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l When a sonar set is used for detecting targets in the sea the

acoustic signalsreceived back at the set from the targets are often

, degraded by echoes from other scattering mechanisms in the _uater.

These other echoes. known as reverberation. are ot-two different

types .

'r a. boundary reverberation - so called because it

! 5355i?“fi£:“§§€3fi eraser “a. m bed-
b. volume reverberation - which comes from discrete

objects in the water - either organic or inorganic.
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th types of reverberatino cause problems in the detection 0! a

wanted target and eHort has to be made in the design 0! sonar .

systems 3.9 minimise. these‘otfects- A bettegynderstanding of the

reverberation erocés‘? is‘ne'cessary 'befor'e the‘se designs can be _
optimised.” {his paperwdiscusses some of the work done in studying

surface reverberation?” .

 

   

  

The first illustration (fig 1) shows how signals can be

scattered back, from the sea surface to the sonar, which are

homparahle in” range and hearing with those from the target, in ‘-
particular it the target is .near the sea surface. In this case the
target night only be distinguishable by its frequency response or,

themagnitude or its. echo under certain circumstances. An intensive

programme has been undertaken to assess the manner in which sea

surface reverberation varies as a function of sea state, frequency

'rnd angle of incidence. I '

Theo : ‘ I.,_.'1

I Figure 2 illustrates a very simple case a! a plane acoustic .

Lave impinging upon a simzsoidal-surface having a spatial wavelength

t. It to a first approximation the surrace is regarded as a ,

int-action grating with spacing equal to the period of the surface,

' then it can be seen that. when detected at certain angles and long

ranges. the waves scattered from the grating will appear to be in
phase at certain angles whereas at other angles there will be phase

cancellation. Ihe scattered wave will vary inamplitude as a
tion of acoustic frequency, periodicity e! the surface. angle

2 incidence and scattering. »

For the particular case or backscsttsring of sound from the
race to the source the amplitude will he a maximum when

 



 

sin or: "E (1)

Where or is the scattering angle. 1 the acoustic wavelength and N

is an integer. This example shows that scattering is very dependent
upon the dimensions of the surface and is most affected by roughness
of similar periodicity to the acoustic wavelength. Thus for av
randomly rough surface having a continuous spectrum varying from
much greater than the acoustic wavelength to very much less it .
will be only those components where L and 1 are comparable which
will significantly affect the backscsttsring.' V

Several. theories have beenput forward'to relate the
intensity of the scattered sound to the surface statistics, the
most notable of the'e'e being that of Marsh. (1). His expression
{or the backseattafiing (coeltitientds _V 5 a

Q = MW (2)
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where g is the acceleration duezto gravityI a the incidence angle.
a the acoustic frequency and A (a) the power spectrum of the sea
surface. Marsth solution..which involves expressing the random
sea surface statistics as a Fourier series, is really only
conveniently applicable to low sea stateswhere the rms height
variations are less than the acoustic wavelength. At higher
sea states the solution becomes rather unwieldy.

' Several'experimental and theoretical expressions are
available for the power spectrum of the surface, mat of which
suggest a dependence on frequency of the form

fl...) = Bus . (3)
first deduced by O.M.Phillipa (2). for a saturated sea. Thief
expression was used by Marsh in equation (2) to give _a back-
seattering coc-f—Eieimu'._gf

1, ' ,
Q = “Asa. _ (1+)
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It is notable that this expression is independent of both
frequency and windspeed. This is due to the. particular model of
surface spectrum used, which is essentially a one dimensional
spectrum with no allowance made for a windspeed dependent
low frequency cut-of! or directionality.

Crowther (3) has recently developed an alternative solution
to the scattering equation whereby he is able to extend the theory
to higher sea states where the rms height of the surface roughness
is greater than the acoustic wavelength, but this theory too
breaks down at high sea states. The theory is also able to take
into account the directional dependence of the acoustic propagation
relative to the wind direction and also shows a dependence of
scattering upon frequency. -

His expression is _
2

k

Q = ‘35 exp (-10ka 9-2) exp - El - “<32 ¢20(r)]cos er dr

(5)
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C(r) is the.autocorre1atinn function of the sea surface. measund

in the direction of propagation. (is the surface rms height ;

roughness. C(r) is critically dependent upon the direction in

which measurements are made. since it will be found to oscillate ‘

quickly in an upwind-downwind direction whereas it can be almost

constant when measured across a swell. 'E‘quation (5) is not

readily evaluated. but a numerical analysis has been carried out

using the Fourier transformof the power spectrum mentioned

earlier. Curves for some of the parameters are shown. as a

function of wind speed. for a frequency of 31:112. (fig 3). These

curves show that as the wind speed increases (or the sea state)

then the beckscattering strength increases. At low seastates

the curves are identical with those of Marsh. 7

We

In any work undertaken to measure backseatter from the sea

surface it is necessary to measure the surface statistics

simultaneously with the backseattering. This normally introduces

problems since with the acoustic wavelengths used being of the

order of 50cm it is necessary to measure surfaceroughnesses with

periods embracing this dimension. is measuring wave lengths as

short as 10 on. To measure surface statistics to this order of

accuracy it was necessary to build a new type of wavebuoy. This

is shown in the next figure (fig ‘0). The buoy is arranged to
measure the small and large components of the spectrum separately.

The small components are measured with fine wire resistance probes

arranged so that the correlation function of the surface can be

detemined (or spacings between 5 and 120 cm. The larger wave

components are measured with an accelerometer mounted in a pot

below the probes. Pitch and roll of the buoy are monitored

together with its orientation relative to the wind direction. In

operation. the busy is streamed from the windward side of the ship

and the information is fed to the ship through a 200 yard cable.

Records are taken. on completion of the acoustic experiments. with

the wavebuoy measuring the spectra upwind. downwind and cross-wind

in turn. -

Figure 5 shows a set of results taken with the buoy. The

resultant curve is obtained by combining .the probe measurements

with the buoy displacement measurements obtained from the

accelerometer readings. The results, taken in a sea state 3 to '0

indicate a low frequency cut off to the spectrum at-ahout 0.2112.

the straight line part of the curve has a gradient of -5 up to a

frequency of ‘ohz, but above this the gradient decreases slightly.

The acoustic measurements were performed from the cable
ship ACS ST-MARGARETS using either explosives as a broad W,

source extending over the band ‘I to ‘IOkHz or a on source operating
at the geometric mean of these two frequencies. A scheme for the
experiment is shown in the next figure (fig 6). The array which
could be used either asa transmitter receiver for narrow. hand

signals or as a receiver for explosive signals was suspended from
the bows of the ship by asingle multicore cable. and arranged

to point in any prescribed direction by streaming the ship in
that direction at about i kt.  



 

   
  

The array is fitted with electronic beam steering so tbat the

angle from which backseatter is measured can be varied.

Experiments have beencarried out in a variety of sea

conditions ranging from flat calm to sea state 5, both with and

without the presence of swell. Results are presented for two of

these runs (fig 7 and 8). taken in sea states 2 and 5. end are

compared with the theoretical predictions obtained using equation

5 and the appropriate wave buoy records. The experimental points

are the mean of 50 31th: acoustic pulses. Both these sets of data

indicate a good agreement between theory andoexperiment.

particularly at angles of incidence above 50 . At smaller angles,

around 20° there is a tendency for the backseattering to be

greater than that predicted; this has been attributed to

experimental difficulties in determining the exact anglepi‘

incidence at these steep angles. It was shown. theoretically,

that when a saturated form of the sea surface spectrum was used

in determining the acoustic backseatter there was a noticeable

change in the expected reverberation level with sea state,

particularly at large angles of incidence. This is not very

marked on the results presented, although they show a very close

agreement with the theoretical curves computed from a knowledge

of the sea surface statistics at the time of the acoustic

measurements. This illustrates the importance of measuring both

the acoustic and environmental parameters at the same time, since

the latter are sensitive to small local wind changes. which can

give a surface spectrum different from the hurling one.

Conclusions

Sonar performance can be limited by background noise in the

sea especially reverberation. In the design of sonar sets this

level should ideally be reduced to the ambient noise level. The

work which has been done shows that it is possible to predict the

level of backseatter from the sea surface for sea states between

0 and 5 provided that the relevant surface statistics are known.
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