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Underwater acoustic communications in shallow water envirent is a challenging prob-
lem due to the intersymbol interference caused by timeivgrgispersive multipath channel.
The paper describes this effect and the passive time réwedamique and its spatial and
temporal focal properties to reduce channel fading anddpiebol interference which causes
severe distortions of received communication signalseRiy time reversal technique is a
method introduced to the underwater acoustic communitatica significant multipath envi-
ronment the time reversal process offers unique oppoxtémitsolving the multipath problem
and recovering the original signal at the focus. Commuitoatystems can be divided into in-
coherent or coherent modulation. In this article coheredenwater acoustic communication
method was presented by using passive phase conjugatidr6@”M (quadrature amplitude
modulation) as a modulation method. Presented resultsootife utility of the passive phase
conjugation in shallow water environment to underwater igmications.
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1. Introduction

Underwater sound propagation is primarily determined Aggmission loss, noise,
reverberation, and temporal and spatial variability of uhelerwater acoustic channel.
Noise and transmission loss are the principal limitatiamgtie available signal-to-noise
ratio, while the time-varying multipath influences signakayn and processing, often
imposing severe limitations on a system performance. Twddmental mechanisms of
multipath formation are reflection at the boundaries (bottsurface and any objects
in the water), and ray bending. In shallow water propagatiocurs in surface-bottom
bounces in addition to possible direct path. Multipath pggtion contributes to signal
fading, and causes intersymbol interference (ISI) in at@igiommunication system.

In order to achieve higher data throughputs over the sgvbaetd limited under-
water channel, bandwidth efficient modulation techniqesesh as phase shift keying
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or quadrature amplitude modulation must be used insteadeqgfiéncy shift keying
based signaling schemes. Thus, many of the ongoing reskanesed on the develop-
ment of phase coherent underwater acoustic communicatiinaus for application in
highly dispersive shallow water channels. The combineeglceff long intersymbol in-
terference caused by multipath propagation and rapid plresgtions makes coherent
demodulation very difficult in the underwater acoustic afelnAt high data rates the
intersymbol interference requires adaptive algorithmshenreceiver side that lead to
computationally intensive and complex signal procesditmyvever, if many multipath
signals are received, even adaptive filters cannot rembeéthlem and solve this prob-
lem. The challenge of reliable system is to overcome thisitiipent to assure reliable
communication.

The phase conjugation technique, also called time revacsalstics (TRA) can en-
vironmentally adapt the acoustic propagation effects afraglex medium in order to
focus energy at particular target range and depth. Using, TRAmultipath structure is
reduced because all the propagation paths add coheretttly imtended target location
[1, 2]. This property of time reversal acoustics suggeststargial utility of this method
in underwater acoustics with applications in underwatenmanications. This method
is less complicated then adaptive methods and effectivitigates the multipath prop-
agation problem.

2. Passive time reversal

Figure 1 shows the basic scheme for underwater communicasimg passive time

reversal technique.
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Fig. 1. Passive time reversal communication system.

Time reversal technique can be implemented in an active ssiyy@ mode. Both
active and passive method takes advantage of spatial ijversachieve spatial and
temporal focusing, a useful property for communicationarirenvironment with strong
multipath [3]. For communication purposes, the main défere between active and
passive implementations is the direction in which the imfation flows. In the active
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case, information can be sent from the array to a distantepwhile in the passive case
the source sends information to the array. Passive phageedion is synonymous with
passive time reversal in the time domain and this procedeginb by sending a short
probe pulse in advance of the data packet to correlate wethetbeived data [4]. This
signal is used to estimate the channel impulse respbnse

The received signal has a form:

rj(t) = h;(t) * z(t) )
and
z(t) = go(t) 2

is a transmitted signal anddenotes convolution operator.
Passive phase conjugation applies matched filtering at es&iver element and
finally the received signal can be written as:

J
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whereg;(t) = h;(—t) and the term in the bracket called ttefunction is a sum of
the autocorrelation functions of all individual paths ingairesponses. Ideally time
reversal yield a-function should be a delta function. In practice this fumtthas
many sidelobes, which cause significant intersymbol iaterices [5].

As a method for communication this procedure is passive an tte array needs
only receive signals and does not need to transmit. The ttatns is transmitted by the
source and recorded by each element of the array. The sigmadgsing step involves
cross correlating the probe receptions and data streanmsaatay element. This cross
correlation is done in parallel at each array element andetelts are summed across
the array to achieve the final communication signals, whielr@ady for demodulation.

3. Numerical simulation

3.1. The simulation environment

The Pekeris solution [6] of the normal mode method was usdtiesimulation
method to study acoustic propagation in shallow water chlafiis scenario is shown
in Fig. 2. In this model, water depth,, sound velocity and density in water and at the
sub-bottomg,,, pw, ¢, andpy, respectively are all constant. The thickness of the sub-
bottom is considered infinite and the transversal waveseastib-bottom are ignored.
The area of shallow water environment model is 100 m in deptie normal mode
model assumes the bottom to consist of a homogenous sufirbott
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Fig. 2. Shallow water channel parameters used for simulatidthe passive time reversal process.

3.2. Multipath propagation

In this numerical experiment Linear Frequency Modulateld@was transmitted to
examine the time-varying dispersive multipath shallowewranvironment. The trans-
mitted signal was Hanning shaded chirp pulse of durationri®0centre frequency of
1 kHz, and bandwidth of 500 Hz. The maximum source level wes @ re 1uPa
at 1 m. The transmitter depth was 50m and the TRA spans the eatenn from 15 to
90 m with 15 m element spacing in a 100 m water depth. The rededignals at each
sensor revealed the multipath arrival structures obtaineshallow water channel, as
shown in Fig. 3. Besides the multipath arrival structurehal®w water environment
was calculated using matched filtering, i.e. taking the lapesof the cross correlation
sequence of received signal with the transmitted signal.
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Fig. 3. Received signals.

This produces a sequence of impulses corresponding to eachire the received
waveform thereby providing a visualization of the impulsspgonse. The results pre-
sented in Fig. 4 show clearly the variation in the multipattucure throughout the
experiment.
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Fig. 4. Channel impulse response for a sound channel of 16@qth.

3.3. Acoustic communication using passive time reversal

The simulation configuration using a TRM consists of 6 eletsienshown in Fig. 2.
The data sequences to be sent are modulated with converitBQAM scheme. In this
system data transmission is suspended during the proked smpture period. The entire
measured channel response is used to create the commaomisatibols for a coherent
guadrature amplitude modulation. In this simulation thelmse and quadrature pulses
were transmitted and created data signal of 1000 symbols.
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Fig. 5. Symbol constellation plot for the 16QAM demodulasgghals.

Figure 5 shows the constellation diagrams after using yag#iase conjugation
method (Fig. 5b), and without using this method (Fig. 5a)-iin 5a the demodulation
result is not good (output SNR= 8.2). This is because many multipath waves are
received. In case b) the demodulation result is good (OUBNR = 19.4) because
multipath waves are utilized by passive time reversal noktho
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4. Conclusions

In the paper, the passive time reversal approach was destu$sbe method uses
receive-onlyarrayto performacousticcommunicationPassivgphaseconjugatiormethod
makes it possible to assure good underwater communicatiem ia the environment
where it may be very difficult by conventional methods. Theliprinary results con-
firmed that passive time reversal reduced ISI and this matmdbe successfully used
in underwater communication systems. Future work will bacemtrated on experi-
ments examining coherent and non-coherent communicadidm=mes.
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