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Application of Multiplicative Array
Techniques for Multibeam Sounder Systems

Vielstrahler-Systeme mit Anwendung einer Technik
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4 des systémes de sondeurs multifaisceaux
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Introduction

Significant improvements in swath sounding system during the
last few years have seen multibeam echosounders replacing sin-
gle beam, and finding wide application in scientific and strategic
purposes. The major advantages of the multibeam sounder over
other systems serving in the same capacity are its operational
economy along with its accuracy and applicability even in rough
sea conditions [1]. The existing multibeam sounder is efficiently
functioning all over the world, however, there exist certain limi-
tations related to present method of beamforming, ie. delay —
sum beamforming or, in other words, “additive beamforming”.
The operating frequencies for a deep water multibeam are rather
low which in turn makes the transducer array bulky [2)]. There
are other beamforming methods that include complicated signal
processing techniques, and provide superior resolution, com-
monly used for radar and sonar applications. The primary ad-
vantage of such techniques lies in the fact that the users obtain
better resolution with a small sensor size [3]. If such techniques
are used in multibeam sounder applications, high resolution
beams may be obtained using small transducer arrays. The com-
plicated signal processing aspects may be carried out in real time
by modern computers.

Multiplicative array processing is well known for its narrow
beamwidth and low sidelobe level {4, 5];,but the array gain is
quite low. The effectiveness of such a system becomes lower,
especially when the signal to noise ratio is low. Brown and
Rowland [6] Proposed some modification in terms of additional
computationr or hardware for improved array gain. The present
work is devoted towards the study of a better beamforming
method i.e. a multiplicative array technique with some modifica-
tion proposed by Brown and Rowland. Their method is used for
a multibeam sounder system. The modified multiplicative array
system consists of 20-elements. The performance of the proposed
system is compared with an additive, ie. delay-sum array of
40-elements of a similar configuration. The performance com-
parisons are made in terms of vertical beam patterns at different
main beam steering angles of 5°, 10°, 20°, 30°, and normal inci-
dence directions. The operating frequency is assumed to be
15 kHz. In addition, the vertical beam pattern of the multiplica-
tive array is also presented for the normal incidence direction.

Analysis

Fig. 1 shows a linear array in the x-y plane. The array of the
multibeam sounder consists of different elements which lie along
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the x-axis. The physical array is placed at the origin of the
coordinate system, i.e. symmetrically about the z-axis. The linear
additive array which is studied comprises 40-elements. The ele-
ments are distributed in two blocks. Each block of the array is
considered to be 0.4 4, where A is the design wavelength.

The farfield pattern for a linear array is given by

|F(6,¢)| =1/(0,¢)| - |Element pattern|. 1)
The array factor f (6, ¢) is presented by Collin and Zucker [7] as:

M N
f6,¢)= Z X Anexp(kr,, R), @

where 4,,, is the complex excitation coefficient (which is as-
sumed to be unity) and k =2 n/A - m is equal to the number of
blocks used in the array, which is equal to two. n is equal to the
number of elements in each block, i.e., 20. In eq. (2), for the above

array
rmn = dmn i > (3)

where d,,, is the inter-element separation, and # is the unit vector
along the x-axis. The polar unit vector R can be expressed as

R = (sin 8 cos ¢)i. C)]

The array factor for a linear array can be written as

f0,¢)= )
According to Steinberg [8] the amount of phase delay required
between the radiators to steer the beam along the specified direc-
tion (8,, ¢,) may be expressed as

Ly = dmn k (Sin ¢0 cos ¢0)i (6)

The above term is to be applied to the farfield pattern of a
uniformly excited linear array of the additive type. The farfield
pattern of the steered array may be rewritten as

Z Z expjk(d,,,sin 8 cos ¢).

m=1n=1

2 20 Q)
SO, 0)= % 3 expjk(d,,sinfcos¢ —d,,sinf,cos ;).
m=1n=1
In eq. (1),
in(xIsin Osi
Element pattern = M 8)
nlsin Osin ¢

where / is the length of the element and is equal to 3.0 1. The final
expression for the vertical farfield pattern can be obtained by
substituting eq. (7) and eq. (8) into eq. (1).

The farfield pattern for a multibeam array of 40-elements of
the additive type is shown in Fig. 2. The half power beamwidths
slowly increase: 3.0°, 3.0°, 3.1°, 3.3° and 3.6°, at angles of 0°, 5°,

Block 1

| Array element
3.0 )
R 8] X-axis
4__1 Direction of the arrays

Direction of the arrays

' Fig. 1. Multibeam array geometry.
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Fig. 2. Vertical farfield pattern for the ¢ = 0°-plane for different
main beam angles of the additive array.

10°, 20°, and 30°. The beamwidths are generally narrow and are
useful for high resolution bathymetric applications, but the side-
lobe levels are found to be higher, i.e up to — 13 dB for all the
angles of incidence.

In order to have suppressed sidelobes with narrow main beam-
widths, multiplicative array patterns are computed in the present
study. The multiplicative array factor can be rewritten as [9]

fun,8)= T1 T eXDik iy sin 6005 6 = sin hosin 90)-
m=1n=1 (9)

The above expression along with eq. (8) is used in eq. (1), to
calculate the multiplicative array pattern for the 6 = 0° main-
beam directions (Fig. 3). The added output of 20-elements of one
block is multiplied with the added output of the other. The
normalization factor for each additive block of 20-elements is
equivalent to 40. The value of 40 is the normalization factor for
the additive array of 40-elements, and for the sake of compari-
son, the same factor is chosen in each additive block of the
multiplicative array before multiplication is carried out. Farfield
patterns of such an array reveal that the array gain is reduced to
— 12 dB. Though the sidelobes are almost absent, the reduced
array gain does not permit such an array to be used for multi-
beam sounder purposes.

According to Brown and Rowland [6] if the signal to noise
ratio of the additive part of the array is higher, then by employ-
ing a modification in the signal processing method of the multi-
plicative array, the array gain can be improved. Aiming for such
solutions applicable to a multibeam sounder system, an array
size of half of the additive type is considered. Beam patterns are
compared with the array size of the linear additive type. The
inter-element spacing of the modified array is the same, and the
total number of array elements is reduced to twenty, ie. each
block of the array consists of 10-elements.

The expression for the modified multiplicative array pattern
may be presented as

16
[0,¢)= Z.l Smn (8, $) - costL, (10)

where # is given as

#=d&—kdsinfcos¢i, (11)

Fig. 3. Vertical farfield pattern for the ¢ = 0°-plane for a normal
incidence angle for the multiplicative array.
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Fig. 4. Vertical farfield pattern for the ¢ = 0°-plane for different
main beam angles of the modified multiplicative array.

where d is the distance between the two blocks, i.e. the distance
from the centre of one block to another. In the present case it is
equal to 4.0 A. The factor f,,(6,$) has already been defined.

Here “m” and “n” vary from 1 to 2 and from 1 to 10 respectively.
o is rewritten as

&= — dk(sin B, cos dg)i. _ S

The notation has already been mentioned, and ¢ is an integer
varying from 1 to 16. According to Urick [4], the term ¢ shows
the number of power amplifiers required to improve the array
gain of the modified array. In order to obtain the farfield pattern
of the modified muitiplicative array, eq. (10) to eq. (12) and eq. (8)
are used in eq. (1). Fig. 4 shows the farfield pattern of the modi-
fied arrays at different steering angles. The array gain is substan-
tially higher and similar to the array gain of the additive array.
The half-power beamwidths observed at different steering angles
are quite narrow, and approximately 1° for all the steering an-
gles. Hence the array is useful for high resolution applications.
Its negative sidelobe can be eliminated by using a rectifier {10].
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Conclusions

The expressions for the farfield patterns of additive, multiplica-
tive, and modified multiplicative arrays are developed. The nar-
row main beamwidths with suppressed sidelobes, and the higher
array gain for a modified multiplicative array of reduced array
length (half of the linear additive array) shows its usefulness for
multibeam sounder applications.
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1. Introduction

Results of computation of the partial mode resonance compo-
nents of the Lamb-type peripheral waves S, and S,, generated
in a shell by an obliquely incident plane acoustic wave, are
presented. The influence of the angle of incidence on the phase
velocity, amplitude and Q-factor of these waves is investigated.
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2, Formulation of the problem

Let an infinite circular-cylindrical shell be immersed in an acous-
tic medium. A plane acoustic wave strikes the shell and is scat-
tered by it. The direction of propagation of incident wave makes
an angle a with the normal # to the longitudinal axis of the shell
¢. The problem is considered as a steady-state one. The incident
wave generates in the shell creeping and peripheral waves which,
revolving around the shell on helical paths, produce a secondary
(scattered) acoustic field [1, 2]. The exact solution in the series
form of the considered problem is given in [3]. We shall use it
below, as well as the notation accepted there. The computations
have been carried out for an observation point situated in the
plane (&,7) on the angle « = 0 in the far field, for an aluminium
shell immersed in water. The following physical parameters are
used:

aluminium: ¢, = 2790 kg/m3, ¢, = 6380m/s, ¢, = 3100 m/s,
water: ¢ =1000kg/m3, ¢ = 1470 m/s.

The relative thickness of the shell is 4 = (a — b)/a = 1/10, where
a is the outer radius of the shell and b is its inner radius.

3. Dispersion curves

One family of the peripheral waves, generated in the shell by the
incident wave, is similar to the Lamb waves in a plane layer. For
the considered situation of an aluminium shell immersed in wa-
ter, when the relative impedance is small (¢ ¢/g, ¢, <€ 1), the am-
bient liquid weakly affects the positions of the resonance fre-
quencies, i.e. the resonance frequencies of the shell immersed in
liquid practically coincide with those in a “dry” (without any
contact) shell. For the case of normal incidence (with a = 0), the
dispersion curves of the phase velocities of the Lamb-type pe-
ripheral waves in the shell almost do not differ from those gen-
erated in a plane “dry” layer.



