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Time-evolution modelling of seafloor
scatter. Part I: Theory

E. Pouliquen, O. Bergem, N.G. Pace

Executive Summary:

Acoustic scattering from the seafloor is a complex phenomena. A good un-
derstanding of the underlying physical process is essential to reliable remote
assessment of seafloor parameters and improving MCM performance modelling.

With the recent emphasis on higher frequencies, new parameters such as seafloor
roughness and sediment inhomogeneities are significant factors with concomi-
tant effects on modelling sophistication.

This report describes a new approach for the prediction of scatter from the
seafloor interface and volume in the time-domain. The report is divided into
two parts. Part I describes the theoretical background of the model, part II
describes the implementation and the experimental verification.

Traditionally, scattering models have focused on predicting the backscatter
strength, which is basically a measurement of the energy scattered back from a
unit area at a given angle. The main limitation in this approach is that all the
information coming from the time-domain signal is reduced to a single number,
and both phase and shape information of the original signal are lost. Here, a
different approach consisting of modelling the full time-series has been chosen.

The model has been tested against simplified, but theoretically known situa-
tions and against data recorded with a parametric sonar. The results of the
comparison are encouraging, and they demonstrate that the main interaction
mechanisms with the seafloor are accounted for. Future work will include com-
parison with more data recorded from different sonar systems and with better
ground truth knowledge. The use of the model for reliable remote seafloor
classification will also be studied.
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Time-evolution modelling of seafloor
scatter. Part I: Theory

E. Pouliquen, O. Bergem, N.G. Pace

Abstract: A time-series model for acoustic seafloor backscattering is de-
scribed. The method expresses analytically the elementary time-backscattered
response of every seafloor surface and every seafloor volume infinitesimal ele-
ment. For chosen geometric, acoustical and acquisition parameters, they are
summed to produce in the time-domain a realization of the reverberated time
pressure field received at the source. The approach is based on the Kirchhoff
approximation for the seafloor interface backscattering and on the Small Per-
turbation theory for the seafloor volume. It only accounts for single backscat-
tering mechanisms of the compressional wave with the seafioor. The model is
implemented using calculated height fields for the water-sediment interface and
the distributed seafloor volume inhomogeneities. The analytical description of
the model and its limitations is described in this report.

Keywords: seafloor backscattering o surface scattering o volume scattering
o kirchhoff o small perturbation o time domain
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Introduction

Growing interest in seafloor characteristics in shallow water is accompanied by an
expectation for improved accuracy in the estimation of seafloor parameters. In order
to achieve satisfactory characterization, the physics of the scattering mechanisms on
and in the seafloor have to be understood. It is particularly important to evaluate
the importance of each contribution from the seafloor surface and from the seafloor
volume. The sole consideration of the total backscattering strength does not allow
a detailed study of the scattering mechanisms. One way to achieve that, is to ob-
serve the whole time series of the backscattered signal. Each time series depends on
geo-acoustic properties such as local density, local sound-speed, local attenuation,
roughness spectrum, correlation lengths and on the geometry of measurement such
as the water height of the source from the seafloor surface, the orientation of the
source, and on the source characteristics (pulse characteristics, directivity pattern).
When an acoustic pulse is interacting with a seafloor, all these parameters affect
the backscattering process, resulting in a complex time backscattered signal. Intu-
itively, the seafloor surface contribution should be at the beginning of the returned
echo and the seafloor volume contribution should affect the tail of the echo more.
But it is impossible to separate these two contributions with a time cut-off approach.
Intuitively again, a hard seafloor would have a stronger seafloor surface return than
a soft bottom. But this is also contingent on seafloor surface roughness or seafloor
volume inhomogeneities. The geometry of measurement also has an important effect
on the backscattered time signal. One should expect an extension of the time signal
duration as the water height between the source and the seafloor surface increases.
A simple calculation shows that the extension is not linear. Another element which
strongly affects the signal, is the directivity pattern and orientation of the source.
For each ping, it not only conditions the insonified area but it also weights acoustic
contributions from each direction. Side lobes, for example, are often the origin of
significant acoustic backscattering. If one requires a close-to-reality representation
of the scattering phenomena, it is not possible to approximate the directivity pattern
with a cone, or with an exponential function. Other factors are the pulse charac-
teristics (pulse shape, spectrum and duration) which affect the type of scattering
mechanisms, geometric or Rayleigh, the expected amount of coherent and incoherent
signal and average shape of the signal.

These factors demonstrate the need to model the backscattered pressure field in the
time domain for various geometric, physical and acoustical configurations in order
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to (1) understand the processes occuring during echo-sounding, (2) to define the
limits of a possible quantitative and qualitative characterisation method and (3) to
articulate a possible methodology for a reliable and efficient seabed classification.
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Model approach

The modelling of a backscattered time signal is a hybrid process, using a classical
approach for the physical interaction of acoustic wave and seafloor on a small scale.
On a larger scale, it combines a full description of the source characteristics and of
the geometry of the measurement with the use of an artificially-generated seafloor
the main geo-acoustic parameters of which are completely controled. The combina-
tion of these two different approaches allows the synthesis of most of the physical
phenomena which determine the time backscattered signal. More specifically, the
model combines analytical expressions of the elementary seafloor surface and ele-
mentary seafloor volume time pressure field response, with a stochastic description
of the seafloor. The expression of the time backscattered pressure from an elemen-
tary seafloor surface is based on the Kirchhoff approximation (described in Section
3), and the expression for the time backscattered pressure from an elementary vol-
ume on Small Perturbation theory (described in Section 4). Extension to larger
seafloor surfaces and volumes is effected by stochastic realizations of the seafloor
surface and volume features. Each stochastic sample of the bottom is realized for a
given set of statistical properties of the seafloor surface and the volume: the seafloor
surface is characterized principally by RMS height (roughness) and by parameters
describing the horizontal features (correlation lengths for example). The volume is
characterized by a RMS variation and vertical and horizontal correlation lengths of
the density and sound speed variations around mean values. This approach is new,
in the sense that the physics of the interaction of sound waves with the seafloor is
included with a description of the environment, in order to compute a time evolution
of the seafloor backscattered signal.

Some constraints and limitations have been set in order to reduce the dimension of
the framework and to allow some approximations. The model has to at least be valid
in the angular region, close to normal incidence but extension to higher angles of
incidence could be envisaged in later studies. The frequency of the transmitted signal
has to be high enough and the seafloor surface smooth enough to allow the use of
the Kirchhoff approximation [1]. Equally, the characteristics of the inhomogeneities
should vary slightly around their mean values to allow the use of Small Perturbation
theory (Section 3 and 4). As the above conditions are not too restrictive, the model
is valid for a wide range of acoustic instruments including echo-sounders, swath (at
least for the most vertical beams) and parametric systems.
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Seafloor surface scattering

The main condition for the validity of the Kirchhoff approximation is the following:
if the roughness of the surface is sufficiently smooth in the horizontal dimension
in order to avoid shadowing effects and multiple reflection on the surface, one can
assume that the sound reflection on each point of the surface is equivalent to a
reflection by a tangent plane located at this considered point, R. This condition is
expressed by Brekhovskikh [1] in terms of the necessity of having a minimal interface
radius of curvature r. at a given incidence 6;,. and wave number kq:

2kor. cos(finc) > 1 (1)

Even close to normal incidence, this condition might seem too strict for some ap-
plications described later. Actually, the reason for this condition is to avoid a large
amount of sharp edges or sharp points having a small radius of curvature creating
edge or shadow effects. In the case of our study, we will assume the validity of
the tangent plane approximation even for small wavenumbers providing that the
seafloor surface correlation length [ is greater than the wavelength (I > A condi-
tion from Thorsos [2]). This hypothesis is debatable but makes sense in the case of
smooth bottoms, i.e. from mud to sand at normal incidence, and the experimental
agreement displayed later on seems to justify this approach. In addition, at the
computation stage, it is possible to check and reject the acoustic rays which are
affected by a possible shadow effect or that are impinging on the bottom with a
beyond critical local angle of incidence v (see figure 1).

Assuming that these conditions are verified, the boundary conditions at the point
R on the interface are the following (Brekhovskikh 1], Clay & Medwin [3]):

P-(R) = Ro1(R)pi(R) (2)
0 0
a_Pr = R)—pi
5P (R) = ~Ror(R) —pi(R) 3)
% is the normal derivative operator. R, is the local water-sediment plane wave
reflection coefficient at the point R. We consider a source located at a height H

(P = {0,0, H}). This source is at first emitting a CW wave of frequency f, at a source
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Figure 1 Geometry of measurement.
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level pp with a transmitted directivity D;(R) given by the direction of R — P (Fig.
1). The water column above the seabed interface is assumed to be homogeneous
with a constant sound velocity profile. The vector n is the vector normal to the
surface at R. In this case, following the same demonstration as Chotiros in [4], the
incident pressure field received at the point R takes this form:

pi(R) = poG:i(R)Di(R) (4)
where G;(R.) is the Green function for the incident pressure field:

e~ikoRo
= (5)

Gi(R) =

with Ry = |Ro|. Using Eq. (2) and Eq. (4), assuming e?*3/* time dependance, we
can express the reflected pressure p,(R) just above the surface:

P-(R) = poGi(R) Di(R)Ro:1(R) (6)

Also, the expression of the normal displacement velocity of the reflected field v, at
the point (R) can be expressed by [3]:

e (R) = —fo v, (R) ("

Po is the water mean density. Using Eq. (3) and Eq. (4), the left hand side term of
Eq. (7) gives:

2 1 (®) = —poDi(R)R(R) L (Gi(R)) (®)

A closer look at & (G;(R)) shows that:

J(G(R)) = VIG{R)n

n e—JkoRo
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Since koRo > 1 in our case (interface in the far field region), we can approximate
Eq. (9) by:

o G(R) = ~(F2D)ikeGi(R)
= jcos(y(R))koG:i(R) (10)
with
(F22) = - cos(x(R)) (1)

v(R) is the angle made between the incident direction and the normal vector n to
the surface at R. Using Eq. (6), the first term of Eq. (7) equals:

o-2r(R) = —j cos(y(R) ks (R) (12)

The right hand side term of Eq. (7) gives:

o] C
—p'oav,.(R) = —jpocokov,(R) (13)

with & being the average sound speed of water. Combining Eq. (7), Eq. (12) and
Eq. (13), we obtain an expression of the local displacement v, at R.:

_ cos(y(R))
v (R) = ot r-(R) (14)

Morse (5] gives an expression of the radiated pressure at the point P due to the
element dSg located at R.:

dp,(P) = j”_°2°_;’rk°v,(R)G,(R)D,(R)dsn (15)

where G,(R) is the Green function of the reflected pressure field and D,(R) the
receiving directivity of the source (located in P). Equation (15) can be expanded
using Eq. (6) and Eq. (14):
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dp,(P) = j—— cos2(1'r7( )
X Gi(R)G,(R)D;(R)D,(R)Ro1(R)dSg (16)

The product D;(R)D,(R) is the gain of the emitter-receiver in the direction defined
by R. Rigorously, D;(R)D,(R) should be included with the frequency dependent
terms but the directivity pattern will be assumed to be constant over the considered
bandwidth of the used signal. The product G;(R)G,(R) contains the propagation
loss in the water column. It also contains the phase variation during the propa-
gation. Since we are simply considering a monostatic case (source and receiver at
the same location), G;(R) = G,(R) and this product can be replaced by G(R)?.
It is also assumed that the reflection coefficient Ro;(R) is frequency invariant over
the bandwidth of the transmitted pulse. Then, separating the frequency dependent
terms of (16) and putting them into curly brackets, we obtain:

dp,(P,f) =3
x D;(R)D,(R)Ro1(R){fG(R, f)*}dSx (17)

cos('): (R) )Po

In the case of a non CW signal, E(f) being the spectrum of the transmitted pulse
e(t), one can write:

dpl(P)f) = j&(z(—R'DPO

X Di(R)D,(R)Ro1(R){fG(R, f)*E(f)}dSx (18)

Until now, the contribution of an elementary surface dSg is expressed at a given
frequency f. This expression is not directly generalisable to a larger scale by in-
tegrating each elementary pressure field over the whole insonified seafloor surface
(S) before switching to the time domain. Switching into the time domain can be
done at this point using the inverse Fourier transform. Analyticaly, dp,(P,t) is first
expressed thus:

dou(P,t) = F{dpi(P, N} = IR,
X D"(R)D,(R)Rm(R)]"_l{fG(R,f)zE(_f)}dSR (19)
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where F ! represents the inverse Fourier transform operator. Let us define K,(R,t)
as being equal to F~!{fG(R, f)*E(f)} and simplify it:

K(R,t) = /_ :o fG(R, f)’E(f)e*™ tdf (20)

Then, using Eq. (5), we find:

Ki(R,?) 1;2 L. 7 £B(neI g
= L FMfE(f)e R} (21)
Rg
So,
Ku(Rt+ 22) = —f YFE()} (22)

Knowing that for a continuous and differentiable function e we have for the nt
derivative e(®):

L) _ poriemm(r)) (23)
(2r)
We obtain in this case:
K.(R, t) = ﬁ {(t-22) (24)

where e'(t) stands for the first time derivative of the transmitted pulse e(t). Then,
equation (19) becomes:

dps(P,t) = c;S(Z(II;))

x (Di(R)D,(R)) Ror(R)e (¢ —

2R°)dSn (25)
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The equation obtained above gives a rather simple and interesting expression for the
time pressure field response received at P from an elementary surface for a given
pulse shape in the range of the validity of the Kirchhoff approximation. On a larger
scale, the backscattered pressure signal received at the source from the surface S on
the bottom is given by the following integral which adds up the time contribution
from each element of surface dSg:

pu(P,t) = /(S) dp.(P, 1) (26)

Unfortunately, this integral is not analyticaly expressable without making rough
assumptions and has to be numerically computed using a pre-defined surface height
field.
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4

Seafloor volume scattering

The analytical construction of the time pressure field received at P from an elemen-
tary volume is based on Ivakin’s volume scattering approach [6]. The expression of
the local volume backscattered pressure is based on Chernov’s Small Perturbation
theory [7] [8]. This theory considers both sound speed and density variation in the
volume. A detailed and updated formulation of this theory can be found in [9]. The
construction of this time pressure field follows the same principles as for the seafloor
surface modelling but deals in this case with a 3D scattering field.

First, assuming that we have an incident pressure field p;(R) transmitted through

the surface and still allowing the tangent plane approximation [3], we can write:

P(R) = (1+ Rox(R))pi(R) (27)
FoPR) = (1+ Rox(R)) -pi(R) (28)

Then, as in Eq. (6), the pressure field of the transmitted wave through the water-
sediment interface takes this form at the point R:
Pe(R) = poGi(R)Di(R)S01(R) (29)

with So1(R) = 1 + Ro1(R) being the local water-sediment plane wave transmission
coeflicient.

Following Yamamoto [9] by assuming that sound speed and density variations are
small compared to their actual respective mean values, in the backscattering case,

the solution to the propagation equation in a medium containing variations of sound
speed and density can be written as follows:

4p(R) = B4R )p(R)G(R, R )aVa (30)

Here, k; is the average wave number in the sediment and u(R') being defined as the
degree of inhomogeneities at the location R’ = R + R (Fig. 1):
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#(R) = 7(R) + 7,(R) (31)

7. and 7, are respectively the relative fluctuation of the sound speed and of the
density at the same location:

1e(R) = 5@%_—61 (32)
() = AE)A (33)

Here, ¢; and gy are respectively the average sound speed and density in the entire
insonified volume. For core data analysis, it is possible to evaluate separately «.
and v,. These core analyses (as noted by Hamilton {10] [11] and Yamamoto [9]
for example) have shown that these two variables were not independent. As an
approximation, it is possible to choose a relation of proportionality between +, and
v, This assumption is not always valid but as density variation and sound speed
variation approximations are difficult, it may be appropriate to use global estimation
of the degree of inhomogeneities of the volume p(R') when separate measurements
of 4. and v, are not available. Considering now Eq. (30), the resulting pressure field
created at the elementary volume dVg = dSgdR;, can be expressed as follows:

pe(R) = poGi(R) Di(R) Sy (R)e ko Ru= B3 (34)

Following Ivakin et al. [6], spherical spreading in the sediment is neglected because
propagation in the sediment is strongly attenuated due to the absorption coefficient
B. However, this hypothesis may not be valid in the critical angle region. Rigorously,
n1(R’), the refractive index at the location R in the sediment should also be used in
the propagation loss term, but the averaged refractive index 1; is used instead over
the first meters of the sediment, disregarding the possible refraction effect within the
sediment itself. According to Ivakin [6], the Green function G(R,R’) of equation
Eq. (30) can be approximated by:

G(R,R') = e~ikomRi- 23t (35)

Combining Eq. (35) and Eq. (30) the following expression of the backscattered
pressure field just under the surface is obtained:

NATO UNCLASSIFIED -12 -
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kni(R)

o MR pe(R)e 2k Ra-BR gy (36)

dpy(R) =

Then, back above the surface using again the tangent plane approximation with Eq.
(29) and Eq. (36), dp,(R) becomes:

an(®) = BUE) G )D(R)

X g()].(B.)g].()(:R.)e—zjk':m-l Ry —fR, JVR (37)

By analogy with what was done for the interface backscattering at a given frequency
f, the pressure field received at the source point P takes the form:

2.2(R’ g
%R_Z#(R YpoDi(R)D.(R)

xS01(R)S10(R)Gi(R)G,(R)e 20 Bi—BR1 gy (38)

dp,,(P, f) =

In the case of backscattering, G;(R)G,(R) = G(R)? is the squared Green’s function
(1/R%)e2i*Ro_ For a non CW signal of spectrum E(f), we consider that the
attenuation B in the seafloor is frequency dependent as it is suggested by Clay &
Medwin [3] (pp 260):

B = a|f| (39)

where a is the attenuation coefficient which is assumed to be fixed at a given porosity.
Equation (38) becomes:

dpy(P,t) = ?%ER)#(R' )Po
D;(R)D,(R)S01(R)S10(R)
x F-1 (e—a|f|R1 fZG(R)Ze—ZJ'koﬂ‘xRL E(f))

X dVg (40)

where the attenuation loss term e~!/I®t appears with the other frequency dependent
terms. Let us define I',)(R,t) as the following:
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I‘(,,)(R, f) = F1 (e-alflﬁl(sz(R’ f)ze—zjkorﬁ R, E(f)ez-xj_ft)) (41)

Let us also define K, (R,t) as the following:

Ko(R,t) = / " PG(R, e R B f)ermittys (42)

Expressing G(R)?, we find:

+oo0 i f(t—2( FLRLE
KuR,t) = 2 [ PE() G g (43)
0 v —oo
By looking at (23), we can write:

m Ry + Ro

K1) = ~ g (- 2 LT (44)

Fourier transform properties allow us to express I'y(R, t) as follows:

Ty(R,t) = F71 (e7lf1R) x Ky (R, 1) (45)

with x being the convolution operator. Equation (44) gives an analytical expression
of Ky(R,t) in the time domain. The first part of the right hand term of Eq. (45) is
also analyticaly expressable in the time domain:

R
F-1 (e—a|f|Rl) — 1_—%;1 (46)
qea

Then, Eq. (40) becomes:

—n2 RI '
dp,(P,t) = ﬁéc},—}ﬂ(R Ypo

x D;i(R)D.(R)S01(R)S10(R)

< (s am )

X dVg (47)
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This expression is less simple than equation Eq. (25) because it contains a convo-
lution operation but it accounts reasonably well for the frequency content of the
time backscattered signal from an elementary volume. From this last expression,
the backscattered pressure signal received at the source from a volume (V) located
under the seafloor surface (S) is given by the integral:

pu(P, 1) = /(V) dp(P, 1) (48)

As for the surface contribution, this last expression is not analyticaly computable. It
should be numerically computed using a pre-defined volume inhomogeneities field.

-15 - NATO UNCLASSIFIED
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9

Interface and volume scattering integral

The total pressure field received at P from the sea-bottom is the sum of the pressure
field from the surface Eq. (26) and the pressure field from the volume Eq. (48):

p(P,t) = pl(Pit) + pv(P, t)
f5 @)+ [ doo(®.0) (49)

il

An example of the construction of the surface and volume time series is presented
in Fig. (2) in the case of normal incidence. At a given time ¢, it shows which part
of the seafloor surface and of the seafloor volume is contributing at the source P.
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Figure 2 Construction of the time series.
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6

Conclusion

The prime objective of this model is to understand the physical processes occuring
during echo-sounding. To account as accurately as possible for the main factors
influencing the the time series. The domain of validity of this model is not com-
pletely defined. The pertinence of the Kirchhoff approximation for extreme cases
such as low frequency or moderate-to-high incident angles is still subject to debate.
Similarly, the Small Perturbation theory may not be applicable to highly inhomo-
geneous sediments. Another limitation of this model is that shear waves, interface
waves, slow waves and multiple scattering are not taken into account as these phe-
nomena are not easily measurable at sea and their significance is often negligible in
high frequency applications. Gassy sediment creating non linear effects which may
be of particular importance is not accounted for in this model. These limitations
are largely compensated for by the possibility of generating the whole time series
backscattered from the seafloor for a well described configuration, instead of focusing
on the unpredictable and little understood average quantity of the seafloor backscat-
tering strength. For many years, backscattering strength has been measured and
modelled for various seafloor types but results are not consistent. For example, there
is not a one-to-one relation between a seafloor and its corresponding evolution of
the backscattering strength as a function of the incident angle at a given frequency.
The error in the ground truthing, in the backscattering strength measurement and
in the modelling is too important to allow the sole use of backscattering strength for
classification or characterization purposes. Both surface and volume contributions
must be taken into account. The modelling of the time pressure field is one way to
achieve this.

NATO UNCLASSIFIED -18 -



Report no. changed (Mar 2006): SM-328-UU

DACLANTCEN SM-328 NATO UNCLASSIFIED

Acknowledgments

This work is partially funded by the MAST-III-ISACS project. The authors wish
to thank colleagues at SACLANTCEN for helpful comments.

-19 - NATO UNCLASSIFIED



Report no. changed (Mar 2006): SM-328-UU

NATO UNCLASSIFIED DACLANTCEN SM-328

References

(1] L. Brekhovskikh & Y.P. Lysanov, Fundamentals of ocean acoustics
Springer- Verlag, 1982.

(2] E. I. Thorsos, The validity of the Kirchhoff approximation for rough surface
scattering using a Gaussian roughness spectrum
Journal of the Acoustical Society of America 83 (1), 78-92, January 1988.

[3] C.S. Clay & H. Medwin, Acoustical Oceanography: Principles and Applications
Wiley, New York, 1970, Chap. 10, Append. 10.

[4] N. P. Chotiros, Reflection and reverberation in normal incidence echo-sounding
Journal of the Acoustical Society of America 96 (5), 2921-2929, 1994.

(5] P. M. Morse, Vibration and Sound
Mc Graw-Hill, 2nd edition, 1948 (p. 327).

[6] A.N. Ivakin & Y.P. Lysanov, Underwater sound scattering by volume inhomo-
geneities of a medium bounded by a rough surface
Soviet Physics Acoustics 27 (3), 212-215, 1981.

[7] L.A. Chernov, Wave propagation in a random medium
Part. 2, Mc Graw-Hill, 1960.

(8] M. Bruneau, Introduction aux theories de ’acoustique
ed. Universite du Maine, 1983.

[9] T. Yamamoto, Acoustic scattering in the ocean from velocity and density fluc-
tuation in the sediments
Journal of the Acoustical Society of America 99 (2) 866-879, 1996.

[10] E.L. Hamilton, Compressional-wave attenuation in marine sediments
Journal of the Acoustical Society of America 37, 620-646, 1972.

[11] E.L. Hamilton & R.T. Bachman, Sound velocity and related properties of ma-
rine sediments
Journal of the Acoustical Society of America 72 (6) 1891-1903, 1982.

NATO UNCLASSIFIED ~20-



Document Data Sheet | NATO UNCLASSIFIED

Report no. changed (Mar 2006): SM-328-UU

Securily Classification . Project No. 1
NATO UNCLASSIFIED 033-2
Document Serial No. Date of Issue : Total Pages
SM-328 April 1997 26 pp.
Author(s) =

Pouliquen, E., Bergem, O., Pace, N.G.

Title

Time-evolution modelling of seafloor scatter, Part 1: Theory

Abstract

A time-series model for acoustic seafloor backscattering is described. The method expresses
analytically the elementary time-backscattered response of every seafloor surface and every seafloor
volume infinitesimal element. For chosen geometric, acoustical and acquisition parameters, they are
summed to produce in the time-domain a realization of the reverberated time pressure field received at
the source. The approach is based on the Kirchhoff approximation for the seafloor interface
backscattering and on the Small Perturbation theory for the seafloor volume. It only accounts for
signal backscattering mechanisms of the compressional wave with the seafloor. The model is
implemented using calculated height fields for the water-sediment interface and the distributed seafloor
volume inhomogeneities. The analytical description of the model and its limitations is described in
this report.

Keywords

seafloor backscattering — surface scattering — volime scattering — Kirchhoff — small perturbation —
time domain

Issuing Organization

North Atlantic Treaty Organization Tel: +39 (0)187 540 111
SACLANT Undersea Research Centre Fax:+39 (0)187 524 600

Viale San Bartolomeo 400, 19138 La Spezia,

Italy E-mail: library @saclantc.nato.int

[From N. America: SACLANTCEN
(New York) APO AE. 09613]

NATO UNCLASSIFIED




Report no. changed (Mar 2006): SM-328-UU

Initial Distribution for SM-328

SCNR for SACLANTCEN
SCNR Belgium

SCNR Canada

SCNR Denmark

SCNR Germany

SCNR Greece

SCNR ltaly

SCNR Netherlands
SCNR Norway

SCNR Portugal

SCNR Spain

SCNR Turkey

SCNR UK

SCNR US

French Delegate
SECGEN Rep. SCNR
NAMILCOM Rep. SCNR

SACLANT

T T . T S R O e i )

w

National Liaison Officers
NLO Canada

NLO Denmark

NLO Germany

NLO ltaly

NLO Netherlands

NLO UK

NLO US

Total external distribution
SACLANTCEN Library

Total number of copies

AW =N =2 2 2

34
26

60



	SM-328
	Executive Summary

	Abstract

	Contents
	1. Introduction

	2. Model approach

	3. Seafloor surface scattering
	4. Seafloor volume scattering
	5. Interface and volume scattering integral

	6. Conclusion

	Acknowledgements

	References




