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ABSTRACT

The design and construction of a bathymetric sidescan sonar
system capable of operation over a 39 degree vertical sector
is described. Field tests conducted at a dam site indicate
that the completed system does not function as required. This
is due to errors in the sonar depth measurement which are
caused by reverberation resulting from the multiple scattering
of sound from the dam floor. Recommendations are made so that
future systems will be less susceptible to this interference

source.
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CHAPTER 3

TRANSDUCER ARRAYS

If the receivers are to operate over a large unambiguous
sector, they must be constructed from narrow closely spaced
transducers. Due to the small transducer dimensions, the
closely spaced receivers are particularly susceptible to
mutual coupling. This disturbs the receiver phase measurement,
causing the receiver phase difference response to become non
monotonic. Consequently, it may no longer be possible to
unambiguously determine the elevation angle of incoming

acoustic waves.

In this chapter, a construction technique is presented,
enabling the requisite receiver separation to be attained
while ensuring that the receiver phase difference response
remains a single valued function of elevation angle. The
completed receivers are capable only of determining the
elevation angle of sound originating from a single direction
at any instant in time. Before the receivers can be used to
determine the declination angle of sound backscattered from
the sea floor, it is therefore necessary to eliminate
multipath interference caused by reflection at the sea
surface. This is achieved by using a side baffle to shadow the
receive arrays from the sea surface. Finally, the design of a

directive transmit transducer array is described.



3.1 DAaam fFArmat+a on.

To ensure that the receiver phase measurement corresponds to
the direct path reverberation only, a side baffle is used to
eliminate multipath interference caused by reflection at the
sea surface. To minimize the effect the introduction of the
baffle has on the backscatter sound field, it is necessary to
reduce the sensitivity of the receivers in the direction of

the baffle edge (refer to section 3.5).

The requirement that the receive beams be narrow, suggests the
use of wide transducer arrays which are directive in the
vertical plane. To avoid a reduction in unambiguous sector
caused by a consequent increase in the separation of the
receiver phase centres, the receive beams are formed from

interleaved transducer arrays.

Line arrays with appropriate connections are used to form two
interleaved receivers (Denbigh, 1983). One receiver is
comprised of the top three elements to which a triangular
amplitude shading of 1/2, 1, 1/2 is applied, while the second
receiver consists of the lower three elements to which the
same amplitude weightings are applied. This configuration
results in the separation between the receiver phase centres
being less than the physical receiver dimensions. The
interleaved receivers, together with their triangular

weightings are shown in Fig. 3.1.









to thickness dimension, a significant amount of energy is
coupled into the transverse vibratory mode. This causes the
whole transducer shape to distort and there is thus a
significant displacement of the transducer sidewalls. The use
of small dimension ceramic transducers causes the receivers to
be particularly susceptible to mutual coupling. Work done by
Denbigh (Denbigh, 1983), indicates that an airgap is required
between transducers if the requisite receiver separation and

decoupling is to be attained.

3.3 Air-spaced arrays.

An air-spaced array may be realized by mounting transducers
directly on a rigid front face material. A particularly
attractive feature of this technique is that the transducers
are airbacked, thus avoiding a potential source of
interference arising from internal reflections of incident
acoustic waves within an imperfect backing material. If the
front face material is chosen so that its acoustic properties
are similar to that of water, it will act as an acoustic
window and the losses introduced by it will be small. By
carefully choosing the thickness of the front face material,
the acoustic window acts as an impedance transformer, thereby
increasing the efficiency of sound energy transfer between

water and transducers.

Hood has developed a simple technique for the construction of
compact multi-element 300 kHz transducer arrays.
Polycarbonate is used as an acoustic window material.
Transducers are bonded directly to the _>lycarbonate while
coupling paths are minimized by machining slots between

ad jacent transducers. Hood investigated a number of
Polycarbonate configurations and determined that a 6 mm thick
front face with 2 mm decoupling slots provided maximum
efficiency and decoupling. This construction technique is
illustrated in Fig. 3.3. The intensity reflection
coefficients occurring at each interface are also indicated.









If the Polycarbonate acoustic window is an odd multiple of
quarter wavelengths thick, the impedance Z; seen looking into

the acoustic window is

Z

Zi:Z

P

By making the Polycarbonate acoustic window an odd multiple of
quarter wavelengths thick, a reasonable receiver efficiency is
achieved. Assuming a velocity of sound propagation in
Polycarbonate of 2220 m/s (Hung and Goldstein, 1983) and a
sound frequency of 316 kHz, a quarter wavelength Polycarbonate
acoustic window is 1.8 mm thick. It was determined that
Polycarbonate of this thickness is not sufficiently rigid to
be used as an acoustic window. In any event, the Polycarbonate
configuration suggested by the 1/4 wavelength thick
transmission line model is unsuitabl] for use in implementing

the receivers.

A 3/4 wavelength thick Polycarbonate front face is suitable
for use as an acoustic window. The Pc¢~ /carbonate
configuration suggested by the 3/4 wavelength transmission
line model and adopted in the construction of the receivers is

shown in Fig. 3.5.

2

I'y. 3.5 3/4 wax length T 1y " >nate configui ‘:ion.

Pressure maxima and velocity minima occur at both the high
impedance transducer face and at a point a quarter wavelength
from the low impedance water face. It is believed that the
effects of boundary discontinuities on the incoming acoustic
waves may be reduced by positioning the slot bottoms close to

a velocity minimum. Decoupling between transducers is






3.4.1 Results.

The directivity patterns and phase difference response of the
two receive beams are shown in Fig. 3.7. To facilitate
comparison of these results, a reference receive array v s
formed from transducers mounted on a 6 mm thick Polycarbonate
acoustic window. No decoupling slots were provided. The
resulting receiver directivity patterns and phase difference
response are presented in Fig. 3.8.
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Fig. 3.7 Receiver (a) directivity plots

(b) phase difference response.
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The nulls of the directivity patterns shown in Fig. 3.8 are
generally deeper than 23 dB. The phase diffe:r 1ce response of
this array deviates considerably from the ideal at an angular
displacement corresponding to a null in the directivity
response of the receivers. Deviations from ideal behaviour
are expected to manifest themselves in the region of a receive
null as small errors in the amplitude weighting of individual
transducers, caused by mutual coupling, produce large phase
perturbations in the receiver outputs. Strictly speaking, tt
elevation angle of incoming wavefronts may only be
unambiguously determihed over a 19.5 degree sector by this

array.

The useful unambiguous sector of the phase difference response
shown in Fig. 3.7 is %21 degrees, an increase of 24.5 degrees
over that of the referenc array. The unambiguous sector is
*4 degrees smaller than predicted by the transducer
separation. Beyond the #21 ¢ jree sector, the phase
difference response is no longer single valued. This is due to
the critical nature of the vector addition performed by the
beamformers at angles close to the receive nulls. It is
believed that the useful unambiguous sector may be extended to
include the entire +25 degree sector by further increasing the
decoupling betweeen transducers. This may be achieved by
inserting a suitable material into the slots on the
Polycarbonate water face. For completeness, the directivity
patterns of the individual transducer elements for the two

configurations are shown in appendix D.

3.5 Receivr~ =4~ haffle.

The phase difference technique described in chapter 2 is
capable only of determining the elevation angle of acoustic
wavefronts originating from a single elevation angle at any
instant in time. If acoustic waves from more than a single
direction are simultaneously incident on the receivers, errors
are introduced into the receiver phase measurement and the

phase difference technique breaks down.






























































































































e o
£
- o




































RESCONANT
F-TUENCY

g

BANDWIDTH

F e

e 01w

[RK] |

LI L)L

r._
bl
-
=1

oo i

le' diagrams.

circ

transducer

Receive

B.2

Fig.



=

Ll

ASHELAEDENS

3TE ui
L -
i - ~
i - o
~ a - B
a T
-
7 o
501
{1l
m L !
o
) 1 _ {jni(w.!ﬂ» i _l L - ...“
[ [EI I Y R — T} 3 Wi s -

a
By
-

-1 [ ey} hal | +

e s 1 B e N R B

=Ll

diagrams.

'‘circle’

Receive transducer

Fig. B.2



As an example, the equivalent circt ' : paramete s for

transducer 1 are determined below.

The radiation resistance is the inverse of the conductance
occurring at resonance : Ryg, -90Q. The clamp capacitance

is the susceptance occurring at resonance : Co=0.7 nF.

The remaining circuit values are calculated from the following
relationships.

fo 21

Q:—:—

B 321-310

28.6

WAL
Q = o
R

= 1, = 190x28.6
2wx315x103

= 2.7 mH
As wg = 1/1C

C =95 pF

To increase the efficiency of the energy transfer between the
transducer and preamplifier, the inductance Ly of the
preamplifier input transformer is chosen to tune out the

transducer clamp capacitance at resonance. At resonance
wo Lt = 1/wC

The inductance required tocancel the clamp capacitance of

transducer 1 is

1
)2

e 9

(27x315000)“x0.7x10"

= 365 uH

The remaining transducer equivalent circuits and matching are

dete__.ined in a similar fashion.



APPENDIX C

COMPUTEP P®POGRAM AND

ALGORITHMS
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Date ~~mnreegi~= -=4 emnothing algorithms.

The data compression and smoothing algorithms used during

the production of the 3-dimensional picture are presented.

Data ~~mnreagsion.

The phase and envelope waveforms were oversampled at the dam
site. The volume of data to be processed was reduced by
compressing the raw phase data. This was achieved by replacing
groups of 5 successive phase values with their mean. If ¢7,

¢2 193 re--s $1000 are the raw phase data values and Pj is the

ith compressed phase value, then

P; = (¢51-h+d51-3+$5{-0+d51-1+¢51)/5

Spatial =w~>raging.

Spikes in the compressed phase data were smoothed by spatial

averaging. Spatial averaging of two kinds was performed.

Spatial averaging within a ping was carried out by replacing
each compressed phase value with a weighted average involving
itself the 5 previous and 5 future compresed phase values. The
current data point wés accorded the highest weighting while
the weightings of the surrounding points decrease linearly. If

.th

S{ is the i spatially averaged phase value then

83 = (P3-5+2pj-L+3P1-3+UP; p+5P; -1+6P1+5P; +1+hP142+3P143+2P1 +4+P145) /36

Spat: 1 averaging from ping to ping was perforn 1| by 1 »>lacing
each smoothed phase value with a weighted average involving
itself and the corresponding data values from the 5 previous

and 5 future pings. If Sj, 1is the ith

smoothed phase value
occurring during the jth ping and Qi is the corresponding

ping averaged value, then



Q1,5 = (81, 5-5+251, 5-4+38y, j-3#US1 j-p#581, j-1+681, §#551, j41+4S1, jea*
381, 434251, 54451, 545)/36

It should be noted that the smoothing described above results
in the loss of the first and last 5 data points from each ping

as well as the data from the first and last 5 swaths.



APPENDIX D

DIRECTIVITY PLOTS
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Transducer directivity plots for 3/4 wavelength
Polycarbonate configuration.






Vertical directivity plot for transmit array.
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- Vertical directivity plots for receiver/baffle combination
used while mapping the dam floor.
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APPENDIX E

SOFTWARE LOOK-UP TABLE

During the processing of the phase data captured at the dam
site a software look~up table was used to convert the
digitized phasemeter output to declination angle. Before
generating the table, the receiver baffle combination was
calibrated by recording the phasemeter output produced by the
arrival of acoustic waves at angular increments within the

unambiguous sector of the receivers.

The calibration was conducted in a water tank by mounting the
receivers vertically from a stepper motor. The phasemeter
output produced by a pulsed acoustic source was digitized and

recorded at 0.38 degree intervals by stepping the motor.

A look-up table enabling the declination angle of the
backscattered sound to be determined over an angular sector
from 23.6 degrees to 53.3 degrees was created. As a finite
motor step size was used during the calibration process, a
number of phasemeter output states are skipped. Linear
interpolation was used to ensure that each possible output
state was assigned a declination angle. A graphical

representation of the lookup table is shown in Fig. E.l.
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Fig. E.1 Graphical representation of software 'lookup' table.



APPENDIX F

MODEL PATH PA™”*™METERS

The relationships enabling the path parameters to be
calculated for the forward and reverse path models are

presented.

Forward path model

Fig. F.1 Forward path model geometry.

dy AZ +y°

2
4 ha) - b4y /x2 + y2
2 =
2x + bdy - 2/%° + y°

o)
w
1

2dy = dq - do

















