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Abstract

In the underwater commumications, transmitted acoustic signal is corrupted by interference from multipath. A parametric
array transducer is capable of radiating a narrow beam with very low sidelobe levels. In certain cases, the parametric
array transducer can help the multipath problem. To improve the performance of the underwater communications, the
statistical signal processing methods will be required. In the paper, the communication system using a parametric array
transducer was demonstrated. To detect the received signal of the communication system based on the on-off keying, the
maximum likelihood method using averaged signal for a particular window size is used. The communication system has
GUI using LebVIEW which allows the user to change the parameter. The GUI can also be easily modified based on the
characteristics of a parametric array transducer. The implemented system can effectively evaluate the performance of the
parametric array transducer,
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I. Introduction underwater communication. In the underwater

commumnications, transmitted acoustic  signal

The sonar system has an important role in corrupted by interference from multipath™.

A, A TY A aEdA TR narrow beam with very low sidelobe levels™.
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parametric array transducer is capable of radiating a

In

certain cases, the parametric array transducer can

statistical signal processing methods will be required.
In the thesis, the communication system using a

parametric array transducer was demonstrated. The
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signal™. For a good communication, the maximum
likelihood method using averaged signal for a
particular window size is used in the system.

The system is composed of a parametric array
transducer, a NI PXI system, a microphone, a power
amplifier, a PC with DAQCard, and the control
developed by LabVIEW 85  The
communication system has GUI which allows the

software

user to change the parameter. The GUI can also be
easily modified based on the characteristics of a
parametric array transducer. The implemented system
can effectively evaluate the performance of the
parametric array transducer.

Section I gives a brief overview of the detection
algorithm. Section [ presents the implemented
transmitter, receiver and the experimental results.
Finally, Section IV describes some of the research
results.

II. Maximum Likelihood Method

The decision rule defined as'”

_[dy if p(zlmy)> (zlm,)
d(z) = {d: lfp(zim:)> (Zlmj) (1)
my:2=n )

My :2=8+n

where the observation of m, is the zero-mean
unit-variance gaussian random noise, the observation
of my is s+n, s is the mean value.

The conditional probability density of z given m;

or my, as

2

1
plzlm, )= 72:;%1?—2‘—

e Y 3)
P(Z‘mz)- memp 2

The decision regions are

Z, = {z: p(zlmy)> p(zlm,)} 4)
2, = {z: p(zhmy)> p(zlm, )}

g3 o

The likelihood ratio A(z) defined as

Alz)= M 5)
p(zlm;)

Then Z, and Z, may be defined as

Z ={z: Az)< 1}

7, = {z: A(x)> 1} ©)

It can be expressed shortly

dy

Az)21 )

4

Using above the equations, the problem can be
solved

_ p(zlm,)
Ale)= P(Zlml)
_ (1/v3n)expl-(z—5)*/2]
(1/ V27 Jexpl—22/2] )

[(z—s)?— 2]

The decision rule can be written as

dy

(2z2—s) >
5 <! 9)
4

exp

Take the natural logarithm of (9)

dp

| (10)

a4

Then (11) is obtained

dy

zzg an

d

and the decision regions can be defined as
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Fig. 1 illustrates the signal that is obtained by the
experiment. The experiment setup is explained in
section III.

To detect the signal, averaging technique was
applied, additionally. The averaged signal is obtained
by

Z:Nl (13)

where NV 1s the sample number.

The average value of the signal as shown in Fig.
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Fig. 2. The average value of the signal.
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Fig. 3. The probability density function of the signal.

2 is obtained based on (13).

As shown in Fig. 2, the signal is absolute and
averaged. Fig. 3 illustrates the probability density
function of the averaged signal. The averaged value
of the signal has Gaussian density function.

The decision rule from the ML method is

dy
_'...
lmte) (14)
dy

where s, and s, are mean values.
The standard deviations of s;+n; and s,+n,

are 0.0025 and 0.0169, respectively. The means of
sy +tn, are 00094 and 01658

respectively. Hence, if 2z > 0.0876, we decide d, and
if z<0.0876, we decide d;.

s;+n; and

. Implemented System

1. Transmitter

The parametric array sonar system consists mainly
of transmitter and receiver. The block diagram of the
transmitter is shown in Fig. 4.

The transmitter is composed of a parametric array
transducer, a NI PXI system and a power amplifier.
The PXI system plays a role in the modulation and
the digital to analog conversion (DAC). The control
software is programmed by LabVIEW 85. A brief
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Table 1.

Item Description

QOutput Resolution 12 bits

Output Rate 1 MS/s

Output Range 10V

FIFO Buffer Size | 2,048 samples
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Fig. 5 Stucture of the prolotype parametric array

fransducer.

overview of the NI PXI system is shown in Table 1.

The prototype parametric array transducer is
developed by vibration/acoustics and transducers
laboratory of Pohang University of Science and
Ti echnologym. Fig. 5 shows the structure of the
prototype parametric array transducer.

The prototype parametric array transducer has 82
kHz and 122 kHz resonance frequencies, and its size
is 50mm x 50mm.

2. Receiver

The block diagram of the receiver is shown in Fig.
6. The receiver is composed of a microphone, power
amplifier and a PC with DAQCard. The transmitted
signal has 40 kHz difference frequency because of the
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Table 2. Specifications of DAQCard-6062E.
Item Description
Input Resolution 12 bits
Output Rate 500 kS/s
Input Range +005 to 10 V
FIFO Buffer Size | 2,048 samples

parametric array transducer characteristic®®.

The
received signal is amplified through a power
amplifier. In the PC, signal is sampled, filtered and
demodulated. To remove the sampling noise,
band-pass filter (38 kHz, 42 kHz) is used™.

A brief overview of the NI PXI system is shown

in Table 2.

3. Experimental Result

A simple communication experiment has been
carried out in the air™. The signal was generated by
on-off keying modulation scheme. The primary
frequencies are 42 kHz and 82 kHz, respectively. The

L40301 .
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Fig. 7. Block diagram of the experiment.
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Fig. 8. The structure of the signal frame.
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Fig. 10. The GUI transmitter.

block diagram of the experiment is shown in Fig. 7.

The signal frame consists of 20 bits flag and 130
bits data as shown in Fig. 8 and it was sent
repeatedly'.

Fig. 9 illustrates the generated signal after ADC at
the transmitter which is measured by an oscilloscope.
Fig. 9 (a) shows the form of the modulated signal,
and Fig. 9 (b) shows a period of the frame.

Fig. 10 illustrates the software to control the
transmitter of the sonar system. The control software
has GUI which allows the user to change the
parameter as shown in Fig. 10. The user can control
primary frequencies, the output voltage, the input
data and an additional noise. An additional noise is
useful in case of simulation for an arbitrary channel.

Fig. 11 illustrates the receiver of the parametric

array sonar system. As shown in Fig. 11, the
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receiver controller is designed to change the sample
number, the sample rate and the detection level. To
detect the signal, the measured signal was averaged
for a particular window size before applying the
maximum likelihood method. The window size is

same as the sampling number as shown in Fig. 11.

IV. Conclusion

the
maximum likelihood method using averaged signal for

For the parametric array sonar system,
a particular window size was presented. The
algorithm can quickly and exactly detect the signal
without error. For the underwater communication, the
sonar system with the proposed algorithm is

developed wusing a prototype parametric array
transducer. The system is composed of the control
software, a parametric array transducer, a NI PXI
system, a microphone, a power amplifier and a PC
with DAQCard. The control software designed by
LabVIEW 85, could be modified easily, according to
different The

implemented system can effectively evaluate the

parametric  array  transducers.
performance of the parametric array transducer

Our results show that the maritime radar simulator
and the parametric array sonar system could be
potential approaches to improve the performance of

ocean eguipments.
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