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1 Introduction

Over the years many attempts have been made to developAschernes for the remote acoustic
classification ofthe sea bed in terms ofits roughness. its acousuc impedance .its sediment parameters
or some combination of these properties.

In this paper an outline account is presented ofsome theoretical and laboratory experimental studies
ofrough surface acoustic scatter and how it might be applied to sea bed senstng particularly at near
normal incidence. I

2 The Scattering Coefficient

The total acoustic intensity backseattered at normal incidence fiom a rough surface consists of a
coherent part and an incoherent part. The former is proportional to the square of the coherently
averaged pressure (p)'.the average being over a number of realisations of the surface scattering
patch and the latter is proportional to the difference between the average of the pressure squared
(p’) and (p)’.Assuming the incident pressure is a spatially limited, spherically spreading wave
having been radiated from a finite aperture transducer and providing the beam pattern is not too
narrow .the range dependence of the coherently scattered signal is well known to be n b the
image solution. That is to say the range variation of the coherently scattered signal ts si piy an
extension of that of the si nal incident on the surface. On the other hand the incoherent intensity
varies in the Fraunhofer reggime inversely with the square of the range. measured from the surface.
The result is that the range dependence of the total scattered intensity depends on the ranges of
the transmitter and receiver as well as on the surface satisfies. This effect is well known .If the
normal incidence backseattered signals are observed in a manner which involves‘chan'ges in the
transmitter range to the scattering surface as well as that of the receiver then the variation of the
peak received si nal with range to the scattering surface has in addition a dependence on the
scattering patch size which may be limited either by the beam pattern or by the pulse length of the
transmitted signal. r ' , -
Here therange dependence ofthe incoherent normal incidence backscatteredintensity is considered.
As mentioned above this is usual! expected to vary inversely with range and on this basis the usual
definition of the Scattering Coe tcient is

I “2‘
s =35% (1)I. RMA

' Where I” is the ensemble averaged bnckscattered intensity at distance R; from the scattering patch
and la is the source intensity at the reference distance Rd (=lm) from thesource. The source is
located a distance R; from the scattering patch which has an effective area A

Such a definition provides a descriptor of the surface independent ofthe’meastnement arrangean
, The portability o the values depend on the effective area A being well defined .
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There are situations in which the combination of surface statistics and experimental geometry place-

the receiving position within whatjs termed as the. nearfield of the scattering patch. As will be

shown below this hearfield distance Can be sirfprisihgly large and is not dependent on fippuency

in the sense of the familiar transducer nearfield. Experimentally measured scattering coe rcients

may thus unwittingly be severely underestimated. The existence of this effect may be employed

in sensing the surface statistics.

2.1 Some theoretical expressions

The basis for the expressions presented below is the Helmholtz-Kimboff integral evaluated

using a Fresnel phase approximation’Ihe solutions pertain to surfaces which may be described

by Gaussian statistics and to acoustic sources and receivers whose beam patterns can be

describedby Gaussian directivity functions.Thceffective insonifiedareaA required byequation

(1) is determined by the 2" pressure contours of the transmitting and receiving beam patterns.

The theory is usually ‘ considered to be limited to surfaces for which local radii of curvature

are much larger than the acoustic wavelength. All the expressions below are for the situation

in which hflt 2 0.5 where h is the rms surface roughness and}. is the acoustic wavelength. This

excludes the coherent component of the scattered intensity from the expressions.

2.2 Far-Field Backseattering Coefficient

mar: exp -——-r:':::“)

(2)

For backseatter at an angle of 9

 

S 9 =
'( ) 327th’ cos‘(9)

where T is the surface correlation length, An mts surface slope can be defined as

h, . .

0'2 =2; (3)

 

(4)

An angular half width of the scattering pattern may be defined as

e, = 245a (5)

At normal incidence the backscauer coefficient becomes

9‘1

s = s =— 6
3 FF ( )

where SF,- is the far field scattering coefficient.
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2.3 Nearfield normal incidence backscatter coefficient

Figure I Mangemenl oi transmitter and receiver raiativo

to the uttering suttaea

For the geometry shown in Figure l and the case of the insonified area being limited only by
the beam patterns. the backseatter coefficient is '

_ 9i“ (1+a)'}"
5"15na={1+°: 160' a)

where the receiver is omnidirectional and the transmitter has an 2" half beam angle of 9° and

(8)

When the transmitter and receiver are coincident with the same aperture

_ ‘3“ 93}"Ss—lénuz{l 4‘8?

If short pulses are radiated in this situation ,the peak value of the ensemble averaged
bacltscattered intensity is given by

I M e’
I“ =l;';:S,T'°(l-exp(-Br)l (10)
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where 'l is the duration of the radiated pulse and c is the speed of sound in water. Whether the

scattering coefficient operative in equation (10) is considered to be S, or 550 — exp(—B't)) is of

little importance. What is important is that one knows one is in the scattering patch near-field.

2.4 Discussion of nearfield effects

5. is a function of range . 8,, and 8,.A nearfield range RN, may be defined as the range at which

5. = SFFIZ

so that

(12)

 

When RZ » R”, then S. = S;;.On the other hand .close to the surface when R, ( R”, then

r l r5. = new: RI +R2 (13)

which is the scattering coefficient for a plane surface.

  

For the case of acoincident transmitter and receiver the scattering coefficients, 5 SFFIZifG0 2 B,

3 Range dependence experiments

Experiments in a laboratory tank were designed to explore the degree to which the expression for

the scattering coefficient 5‘ holds. Two surfaces each with different surface slopes were employed

(see Table l ) in the geometry of Figure LS. Values were measured as a function of range at two

frequencies .Careful measurements of the surface statistics allowed theory and experiment to be

compared as is shown in Figure 2 A full account of these investigations is available together with

interpretation of further experimental data ’ using the expressions in Section 23.

Table 1

Reflection rms height/cm Correlation Frequency
Coefficient length measurement

T/cm [kHz

lt-

mu

    

       

 

   

  

Surface
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   Figure 2a The scatterin
with 8., =5 degrees.(*)
are from equationfl)

g coefficient versus range is shown for surface A at a frequency of 250 kHzexperimental values;(o) experimental values from a plane surface; the lines   
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Figure 2b The scattering coefficient versus range is shown for surface A at a frequency of 1000 kHz
with 6., :13 degrees.(‘) experimental values; the lines are from equation(7)
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Figure 2c The scattering coefficient versus range is shown for surface 3 at a frequency of 250 kHz
with 9., =5 degrees.(‘) experimental values;(o) experimental value from a plane surface; the lines are
from equation(7)
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Figure 2d The scattering coefficient versus range is shown for surface B at a frequency of 1000 kHz

with 0., =33 degrees.(*)' experimental values; the lines are from equation(7)
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4 Range dependence of backseattcred intensity and surface characteristics

In order to estimate how significant the range dependence of scattering coefficients is in practice
at sea .values for the rms slope of seabeds is required. Clay and Leong have given a relationship
between the rms seabed roughness h and the correlation length T_

7—3018” metres (14)

This relation allows the angular half width of the seabed scatter to be written as

e, = 7.64h "" degree: (15)

This assumption gives. for example. 9, = 24 degrees for an rms roughness of 1 cm reducing to 14
degrees as the roughness increases to l0 cm. The condition for the scattering coefficient effective
for coincident transmitter/receiver arrangement to be always less than half the far field value is
60 2 9, and thus may well occur in practice.

The ensemble avenged backseattcred intensity corresponding to the arrangement under which S.
is measured (equation (7)) may be expressed both

I =In‘1t’nkfe; l {1+(I+Rl/R1)’}"
‘“ 27:9} 2 RM; (1+R./R,,,)=

   

(16)

and as

l R
1,, = constant x R,‘ ’) (17)

Measurement of the range dependence via 1: would provide a means for extracting the rrns slope
of the seabed. Figure (6) shows plots ofk versus the ratio (R./Rz) with the ratio (R,/R,.,,-) as parameter.
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Rl/RZ

Figure (3)The dependence of the ensemble averaged intensity on range R2 of a point receiver

from the sea bed.The receiver is on the axis of a transmitter which is oriented for normal incidence

on the sea bed at a range of RI from the sea bed.The backseatter depends on range as RI. The

parameter for the various curves is the ratio of the transmitter range Rl to the nearfield range R".

However this approach requires deployment of a receiver at a number of positions between the
source and the sea bed. A more practical approach might be IO employ the same transducer for both
transmission and reception and obtain ensemble averaged backscattered intensities as a function
of transmitted pulse length. The surface slope may then be extracted according to equations (10)
and (ll). These equations apply to the peak value ofthe backseattered signal which on average
occurs at a time equal to the pulse duration after the first return. Expressions for the rise and fall
times of such returns are readilyderived and are also sensitive to surface statistics.
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