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Experimental and theoretical research on acoustic
scattering strength of rough surface
MENG Zhao-ran, SUN Hui

(Science and Technology on Underwater Acoustic Laboratory, Harbin 150001, Heilongjiang, China)

Abstract: An experiment about acoustic scattering strength of rough sea surface has been conducted at pool. The vari-
ation of the scattering strength with different incident angles, scattering angles, and azimuth angles are measured. In the
experiment, fans at different positions are used to obtain the rough sea surface. And the rough sea surface’s spatial power
spectrum density is obtained with the method of period gram method. The horizontal spatial power spectrum density is
compared with the vertical one, and the result shows that the rough sea surface is isotropic. In order to eliminate the
direct signal and the scattering signals from the scatters at other fixed positions in the total rough surface scattering signal,
a spatial domain processing method is introduced. Acoustic scattering from the 2-D rough surface by the small slope
approximation theory is studied, and the scattering strength of the rough sea surfaces is calculated. The comparison of
the results between the experiment and the simulative calculation validates that the small slope approximation theory is

effective and correct. And so, the validity of both the experiment and the theory is verified.
Key words: rough surface; acoustic scattering; small slope approximation.
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Fig.1 Sketch map of acoustic scattering model of two dimension
rough surface

k=k,(cos 8,x—sin 6,z) (3)
q=k,(cos @, (cos g  x+sing  y)+sin6,,z) (4)
Q=k—9=(Q.0.) Q.=~k(sing,+sin6,) (5)
Q:ko[(cos 6,—Cos g, cos @, )X—cos g, sing, . y] (6)

|0|]=y/cos’ 6, +cos”

KD B IO O ARAR T O 5, 5
IO AT RN B o AT A O A2 ARAR T
SRy, MR rT LUE Y, R w B TR R T 14
5 R BRI T LA 280 R I ) R 4 T ) B v
HER

2 FEBLE DR T 7 S S 5

B AL A AR A T %) 75 HICA 52 56 7 S 6 = /Kb
HEHAT, KRR 1.7 mX15mX 1.5 m, ik A[H
N EE D IRt T 7 THT PR 4 SRAS BT LA AR K T 3
SO AR P B 2 ALl — 23 g KRS /K T 2 1) 3
TR W R S, 500 A REDRRE 7K T PR 7 U 52
5.

21 RENELIEITE = EThERIG

S5 — 0 3 S G S KUK THT T T RS A HEL RS 7K T
SV P 2 ) )y 2 3 10 0 B S, AN SRS R 4
Bk WHEHL 3 ANRUBLLEG 3 RS AR R4
%124 A(0.85, 0.75). B(0, 0.75)F1 C(0, 0). A T ikt
SE G T R Sk PR REDRRS /K T A 75 A 4% g ) 1 17
3 56 AP T B 3 A P S ) (R K T
AT T O, DRI 30s, A
KJEH 0.28 m, Hhrgl K JEH 0.16 m, SFAf AL
1% 240 AN

W i o B Sk s AT it I B AL Al
MU 20 1 1l o4 ) A T e e A T, B

—2cos @, cosd,, cosg,, (7



A HAREE BT OR S 01 7 B 1R S8 15 BRI 9T 301

5 4 3]
1
------- i
:-‘2 — T
= 0.5 M)
ol
0 1000 2000 3000 4000 5000
K/(rad/m)
0
s k[ B 1
= -20 o
.E:[J — ]
& -40
-60

0 1000 2000 3000 4000 5000
K/(rad/m)

P2 ANIR 7 TR K T 2 i) ) 2438 A o

Fig.2 Spatial spectrums of rough surface in different directions
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Fig.3 Sketch map of transducer array
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Fig.4 Comparion of the signals before and after spatial domain
processing for ¢, =0°,0:,,=15°, 6, =45°
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Fig.5 Variation of acoustic scattering strength with scattering angle
(monostatic case)
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Fig.6 Variation of acoustic scattering strength with scattering angle

(bistatic case)
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