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(57) Abréege(suite)/Abstract(continued):
other section (11), the spacing for each section being such that aliasing will occur for at least some steering angles (@,) and

such that the alias beams produced by the two sections of the array will not overlap. Cross-correlation means (12-19) are
provided to process the signals received from the sonar transducers of the two sections such that the effects of the alias beams
are substantially removed.
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ABSTRACT
A passive sonar transducer arrangement includes two steerable array
sections (10,11) arranged with the transducers of one section (10) spaced
apart from one another by a different distance (dl) from the spacing (d2)
between the transducers of the other section (11), the spacing for each
section being such that aliasing will occur for at least some steering angles

(©.) and such that the alias beams produced by the two sections of the array

will not overlap. Cross-correlation means (12-19) are provided to process the
signals received from the sonar transducers of the two sections such that the

effects of the alias beams are substantially removed.
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PASSIVE SONAR TRANSDUCER ARRANGEMENT

This invention relates to passive sonar transducer
arrangements and is concerned with both the construction of an array of
transducers and the processing of signals from the array.

Passive sonar transducer arrays are used to receive acoustic
signals usually, though not exclusively, in underwater environments. The
arrays may be static or mobile, and the latter may be attached to or
towed by seaborne or airborne vehicles. A towed array may comprise a
large number of sonar transducers arranged in a line. For effective
signal processing, electrical connections have to be taken from each
individual transducer to the signal processing equipment, which is
usually located on the towing vehicle. This means that the number of
individual electrical connections to be passed through the array
assembly has to be proportional to the number of transducers used in the
array. This imposes limitations on the design of the array, as space and
weight allowances have to be made for these electrical connections. This
problem also occurs with large area hull-mounted arrays. 1t is known to
use multiplexing techniques to reduce the number of electrical
connections which have to be brought out of the array. However, this is
costly. The number of transducers used in array also affects the cost
of the inboard signal processing equipment.

Transducer arrays are often used in pairs, or a single array
is divided into two sections, to allow for a signal processing technique
known as "cross-correlation" to be used. This is a well-known technique
in the sonar field, used in particular for the reduction of noise which
might affect one section of an array and not the other. The electrical
outputs of the individual hydrophones are processed electronically to
form "beams'", with the direction of maximum response directed in a
particular‘direction, in which the array is said to be "steered".
Usually the steering angle is variable. The range of steering angle

imposes limitations on the number of transducers which have to be used

in each section of the array, in that there is a maximum value to the

physical spacing between the individual transducers if a problem known
as "aliasing" is to be avoided. In addition, the length of an array is
determined, at least in part, by the required beamwidth and the

frequency of operation of the array, a lower frequency of operation
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requiring a longer array. Hence the problem of separate
electrical connections from each transducer cannot be
overcome simply by reducing the number of transducers or by

increasing the spacing between the transducers.

It 1s an object of the present invention to
provide a passive sgsonar transducer arrangement such that the
number of sonar transducers required 1in any particular
situation may be reduced. This makes it possible to reduce
the number of electrical connections required to be brought

out of the array to the signal processing circuitry.

According to the present invention there is
provided a passive sonar transducer arrangement which
includes two steerable array sections arranged with the
transducers of one section spaced apart from one another by
a different distance from the spacing between the
transducers of the other section, the spacing for each
section being such that aliasing will occur for at least
some steering angles and such that the alias beams produced
by the two sections of the array will not overlap, and
cross-correlation means operable to process the signals
received from the sonar transducers of the two sections such

that the effects of the alias beams are removed.

The invention will now be described, by way of
example, with reference to the accompanying drawings, which
is a schematic diagram of an array and its associated cross-

correlation circuitry.

In known passive sonar transducer arrays, the

spacing d between adjacent transducers in the array is given
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by the expression

d < A/(1 + sin®,)

where A is the minimum wavelength of the sonic energy to

which the array will respond and ®; is the “steering angle”,
that 1is the angle between the sound source and the normal to
the plane of the array. This spacing ensures that alias
beams are not produced within the acoustic energy region of
the transducer assembly. The two sections of an array, or
the two arrays, used with crosgs-correlation circuitry have
equal numbers of transducers arranged at equal spacing. If
allas beams were produced by the two sections of the array,
say by exceeding the steering angle limit, then these alias
beams will be equally spaced from the main beam of each
section and the cross-correlation process will enhance the
alias beams, causing problems. It i1s for this reason that

care must be taken
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not to exceed the limits of steering angle imposed by the frequency at
which the assembly 1s operated.

A sonar transducer arrangement according to the invention
makes use of the fact that, so long as the alias beams procduced by the
two sections of an array do not overlap, that is they do not occur at
the same steering angle within the acoustic region of the array, then
the cross-correlation technique will in essence treat the alias beams
as uncorrelated noise and remove them. It i1s inherent in the invention,
therefore, that alias beams will occur at some or all steering angle of
the array, since if alias beams are not present the resulting situation
is the same as 1if arrays with equal spacing and not exceeding the
spacing limit defined above had been used. However, the main benefit of
using the technique of the invention is that the number of transducers
used in an array may be reduced and this in turn reduces the number of
electrical connections to be brought out of the array to the on-board

circuitry, as well as reducing the cost due to the smaller number of

transducers required.

The drawing shows, in schematic form, a passive sonar
transducer array comprising two sections 10 and 11. The first section
10 consists of N1 transducers, spaced apart from one another by a
distance dl. The other section, 11, consists of N2 transducers, spaced
apart from one another by a distance d2. Each transducer of section 10
is connected to a separate weighting network, the network for the
section being shown at 12. Each transducer is weighted in a known manner
commonly used with steerable transducer arrays. In addition, a separate
time delay is applied to the signal from each separate transducer of the
section by a time delay network 13. The time delay is used for steering
the section, again in the manner commonly used with steerable arrays.
The outputs of the separate transducers are then added in an adder 14.
Se‘ction 11 of the transducer array is similarly connected through
weighting network 15 and time delay network 16 to an adder 17. An
additional time delay is applied to the summed output from one section
of the array by bulk time delay 18 and the two outputs, one from adder
14 and the other from bulk time delay 18 are multiplied and integrated
at 19. The weighting networks 12 and 15, time <elay networks 13 and 16,
adders 14 and 17, time delay 18 and multiplier and integrator 19 are

common to cross-correlation circuits of this type. If modern digital
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processing techniques are used then the circuit elements 12 to 14 and
15 to 17 are usually combined into beamformer units. The bulk time delay
18 may be applied to either section of the array, depending upon the
direction inn which the beam is to be steered. For example, if the steer

5 direction makes an acute angle to the "right had" section of the array
then the bulk time delay i1is applied to that section.

The following analysis of the array assumes that the array
is rectangular and that the section with the greatest number of
transducers, that is with the smallest spacing between transducers, only

10 produces one alias beam in each of the "horizontal” and "vertical”
directions. The technique described is not so limited 1n practice. It
is also assumed that the analysis is only for the "horizontal” dimension
of the array. The terms "horizontal"” and "vertical" are relative terms.

Considering the two array sections shown in the lMigure,

15 assume that the maximum steering angle from the broadside direction is
©, and the maximum frequency of 'interest to be f,,,. It is therefore
possible to define the maximum acoustic wave number k, to be

ko = 20F,,,/C (1)
where ¢ is the speed of sound in the medium in which the array 1s used.

20 - The condition that the first section of the array should have only one
alias beanm is satisfied provided that the first null of the second alias

beam is equal to or greater than the maximum acoustic wave number k,.

This requires that
dl < (2“Q1/N1)~ C (2)

N ——————
(l+Sin®s) ' f‘max

25 where a, is the beamwidth correction factor for the aperture shading

function ( a,=1 for uniform shading) and N1 is the number of
transducers.
The condition that none of the alias beams of the second section

of the array overlaps the alias beam of the first section is given Dby

30 (2-a,/N2) S dz. 5 (1+a,/N2) (3)

(1+a,/N1) 4 dl 4 (1-a,/N1)

where N2 and a, are the number of transducers and the beamwidth
correction factor respectively for the second section of the array.

Equation (3) is a general equation to ensure that there is no

overlapping between the alias beams of the second section of the array

35 and the alias beam of the first section. It applies equally to
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horizontal and vertical spacings. It is also valid for curved arrays
provided that the radius of curvature is much greater than the
wavelength at the maximum frequeﬂcy of operation. Equation (2) is used
only to limit the scope of the problem, that is to ensure that only one
alias beam of section 1 of the array can lie within the acoustic region.

As already stated, the reference to the array having two

sections may be applied equally to two separate arrays, the difference

being only one of convenience.
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CLAIMS:

1. A passive sonar transducer arrangement which
includes two steerable array sections arranged with the
transducers of one section spaced apart from one another by
a different distance from the spacing between the
transducers of the other section, the spacing for each
section being such that aliasing will occur for at least
some steering angles and such that the alias beams produced
by the two sections of the array will not overlap, and
cross-correlation means operable to process the signals
received from the sonar transducers of the two sections such

that the effects of the alias beams are removed.

2. An arrangement as claimed in Claim 1 in which the
spacing of the transducers in one section of the array is

such that no more than one alias beam will be produced.
FETHERSTONHAUGH & CO.
OTTAWA, CANADA
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