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Abstract

Underwater communication has captured tremendous attention in the last few years. The varied applications ranging over
commercial, scientific and military activities require efficient communication under water. Acoustic waves stand out as the best
medium for communicating underwater. But underwater communication has to encounter effects of spreading loss, path loss, ambient
noise, multipath propagation, Doppler effects etc. In this juncture, identifying suitable underwater acoustic channel model (UAC) is
very important for minimum BER communication through underwater by considering water depth, frequency and range. Also the
typical long delay spread and the resulting intersymbol interference inherent in underwater acoustic channels has to be dealt with.
Multicarrier modulation is a solution to this problem. In this paper an analysis on the existing works related to underwater acoustic
communication covering the channel modeling techniques and modulation schemes are presented and the best technique is proposed.
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1. INTRODUCTION

The varied applications of wireless
environmental monitoring, scientific explorationseneath
ocean, search and rescue missions, monitoring @mtgodiing

commercial activities, interactions between undéewa

acoustic vehicles, ocean floor mapping, etc reguire

communication techniques for transmission of dattwben
two or more nodes located underwater. Radio, dptical
acoustic techniques are suitable candidates forraoritating
underwater. Radio waves succumb extremely to tfeetsfof
attenuation. Only the lower frequency ranges camdssl for
communication and hence requires large antennds higth
transmission power. Optical techniques are mucectétl by
scattering than attenuation. High precision optegipments

are required to overcome scattering. As such aioust

techniques emerge as the best possible way to coinate
underwater. Acoustic techniques in spite of beihg best
option for underwater communication face many arajes
for efficient communication. The continuously varyinature
of underwater medium poses many hurdles. The deasid
temperature of water varies over depth. Suspendgitles of
solid or gaseous matter result in the non-homogesedf the
water. The channel boundaries acts as reflectiggrdaand
hence the acoustic signals travel along multipleppgation
paths. This phenomenon, known as multipath propagat
results in delay spread and ISI. Also the undemvaedium is
in a state of constant motion which will induceatale motion
among the transmitter and receiver creating Dopeftacts.
The ambient noise associated with the channel se al
challenge as it varies with frequency. Addresshegdffects of

underwater
communication such as oil industry communications,

the above challenges into a channel model is teeghase for
underwater communication. The second step is taseea
suitable modulation scheme which could provide dvetiata
rate for a favorable bit-error-rate (BER). Sectmescribes
the current works regarding the various channeblpaters
followed by the modulation schemes used. In secloa
solution based on the survey is proposed.

2. CHANNEL PARAMETERS
2.1 Sound Speed Modeling

Underwater medium consists of several thermo dléggons.
Density and temperature of the medium change wigpttd
This results in variation of sound speed in watemf the
typical value of 1500m/s. Several models have lukseloped
to account for sound speed variations in waterviarying
parameters. Medwin formula [1], one of the initéforts to

model sound speed takes into account the effects of

temperature and salinity. Abdollah Doosti Aref 2911 has
discussed the results of Medwin formula and hagesigd a
moadification. The modified formula, models sounéep by a
10th order polynomial for varying depth, temperatand
salinity. The results of the modified formula habeen

presented and have been shown to convolve with the

experimental data obtained with reference to thsi&e Gulf.
Anuj Sehgal et.al, 2010 has used the McKinsey madel
evaluate the sound speed variation. The variatiorsaund
speed with temperature for different depths usifg t
McKinsey model has been shown below. The tempexatur
taken in degree Celsius and depth is in meters.
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Fig -1: Variation of sound speed with temperature

Figure 1 shows the change in speed of sound with
temperature. It can be observed that sound spemdases
with both depth and temperature.

2.2 Path Loss Modeling

Acoustic signals incur losses over time duringpitspagation.
The effects of spreading loss and absorption loss a
collectively known as path loss. Acoustic signalesgls in the
channel and the loss is observed along the trassmis
distance. The depth of the water column determinesature
of spreading. Acoustic signals spread sphericallydep water
channels and cylindrically in shallow water chann€he
spreading coefficient k denotes the nature of gfingai.e. it is
assumed a value 1 for cylindrical and 2 for splatpreading
[3]. Generally spreading coefficient is taken aS 40 as to
include the effects of both cylindrical and spharispreading.
Absorption loss, observed in the underwater charismeh
frequency dependent parameter. Acoustic signalgr s
course of propagation, lose energy due to this rakiso.
Many models have been developed to predict therptisn
loss suffered by acoustic signals. Thorp model, ohe¢he
earlier techniques to obtain the absorption coeffichas been
used by Chengsheng Pan et.al, 2012. Thorp modélatga
the absorption coefficient in terms of frequencheTworks
done by Anuj Sehgal et.al, 2009 has emphasizetlisfiactor
and suggests the Fisher and Simmons model overpThor
model as the former considers depth and temperatifeets
along with frequency to obtain the attenuation ficieht.
They have depicted the attenuation coefficientexsbpth the
models and have made a comparison in terms of acgur
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Fig -2: Absorption coefficient as predicted by the Thanal
Fisher & Simmons models at varying depths [5]

The coefficients were obtained for a temperaturd ofegree
Celsius. It can be seen that Thorp model valuese hav
significant variation from Fisher and Simmons modghis
variation is due to the inculcation of the effeofsrelaxation
frequencies of Boric acid and Magnesium Sulphat&igher
and Simmons model. Fisher and Simmons model asstitaes
Lyman and Fleming standard for water i.e. salinit35 and
pH = 8 and is valid in the frequency range of 100 tbHzL
MHz. Francois and Garrison model which is develofrech
Fisher and Simmons model can also be used to ntbdel
attenuation coefficient [6]. In the works doneAwyuj Sehgal
et.al, 2010, the Ainsley and McColm equation hasnbesed
to obtain the absorption coefficient considering #ffects of
salinity and pH as well. F. De Rango et.al, 2012 haed
Schulkin and Marsh model. A choice can be made gntlo@
various attenuation coefficient models mentionedvabbased
on the application requirements. The attenuatioeffimbent
for a frequency range up to 1 MHz according to &iisand
Simmons model is shown below
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Fig -3: Attenuation coefficient for varying frequency
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Attenuation for higher frequencies is more when parad to
that of the lower frequency range as it is eviderthe graph.
Also a decline in attenuation is observed for iasieg depth.

2.3 Multipath Modeling

In an underwater channel, multiple propagation patine
possible for a signal. The reflecting abilities tbe channel
boundaries and the refracting capability of theevamhedium
result in this multipath propagation. Each of thhegagation
path acts as a low pass filter. The acoustic wapest from
the direct incident wave undergo multiple reflenialong the
channel boundaries. The signals travelling throubbse
multiple paths have different gain values whichyawer
time. This variation observed in signal gain overetis due to
the shifting of reflection points in the channehig results in
the time varying nature of the channel. The vasiatf signal

gain can be modeled by various techniques. Someswor

suggests that the signal gain variation obeys thgleiyh

distribution [4]. Ray theoretical model is anottaaproach to
model the multipath effect. Different authors ireithworks

[1,2] [6-9] have employed this model to simulate thultipath

effects. Ray theoretical models include the phygicaperties
of the channel. It provides the gain transfer fiowct
corresponding to each multipath in terms of cunigat
reflection coefficient and path loss. Mandar Chi2607 has
suggested a method along with the ray theoreticadahto

bring out the time varying multipath effects. Ilinclae inferred
that ray theoretical model is a good technique taleh the

multipath effects.

2.4 Doppler Effect

An ideal channel model assumes the underwater ehémibe
in a state of rest. But in the real world scendtie,underwater
medium is in a constant state of motion. This tegulrelative
motion between transmitter and receiver. These mewts
can induce changes in the channel response thrioogpler

effects. Doppler effect is dependent on both thiative

velocity of transmitter/receiver and the sound speed is
given through the Doppler factor which is the ratibthe

above terms. Doppler effect will introduce frequesifting

and frequency spreading. In frequency shiftingrexjdiency
offset depending on the Doppler factor is introadudeuring

frequency spreading, the signal is scaled in timeafactor
proportional to the Doppler factor resulting infznge in the
pulse duration. Due to the negligible speed of gowith

respect to the speed of electromagnetic wavespmdatduced
Doppler distortion is predominant in an acoustignsi and
has to be considered. In a conventional approacBRBDM

signal detection, each block is detected indepehdenhis

can be done by allocating null subcarriers for dietpy offset
estimation, and pilot subcarriers for channel estiom. Milica

Stojanovic, 2008 has considered the Doppler effectighe
signal and has explained an estimation techniquettie

Doppler factor.

2.5 Noise Modeling

The noise observed in underwater channel is diftefeom
that seen in the radio channel. Underwater noise$oand to
be frequency dependent. The primary noises arailembe,
shipping, wind and thermal. Each of these noisetomminant
in certain areas of the frequency spectrum. Turmdenoise is
prominent in the low frequency range. Shipping adiss its
toll in the 10Hz to 100 Hz range whereas the wint@ is in
the 100 Hz to 100 kHz range. Thermal noise appeahg
beyond 100 kHz. Anuj Sehgal et.al, 2009 has usedNenz
model to obtain the noise values. Chengsheng Rah 2012
has also depended on the Wenz model to accounthéor
noise, but with a modification regarding the thermaise. As
a modification, the effects of noises produced ty teceiver
and transmitter are also included along with thegrttal noise
of the channel. Mandar Chitre, 2007 has considgreffects
of snapping shrimp noise for warm shallow waterncieds
and Yigit Mahmutoglu, 2013 has included the effemftsain
also. It appears that Wenz model is capable ofmesiing the
noises efficiently and noise curves obtained usiiregmodel is
shown below.
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Fig -4: Turbulence noise
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Fig -5: Shipping noise
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Fig -7: Thermal noise

3. MODULATION SCHEME

Along with the channel considerations, impeccaltiengion is

to be made on the modulation scheme. Earlier uraterw
systems relied on single carrier modulation schensesh
schemes trailed in terms of data rate and the adwffects of
ISI. Multicarrier modulation schemes emerged ascpsing
solution to these problems. OFDM, one of the best
multicarrier schemes, has been used in many works [
12,13,14,15] as it has many inherent advantage©QHDBM,

the data is distributed over carriers that are epamn
frequency domain. This spacing provides orthogtyalhich
helps the demodulator in rejecting frequencies ratien their
own. OFDM splits the data and increases the symbrtion
which will help in combating ISI [16]. Also existn
modulation schemes such as BPSK, QPSK, DQPSK, Q&M e
can be used as subcarrier modulation to betterneehthe
performance of the system. Geert Leus et.al, 2088 used
QPSK modulation scheme. Ram Pattarkine, has sieghést
use of DQPSK signaling along with OFDM and conctlide
that it offers better data rate. Zahra Taheri Hainja012 has
made a comparison between QAM and PSK in an OFDM
system and observed that QAM can provide bettes date

but with a compromise on bit-error-rate (BER). Aitable
modulation scheme can be opted which will providstdy
performance with respect to the requirements.

4. PROPOSED SYSTEM

With the inferences drawn from survey, a standdrdnoel
model describing the above effects of the UWA clehrman

be developed. As it is observed that the McKinsgyation
can successfully model the sound speed variathoa,seme
can be adopted. Regarding the absorption losgider and
Simmons model can be preferred as it can yield eoaipe
results within the constraints. The Ray theoretinatel along
with the time varying effects and the Doppler estion
technique described by Milica Stojanovic, 2008 easount
for the time varying multipath UWA channel with Dupr
distortions. As for the noise in the channel, Waradel is an
apt solution. The survey also highlighted the drajkes
regarding the modulation schemes that are used for
underwater communication. OFDM for its inherent itser
along with suitable subcarrier modulation schemes c
enhance the performance in terms of BER and d&a @AM
and DQPSK are suitable candidates for subcarrietutation
schemes as it has been proved to have better oescom
regarding BER and data rate.

5. CONCLUSIONS

A universally applicable channel model incorporgtall the
UWA channel parameters along with a suitable mdauia
scheme is essential for the designing of new efficsystems.
We are proposing an all-encompassing channel maldel
with the suggestion for the choice of a suitableduatation
scheme.
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