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Abstract

capacity of sensors and system reconfiguration is not possible.
UWA communication networks might also consist of both
mobile and stationary nodes which exchange data such as
control, telemetry, speech, and video signals among
themselves as well as a central node located at a ship or
onshore.

Innovative physical layer solutions are required to develop
efficient, reliable, and high-speed transmission solutions for
challenging and diverse requirements of underwater
applications.
In this paper, Precoded Orthogonal Frequency Division
Multiplexing (OFDM) and Filter Bank Multicarrier (FBMC)
techniques are considered as the most used techniques in
communications applied in a wide-band radio channel, to
achieve more robust communications as well as high quality
of service. Multicarrier and cooperative communication
techniques are combined to study the performance bounds of
cooperative underwater acoustic communication systems
taking into account the inherent characteristics of UWA
channel.
Keywords: Precoded
Transmission

OFDM,

FBMC,

Both the vehicle technology and the sensor technology are
mature enough to motivate the idea of underwater sensor
networks. To bring this idea into reality, one must face the
problem of communications.
Underwater communication systems mostly use acoustic
technology because they offer longer ranges, but are
constrained by three factors: limited and distance-dependent
bandwidth, time-varying multi-path propagation and low
speed of sound [3,4]. Together, these constraints result in a
communication channel of poor quality and high latency.
Finally, underwater instruments (sensors, robots, modems and
batteries) are neither cheap nor disposable. This fact
distinguishes underwater sensor networks from their terrestrial
counterpart.

Cooperative

I. INTRODUCTION

Reliable communication systems are needed for the successful
underwater communication. Underwater communication is
considered as one of the challenging wireless communication
due to its various channel parameters[1]. Wireless
communication is a promising technique and an ideal
transmission solution for a wide range of underwater
applications
which
include
off
shore
oilfield
exploration/monitoring, oceanographic data collection,
maritime archaeology, environmental monitoring, disaster
prevention, and port security among many others[2].

Single carrier communication is challenging but a powerful
alternative is multi-carrier communication, particularly in the
form of orthogonal frequency division multiplexing (OFDM)
or cyclic prefix-orthogonal frequency division multiplexing
(CP-OFDM). In an OFDM system[5], high-rate data stream is
spread over a number of orthogonal frequency subcarriers or
sub-channels. Then, data sub-streams are modulated using a
proper digital modulation scheme at a lower data rate.
Efficient use of spectrum, robustness against frequencyselective fading, resistance to both ISI and ICI (with the aid of
guard intervals and cyclic prefixes) and capability of being
implemented using Fast Fourier Transform (FFT) techniques
are some of the key merits of it. Some of the drawbacks of
OFDM, include higher peak-to-average power ratio (PAPR),
higher sensitivity for carrier frequency offset (CFO) errors,
larger number of side lobes with non negligible power levels,
inevitable overhead due to cyclic prefixes (or guard intervals)
and extra time consumed due to guard intervals.

The usual approach for data acquisition in underwater is to
deploy underwater sensors which record data during the
monitoring mission and then recover the information from the
storage unit of sensor. Due to the lack of interaction between
submerged sensors and central control system, the amount of
data that can be recorded is also limited by the storage

FBMC, which is also known as orthogonal frequency division
multiplexing / offset quadrature amplitude modulation
(OFDM / OQAM) [6] overcomes the inherent demerits
associated with OFDM. Neither guard intervals nor cyclic
prefixes are needed by design. Comparatively higher
throughput is expected to be maintained with a continuous and

Underwater communication is difficult due to factors like
multi-path propagation, time variations of the channel, small
bandwidth and strong signal attenuation, especially over long
ranges. In underwater communication there are low data rates
compared to terrestrial communication, since underwater
communication uses
acoustic waves
instead of
electromagnetic waves.
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lower cost as only real calculations is required.

efficient transmission. Another main advantage is much more
efficient use of spectrum with lower spectral leakages or
reduced amount of power associated with side lobes, where
the robustness against ICI is increased due to that.

Several methods of reducing PAPR have been proposed and a
comprehensive comparison between these in terms of power
loss, distortion, data rate loss, and extra processing can be
found in [9].
DCT based OFDM for UWA Communication has been
introduced in [10] and it is shown that proposed system
provided higher peak-to-average power ratio (PAPR)
reduction and achieved better noise immunity and hence
better BER performance than standard OFDM, while
maintaining a low implementation cost. DCT based
multicarrier continuous phase modulation scheme was
proposed to achieve constant envelop transmission for less
inter symbol interference (ISI). Peak to average power ratio
(PAPR) reduction was also proposed. The bandwidth required
for DCT is half of that required for DFT when both systems
have same number of subcarriers. It has proved that these
transforms satisfy the cyclic convolution properties of DFT
when used with symmetric and anti-symmetric extensions in
case of DCT and DST respectively. It was also shown that this
scheme is desirable for wireless channel with large delay
spread like UWA channel.

Fig.1: FBMC transmitter
II. PAPR
The PAPR is the relation between the maximum power of a
sample in a given OFDM transmit symbol divided by the
average power of that OFDM symbol. PAPR occurs when in a
multi-carrier system the different sub-carriers are out of phase
with each other. At each instant they are different with respect
to each other at different phase values. When all the points
achieve the maximum value simultaneously; this will cause
the output envelope to suddenly shoot up which causes a
'peak' in the output envelope. Due to presence of large number
of independently modulated sub-carriers in an OFDM system,
the peak value of the system can be very high as compared to
the average of the whole system. This ratio of the peak to
average power value is termed as Peak-to-Average Power
Ratio.

Fig.2 Block diagram of precoded OFDM transmitter section

The PAPR of the transmitted analog signal x(t) can be defined
as:

One of the challenging issues for Filter Bank Multicarrier
(FBMC) systems is also their high Peak-to-Average Power
Ratio (PAPR) which leads to the saturation of the high power
amplifiers and consequently increases the out of band power.
It can save bandwidth, where no guard interval is required.

PAPR(x)=max|x(t)|2/E[x(t)2]
The high the PAPR in the signal will occasionally drive high
power amplifiers (HPAs) to operate in the nonlinear region of
their characteristic curve. Here the nonlinearity can cause loss
of orthogonality amongst the carrier causing inter carrier
interference (ICI) in signal.

As FBMC symbols are overlapping in the time domain;
therefore symbol-by-symbol PAPR reduction cannot be
performed. Frequency spreading equalization (FSE)[11]
allows us to achieve a more accurate equalization. Hence,
higher number of bits per symbol can be transmitted and the
bandwidth of each subcarrier can be widened. Widening the
bandwidth of each subcarrier leads to

Peak-to-Average Power Ratio (PAPR) reduction [7] is a
compensation technique for non linear effects. Large PAPR
leads to both in band distortion and out of band radiation. It
also increases the complexity of the analog-to-digital and
digital-to analog converter and reduces the efficiency of the
Radio- Frequency (RF) power amplifier used. Therefore it is
useful to reduce the PAPR of the OFDM system.

(i)higher bandwidth efficiency;
(ii)lower complexity
(iii)lower sensitivity to carrier frequency offset (CFO)

Precoded OFDM is an efficient PAPR reduction technique. It
is a multiplication of data symbols by a spreading code before
the mapping on subcarriers and the OFDM modulation. It
improves PAPR without increasing much complexity and
without destroying the orthogonality between subcarriers.
DFT precoded OFDM is one of the popular PAPR reduction
techniques.

(iv) reduced peak-to-average power ratio (PAPR); and
(v) reduced latency.
III. COOPERATIVE TRANSMISSION
Deployment of multiple antennas at transmitter and/or
receiver might not be feasible in some applications due to
limitation in size, power, and hardware complexity in enduser devices. Cooperative communications, also known as
cooperative diversity or user cooperation has been proposed

The sinusoidal transforms[8] can be used as an alternative to
the discrete Fourier transform (DFT) for OFDM wireless
transmission with the added advantages of reduced
implementation area, increased computational speed and
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as a powerful alternative fading-mitigation technique.
Cooperative diversity takes advantage of the broadcast nature
of wireless transmission where a transmitted signal can be
overheard by many unintended nodes. If these unintended
nodes (or relays) are willing to share their resources with the
source node, they can together create a virtual antenna array to
extract the spatial diversity in a distributed fashion.
In [12], Laneman and Wornell develop transmission protocols
for amplify-and-forward (AF) and decode-and-forward (DF)
relaying assuming single relay. In their cooperation scheme,
transmission is carried in two phases: broadcasting and
relaying phases. In the broadcasting phase, source node (or
user) broadcasts its information to intended destination node
(base station (BS) or another user) and other nodes, i.e., relay
nodes, located within transmission range of source node. In
the relaying phase of AF scheme, relay nodes amplify the
received information signal and forward it to the destination
node. Hence, destination node receives two faded versions of
information. It is extended to the multi-user case where more
than one node communicate to a single destination node

Fig 3. Block diagram of DCT precoder for ofdm with
cooperative transmission.
IV. FPGA IMPLEMENTATION
Simulation is done using MATLAB and an experimental base
for the implementation and study of the simulated techniques
of the physical layer decided to use the FPGA technology. It
is allowed to a full-featured implementation of the developed
algorithms on modern element base, whose characteristics
satisfy the requirements of reliability and power consumption.
The use of reconfigurable FPGA allows to design a system
that can quickly be given additional functions depending on
the operating conditions and user requirements. The use of
FPGA technology avoids the shortcomings of DSP
processors, in particular, will be able to parallelize several
processes within a single device.
V. CONCLUSION
The paper discussed about different PAPR reduction
techniques for OFDM and FBMC systems. Multicarrier
communication with cooperative transmission for multiuser is
introduced for underwater communication which is a fading
mitigation technique.
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