured for a second nominal frequency,
each of the second plurality of transducer ele-
ments (302) having a second size different to
the first size, characterised in that the first
transducer array (310) is generally annular in
shape defining a central portion (330) that does
not contain any of the first plurality of transducer
elements, and in that the second transducer ar-
ray (320) is spatially distinct from the first trans-
ducer array and is positioned within the central
portion (330).

2. The multi-frequency transducer array of Claim 1,
where the first transducer array (310) occupies a first
symmetrical area portion of the single substantially
flat planar surface while the second transducer array
(320) occupies a second symmetrical area portion
of the single substantially flat planar surface.

3. The multi-frequency transducer array of Claim 2,
wherein:

the second symmetrical area portion is disposed
entirely within the first symmetrical area portion;
and
the second symmetrical area portion is substan-
tially concentric with the first symmetrical area
portion.

4. The multi-frequency transducer array of Claim 1,
wherein the first plurality of transducer elements
(302) comprise an array having a row of a value M
transducer elements and a column of a value N trans-
ducer elements.

5. The multi-frequency transducer array of Claim 4,
wherein the second plurality of transducer elements
(302) comprise an array having a row of a value X
transducer elements and a column of a value Y trans-
ducer elements.

6. The multi-frequency transducer array of Claim 5,
wherein:

the value M is equal to the value X and the value
N is equal to the value Y; and
the value M is equal to the value N.

7. The multi-frequency transducer array of Claim 1,
wherein
the first transducer array (310) optimized for opera-
tion at a first depth; and
the second transducer array (320) optimized for op-
eration at a second depth, said second depth being
different than said first depth.

8. The multi-frequency transducer array of Claim 7,
wherein the first depth is expected to have a less
spatially and velocity dynamic current than said sec-
ond depth.

9. The multi-frequency transducer array of Claim 8,
wherein the first and second transducer array opti-
mization comprises the configuration of an operating
frequency for the first and second transducer arrays,
respectively.

10. The multi-frequency transducer array of Claim 7,
wherein the second transducer array (320) compris-
es a fully filled array structure while the first trans-
ducer array (310) comprises a partially filled array
structure.

11. The multi-frequency transducer array of Claim 1,
wherein
the single substantially flat planar surface comprises
at least two electrically and acoustically independent
two dimensional planar transducers (310, 320); and
wherein the single substantially flat planar surface
is configured to simultaneously or sequentially form
multiple acoustic beams at two or more separated
acoustic frequencies and along at least two axes.

12. A method of conducting current profiling to produce
a plurality of profiles, the method being character-
ised in comprising:
utilizing a multi-frequency planar transducer array
as claimed in any one of claims 1 to 11 in conjunction
with a mobile vessel, wherein the second nominal
frequency is higher than the first nominal frequency
and the plurality of profiles comprises:

at least one first current profile having a first res-
olution, the at least one first profile obtained us-
ing the first transducer array;
at least one second current profile having a sec-
ond resolution higher than the first resolution,
the at least one second profile obtained using
the second transducer array,
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wherein the at least one second current profile
is obtained at or near a surface of a body of
water, and the at least one first current profile is
obtained substantially simultaneous with the at
least one second profile, and at a depth within
the body of water which is not at or near the
surface; and
wherein the first and second resolutions each
comprise at least one of (i) temporal resolution,
(ii) spatial resolution, and/or (iii) velocity resolu-
tion.

Patentansprüche

1. Mehrfrequenz-Wandlergruppe (300), umfassend:
eine einzelne im Wesentlichen flache ebene Ober-
fläche, umfassend:

eine erste Wandlergruppe (310), die eine erste
Vielzahl von Wandlerelementen (302) umfasst,
die für eine Nennfrequenz ausgelegt ist, wobei
jedes der ersten Vielzahl von Wandlerelemen-
ten (302) eine erste Größe aufweist; und
eine zweite Wandlergruppe (320), die eine zwei-
te Vielzahl von Wandlerelementen (302) um-
fasst, die für eine zweite Nennfrequenz ausge-
legt ist, wobei jedes der zweiten Vielzahl von
Wandlerelementen (302) eine zweite Größe an-
ders als die erste Größe aufweist, dadurch ge-
kennzeichnet, dass die erste Wandlergruppe
(310) generell ringförmig ist und einen mittigen
Abschnitt (330) definiert, der keines der ersten
Vielzahl von Wandlerelementen enthält und da-
durch, dass die zweite Wandlergruppe (320)
räumlich von der ersten Wandlergruppe ver-
schieden ist und innerhalb des mittigen Ab-
schnitts (330) positioniert ist.

2. Mehrfrequenz-Wandlergruppe nach Anspruch 1, wo
die erste Wandlergruppe (310) einen ersten symme-
trischen Flächenabschnitt der einzelnen im Wesent-
lichen flachen ebenen Oberfläche belegt, während
die zweite Wandlergruppe (320) einen zweiten sym-
metrischen Flächenabschnitt der einzelnen im We-
sentlichen flachen ebenen Oberfläche belegt.

3. Mehrfrequenz-Wandlergruppe nach Anspruch 2,
wo:

der zweite symmetrische Flächenabschnitt
gänzlich innerhalb des ersten symmetrischen
Flächenabschnitts angeordnet ist; und
der zweite symmetrische Flächenabschnitt im
Wesentlichen konzentrisch mit dem ersten sym-
metrischen Flächenabschnitt ist.

4. Mehrfrequenz-Wandlergruppe nach Anspruch 1,

wobei die erste Vielzahl von Wandlerelementen
(302) eine Gruppe umfasst, die eine Reihe von
Wandlerelementen eines Wertes M und eine Spalte
von Wandlerelementen eines Wertes N aufweist.

5. Mehrfrequenz-Wandlergruppe nach Anspruch 4,
wobei die zweite Vielzahl von Wandlerelementen
(302) eine Gruppe umfasst, die eine Reihe von
Wandlerelementen eines Wertes X und eine Spalte
von Wandlerelementen eines Wertes Y aufweist.

6. Mehrfrequenz-Wandlergruppe nach Anspruch 5,
wo:
der Wert M dem Wert X entspricht und der Wert N
dem Wert Y entspricht; und der Wert M dem Wert N
entspricht.

7. Mehrfrequenz-Wandlergruppe nach Anspruch 1,
wobei
die erste Wandlergruppe (310) zum Betrieb in einer
ersten Tiefe optimiert ist; und
die zweite Wandlergruppe (320) zum Betrieb in einer
zweiten Tiefe optimiert ist, wobei die zweite Tiefe
anders als die erste Tiefe ist.

8. Mehrfrequenz-Wandlergruppe nach Anspruch 7,
wobei von der ersten Tiefe erwartet wird, dass sie
eine weniger räumliche und Geschwindigkeit dyna-
mische Strömung als die zweite Tiefe aufweist.

9. Mehrfrequenz-Wandlergruppe nach Anspruch 8,
wobei die Optimierung der ersten und zweiten
Wandlergruppe die Konfiguration einer Betriebsfre-
quenz für die ersten bzw. zweiten Wandlergruppen
umfasst.

10. Mehrfrequenz-Wandlergruppe nach Anspruch 7,
wobei die zweite Wandlergruppe (320) eine völlig
gefüllte Gruppenstruktur umfasst, wogegen die erste
Wandlergruppe (310) eine teilweise gefüllte Grup-
penstruktur umfasst.

11. Mehrfrequenz-Wandlergruppe nach Anspruch 1,
wobei
die einzelne im Wesentlichen flache ebene Oberflä-
che zumindest zwei elektrisch und akustisch unab-
hängige zweidimensionale ebene Wandler (310,
320) umfasst; und
wobei die einzelne im Wesentliche flache ebene
Oberfläche ausgelegt ist, simultan oder sequenziell
mehrfache akustische Strahlen mit zwei oder meh-
reren separaten akustischen Frequenzen und ent-
lang von zumindest zwei Achsen zu bilden.

12. Verfahren zur Durchführung von Strömungs-Profil-
bildung, um eine Vielzahl von Profilen zu produzie-
ren, wobei das Verfahren gekennzeichnet wird, in-
dem es umfasst:
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Benutzen einer ebenen Mehrfrequenz-Wandlerbau-
gruppe wie in einem der Ansprüche 1 bis 11 bean-
sprucht im Zusammenhang mit einem mobilen Was-
serfahrzeug, wobei die zweite Nennfrequenz höher
als die erste Nennfrequenz ist und die Vielzahl von
Profilen umfasst:

zumindest ein erstes Strömungsprofil, das eine
erste Auflösung aufweist, wobei das zumindest
eine erste Profil unter Verwendung der ersten
Wandlergruppe erlangt wurde;
zumindest ein zweites Strömungsprofil, das ei-
ne zweite Auflösung höher als die erste Auflö-
sung aufweist, wobei das zumindest eine zweite
Profil unter Verwendung der zweiten Wandler-
gruppe erlangt wurde,
wobei das zumindest eine zweite Strömungs-
profil an oder nahe einer Oberfläche eines Ge-
wässers erlangt wird, und das zumindest eine
erste Strömungsprofil im Wesentlichen simultan
mit dem zumindest einen zweiten Profil erlangt
wird, und in einer Tiefe innerhalb des Gewäs-
sers, die nicht an oder nahe der Oberfläche ist;
und wobei die ersten und zweiten Auflösungen
jeweils zumindest eine von (i) zeitlicher Auflö-
sung, (ii) räumlicher Auflösung und/oder (iii) Ge-
schwindigkeit bezogener Auflösung umfassen.

Revendications

1. Un réseau de transducteurs multifréquence (300)
composé des éléments suivants :
une surface plate unique et essentiellement plane
qui se compose des éléments suivants :

un premier réseau de transducteurs (310) com-
portant une première pluralité d’éléments à
transducteurs (302) configurés pour une pre-
mière fréquence nominale et chaque unité de
cette première pluralité d’éléments à transduc-
teurs (302) a une première taille et
un deuxième réseau de transducteurs (320)
comportant une deuxième pluralité d’éléments
à transducteurs (302) configurés pour une
deuxième fréquence nominale et chaque unité
de cette deuxième pluralité d’éléments à trans-
ducteurs (302) a une deuxième taille différente
de la première taille et se caractérisant par le
fait que le premier réseau de transducteurs
(310) a, en général, un profil annulaire qui définit
une partie centrale (330) qui ne contient aucune
unité de la première pluralité d’éléments à trans-
ducteurs et par le fait que le deuxième réseau
de transducteurs (320) est distinct, au niveau
spatial, du premier réseau de transducteurs et
vient se positionner à l’intérieur de la partie cen-
trale (330).

2. Le réseau de transducteurs multifréquence que dé-
crit la revendication 1, si ce n’est que le premier ré-
seau de transducteurs (310) occupe une première
partie symétrique de la surface plate unique qui est
essentiellement plane alors que le deuxième réseau
de transducteurs (320) occupe une deuxième partie
symétrique de la surface plate unique qui est essen-
tiellement plane.

3. Le réseau de transducteurs multifréquence que dé-
crit la revendication 2, si ce n’est que :

la deuxième partie symétrique est implantée,
dans sa totalité, à l’intérieur de la première partie
symétrique et que
la deuxième partie symétrique est essentielle-
ment concentrique par rapport à la première par-
tie symétrique.

4. Le réseau de transducteurs multifréquence que dé-
crit la revendication 1, si ce n’est que la première
pluralité d’éléments à transducteurs (302) se com-
pose d’un réseau qui a une rangée d’éléments à
transducteurs de valeur M et une colonne d’éléments
à transducteurs de valeur N.

5. Le réseau de transducteurs multifréquence que dé-
crit la revendication 4, si ce n’est que la deuxième
pluralité d’éléments à transducteurs (302) se com-
pose d’un réseau qui a une rangée d’éléments à
transducteurs de valeur X et une colonne d’éléments
à transducteurs de valeur Y.

6. Le réseau de transducteurs multifréquence que dé-
crit la revendication 5, si ce n’est que :

la valeur M est égale à la valeur X et que la
valeur N est égale à la valeur Y et
que la valeur M est égale à la valeur N.

7. Le réseau de transducteurs multifréquence que dé-
crit la revendication 1, si ce n’est que :

le premier réseau de transducteurs (310) est op-
timisé pour une exploitation à une première pro-
fondeur et
que le deuxième réseau de transducteurs (320)
est optimisé pour une exploitation à une deuxiè-
me profondeur et que ladite deuxième profon-
deur est différente de ladite première profon-
deur.

8. Le réseau de transducteurs multifréquence que dé-
crit la revendication 7, si ce n’est que la première
profondeur devrait avoir une valeur spatiale et un
courant dynamique de vitesse qui sont inférieurs à
ceux de ladite deuxième profondeur.
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9. Le réseau de transducteurs multifréquence que dé-
crit la revendication 8, si ce n’est que l’optimisation
du premier réseau de transducteurs et du deuxième
réseau de transducteurs englobe la configuration
d’une fréquence d’exploitation pour, respective-
ment, le premier réseau de transducteurs et le
deuxième réseau de transducteurs.

10. Le réseau de transducteurs multifréquence que dé-
crit la revendication 7, si ce n’est que le deuxième
réseau de transducteurs (320) comporte une struc-
ture entièrement remplie de réseau alors que le pre-
mier réseau de transducteurs (310) comporte une
structure partiellement remplie de réseau.

11. Le réseau de transducteurs multifréquence que dé-
crit la revendication 1, si ce n’est que la surface plate
unique qui est essentiellement plane comporte au
moins deux transducteurs planaires dimensionnels
(310, 320) qui sont indépendants sur les plans élec-
triques et acoustiques et si ce n’est que la surface
plate unique qui est essentiellement plane est con-
figurée pour former, simultanément ou séquentielle-
ment, des faisceaux acoustiques multiples au niveau
d’au moins deux fréquences acoustiques séparées
et le long d’au moins deux axes.

12. Un procédé de conduction de courant dont le profil
est conçu pour produire une pluralité de profils, et
ce procédé se caractérise par le fait qu’il consiste :
à utiliser un réseau de transducteurs planaires mul-
tifréquence que décrit l’une ou l’autre des revendi-
cations 1 à 11, en association avec un navire en
mouvement et la deuxième fréquence nominale est
plus élevée que la première fréquence nominale, et
la pluralité de profils contient :

au moins un premier profil de courant qui a une
première résolution, et ce premier profil, au nom-
bre d’au moins un, s’obtient en faisant appel au
premier réseau de transducteurs
au moins un deuxième profil de courant qui a
une deuxième résolution plus élevée que la pre-
mière résolution, et ce deuxième profil, au nom-
bre d’au moins un, s’obtient en faisant appel au
deuxième réseau de transducteurs, et ce
deuxième profil, au nombre d’au moins un, s’ob-
tient en faisant appel au deuxième réseau de
transducteurs
et ce deuxième profil de courant, au nombre d’au
moins un, s’obtient au niveau ou à proximité de
la surface d’un plan d’eau et ce premier profil de
courant, au nombre d’au moins un, s’obtient es-
sentiellement de manière simultanée par rap-
port au deuxième profil, au nombre d’au moins
un, et à une profondeur, dans le plan d’eau, qui
ne se situe pas au niveau ou à proximité de la
surface, et la première résolution et la deuxième

résolution se composent, individuellement, d’au
moins i) une résolution temporelle, ii) une réso-
lution spatiale et (ou) iii) une résolution de vites-
se.

15 16 



EP 2 636 150 B1

10



EP 2 636 150 B1

11



EP 2 636 150 B1

12



EP 2 636 150 B1

13



EP 2 636 150 B1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5808967 A [0002] [0041]
• US 2009182237 A [0007]

• US 2003076742 A [0007]


	bibliography
	description
	claims
	drawings
	cited references

