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Abstract— This paper considers acoustic plane wave scattering and L
from a rough seabed on a transition sediment layer overlying an [b2 < 1 b2) 1 -1/
( )?

elastic sea basement. The transition sediment layer is assumed to c(z) = 2 2 2 (2
0 1 0

be fluid-like, with density and sound speed distributions behaving
as generalized-exponential and inverse-square functions, respec-where A, «, a, ¢, 0, b, ¢y, and x are constant parameters.

tively. This specific class of density and sound speed profileSEquationS (1) and (2) are respectively referred to as the

deserves special attentions not only because it is geologicallyyenaralized exponential density and the inverse-square sound
realistic, but also renders analytical solutions to the Helmholtz

equation, making it particularly useful in the study of ocean and SP€€d profiles; a few examples of such profiles are shown

seabed acoustics. Based upon a boundary perturbation approach, in Figure 2. It has been demonstrated that, with a suitable
the computational algorithm for the spatial spectrum in terms choice of the parameters, this family of curves may well fit the

of the power spectral density of the scattered field has been experimental geoacoustic data [1]-[3]. Moreover, such density
developed and implemented. The results have shown that, while 5, 5o ng speed combinations warrant special attentions not

the coherent field mainly depends upon the gross structure of L .
the seabed roughness, e.g., RMS roughness, the scattered field ionly because they are capable of describing a realistic seafloor

significantly affected by the details of the roughness distributions €nvironment, but also of providing analytical solutions for the
specialized by the roughness power spectrum and the spatial acoustic wave equation (or Helmholtz equation), making them
correlation length of the rough surface. The dependence of the particularly valuable in the geoacoustic modeling.
power spectral density of the scattered field on the various types * e main theme of this paper is to consider the spatial
of sediment stratifications, including the constant and thek*- e . .
linear sound speed distributions, is also included in the analysis. €N€rgy distribution of the plane-wave scattered field, in terms
of the power spectral density (PSD), for the environmental
model described above. Along this line of research, the authors
|. INTRODUCTION had previously analyzed another version of this problem in
This paper concerns the problem of acoustic plane wakef. [4], in which the sound speed variations were treated
scattering from a rough seabed over a fluid-like sedimeiat be either constant dk*-linear (varying concave upward;
layer posessing a realistic class of density and sound spé&édFigure 3), and no basement elasticity was considered.
distributions. The overall environmental model of this analysis
is schematically shown in Figure 1, in which it illustrates
an acoustic plane wave impinging upon a rough seabed with
a non-uniform sediment layer overlying an elastic basement.
The model includes three fundamental features of the seafloor
environment: i) the seabed roughness, ii) the sediment non- g:;gn:&tigyy;awing
uniformity, and iii) the basement shear property, and thus
constitutes a canonical model in the study of ocean and seabec
acoustics. \
The specific classes of the densjtyz) and sound-speed ¥\
¢(z) for the sediment layer to be considered here may be, "%
respectively, described by:

(1-k2)?

s Fig. 1. A plane wave incident upon a rough seabed with a fluid-like
(2) = Ae 1) sediment layer, subject to continuous variations in density and sound
Pz = (e + a)2 speed, overlying a uniform elastic basement.
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. Formulations

RES — , 1 In this section, we describe the formulation for the power
o ~ _ spectral density of the scattered field due to an acoustic plane
A N Sound Speed Profiles . . . .
-top N SN 7 wave impinging upon a rough surface over a horizontally-
oo N stratified medium. The formulations to be presented here are
L AN based upon the theory developed by Kuperman and Schmidt
. [7]-[9], in which both the mean (or coherent) and the scattered
W\ - N (incoherent) fields may be succinctly expressed by a few
- Density Profies 1\ \* , 1 boundary operators in relation to the corresponding unper-
AN Y turbed (flat interface) problem. Therefore, we shall first present
or vy K 7 the solutions for acoustic wave propagation in a homogeneous
\ , medium, then continue to develop the formulation for acoustic
wave scattering from rough surfaces. The presentation is in-
ol v L tended to be brief and directly relevant to the present analysis,
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 . . . . .
Density (kg/m) or Sound-Speed (ms) leaving the details of derivation for those interested readers to

] . _ ~ the original or previous articles [6], [9], [10], [11].
Fig. 2. Sample profiles for the generalized-exponential density and
the inverse-square sound speed distributions for the functions shofun Acoustic wave propagation in a horizontally-stratified
in Equations (1) and (2). medium
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Consider a two-dimensional monotonic acoustic plane wave
of frequencyw, with time dependence of *“*, propagating

For those cases, the solutions for the Helmholtz equati¥fth @ horizontal wavenumbek, in a horizontally-stratified

were either the expoenetial or the Airy’s functions, and aRgiSMO-acoustic medium, such as one shown in Figure 1. The
readily implemented using current software, suchvilab. acoustic wave in layef may generally be represented by [4]:

In constrast, the present case of the inverse-square sound;(z, ») = [Aj(kz)gj(kx,Z)+A;(kz)Hj(km,z)} ko
speed profile would lead to less tractable highly oscillatory ©)
Hankel functions of imaginary order, thus requiring speciglhere y; is the acoustic variable, which for convenience is
treament in the numerical implemetation. For this inStanC@ken to be the acoustic pressure for a fluid |ayer, and the com-
the authors have found that a hybrid algorithm in conjunctigitessional or shear wave displacement potential for an elastic

with Mathematica[5] is particularly useful in this study. layer. The functiongj; and H; represent the dependence of

In the analysis of wave scattering from rough surfaces, the acoustic wave on depth coordinate for edgh which
customerily divides the total field into a coherent mean fief@" general stratification of density;(2) and sound speed
and a random scattered field. The derivation process wouldz) may only be obtained through numerical procedure to
generally arrive at an algorithm that the scattered field {8e depth-dependent wave equation. Here, our interests lie
driven by the mean field, and as a result, the coherent medhthe specific cases for which the density and sound speed
field must first be obtained. In this regard, the authors havariations not only offer physically realistic model for the
acquired the soultions of the coherent field, and the resufigafloor environment, but also provide analytical expressions
are presented in Ref. [6]. It has been found that the coheréit G; andH;; further discussion shall be addressed later.
reflection coefficients are very much dependent upon the typel he unknown constantd” and A} in Equation (3) are the
of variations in the sediment layer, in particular, a sma@implitudes of the plane waves, which are determined by the
difference between thk?-linear and the inverse-square soun@hysical constraints on the interfaces separating the layers.
speed profiles may yield noticeably different results. Her&he conditions and the number of the physical constraints
the emphases are placed on the energy distributions of ffPend upon the types of boundary separating the media, e.g,
scattered field, as well as to identify the parameters that govéroundary separating a fluid and an elastic media requires
the distribution of scattering energy. It might be expected th&ontinuities of the vertical displacement and the normal stress
while the coherent field is only affected by the paramete$ the boundary, and moreover, the shear stress in the elastic
describing the gross structure of the seabed roughness andiggium must vanish. Application of boundary conditions re-
sediment stratification [6], the scattered field should depef#lts in a linear system, which may be conveniently expressed
upon both the gross and the fine structures of the sea-flé& . .
properties in a more sensitive manner; these are the subjects B(kz)X(kz) = C(kz) 4

to be pursued in this paper. where B(k,) is a matrix containing the coefficients in the

In the following sections, we first summarize the relavartinear system, and;(k,) is a vector with the unknown con-
theories and develop the formulations for the problem at harm!antsAjE(kzz) as its components, antlis a vector containing
then followed by numerical implementations and physicaliven source terms. By incorporating the radiation conditions,
interpretations for a few representative examples. Equation (4) may be solved for the unknown amplitudes, and
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the solutions for the acoustic waves in each layer are thehthe scattered field is [9]:

followed. o (r?)
<S(Qr)5*(Qr£)> = %Pb((lr - kr)
B. Acoustic plane wave scattering from rough surfaces and o 0 -~
power spectral density X |B7(gz) L%B(kx)
Based upon the solutions for the unperturbed flat interface —i(ge — k) 0 B(kw)] <>Z(kx)>’2 9)

problem described above, the formulation for acoustic wave
scattering from rough surfaces may be derived. First, the tofdie above formulation describes the wavenumber or angular
random field is decomposed into a mean (coherent) figjd distribution of the scattered energy, and is the formulus to be
and a scattered (incoherent) figld employed in the later analysis.

- o (5) C. Relevant operators

X=(X)+3 N
Here we present the relevant operatdss,its derivatives,

where 5 is a random variable, and is the same order &hd b, shown in Equation (9), for the problem depicted in
magnitude as the surface roughnesswhich is assumed to Figure 1. Since these operators only involve the solutions for
be small in comparison with the acoustic wavelength artie corresponding unperturbed problem, the solutions for the
the layer thickness. Then, a procedure of small-parametéelmholtz equation in each layer must first be derived.
perturbation is employed on the boundary conditions, referredAs discussed previously, for an incident plane wave with
to as boundary perturbation method, to derive the formulatioherizontal wavenumbefk,, the solutions of the Helmholtz
for the mean and the scattered fields. equation may be expressed as a form of Equation (3), which

The derivation using boundary perturbation method leads\Wen written explicitly for each individual layer in the present
the following modified linear system for the mean field [9]: problem are as follows:

T i pola,2) = Ag(kp)e Hozeitar (10)

Blke) + 5= 52 Bks) + I(k‘x)] (X(ks)) =C(ks)  (6) pi(a,2) = [AF (k)G ke, 2) + AT (ko) H (e, 2)]
) x etka® (11)
yvhere@?i is the mga'n—squared roughness, drid a scatter- bo(1,2) = AF (ky)eihen =z ik (12)
ing operator given by: o, 2) = BF(ky)eian-seiken (13)

k) = — %) /quPb(Qx — k) whereG(k,, z) and H(k,, z) are the solutions of the depth-
V2m dependent wave equation in the sediment layer, and the vertical
0 5 . = wavenumberk,; ., in various layers are given as follows:
| 2 Ba) — ik = 42) 0 )| 2 yers are g

5 Koo = kg -k (14)
<B7(40) | 3-BUke) (4 ~ K2) 0 552) (1) R (15)
k%s,z = kgs - k::% (16)

whereP, is the power spectrum of the rough surface, arisl
a matrix representing the effects of rough-surface orientati
in terms of unperturbed problem; the operations either

g\ﬂmre ko = w/co, kap = w/cop, and kys = w/cos are the

medium wavenumbers.

the inner or the outer product, depending upon the types ﬂ or the s_edlment layer, a_lthough our primary interest of

boundary conditions. this paper lies on the solutions for the density and sound
geed profiles stipulated by Equation (1) and (2), however, for

o . . s
Once th? mean field |s.de.term|ned from Eq“‘?‘“on ((.3)’ ”E mparison purpose, both the cases of constantkarhear
scattered field due to an incident plane wave with honzontggund speed profiles shall be included in later discussion.

wavenumberk, may be obtained according to the followingrhus the sound speed distributions are:

formulation:
) & constant
3 o A _ 3—1 1 i z .
S(QQZ) B 27('7((]95 kl‘)B (q(E) 2( ) _ (1'%6 )7 k2'l|near (17)
0 z i Ul (i - E) —L _ inverse-square
X aB(kz) — (g — kz) 0 b(kz) | (X(k2))(8) & & &) 0-r2)® q

It has been shown that the exact solutions for the Helmholtz
where 4 is the Fourier spectrum of the surface roughnessquation exist if the density follows Equation (Ignd the
The formulation clearly indicates that the scattered field gound speed profiles satisfy one of the functions in Equa-
driven by the coherent field. It then may be shown that th®n (17) [10], [14]-[16]; an example containing three different
expectation value of the power spectral densiyy..)5*(¢.)), types of sound speed profiles is shown in Figure 3.
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of the solution sets in Equation (19), depending upon the
o o sediment profiles.
-1or T It is noticed from Equation (24) that for high frequency, or
~——— Constant any other factor rendering?® negative, the Hankel function
st 1 becomes imaginary orders. As mentioned previously, while
_ both the Airy functions and the Hankel functions are generally
§ - o overse Square - built-in in most computational software, the imaginary order
g of Hankel functions may not be readily available, so that a
special treatment is generally needed [10].
di ] With the solutions for the unperturbed problem now avail-
K2-Linear able, the relevant operators are readily derived. For the un-
1of o w T known vectory(k,) defined as:
o o Rlke) = [Ag (k) AF (ko) A7 (k) AS (ko) B (ka)]”
15 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 (25)
Density (kg/m’)or Sound-Sped (m) the coefficient matrix3(k,) and the source vectdf(k,) in
Fig. 3. Sample profiles for density and three types of sound speEgluation (4) are, respectively, given by:
distributions; values for various paratmeters are (units omittdd}: 1 —g(kz, —h/2)
3553, @ = —0.0544, a = 0.490, & = 2461,2351,2542 (for iko. . 1 A
constantjx?-linear, inverse-square sound speed profile, respectively),  _ prw? pluw2H (kz, —h/2)
§ = —0.0557, b = 1.5, & = 5434, and k=-0.05. For comparison B(ky) = 0 G(ks,h/2)
purpose, the constant soutidis taken to be the geometric mean of 0 —L G (ky,h/2)
the inverse-square profile. 0 prre 0
~H(kz, —h/2)
The solutions for the sediment layer corresponding to vari- plulwz G (ky,—h/2)
ous profiles described above may be expressed as: H(ky, h/2)
1 /
1 (CL‘, Z) _ 151 (z)eikzz (18) plezHékm h/2)
with the depth dependence of the pressure field given by [10]- 0 0
[13]: 0 0
eiO'Z’ e—iUZ M (21{3 - k%s,z) M2k1k%s,z (26)
p1(z) = Vp(z){ Ai(n(z)), Bi(n(z)) —ikap,- iky
VERHM (B¢(2), \/<<z>H£2>w<<§)l>9 | 2ok KK,
~ T
where the first, second, and third rows on the right-hand- C(kz) = Sw[ R gt 000 0 (27)

side of the above equation correspond to the solutions for Rfr\]/ﬁere pw (cw) and pu (cu) are, respectively, the density

2 ) ) ) )
constant,k*-linear, and inverse-square sound-speed pr)oflle(gour,ld speed) at the upper and the lower boundary of the

. . . . . (1
respectively, and Ai, Bi are the Airy functions, arfd,”, sediment layer; the superscripis the derivative with respect

H? are thevth-order Hankel functions; relevant parameg, . Moreover. the rotational matrik is:
ters/variables are defined below: ’

—iky ke
5 o oy iy e G(ke, —h/2)
ot = o= ki sin® 01 (20) i 0 0
1 b(kz) = 0 0
nz) = ——F— 0 0
i/ (k29) 0 0
2 ke H(ky,—h/2) 0 0
1.2 2 j2 2 o pP2UW
X <k152 + ki — kg cos” 6y — 4> (21) 0 0 0
0 0 0 (28)
C(2) = 11— Kz i (22) . -
52 = = </:7(2)b2 _ ];(2) cos? 0y — a) (23) 0 0 0
K 4 - -
1 w2 /1 b2 [1l. Results and discussion
V= 4 K2 (52 - 52> (24)  Equation (9), along with the related formulations and oper-
1 0

5 5 y ators, may now be numerically implemented to compute the
with k&, = w/é and 6, defined ask;cosf; = kocosfy. spatial power spectral density of the scattered field. Since there
Therefore, the functiong and H in Equation (11) are one are numerous variables and parameters in the problem, some
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Fig. 6. Gaussian roughness power levels as function of scattering
wavenumber for frequency of 100, 110, and 120 Hz; incoming wave
incident at45°.

-20f Constant
_ _ K*-Linear
—40f — Inverse Square

B)

Each of the three curves in Figure 4 demonstrates a special
feature in its variation: for example, the dotted curve (constant
profile) increases smoothly from80° to 0° (backward to
forward sector), while the other two curves have a few
0245 ] “peaks/notches”. The smoothness of the dotted curve and
élﬁfﬁ:‘é’s;hﬁfom'." L tom | the similarity between this curve and the roughness power
E €y = 1600 s, ¢y, = 3000 mis i spectra shown in Figure 6 signify that the seabed roughness
-180f P oo D e ook ] on the water-sediment interface is the dominant factor for the
200} ” * ’ ] scattering energy distribution; the sediment-basement interface
180 60 140 120 100 80 0 40 20 o plays an insignificant role in this case. In other words, the

Scattering Grazing Angle strong contrast between the water-sediment interface reflects

Fig. 4. Scattering power spectral density for rough seabed wifind scatters most of the incoming energy, _Ieaving O'f"y lit-
Gaussian roughness power spectrum, and for the environmedit@l €nergy across the upper boundary to interact with the
model shown in Figure 3, at incident angle 43° and frequency sediment-basement interface.
of 120 Hz. On the other hand, the inverse-square sound speed profile

_ . is of a relatively mild variation, so that the incoming and
Fig. 5. Gaussian roughness power levels as function of scatterifige scattered waves may penetrate into the sediment layer
yvay;numbfrofor frequency of 100, 110, and 120 Hz; incoming Wavg,q interact with lower interface. This is indicated by the
incident at45. noticeable spikes atos™!(1500/3000) = 60° and 120°

and those atcos™!(1500/1800) ~ 34° and 146°, which

of them are taken to be constant values, eg= 1500 m/s, correspond to the critical angles of the compressional and
po = 1000 kg/m3, For the seabed roughness, either thEh€ar waves in the basement, respectively. As for the case

Gaussian spectrum or the Goff-Jordan power-law spectriith &”-linear profile, the scattering spectrum (dashed curve)
[17] is employed; these spectra are defined as follows: ~ demonstrates a similar variation as that for inverse-square case,

except that the “peaks/notches” are displaced due to varied

-80

Power Density (d

V27 Lo exp (%) , Gaussian stratification.
Py(ky) = ak? The result for the same scenario as in Figure 4 but for
(RZ+E2)?° Goff-Jordan frequency of 100 Hz is shown in Figure 7. A comparison of
where L, is the correlation length, and:, represents a these two figures illustrates that, as the frequency decreases,
characteristic wavenumber of the rough surface. more and more energy is scattered into the backward sector.

Figure 4 shows the power spectral density for a 120 HAis is easily understood in view of Figure 6, in that the seabed
plane wave incident at5° upon a rough seabed with Gaussiafoughness possesses higher power density for lower frequency,
roughness spectrum; the density and sound speed profile®ahticularly for lower grazing angles in the backward sector.
the sediment layer are shown in Figure 3. It is first noted In what follows, the effects of various parameters/variables
that the spatial domain with grazing angle lower/higher th#i the scattering power spectral density are examined. Since
90° is within the forward/backward scattering sector. Théhe inverse-square profile is the primary concerns of this
solid, dashed, and dotted curves are, respectively, the spat@per, furthermore, the results for this profile are still very
spectra for the inverse-square?-linear, and constant soundlimited in literature, therefore, unless otherwise mentioned, the
speed profiles in the sediment. The results have shown tHaterse-square profile as shown in Figure 2 is employed in the
more energy is scattered into the forward sector than inf@llowing analysis.
the backward section, which basically is governed by the Figure 8 presents the power spectral density corresponding
Bragg's law of scattering in that the scattering power densitg the environment shown in Figure 3 for three values of
is weighted by the “translated” roughness power spectruiiegquency. It shows that the power spectral density is higher for
Py(gx — k. ), which is shown in Figure 5 for an incoming wavehigher frequencies, particularly in the backward sector. This
with incident angle oft5°. The roughness power levels reaclis compatible with the variation of roughness power spectra
maxima at scattering wavenumbeig, (= k cos 6y) of about shown in Figure 6. Physically, as the frequency becomes lower,
0.296, 0.326, 0.355 m, respectively, for 100, 110, and 120the incident wave mainly confronts (or resonates) with the
Hz. In terms of scattering angles in real space (betvddeand larger-scale roughness, which contains higher power within the
180°), the power spectra increase from the backward towartgighness spectrum; as a result, the scattering power density
the forward sector (fromi80° to 0°), and attain maxima at becomes higher.
scattering angle ol5°, as shown in Figure 6. Figure 9 illustrates the scattering power spectral density for
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Fig. 7. Scattering power spectral density for rough seabed wittig. 9. Scattering power spectral density for various incident angle,
Gaussian roughness power spectrum, and for the environmemtadl for Gaussian roughness seabed on a sediment layer with an
model shown in Figure 3, at incident angle 43° and frequency inverse-square profile, at frequency of 120 Hz.

of 100 Hz.

0 —T— T — T T T — T T T — T
o ""TT—T—T—T— T
oo LU = 8m
20} =100 Hz - L(‘: 10 m
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60| 1 o
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:‘é‘ g 7’
2 _100f E a ,/
8 I N
= 2 -150f Ty ]
H-120f _ 1 S L _ -~ \
2 [ o 0,=45°
o _140f 6,=45° g f=120Hz, h=20m
h=20m Gaussian PS: y=1m
-160 Gaussian PS : <y’>"? = 1'm, Ly=10m g -200 €y = 1600 m/s, ¢, =3000 m/s 1
¢ =1600m/s, ¢, =3000m/s p.=1250kg/m’, p = 1800 kg/m’
U 3 1L 3 v 1L 3
-180} Py= 1250 kg/m”, PyL= 1800 kg/m (,"p=3000 m/s, €)= 1800 m/s, p,= 1800 kg/m
¢, =3000m/s, ¢, =1800mss, p, = 1800 ke/m’
200} » = - _ _250 L L L L L L L L L L L L L L L L L
- L 180 160 140 120 100 80 60 40 20 0
180 160 140 120 100 80 60 40 20 0 Scattering Grazing Angle

Scattering Grazing Angle

) _ _ ) Fig. 10. Spatial power spectral density for Gaussian roughness power
Fig. 8. Scattering power spectral density for various frequencies, aggectrum with various correlation lengths, at incident argie and

for Gaussian roughness seabed on a sediment layer with an invefegguency 120 Hz, and for inverse-square sound speed profile in the
square profile, at incident angle @5°. sediment layer.

various incident angles. It shows that, when the incident grazirface with a more randomized distribution, resulting in a
ing angle becomes shallower, more and more energy is shifsttbnger backward scattering. It is also noticed that for the
from the backward to the forward sector, with a “turning pointscattering grazing angles lower than ab6ot in the forward
at abouts0° in this case (to be discussed below, cf. Figure 113ector, the scattering spectral density is little affected by the
This is consistent with the general principle stipulating that @rrelation length. This should be compared with Figure 11,
shallow-angle incident wave produces more forward scatterimgwhich the “translated” Gaussian power levels for the three
energy. correlation lengths are shown. It is seen that the three curves
Figure 10 presents the scattering power spectral density fave large differences for lower grazing angles in the backward
various correlation lengths in the Gaussian roughness speeetor, increasing levels towards forward sector, and then
trum. It is noted that, when the correlation length changes, thenverging at nea60°. Therefore, the distributions of both
power spectral density changes significantly, particularly in thiégures 9 and 10 are in effect dominated by the roughness
backward sector. Physically, a power spectrum with a smalleower spectrum.
correlation length represents a rough surface containing mord he effects of RMS roughness on the power spectral density
energy in the higher wavenumber components, or equivaleni/,shown in Figure 12. Here, the power spectral densities for
a rougher surface. Therefore, the incident wave faces a rol®RS roughness di.3, 0.5, and1 m in the Gaussian roughness
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Fig. 11. “Translated” Gaussian roughness power levels as functiéig. 13. Spatial power spectral density for Goff-Jordan roughness
of scattering wavenumber for correlation length of 8, 10, and 12 mppwer spectrum, at incident angle 45° and frequency of 100 Hz.
incoming wave incident at5°.
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Fig. 14. “Translated” Goff-Jordan roughness power spectra, for
Fig. 12. Spatial power spectral density for various RMS roughnesscident angle of45° and for frequency of 100, 110, and 120 Hz.
in Gaussian Roughness power spectrum, at incident angl&°adind
frequency of 120 Hz, and for inverse-square sound speed profile in

sediment layer low grazing angles in the backward sector) is much higher in

comparison with that for the Gaussian spectrum. Furthermore,

power spectrum are illustrated. The results have shown ti{3g GOff-Jordan roughness spectrum is more evenly distributed
the larger the RMS roughness, the higher the spectral denqupughout the scatt(_arlng space, making the distributions of the
indicating that an increase of RMS roughness is to enhar@Ver spectral density less difference between the forward and
the rough surface scattering as expected. the backward sectors accordingly.

Finally, the power spectral densities for the scattered field
due to a rough surface describable by the Goff-Jordan rough-
ness spectrum are shown in Figure 13; here, the results are fofhis paper investigates the spatial power spectral density of
the environment shown in Figure 3. The distributions of thecoustic plane wave scattering from a rough seabed on a non-
power spectral density in this case are in vast difference witiniform sediment layer overlying an elastic basement. The
those due to a rough surface with Gaussian spectrum showrimphasis of discussion is placed on the case in which the
the previous figures; in particular, the backscattering is greatigdiment layer possesses a density distribution as a generalized
enhanced. This is clearly due to the characteristics of the Gagikponential function, and a sound speed as an inverse square
Jordan roughness power spectrum, shown in Figure 14 fanction. This environmental model provides an appropriate
three values of frequency, in which it demonstrates that tk@mulation for an acoustic wave scattering from a realistic sea
energy in the high-wavenumber components (or equivalentfigor.

IV. Concluding Remarks
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The results have indicated that, for low frequency (e.d17] J.A. Goff and T. Jordan, “Stochastic modeling of seafloor morphology:

hundred Hertz or SO) there are two factors affecting the Inversion of Sea Beam data for second-order statistic€Zeophys. Res.
o ’ vol. 93, pp. 13589-13608, 1988.
distributions of the scattered energy: the seabed roughness

and the sediment stratification, with the former being the
dominating factor. Both the RMS roughness and the spatial
correlation length of the seabed roughness have strong effects
on the distributions of the power spectral density; furthermore,
the type of roughness power spectrum employed also has
significant effects in shaping the power spectral density of
the scattered field. In addition, the variations of acoustic
properties in the sediment affect the degree of penetration
for the acoustic energy into the sea floor. All of these results
clearly demonstrate the importance of correct use of a sea floor
model in the study of acoustic scattering from a rough seabed.
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