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1.'INTRODUCTION

In optical imaging it is generally recognised that, due to

diffraction, the resolution is affected by the size of the

aperture. The image of two separated incoherent sourCes is the

superposition of two displaced Airy discs, each of which has the

radial-intensity distribution shown in Fig.1a.
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It was supposed for a long time that the image would require a

small dip between the two peaks if they were to be resolved (e.g.

Fig.1b) and, based upon this, the Rayleigh criterion of

resolution was developed. This says that, if D is the diameter of

the pupil, the minimum angular separation of the two sources must

be 1.22A/D radians if they are to be resolved. In 1955 however

this assumption was questioned by Toraldo di Francia [1] who

pointed out that the image of the two points is different from

that of one point, however close these points are together (e.g.

Fig.1c).
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In radar and sonar, the beamwidths of an aperture whose

dimensions are a x b are approximately A/a radians and l/b
radians in the two dimensions respectively, and these values are

often taken to be the angular resolutions, in approximate
equivalence to the Rayleigh criterion. A parallel occurs in the

spectral analysis of time series where the frequency resolution

is commonly taken to equal 1/T, where T is the length of the time I

series. Recently there have been many attemptsto improve on

these resolution predictions, and superresolution techniques

include autoregressive (maximum entropy), maximum liklihood,
Pisarenko harmonic decomposition, and Prony’s method. Kay and
Marple [2] have produced good review papers on these and other
techniques.

In 1984 Wagstaff and Berrou [3] described a technique for high

resolution beamforming and spectral analysis which was _

conceptually and computationally less demanding than most of

these. Their specific application was to improve the angular
resolution of a sonar line array used for passive listening. From ‘

the outputs of 64 overlapping pre-formed beams, obtained by I

applying an FFT beamformer to the narrowbanded outputs of a 40-
element horizontal line array, they applied their technique to

produce a high-resolution estimate of the acoustic spatial power

spectral density. They described their algorithm as the W32
;(Wagstaff—Berrou Broadband) technique.

This paper extends the technique to two-dimensional imaging
involving only seven beams. Seven splayed sonar transducers point

upwards at the sea surface. The time varying output of each beam

arises from the noise radiated by ocean waves as they moveacross

the intercepted area. Using the seven measurements only, the

technique is applied to produce a time—varying two-dimensional

image of noise intensity that contains 64 x 64 pixels.

 
2. SUMMARY OF W32 TECHNIQUE

The basic principle of the technique is to make a high resolution

estimate of incoming acoustic power and then to test its
compatibility with the measurements. Based upon errors between

the measurements and the beam outputs calculated on the basis of

the estimate, a correction is then made to the estimate, to make

it more compatible. The art of the method is to derive
corrections which cause the estimates to converge to one which

gives a small error, preferably rapidly and in a manner that is

robust tonoise. The procedure for deriving these corrections is

a.direct extension to two dimensions of the procedure given by

Wagstaff and Berrou for one dimension. '
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3. EXPERIMENTAL CONFIGURATION

Our algorithm was applied to experimental data kindly provided to

us by by Marconi Underwater Systems Ltd. In their experiment

seven directive receivers point upwards at the sea surface Such

that the beam centres intersect the sea surface in a pattern that

corresponds to the centre and six corners of a hexagon, as shown

in Fig.2. Each beam centre is at an angle of 3.63° to its
neighbour.
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Power measurements are made in a narrow band centred at 24kHz,

and the angular response functions are very close to the

[2J1(x)/x]2 intensity distribution expected of an ideal piston

transducer, with the half-power width of each beam being

approximately 6.5°. Precise details of the transducer responses

are available as power sensibilities for a given position [x,y]

in 20 space, and that of the central symmetrical beam, for

example, is given by

2.9723-4(x2+y2)2 - 0.02512(x2+y2) + 1
Dtx,y) = ----------------------------------------------------——

1.205E—5(x2+y2)3 + 2.777E-5(x2+y2)2 + 5.613—4(x2+y2) + 1

The power sensibilities of the outer beams are close to being a

displaced version of this, but with modifications included to

allow for asymetry introduced by the inclination angle, such that

each constant intensity contour is now an ellipse.

The time—varying output of each beam is a power measurement of

the noise radiated by the turbulence etc. of ocean waves. The

measurements are available at 0.15 intervals. They change with

time, due to the breaking of the waves and their movement across

the intercepted area.
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4. 2-D IMAGING ALGORITHM AND RESULTS

An example of measurement data from the seven transducers,

extending over 283, is shown in Table 1.
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Fig.3 displays the lst set as an isometric plot, where the units

of the x and y scales are arbitrary except that they are in
accordance with the transducers being 189 units below the sea
surface.
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The area of the sea surface shown is divided into 64 x 64 pixels

for the purpose of processing,and the initial guess is obtained

simply by smoothing the seven measurements over this area. This

first estimate is multiplied with the power sensibility of each

beam and the volume integrals are evaluated to give "calculated

beam outputs". These are compared with the measurements to

produce Seven errors. Each error is multiplied by thetop 6dB of

the product of power sensibility and estimate to produce a

correction contribution. The seven contributions are added. and

divided at each position by the number of contributions that are

non-zero at that position. This is equivalent to the procedure

described by Wagstaff and Berrou except that it extends over x

and y dimensions. The total correction is applied to the existing

estimate to produce a new and improved estimate.

Fig.4a shows the estimate arising from this first set after 42

iterations. Fig.4b shows the estimate arising from the 28th set

of measurement data after 42 iterations.
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It is noticed in Fig.4 how the noise source has moved across the

transducers. Estimates from in-between sets of data show that the

noise source changes its size and deviates from a straight line

path, but is generally consistent with what might be expected of

a breaking wave.
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A major difficulty of acoustic imaging, as compared to optical
imaging, is that of assessing the validity of the outcome. One
way is to compare the seven measurements with the seven

calculated beam outputs associated with the final estimate. This
is done in Table 2 for the 28th set. It is seen that the
discrepancies are generally less than 1dB.

Beam Number Measurement Calculated Beam Outputs
after 42 iterations

-8.31dB
-8.59dB
-7.67dB
-5.12dB
-2.lOdB
*7.06dB
-7.88dBd
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As another means of gaining confidence in the algorithm,

simulations have beenundertaken to check its effectiveness.
Fig.5a shows three discrete simulated targets, and Fig.5b the

corresponding seven measurements.
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Fig.6 shows the image resulting from an application of the

algorithm. It is seen to agree well with the true target
distribution of Fig.5a and provides additional credibility to the
images obtained using real data.

 

5. CONCLUSIONS

Using only one measurement from each of seven transducers a

meaningful two—dimensional image of the noise radiated by the sea

surface has been produced by a deconvolution technique that

relies on precise information of the transducer beam patterns.

The resolution is very much better than that expected from the

transducer beamwidths. The algorithm is conceptually simple and

computationally efficient. Support for the validity of the

results has been provided by successful images produced using

simulated data.
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